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Tonosnuti pedakmop sHcypHay, 00KMop MexXHidHuxX HayK, npogecop

€Eezeniii BOMAHChKHH
Editor-in-Chief, Doctor of Technical Sciences, Professor
Yevgeniy BODYANSKIY

Llanoeni opy3i! Dear friends!

Y nosomy nomepi nayxosoco scypnany "Cyuacuuii

CMaH  HAYKOBUX  OOCHIONCEeHb MAd  MEXHONo2iU 8

npomucnogocmi”  mu  exompe  3ibpanu  HAUYIHHIWI
HanpayoeanHs ma 3000ymKu, Wo iX Hapaszi maromo
Hawi Haykosyi. Bapmo Hazonocumu Ha momy, wjo yi
DPe3VIbMamy  00epAHCAHI 8 YMOBAX BOEHHO20 CHIAHY
Ul 800HOYAC GOHU € YIHHUMU Ol NPOMUCIOB0CHIL
ma 060poHO30aMHOCMI HAWLOT Oepiicasu.

3oxpema, 6 Homep ysitiwinu cmammi NPUCEAUEHI
CYUACHUM CUCHEMAM 3GXUCMY, 3ACMOCYHKAM WIMYYHO2O
[Hmenekmy, YNpaeuiHHIO 2pynoi pobomis, IHKIIO3IL,
Kibepeicieni, cIOPUOHUM HEUPOHHUM MEPeNCAM, CIALOMY
PO3BUMKY 8 YMOBAX BOEHHO20 CMAHY MOWO.

Bio  imeni BUCTOBIIION0

HAYKOBOI  ChilbHOMU,

e0siunicmev  36pounum  Cunam  Ykpainu,  3a605Ku
MYIHCHOCMIT SAKUX MU 3ATUUAEMOCS 8 DIOHUX MICcmax, Ha
pobouux micysx 6 alma mater ma npPoOOBHCYEMO
mopyeamu  HAyKosuiti WiisiX 3a0ii  PO3GUMKY  md
MAuOYmMHb020 HAUWLOT 0epICcABlL.

Taxoxc eimaio ycix YKpaiHyi@ ma YKpaiHoK
3 Jlnem He3zaneocnocmi! Ile cesmo cnoguunocy 0as
KOJICHO20 3 HAC OCOOMUBUM 3MICMIOM, BOHO CUMBOTIZVE
Hauty c80600y, cury ma e€onicmo. lLle maxooc i Oenv
8iKi6  Oopoecsi  3a

nam'smi  ycix, Xmo HpoOms2OM

3000ymms Hezanesxcnocmi. Cb0200Hi Mu npoodoeicyemo

yell wiisax i, OesnepeyHo, maemo Oymu 2iOHUMU CBOEL

depoicasu ma pazom meopumu ii iHHOSAYIUHUL ma
cnpaseousuii NPOCmip.

Bnesnenuil, wo Hayka 6 ybomy npoyeci Mamume
Haogadiciuee 3HaueHHs. Tomy 6UCTO6MI0N  BOAUHICMb
6CIM HAYKOBYAM, AKI He HOAUWAIOMb O00CHI0NCEeH s
ma npedcmasnaioms coi 3000yMKU HA CMOPIHKAX
HAWo20 BUOAHHSL.

Pasom mu — cuna! Toox, eouaiimocs, 0yObmo

HAYKY
mandoymuvozo! Hexail Hawa Kpaina npoysimae, a KodjiceH

He3aneICHumu ma p036M6a12M0 3a0715

3 HAC 8I04YBAE 20pOiCMb 3a me, Wo MU — YKPAiHy.

In the new issue of our journal "Innovative
Technologies and Scientific Solutions for Industries”
we have once again collected the most valuable
developments and achievements of Ukrainian scientists.
It is worth emphasizing that these results were
obtained under martial law, and at the same time
they are valuable for the industry and defense
capabilities of our country.

The issue contains articles on a wide range of
problems, including modern defense systems, artificial
intelligence applications, robot group management,

inclusion, cyber hygiene, hybrid neural networks,
sustainable development under martial law, etc.

On behalf of the scientific community, I express
my gratitude to the Armed Forces of Ukraine! Thanks
to their courage, we stay in our hometowns, at our
workplaces in our alma mater, and continue to
pave the scientific path for the development and future
of our country.

I also congratulate all Ukrainians on Independence
Day! This holiday has a special meaning for each
of us, symbolizing our freedom, strength and unity.
It is also a day of remembrance for all those who
have fought for centuries to gain independence.
Today, we continue this path and, of course, we must be
worthy of our country and together create its innovative
and fair space.

I am confident that science will play a crucial role
in this process. Therefore, I express my gratitude to all
the scientists who do not give up research and share
their achievements on the pages of our publication.

Together we are a Force! So, let's unite,
be independent and develop science for the future!
May our country prosper and each of us feel proud

to be Ukrainians.
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O. BARKOVSKA, V. SERDECHNYI

INTELLIGENT ASSISTANCE SYSTEM
FOR PEOPLE WITH VISUAL IMPAIRMENTS

Subject of the Research: The creation of an intelligent assistance system for people with visual impairments. Nowadays, the task
of developing effective intelligent assistance systems that allow people with vision problems to achieve maximum
independence is important and relevant, as existing systems have a number of drawbacks, such as limited autonomy,
limited integration with other devices and systems, limited analysis of dynamic obstacles, and limited user feedback capabilities,
which in most cases are restricted to voice guidance. Objective: The objective of this work is to create a generalized
functional model of an intelligent assistance system for people with visual impairments, which has enhanced autonomy,
integration with other devices and systems, the ability to analyze dynamic objects and predict their movement trajectory,
and provide diverse feedback to the user. Tasks: To achieve the set objective, the following tasks were accomplished:
a generalized functional model of the proposed intelligent assistance system for people with visual impairments was created,;
the functional dependencies of the components of the developed model were substantiated; a review of the basic modules
of the proposed system model was conducted. Methods: The methods used include functional modeling methods and
system analysis methods. Results: The following results were obtained: a functional model of an intelligent assistance system
for people with visual impairments was proposed. This system surpasses existing analogs in a number of functional
capabilities: detection of static and dynamic obstacles with prediction of dynamic obstacles’ movement trajectory,
the ability to operate in various conditions (indoors, outdoors, in light or dark, in different weather conditions), support
for integration with other systems and devices, and a high level of autonomy. Conclusions: The developed system model
has enhanced autonomy, integration with other devices and systems, the ability to analyze dynamic objects and predict
their movement trajectory, and provides diverse feedback to the user.
Keywords: system; assistant; vision; LiDAR; video; trajectory; prediction; intelligent system; recognition; classification.

Introduction

According to the IAPB [1], in 2020 there were
at least 1.1 billion people with visual impairment
worldwide, of whom 43 million were completely blind.
In 2023, the number of people with visual impairments
increased to 2.2 billion, according to WHO [2]. Statistics
show that the number of people who need help due to
complete or partial lack of vision is growing every year.

In everyday life, these people face a number of
challenges. As noted in the study [3], some of the key
problems of people with visual impairments are a sense
of burden and dependence (due to the need for help from
others, especially with transportation), social interaction
(such people often cannot perceive non-verbal signals,
which makes social interaction difficult), and the use
of aids (the use of things like a cane or guide dog marks
a person as blind, which can lead to discrimination
and lower self-esteem). In his article [4], author and
disability rights activist Samiak Lalit also points out
a number of problems that complicate the lives
of people with visual impairments, including difficulty
navigating in space, sorting clothes (most visually

impaired people identify things by their shape and
texture, and this makes organizing laundry a difficult
task), gaining independence through modern devices
(the author points out that the necessary equipment
that can allow a blind person to live independently
is not easily found in local stores or markets. Because
of this, a person needs to make a lot of effort to get
every device that can make them one step closer
to independence).

People with vision problems are also more
susceptible to serious life events. According to a study
[8], the prevalence of serious life events for such
people is higher than in the general population
(60%, p < 0.001), especially in the case of fire
or explosions, sexual violence,

serious accidents,

life-threatening illnesses or injuries, and severe

human suffering.

Thus, it can be concluded that the task of creating
effective intelligent assistance systems that will allow
people with vision problems to gain maximum

independence from other people, solve everyday

problems more easily, and gain a higher level

of life safety is currently important and relevant.

© O. Barkovska, V. Serdechnyi, 2024
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Analysis of existing systems

To date, researchers have proposed a number
of different
with vision problems.

intelligent systems to assist people

For example, in [5] (2018), a system called
"A Smart Personal Al Assistant for Visually Impaired
People" is proposed, which is based on Google’s Cloud
API platform and allows recognizing objects and textual
information in photos (using the Cloud Vision API) and
communicating with a chatbot to obtain the necessary
information (using Dialogflow). The user can interact
with the system through voice commands to his or her
smartphone, and the system generates answers to questions
or descriptions of objects and text recognized in the
photos in audio format and plays them back for the user.

The article [6] (2019) describes a system called
ANSVIP, whose main purpose is to assist in navigation
for visually impaired people. The system uses the Google
ARCore platform (specifically, the SLAM technology is
used) running on a smartphone running on the Android
OS. The use of SLAM technology allows the system to
work indoors, unlike traditional GPS localization, which
can work intermittently indoors. A field-based path
planning method was created to keep a person away from
various obstacles to prevent collisions during real-time
path generation. In addition, the authors proposed
a two-channel user feedback mechanism. The first channel
is a classic voice guidance, and the second is tactile
gloves. The left glove sets the direction of a person’s
movement, and the right glove warns of obstacles.

Article [9] (2020) describes an intelligent assistance
system for the movement of visually impaired people

that receives data from a video camera, performs object
detection in video frames, and, if an obstacle is detected
on the user’s path, warns him or her with a corresponding
voice message using the corresponding Text to Speech
converter module.

The paper [10] (2023) shows a prototype of
an assistance system for visually impaired people based
on the Raspberry Pi module due to its low cost, small
size, and ease of integration. The user’s proximity
to an obstacle is measured using a camera and
ultrasonic sensors. Feedback to the user is realized
through voice guidance. It is noted that the system
can work both indoors and outdoors. In addition,
the system proposed the introduction of a reading
module and integration with a pulse oximeter, which
allows the system to determine when a person is
in danger and call the emergency number.

Paper [7] (2023) proposes a deep learning-based
assistance system for visually impaired people called
DeepNAVI. The main components of the system are
a smartphone, a wireless bone headset, and six software
modules: an obstacle detection module, a distance
measurement module, a location measurement module,
a motion detection module, and a scene recognition
module. The system uses data from a smartphone’s video
camera and is able to detect 20 different types
of obstacles and 20 different types of scenes. Interaction
with the user takes place through voice guidance.

Analyzing these works, we can identify a number
of common weaknesses of all the systems under
consideration, which are listed in Table 1.

Table 2 shows the main areas for improving
such systems.

Table 1. The main disadvantages of the considered assistance systems

Disadvantage

Description of the disadvantages

Limited autonomy

Most systems are dependent on external devices (smartphones, Raspberry Pi)
or have limited functionality in offline mode. This makes them less useful
in situations where there is no access to these devices.

Limited integration

None of the systems have full integration with other systems and devices.
This makes it difficult to use them in conjunction with other assistive technologies,
which could significantly expand their functionality.

Limited analysis of dynamic interference

Most systems can only detect static obstacles, which is not always enough

for safe navigation in the real world. In addition, none of the systems can predict

the trajectory of dynamic objects, which is also a significant limitation in the context
of predicting a possible collision.

Limited feedback

Feedback is mostly limited to voice interaction, which may be insufficient
for people with hearing impairments.
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Table 2. Key areas for improving assistance systems

Areas for improvement

Description

Increasing autonomy

Developing your own computing modules or using more energy-efficient components
can reduce dependence on external devices and increase battery life.

Expanding integration

Integration with other systems, such as GPS, maps, public transportation,
smart home, etc., can greatly expand the capabilities of systems and make them
more useful in everyday life.

Improving the analysis of dynamic
interference

user safety.

The use of more advanced computer vision and machine learning algorithms
can allow systems to better detect and analyze moving objects, which will increase

Development of various feedback channels

The introduction of haptic, vibration, or visual feedback can make systems
more accessible to people with various disabilities.

Expanding the functionality

Adding new features, such as text, emotion, and gesture recognition, can make
systems more adaptive to user needs.

These improvements will make systems for helping
visually impaired people more efficient, versatile,
and easy to use.

The theoretical foundations for the creation of such
systems [5—7, 9, 10] are being actively developed and
published in the following articles: [12] focuses on the
fact that smartphones and wearable devices with built-in
cameras are the main means of supporting the most
advanced computer vision solutions that allow both
positioning and controlling the area around the user;
[13] substantiates the interdisciplinary importance and
great social impact of such assistive technologies for
visually impaired and blind people; [14] — a comparative
review of wearable and portable assistive devices for
visually impaired people to show the progress in assistive
technologies for this group of people, highlighting the
advantages and disadvantages of systems to further
improve the level of safety, independence and mobility
for visually impaired people.

Results and discussion

Assistance systems for visually impaired people
(ASP) are complex systems with a large number
of components that interact with each other.
The components of the systems include modules for
detecting the human environment in the form of audio or
video data, modules for analyzing the environment near
the person, modules for making decisions about the
presence of danger, modules for feedback to the user, etc.
Representation of such systems in the form of generalized
models allows us to clearly define the components of the
system, their functions and interaction between them,
their influence on each other, identify weaknesses or
potential problem areas in the system, plan and manage

research aimed at improving systems, etc.

The article proposes an ASP model in the form
of a generalized functional flowchart, as this will provide
an opportunity to show the components of the system in
more detail and provide a basis for applying a systematic
approach to future research, which involves taking into
account all the relationships and influences between the
components. The above system model (Figure 1) will be
used in the future to develop a prototype, conduct
simulations and test the system, establish criteria for
evaluating the effectiveness of the system and its
components, which will contribute to a more objective
analysis of the research results.

One of the main features of this system is that its
practical implementation is envisaged by a separate
module independent of the user, which moves alongside
the user and performs all the necessary functions
to accompany him or her and ensure his or her safety.
In this case, the use of a smartphone is necessary only
to ensure communication between the user and the
assistant module.

In addition, the data of high
heterogeneity. The system works with input data of

system uses

several types: video frames (data coming from video
cameras), coordinates of points in space (data coming
from LiDAR sensors), audio data (data coming from
a microphone), and temperature sensor data. This approach
is expected to improve the quality of object and scene
detection, as well as environmental conditions.

The system functionality is provided by a number of
modules, namely: Environment Conditions Detection,
Video & LiDAR data merging, Objects Detection &
Tracking, Trajectory Prediction, Trajectory Prediction
Model Continuous Training, Generating an Assistance
Decision, Generating an Al Assistant Module Control
Signal, Assistance Decision Signal Conversion, Assistant
Module Controller, External System & Sensors Data
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Processing. The modules are interconnected and

interdependent, which can be seen in the proposed

model of an intelligent assistance system for visually
impaired people.

Fig. 1. Generalized functional model of an intelligent assistance system

Let us consider these modules and their functional
interconnection in detail in the following subsections
of the article.

Analysis of modules of the model of the system of
assistance to visually impaired people

The first stage of the system’s operation is the
determination of environmental conditions, which is
realized through a separate intelligent model called
Environment Conditions Detection. This model uses
different types of input data, namely video data,
microphone data, and temperature sensor data. The task
of this model is to solve the problem of classification and
labels  that
environmental conditions. Table 3 shows all the proposed

generate  appropriate  class describe
class labels.

The stage of environmental conditions detection
is necessary for two main purposes: taking these
conditions into account for more accurate prediction of
the trajectory of dynamic objects, notifying the user of
weather conditions that require additional attention
(for example, ice) and taking these conditions into
account for applying the appropriate image preprocessing
stack (for example, in the dark).

The labels of the defined classes are transferred
to the Video & LiDAR data merging module, which

contains an adaptive video frame pre-processing stack.
The composition and parameters of this stack depend
on the corresponding class labels, which are determined
by the environmental detection module. The diagram
of the Video & LiDAR data merging module is
shown in Figure 2.

If, according to the environmental conditions, data
pre-processing is not required, the Video Frames
Preprocessing stage will be ignored and the video data
will be directly transferred to the process of combining
with LiDAR data.

The Objects Detection & Tracking module is
designed to detect and track objects based on integrated
video and LiDAR data. At this stage, the data on
the identified objects are divided into static (stationary)
and dynamic (moving). Data on dynamic objects
are used separately to predict the trajectory of these
objects and determine their possible coordinates
after a certain period of time. Such prediction allows
to assess the degree to which a moving object can be
dangerous for a person. A diagram of this process is
shown in Figure 3.

The first division is already the result of the
work of an intelligent object detection model
based on YOLO v9, the features and specifications
of which are described in detail by the creators on

the web resource [16].
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Table 3. Classes of environmental conditions

Group

Class label

Weather conditions

Sunny

Cloudy

Rain

Snow

Fog

Wind

Thunderstorm

Ice

Lighting conditions

Bright sunlight

Cloudy

Twilight

Darkness

Artificial lighting

Acoustic conditions

Silence

Noise of transport

Rain noise

Thunder

Natural noise (birds, water, wind)

Extraordinary car sounds (siren, car horn)

Temperature conditions

Low temperature (—30°C + +5°C)

Moderate temperature (+5°C + +20°C)

High temperature (+20°C + +30°C)

Heat (>+30°C)

Type of terrain

Urban environment

Countryside

Forest

Beach

Residential premises

Office space

Commercial premises

Public premises

Sports premises

Industrial premises

Specific events

Repair work

Fire

Explosion

Police operation

Medical emergency

Holiday (concert, parade, festival, wedding)

Fig. 2. Video & LiDAR data merging module
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Fig. 3. The process of identifying static and dynamic objects with motion trajectory predictions

Objects are divided into static (e.g., house, bench,
pole) and potentially dynamic (e.g., car, bus) according
to the defined class labels. The location of potentially
dynamic objects is recorded for a certain period of time to
determine the presence of movement. Based on the
results of such fixation, the objects are re-divided into
static and dynamic. If no motion is detected (for example,
a car is parked but not moving), such objects are
transferred from the potentially dynamic category to the
static category. If the motion is detected, such objects are

defined as dynamic and their coordinates are passed
on to the motion trajectory prediction model.

The task of the Trajectory Prediction module is
to predict the trajectories of dynamic objects and
their future coordinates in a certain period of time.
To improve the accuracy of this module, it is proposed
to create a mechanism for retraining this model in
real time based on data on the real and predicted
location of dynamic objects. The scheme of this
mechanism is shown in Figure 4.

Fig. 4. A mechanism for retraining an intelligent model for predicting object trajectories

The system saves information about the movement
of objects (their location at different time intervals)
to a separate local database Data Samples to form training
data. In addition, the accuracy of the system’s predictions
is calculated at a certain frequency (selected experimentally)
by calculating the difference between the predicted
location and the actual location of the object at the
corresponding time. This approach allows you to evaluate
the accuracy of the model during its operation and launch

the retraining mechanism if necessary (if the prediction
accuracy is satisfactory, then retraining is not required).

The following data is wused to generate
an assistant’s decision in the Generating an Assistance
Decision module:

— data of static and dynamic objects (types of
objects, their current location);

— results of predicting the location of dynamic
objects;
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— current environmental conditions;

— data from external systems and devices.

Items 1-3 are formed as a result of the operation of
the system modules discussed earlier. Data from external
systems and devices is data that the system receives from
additional devices that can improve the safety and
comfort of a visually impaired person. To work with such
data, the system contains a separate module External
System & Sensors Data Processing, which is designed to
establish communication, receive and process data from
external devices. Such devices can be: a pulse oximeter,
a smartwatch or bracelet, an air quality sensor, smart

home devices, etc. As a result of the Generating
of the
corresponding class and additional parameters (usually

an Assistance Decision module, a label

numerical) are generated. In fact, this intelligent model
solves both classification and regression tasks. Examples
of classes and their parameters are shown in Table 4.

The generated result is transferred to the Assistant
Decision Signal Conversion module of the system.
The task of this module is to convert the class label and
additional parameters to the format of the corresponding
user notification channel. The system model includes
several feedback channels. They are shown in Figure 5.

Table 4. Class labels and parameters that result from the Generating an Assistance Decision module

Group Class Parameters
Navigation Adjustment of the route Number of steps and direction to adjust
The need to stop -
Start of movement -
The need to turn around Number of degrees and direction of rotation
Appearance of an obstacle on the way | Distance to an obstacle and its type
Description of the environment Text description of objects and scenes along the route
Segurity Approaching vehicles Distance to the vehicle, type (car, motorcycle, bicycle), direction
(this group has of movement, speed
a higher priority | Change of traffic light signal Traffic light signal color (green, yellow, red), time until the signal changes

than the others) | Edge of the sidewalk/roadway

Distance to edge, type of edge (curb, steps), direction

Falling objects

Distance to object, type of object (branch, glass, other), direction of fall

Suspicious activity

Type of activity (person following the user, loud conversation, fight),
distance to the source of activity, direction

Health Heart rate deviation

Current heart rate, deviation from the norm (if any)

Abnormal blood oxygen levels

Current SpO2 value, deviation from the norm (if any)

Air quality abnormalities

Current values of pollutants (PM2.5, PM10, CO2, etc.), deviation
from the norm (if any)

Medication reminders

Name of medication, time of administration

Determine the time

Current time

Weather information

Temperature, precipitation, wind, other parameters

Notifications from your smartphone

Notification text

Fig. 5. User notification channels
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There are two main channels of user notification:
voice and tactile (via vibration). Voice commands can be
transmitted by the assistant module to earbuds,
a smartphone, or a portable Bluetooth speaker. Vibrations
can be transmitted to a smartwatch, fitness bracelet, or
specialized tactile gloves similar to those proposed in [6].

The system is positioned as a separate assistant
module. This module can be made in the form of a
ground, air, or combined (ground + air) drone. To control
this module, it is proposed to introduce a separate
Assistant Module Controller unit. The task of this unit is
to autonomously control the physical module by
transmitting appropriate signals to rotate the wheels,

increase or decrease speed, stop the module, etc.

Table 5. Class labels and parameters that result from the
Assistant Module Controller module

Group Class Parameters
Ground Start of movement -
mode Stopping —
Increase speed Speed increase
Reduce speed Reducing the speed
Turn right Turning angle
Turn left Turning angle
Air mode | Take off Takeoff speed, Takeoff angle
Landing Landing speed, Landing angle
Increase altitude Climb rate
Reduce altitude Altitude decrease
Turn right Turning angle
Turn left Turning angle

A separate intelligent model is responsible
for generating the corresponding signals, which is
labeled Generating an Al Assistant Module Control
Signal in Figure 1. This model, just like Generating
an Assistance Decision, solves two tasks: classification
and regression. As a result, this model generates
a label of the corresponding class and additional
parameters. Examples of classes and their parameters
are shown in Table 5.

As a result of the work done, a model of
an intelligent assistance system for visually impaired
people has been developed. A modern system of
intellectual assistance for visually impaired people
should meet a number of functionalities, namely:
real-time detection of static obstacles, real-time
detection of dynamic obstacles and prediction of
the trajectories of these obstacles (in order to timely
notify the user of danger), recognition of objects
(those that are not obstacles) and scenes (classification
of the environment), localization and navigation,
feedback (sound, tactile notification of the user, etc.),
the ability to work in p

Table 6 shows the results of a comparative analysis
of the developed model of an intelligent assistance
system and its existing analogues.

Table 7 shows the results of the analysis of the
compliance of the existing systems and the proposed

system with the last five criteria.

Table 6. Analysis of the compliance of the considered systems of intellectual assistance to visually impaired people with the first

part of the specified functionalities

Intelligent . Static Detection and analysis Recognize Localization
. interference . . [ Feedback
assistance system detection of dynamic interference | objects and scenes | and navigation

A Smart Personal Al No No Recognize objects No Voice interaction

Assistant for Visually in photos

Impaired People [5]

ANSVIP system [6] Yes No Yes Yes Voice interaction,
tactile interaction
with gloves

The system proposed Yes No Recognize objects No Voice interaction

by Kushal Kumar [9] (no scene analysis)

System proposed by Yes No Yes No Voice guidance and

Surabhi Suresh [10] text reading

DeepNAVI system [7] Yes Partially (can distinguish Yes Yes Voice interaction

moving objects from
static ones)

The proposed system Yes Yes Yes Yes (using Voice interaction,
external devices, |tactile interaction with
for example, gloves, smartwatch,
a smartphone fitness bracelet
with GPS)
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Table 7. Analysis of the compliance of the considered systems of intellectual assistance to visually impaired people

with the second part of the specified functionalities

Intelligent assistance Ability to work in Sul.) port Integration with Reliability in
. o s for different other systems Autonomy o . .
system different conditions . . critical situations
work scenarios and devices
A Smart Personal Al No Yes No No No
Assistant for Visually (work in chatbot
Impaired People [5] mode)
ANSVIP system [6] No No No Yes Yes No
(depends only on
the availability of
a smartphone)
The system proposed No No No No No
by Kushal Kumar [9]
System proposed Work indoors and Yes Yes No Yes Yes
by Surabhi Suresh [10] | outdoors (work in the (depends only on (includes a pulse
(work in difficult mode of reading the availability of | oximeter and can
weather conditions is | inscriptions) the Raspberry Pi notify emergency
not investigated) module) contacts if the
user is in danger)
DeepNAVI system [7] No No No Yes Yes (depends No
only on the
availability of
a smartphone)
The proposed system Yes Yes Yes Yes Yes
(due to the
integration of data
from external
devices)

Based on these data, we can see that the proposed

system outperforms the analogs considered, offering

a more versatile and effective solution in different

conditions and scenarios.

Conclusion

In this article, we have proposed a generalized

functional model of an intelligent assistance system

for visually impaired people, which has increased

autonomy, integration with other devices and systems,

the ability to analyze dynamic objects and predict their

trajectory, and provide various feedback to the user.

This system outperforms existing analogs, providing

a more versatile and effective solution

in various

conditions and scenarios. High autonomy is ensured

by implementing the system as a separate independent

module, has advanced integration with other devices,

is able to analyze dynamic objects and provide user

feedback through various channels.

The functional

dependencies are

substantiated

and the basic components of the modules of the

developed model presented in the article are reviewed.

One of the first large modules is the intelligent

module "Environment Conditions Detection", whose

task

is to determine the environmental conditions.

The module has two main goals: to take into account

weather conditions to more accurately predict the

trajectory of dynamic objects, to notify the user of

weather conditions that require additional attention

(e.g., ice), and to take these conditions into account

when applying the appropriate image preprocessing
stack (e.g., in the dark). The Objects Detection &
Tracking module is designed to detect and track objects

based on integrated video and LiDAR data. At this stage,

the data on the identified objects is divided into static

(stationary) and dynamic (moving). The task of the

Dynamic Objects Trajectory Prediction module is to

predict the trajectories of dynamic objects and their

future coordinates over a certain period of time.

The accuracy of the module is improved by the

mechanism of retraining this model in real time based

on data on the real and predicted location of dynamic

objects. The

result

generated in

the Generating

an Assistance Decision module is transferred to the

Assistant Decision Signal Conversion module of the

system. The task of this module is to convert the class

label and additional parameters to the format of the

corresponding user notification channel. The system

uses several

feedback

channels:

(by means of vibration).

voice and tactile
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The proposed system is focused more on assisting
visually impaired people, but its functionality can be
expanded for use in other areas, namely:

— autonomous driving of vehicles: the system
can be used to develop autonomous driving systems
that can safely and efficiently move on roads without
human intervention;

— autonomous control of reconnaissance and

strike drones and other robotic developments in the

military industry: the system can be used to develop
autonomous combat systems that can perform combat
and  reconnaissance  missions  without  risking
human life;

— automation of loading and unloading operations
and cargo movement: the system can be used to automate
processes at enterprises that require cargo movement,
such as ports, transport hubs, postal and courier services,

agricultural enterprises, retail warehouses, etc.
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Y3AT'AJIBHEHA ®YHKIHIOHAJIBHA MOJEJIb
CUCTEMMU ACUCTYBAHHA JIIOJAM 13 BAJAMHU 30PY

IIpenMeToM aOCTiTKEHHSI € CTBOPSHHS CHCTEMH IHTENEKTyalbHOTO acUCTYBaHHS MU JIIOfAeil 3 Bajgamu 30py. Y Ham dac
3aBIAaHHS CTBOPEHHS E(QEKTUBHMX CHCTEM IHTEIEKTYaJbHOIO AaCHCTYBAaHHS, IO MAAIOTh 3MOTY JIOJSIM, SIKI MaroTh HpOOIeMH
i3 30pOM, OTPUMAaTH MAaKCUMaJIbHY HE3aJCKHICTh, € BAKIMBOIO Ta AaKTYallbHOK, OCKIJIBKM HAasBHI CHCTEMH MalOTh
HU3KYy HENOJNIKiB, TakuX sSK OOMEKeHa aBTOHOMHICTh, OOMEXKeHa IHTerpamis 3 IHIIMMH TPHCTPOSIMA Ta CHCTEMaMH,
oOMeXeHHMH aHadi3 IMHAMIYHHX MEpPelIKoJ Ta OOMEXEHi MOMIIMBOCTI 3BOPOTHOTO 3B’S3Ky 3 KOPHCTYBadeM, sIKi 371eOLTBIIOro
3BOJATHCS JIMIIE JIO TOJIOCOBOTO CyIpoBoxy. MeTOI0 po6OoTH € CTBOPEHHS Yy3aralibHeHOI (YHKI[IOHAIBHOI MOAENi CHCTeMH
IHTENEeKTyaJ bHOTO AaCHUCTYBaHHA JIOASAM 3 BaJaMd 30py, SKa Mae€ IJBUIICHY aBTOHOMHICTh, IHTErpamifo 3 IHIIMMHU
NPUCTPOSIMH Ta CHUCTEMaMH, 3HATHICTh aHai3yBaTH [OWHAMi4HI 00’€KTM Ta mepeadadyBaTH TPAEKTOPiIO IXHBOTO pYXYy,
3abe3nedyyBaTd pi3HOMAHITHUH 3BOPOTHHMI 3B’S30K 3 KOpHCTyBadeM. Jlsi JOCATHEHHS IIOCTaBJICHOI MeTH OylM BHKOHAHi
Taki 3aBHAHHS: CTBOPEHO Yy3araJbHeHy (YHKI[IOHAIBHY MOJENb 3alpOIIOHOBAHOI CHCTEMH IHTEJICKTYyaJlbHOTO ACHCTYBaHHS
MOASM 13 BamamMm  30py; OOIPDYHTYBaHO (YHKIIOHaNBbHI  3aJ€KHOCTI  CKIAQIOBHX MOMYJNIB  PO3pOOJECHOI  Moen;
MpOaHaNi30BaHO  0a30Bi  MOAYJi  3ampONOHOBAHOI MOJENiI CHCTEeMH. YTPOBaKeHI Taki MeToaM: (QYHKLIOHAJIbHE
MO/ICIIIOBAHHS, CUCTEMHHUI aHami3. JIOCSATHyTi pe3yJbTaTH: 3alpOIOHOBAaHO (YHKI[IOHANIBHY MOJETIb CHCTEMH IHTEIEKTYyaJbHOTO
aCHCTyBaHHs M Jrojed 3 Bagamu. Ll cucrema Mae mepeBaru, SIKIIO IOPIBHIOBATH 3 HAasBHUMHM aHAJOTaMM 3a HU3KOIO
(YHKIIOHAIBHUX MOXJIMBOCTEH: JETEKTYBaHHS CTAaTHYHHMX Ta [MHAMIYHHX TEpeIIKo 13 IepeadadyeHHs TpaekTopii pyxy
IUHAMIYHUX MEpeIkol, 3AaTHICTh pOOOTH B pi3HMX yMoBax (y MpHMIIIEHHI, Ha BYIWLi, y CBiTIMA abo TeMHMH dac,
3a pi3HMX MOTOAHUX YyMOB), TIATPUMKA iHTerpamii iHIIMX CHCTEM Ta MPHUCTPOIB, BHCOKUIl pIBEHb ABTOHOMHOCTI.
BucHoBkH: po3poOneHii Mopeni CHCTEMH BJIAaCTHBI IIJBHINEHAa aBTOHOMHICTh, IHTErpamis 3 IHIIMMH IPUCTPOSIMU
Ta CHCTEMaMH, 3[AaTHICTh aHaNi3yBaTH IUHAMi4HI 00’€KTH Ta mepemdadyBaTH TPAEKTOPIIO iX pyXy, a TaKoXK 3a0e3medyBaTH
PI3HOMaHITHUIA 3BOPOTHHH 3B’SI30K 3 KOPUCTYBAYEM.

KirouoBi cioBa: cucrema; acucrent; 3ip; LiDAR; Binmeo; TpaekTopis; MpOTHO3YBaHHS, IHTENEKTyajbHa CHCTEMa,
po3mi3HaBaHH; KiIacudikais.
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I. BIHBKO, B. IIIEBEJIB, JI. KPULILKUIA

KOMIJIEKCHUAM X1
J10 YIIPABJIIHHSI ®OPMYBAHHSIM I'PYIIH POBOTIB

Ipeamer pocaimkeHHss — po3poOJNEHHS METOIIB YNpPAaBIiHHA posMH Oe3mioTHUX JitanbHUX amapartiB (BrJIA) 3a momemmio
"mpoBigHNuUil — BeneHuil". BuBueHHS HasBHUX Kiacuikaliii Ta B3aeMonid MK O€3MIIOTHHMMHU amapaTaMi B Pi3HHX (opMaiisx,
TaKMX sIK TPYIH, 3rpai, acoriamii Ta poi, 3 METOI CTBOPEHHS e()eKTHBHOI CHUCTEMH yIpaBiiHHA. MeTa po00TH — MOKPAIIEHHS SIKOCTI
B3a€MOJIT MiXK OC3MIJIOTHAMU JITAJBHAMHE anapataMi 3a MOJCIUTIO "MPOBIIHUYUI — BeleHUI" MiJI 4ac BUKOHAHHS IOJILOTHOI Micii
YHACIIOK IIOCTIHHOTO KOHTPOIO MK 00’ ekTaMu. 3a0e3neucH s HalifHOr0 BUKOHAHHS MOJIBOTHUX MiCili CHOCOOOM YIIpOBalKEHHS
HOBHMX METOIIB yNpaBliHHA, IO OepyTh OO yBarM pPi3HI PEKUMU B3a€MOMIl MK amapaTaMu. 3aBJaHHSA: INPOAHAJi3yBaTH
kiacudikamio HasBHUX BrnJIA; mocnmiiuTu mapaMeTpH Ta MOJeNb B3a€MOAii O€3MIOTHUX JITAIBHUX amapariB y Ipymax, 3rpasx,
acoliamisax, posx; CTBOPHUTH creHapiii B3aemonii aBox BmJIA 3a mopmemmo "mpoBigHWYWE — BeIeHHWi'"; po3poOWTH Iporpamy
Ui Bidyadizauii MONBOTY OE3MNOTHUX JITaJbHUX amapaTiB 3a MOAEII0 "MPOBITHWYMH — BedeHMH'"; BHIPOOyBaTH MOJIT
3a 3ampOINOHOBAHOI0 MOJEGIUII0 Ha eTamax, Je € pi3HI reonpocTopoBi 00’ekTH. MeTomM: MOJCNIOBAHHS [UISL PO3POOIICHHS
migcucTeMu Bizyamizanii nmoiboty brJIA; rpadiune MoneroBaHHS Ul CTBOPEHHS MOAeNi OE3IIOTHOrO JITaJbHOTO arapara THITY
JITaK; TEOpist aTOPUTMIB IJIs1 pO3poOJICHHS CIIeHapito B3aeMoil ABoX BriJIA; BUKOpHCTaHHS cHeniani3oBaHUX IPOTPaMHUX 3aC00iB
IUTA Bisyauizamii Ta cUMyJISILii MOBEOiHKH O€3MUIOTHHUX JITANbHUX alapariB B yMOBaxX peajbHOro yacy. PesyabraTH: po3pobieHo
knacugikaiiro Oe3MIOTHUX JITAIBHUX afapariB; CTBOpeHO TpadiuHy Mozenb Jitaka Mini-Flight-M; 3anpONOHOBaHO CXEMY
B3aemoii 1Box BrJIA B pexwumax "yuntens" abo "HacTaBHUK'; CTBOPEHO Iporpamy UIsl Bisyamizamii monsoty brJIA 3a monermtio
"MpoBigHUYUI — BeneHWi'"; BUMPOOYBAaHO IOJNIT 3a 3alPOIIOHOBAHOIO MOJEIUII0 Ha eTamax, A€ € Pi3Hi T'eOmpoCTOpOBi 00’ €KTH.
Pesynpraté miaTBepawin eeKTUBHICTH PO3poOIeHOT MOl Ta MOKa3aJld MOXJIMBICTD 1i 3aCTOCYBaHHS B Pi3HUX cdepax, 30KpeMa
CKOJIOTIYHHI MOHITOPHHT, PATYBAJIbHI OMepallii Ta iHIII aBTOHOMHI Micii. BHCHOBKH. 3amporOHOBaHUHM MiIXiq A0 YIpaBIiHHS
poem BrnJIA 3a mojemto "mpoBiTHUYMN — BeleHHH" Ma€ 3MOTY MOKPAIIMTH SKICTh B3a€MOJIl MK amapataMu Ta 3a0e3MeYHTH
HaJifHe BHWKOHAHHS TMONBOTHHX Miciid. [lomampmni JOCHIIKEHHS MarTh 30CEPEIUTHCS Ha ONTHMI3allil EeHeproCroXKUBaHHS
Ta 3a0e3MeYeHH] HaJifHOTO 3B 3Ky MK areHTaMy poro. Takoxk BaKIMBO po3poOHTH MeToam 3axucty poiB BrmJIA Binm kibepaTak
Ta {HIIKMX 3arpo3, 00 MiABUIIUTH 1X CTIHKICTh 1 HAMIHHICT i YaC BUKOHAHHS CKIaIHUX MICii.

Knawuosi cioBa: 0e3mijOTHI JIiTaNbHI amapatd; pid; MoJaenb "HPOBITHHYMKA — BEACHUU'"; B3aEMOJiS; MOJCIIOBAHHS;
Bi3yasizarfis.

BCTyl'l I_Ie A0CATAECTHCA 3aBASKHA BIPOBA’KECHHIO HOBUX MCTOHiB

yIOpaBiHHS, M0 OepyTh [0 YBard pi3HI pPEKUMH

3anikaBieHHs B poOOTOTEXHIYHUX CHCTEMAX 3pocno  B3aEMOAIl MK amapatamu Ta 3a0e3nevyioTh HajiliHe

3aBISAKH iX YCHIIIHOMY 3aCTOCYBaHHIO B Pi3HHX cdepax BUKOHAHHS TOJBOTHUX MICIA. YTpaBiiHHS Ha OCHOBI

JUSUTBHOCTI. 3 PO3BUTKOM TEXHOJIOT1H YIpaBIIiHHA POSIMHU pO3MoOJIIeHoi cucTeMu Tepenbadae, Mo OAHA JIHOJIUHA

MOXXE KEpyBaTH TIpPYyIOK pPOOOTIB Ta HAACHIATH

BriJIA BuHHMKae moTpeba y CTBOpEHHI e(pEeKTHBHHUX
cucreM, ski 0 3a0esmedyBanu HajiliHe Ta Oe3meuHe KOMaHAM Ha BHKOHAHHA CKIAJHUX 3aBAaHb. KoxkeH

BHKOHAHHS ITOJBOTHHX  MICIH.

YrupaBimiHHA — posSIMH

JMTaNBHUX AamapariB € CKIaJHUM 3aBIaHHIM, [0
nepenOadae po3B’s3aHHS MMPOOJIeM KOMYHIKAILii, amanTarii
O  MIHIMBHX  YMOB  CEPEINOBHINA,  ONTHMi3awil
EHEePrOCTIIOKMBAHHS Ta 3a0C3MEUCHHS OC3MEKH CHUCTEMHU
Bi Kibeparak. lle BuKIIMKae HEOOXiTHICTE y PO3pOOIICHHI
e(eKTUBHOI CHCTEMH KepyBaHHS poOoTamu, IO
JIO3BOJIsIa O TakoXK 3a0e3ledyBaTh B3aEMOJI0 B POIO,
y TIOKpaIIeHHi SKOCTi B3aeMozil Mixk briJIA 3a moxmemmio
"MPOBITHUYUM — BEICHHUIA" i1 YaC BUKOHAHHS MOJILOTHOT

MICii 32 JJOTIOMOTOFO TTIOCTIHHOTO KOHTPOITIO MiXK 00’ €KTaML.

poboT oO0JamHaHW CHEMiaTbHUM TEXHIYHUM 3aC000M
Ui 3a0e3ledeHHsT 3B°SA3Ky 3 HA3eMHOIO CTaHIIIEI0
Ta IHWKMMU pobortamu y ¢Qopmanii. Ha BiamiHy Big
[IEHTPAI30BAaHOTO, PO3MOJUICHUA MeToN Tmependadae
MOXJIMBICTh TepelaBaTh  iHPOpMAII0 MPO  KOXEH
OC3MUTOTHUI JTANRHWH amapaT Ha3ag J0 TepMiHAITy
MPU3HAYCHHS JIEKOMITO3HIIIFO

3aBaaHb, 30KpeMa

Ta PO3MONIT 3aBlaHb. YHACIHIIOK IOTO TEPMiHA
MIPU3HAYESHHS 3aB/IaHb BUKOHYE (DYHKIIII0 MIKMEPEIKHOTO
3’enHyBada, mo xgae 3Mmory rpym BrJIA ¢opmyBarn

MEpEeXHY CTPYKTYpYy, CIpHsO4YM 0OMiHy iH(opmalliero,

© 1. Binbko, B. llepens, J. Kpunpkuii, 2024
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KOOpAWHAII{
Mix BriJIA.
PizHi cy4yacHi Oe3MiIOTHI anapaTi BUKOPUCTOBYIOTHCS

3aBIaHh Ta BHUPIMICHHIO KOH(IIKTIB

SK y BIMCBKOBIH, Tak 1 B TPOMaJICbKil cepax KHUTTH, i
MIOPOKY iX (PYHKITIOHAEHI MOKIUBOCTI TTOKPALTYIOTHCS

(puc. 1).
3aCTOCOBYBaTH Kimbka Tpynm brnJIA it mokpurts

Ta JONOBHIOIOTHCSA Inoni  HeoOXimHO
Oinbioi TepuTopii 200 OTpPUMAaHHS AEKUIBKOX TOYOK
BnJIA, sxi

OAHOYACHO [UI1 BHKOHAHHA KOHKPETHOTO 3aBAaHHS,

30py. CykymnHicTh BHUKOPUCTOBYIOTHCS
HA3WUBAETBCA poeM. Taki Oe3MiIOTHI JITANBHI amapaTH
IPaLIOIOTh Pa3oM 1 IIepefaroTh CBOE MOJOXKEHHS Ta 1HILY

Puc. 1. Knacudikanis BriJIA

PexxuMm npusHaueHHs 3aBaanb U1 rpynu bnJIA mae
MIOMITHI TIepeBaru, 30KkpeMa BUCOKHUI PiBEHb yCIIIIHOCTI
Ta CTIHKICTH JO HECIIOMIBAHUX ITOJIH ITiJI 4YaC BUKOHAHHS
3aBnaHb. KpiM TOro, 3aBISIKM IOIEPEHBO BHU3HAYEHUM
IUTBOBUM 3aBIAaHHAM ISl KokHOTO BriJIA crioxuBaHHS
€Heprii Ta iHIII BUTPaTH MOXYTh 3aJHIIATUCS BiJJHOCHO
HU3BKAMH B Tporeci monboTy. Ilim dWac BUKOHAaHHS
brJIA
BiJIPETYIIIOBATH CBOIO IUTROBY TPAEKTOPIIO 3aJIEKHO Bif

3aBJaHb  KOKEH Tako)Xk Ma€  THYYKICTh
(hakTHYHUX YMOB TOJBOTY. OTXKE, i METO/ BUSIBIISE
BHCOKY CTIMKICTP i 3HAYHO MiJBHUIY€E PiB€Hh BUKOHAHHS
3aBmaHb. [IpoTe TEBHI 3aBIaHHSI BCE Ie OOMEKEHI
OOMEXXEHHsT  3a3BHYai

nesKkuMHM  oOcrtaBuHamu. LI

BUHHMKAIOTh 4epe3 Taki mpoOiemMH, SK TPHUBAIICTH
MOJBOTY, OOYMCITIOBANBHE HABAHTAXKEHHS Ta CKIAIHICTD
micii. Hanpukman, y pa3i IpomoBKeHOI TpHUBAJIOCTI
nojbory Oarapei bnJIA Moxyth Oyt oOMexeHi Ta
He 3abe3rnedyBaTu JOCTaTHBOI CHEpril JUId 3aBepIICHHS
3aBaadHHd. OO4uCIIOBaIbHE

HaBaHTAXXCHHS TaKOX

MOXe OyTH TICpEeBUIICHUM, OCOONMBO B  pasi
CKJIaJIHUX OOYMCIIIOBAJIbHUX 3aBJaHb, 110 BHUMArarTh
3HAYHHUX PECYPCIB.

VY wmiif poOOTI BUKOPHUCTAHO METOIAM MOJCITIOBAHHS

Ta CHMYJALIl, 30KpeMa po3poOJeHO Iporpamy i

KOpHCHY IH(OpMAIIFO 3 OIIMy Ha 3a3MaJIeTins BH3HAUCHI
yacoBi iHTepBaiu. IIpoctopoBe po3ramyBaHHs brJIA
OJIMH II[0JI0 OAHOTO B IIPOCTOPi € KIFOYOBHM €JIEMEHTOM
Juist X B3aemonii [1]. BukopucranHus rpym i KOMIUIEKCIB
Majora0apuTHAX  OE3MUTOTHUX JHTATbHUX amapaTiB
MOXE€ 3HAYHO pO3IIUPUTH cdepy IX 3acTOCyBaHHSI.
3 HHU3KOI0 TMpoOieM, IO YCKIAZHIOITh 3aCTOCYBaHHS
bnlJIA,

JAOIIOMOT OO I'pYIIOBOT'O NPUHIMUITY. 30erMa KOJICKTUBHEC

Manora6ap1/1TH1/1x MOXHa BIIOpaTHCA 3a

BUKODHCTaHHS  OE3MUIOTHUX  JITAIGHHX  anapariB
aKkTyajgbHEe B Teojesii, reorpadii, mo3mmertpii, Oesmerri,

PO3BII, Y HOIIYKY 3HUKIIUX JIFOICH TOIIO.

Bizyamizanii monsoty BriJIA, Hanrcany MOBOIO CIIeHapiiB
Lua Ta i3 3acrocyBaHHsIM iH(QOpMAIIWHOI CHCTEMHU
CoppeliaSimEDU. 1ls nporpama ia€ 3MOTy BiITBOPUTH
CIICHy Ta MOJIENb MOBeAiHKH JaBoX brJIA, ne omuH
TTATBHANA
JiAepy poro.
3anpornoHoBaHMH MiAXiA 10 KepyBaHHS poeM BriJIA
MOKpaIye
3a0e3nedye HaluifHE BHKOHAHHA TOJBOTHHX MIiCIH.

amapaT TiAMOPSAKOBYETHCS — IHIIOMY —

SKICTh  B3a€EMOMIl MIDK amapataMu Ta
PesynbraTi  BHIPOOYBaHb MiNTBEPIMIN CPEKTHBHICTH
Ppo3pobieHoi MOzIeNT Ta TOBEIM MOMKIIMBICTB 1i 3aCTOCYBaHHS
B pi3HUX c(epaX, TaKUX SK EKOJOTIYHWII MOHITOPHHT,

PATYBaJbHI OTIeparii Ta iHII aBTOHOMHI Micii.

AHaJi3 ocTaHHiX 10caiKeHb i myOaikamiii

CyuacHi JOCHDKEHHS B HapuHi Oe3MuIOTHHX
JITaJbHUX amapaTiB Ta X 3aCTOCYBaHHS B TPYHOBHX
CHCTeMaxX CTPIMKO PO3BHBAIOTHCS, 30CEPEPKYIOUHCH Ha
PI3HUX HIAXO0AaX [0 YIPaBIIHHS POSMH IS MiABUILCHHS
X e(heKTMBHOCTI, aBTOHOMHOCTI Ta HaliHHOCTI.

IcHyroTH ABa TMOM pOIB 3a METONAMU KEpyBaHHS.
[epmmii THM MICTUTH IIPUCTPOi OAHOTO BHAY, IO

HpI/ISHa‘-IeHi JUUIS. BAKOHAHHS OJTHOTO CIIJIBHOTO 3aBIaHHA
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Ta MIIOTh SK PO3MoAiieHnd 00’ekT. Takwii pidi MOKHa

BBR)XaTH  CaMOCTIHHO  OpPraHi30BaHOIO  CHCTEMOIO,
BJIACTUBOIO [UIA TPUPOAHUX VTBOPEHb (MOAIOHO 1O
MOBEIHKKH KOMax, MTaxiB, pu0O, 00’€qHAHUX y poi YU
3rpai, sKi OOMIHIOIOThCA IH(OpPMAIlEI0 Ta BHUKOHYIOTH
CIUIbHE 3aBAaHHsS, BUKOPHCTOBYIOYM KOJIEKTHBHUM
iHTeNeKT). s Takoro por He iCHye IIEHTpalli3oBaHOl
CHUCTEMH KOHTPOJIIO 32 IMOBEIIHKOI KOXKHOTO 1HIUBINA.
JlokanbHI Ta JOCHTH BWITAJIKOBI B3a€EMOJIi NPHU3BOAATH
0 TJ00ampbHOi POHOBOI IMOBEMIHKH, sKa HE MOXE
KOHTPOJIIOBAaTHCSI OKPEMHUMH areHTamu. Y IbOMYy pasi
MAaEMO CIpaBy 3 0araroarcHTHOK CHCTEMOI0, SIKii
BJIACTHBA CAaMOOpTaHI30OBaHa TIOBEAiHKa 1 sKka B
CYKYITHOCTI Ma€ IGMOHCTPYBATH "po3yMHy" HOBEIHKY.

Hpyruit THI poro MICTHTH amapaTH, OI0 MAaloTh
HEO/IHAKOBE HABaHTA)KCHHS Ta BUKOHYIOTH Pi3HI (YHKIIT
B M€)Kax 3arajJbHOr0 3aBJaHHA. baraToareHTHUIl MeTo[
KEepyBaHHS PpOEM TIiepeadayae HasBHICTb KepyBaHHS,
i1 KOMaHOM MOXYTb HAIXOAWTH SK BII CHCTEMH
YIpaBIiHHS, pPO3TAalllOBAaHOI 10332 pOEM, Tak 1 Bif
"mpu3HaueHoro" ("JIokaapHOTO") Nifepa BCepeanHi Poro.
Jlinep nepenae Ta BUKOHYE KOMaH/H, IO HAJXOMASATH BiJ
KepiBHOTO IEHTpPYy. [HII areHTH Oif0Th, JOTPUMYIOUHCH
MPOCTHX MpaBui [2].

Tpu MOXKITUBI cTpaTerii yrpaBtiHHS.

1. ILemmpanizoeéana: nWCTaHIIHE KEepyBaHHS 3
BUJIUTCHOIO 0a30BOIO CTAHINEIO, JI/IEp POO MPHU3HAYAETHCS
i3 HEHTPAJILHOTO BY3I1a.

2. Jleyenmpanizosana: JNigep PO BHU3HAYAETHCS
Ha OCHOBI OyAb-SIKOTO aIrOpuTMy 1 HE 3aJIeKUTh
BiJl IEHTPAIBHOI CTaHII{ yIIpaBITiHHS.

3. 3miwana: TOEMHYE TEpeBard IICHTPATi30BaHOL
Ta JENCHTPANi30BaHOI CTpATerii, MpU3HAYAIOYH JIiepa
POXO B pa3i HEOOXIJHOCTI Ha OCHOBI OJJHOTO 3 AJITOPUTMIB
13 Tepeayuero mpaB KepyBaHHsA onepatopy [3].

CyuyacHi JOCITIPKEHHST 3 BHUKOPHUCTAaHHS POHOBOTO
inTenekty briJIA 3nmebimpioro cripsMoBaHi Ha BUKOHAHHS
BIICPKOBUX 3aBJiaHb. Hampsmu J0CHipkeHb ManiOyTHiX
IHTEJIEKTyJIbHUX POHOBHX CHCTEM TPHUCBSYEHI aJallTHBHIM
MOXJIMBOCTAM aBTOHOMII BbrJIA @ poboti y Benmkux
HEOTHOPITHUX KOMAaHIaX 1HTEIEeKTyabHUX arcHTiB.

PosrisiHeMO  KijbKa IIPOEKTIB, TOB’SI3aHMX 13
poem BrJIA.

e (CODE — nporpama, CupsMOBaHa Ha IOAOJIAHHS
oOMe)XeHp Ha MacmTad i pEeHTa0eNbHICTH olepariit
briJIA cmocoboM 1oOynoBHM cCHiBIpani Ta CHUIBHOT
ABTOHOMII. HaMararTbCs

Po3pobuukn CTBOPHTHU

BIIKPHUTY, MOAYJBHY apXiTeKTypy, CTIHKy 0 0OMEXeHb
MIPOIYCKHOT 3IaTHOCTI Ta MPOoOJIeM MmiJKIroueHHs [4].

e Perdix — cucrema poro bnJIA, pospobGieHa
VYrpaBiiHHAM CTpaTerivHUX MOXIIMBOCTEH MiHicTepcTBa
oboporn CIIA. BrJIA Perdix He 3amporpamMoBaHUH
3a3janeriib — e KOJIEKTHBHUI OpraHiam, IO Mae
PO3MOINIEHI MO30K ISl IPUHHSTTS PIlICHB 1 aJanTamii
ONMH N0 ojaHOro. Bech piii He Mae Jigepa — KOXeH
BrJIA Perdix "cuinkyerscsa" Ta "cmiBmparoe" 3 ycima
NPUCTPOSIMH, TOMY MOXKE aanTyBaTHCS OO OyIb-SIKHX
3MiH y TTOJBOTI [5].

e LOCUST — TexHOJOrisl BUPOOHHIITBA JICIICBUX
aBTOHOMHHUX poroBux bmJIA, ska mae 3MOry IIBHIKO
3amycTuTd 10 30 Oe3MUIOTHUX JITaJbHUX —arapaTiB
Yy TOBITpA, IO O00’€AHYIOTECA B  IHTEIEKTyalbHI
mepexi. KepyBanus bnJIA, 3’eqnannmMu MK co00ro
3a JONOMOTOI0  QJalTHBHOI OE3IpOTOBOI  MEpexi,
3MIIHCHIOETHCS HA3EMHUM OIIepaTopoM [6].

e Gremlins — TEXHOJOTiA, NpPU3HAYEHA UL
MIPOBEJCHHS €JEKTPOHHOI PO3BIAKM Ta NPUIYLIICHHS
oboporn (III1O).

JITaIbHI

3ac00iB  TPOTUMIOBITPSIHOT Micna

BUKOHAHHS CBO€l  Micii amapaTd MaroTb
MOBEPHYTUCS IO HOCIS, J& BOHH BCTaHOBIIOIOTHCH
Ha Oopr JiTaka 3a  JIONOMOTOI0  CHELiaJIbHOTO
obmagHanHsa. Cepen TEXHONOTIH MOXKHa BHOKPEMHUTH
BHCOKOIIBH/JIKICHE IIM()POBE yNPABIiHHS MOILOTOM [7].

e OFFSET -

MOKJIMBOCTI

TEeXHOJIOTis, 1Mo 3abesmedye
CTBOPEHHSI POI0 ISl MaJMX MICBKUX
HazemMHHX  migpo3mimiB. Cepexm  ocobmmBocTeld  —
aBTOHOMIsI POIO, IIOKpalleHud iHTepdeiic, skuil nae
3MOTY KOPHCTyBadaM BIJICTE)XyBaTH Ta KepyBaTH
OaraTpMa O€3MUIOTHUMH TUTaTGopMamu [§].

BiTun3HsAHI HOCTIHKEHHS CIIPSAMOBaHI Ha TUIAHyBaHHS
Tpaekropii BriJIA B rpymi 0e3 MOXIJIMBOCTI ajgamrariii
¢dopmamii Ta 3abe3medeHHS AaBTOHOMHOCTI OKPEMOTO
amapara [9, 10].

Binmpmricte Moseneli, BUKOPUCTAHUX Y PO3POOICHUX
MIPOEKTaX, MICTATh TPHUCTPOI OJHOTO THMY, IO
BUKOHYIOTH OJIHE CIIUTPHE 3aBAaHHI Ta HE MAalOTh
LEHTPaTi30BaHO] ~ CUCTEMH  KOHTPOJIIO  MOBEIIiHKH.
Tomy Bupimeno 3BepHyTH yBary Ha bmJIA 3a npyrum
TUIIOM YIpaBIiHHSA, KOJM KOMaHIM HAIXOISTh Bil
"mpu3HayeHoro" Imizepa. 3a IOMOMOTOI0 BHKOPHCTAHHS
inpopmamiinoi cuctemu CoppeliaSimEDU  cTBOpPEHO
mporpamy, IO BiATBOPIOE CIEHy W MOJAETh MOBEIIHKH
JIBOX BrJIA, e JITaIbLHANR

OJIMH amapar

MIITOPSIIKOBYETHCS IHIIOMY — JIiEPY POIO.
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BusHaveHHs He PO3B’A3aHNX paHille
YaCTHH 3araJibHOI MpodJeMu.
Merta poboTH i 3aBIaHHS

HesBakatoun Ha 3HaYHWI IIpOTpEC y NOCHIIPKEHHI
Ta po3pOOJICHHI CHCTEM YHPABIIiHHS POSIMH O€3MIJIOTHIX
JITaNbHUX arapaTiB, ICHy€e HU3Ka HEPO3B’s3aHUX ITUTaHb,
10 NOTPeOYIOTh MOJANBINOTO BHBUEHHS. 3abe3redeHHs
HaIifHOTO 3B’A3Ky MDK areHTaMH pOI0 B YMOBAax
peanpHOro Yacy € CKJIaJHHAM 3aBJIaHHIM, aJDKe BiICyTHICTH
LEHTPATi30BaHOTO KOHTPOJIIO Ta MOXKJIMBICTH BTPaTH
3B’SI3Ky 3/aTHI NMPHU3BECTH IO CyOONTHMAJIbHHUX PIIIeHb
Ta 3001B y poboTi cucremu. CydacHi CUCTEMH 4acTo He
MOXXYTh IIBHIKO amaNTyBaTHUCS JO MiHJIMBUX YMOB
CepeIIOBHUIIIA, 0 0OMEXY€E 1X €EKTHBHICTh Y CKIATHUX
1 HEBU3HAUCHUX CHUTyallisX. bBiIbLICTh IOCHTIIHKEHb

HE TIPUILISE JIOCTaTHLOT yBaru onTuMi3arii
EHEeprocroXuBaHHA B posx brJIA, mo e XpuUTHdHO
BaXIIMBUM JUII TPUBAIMX Miciif. HasBHI Mozeni gacto
HE 3Ba)KalOTh Ha BCI MOXIHBI BapiaHTH B3aeEMOJIIl
Ta MOBEIHKU areHTIB y PO¥0, IO, IMOBIPHO, CIIPHYMHUATH
HETOYHI TNPOTHO3M Ta TOMMJIKOBI pimeHHs. [lutaHHs
Oe3mnexn Ta 3axucty pois BriJIA Bim kibeparak Ta iHIIHX
3arpo3 3aJMIIAI0ThCS HEJOCTATHHO BUBYCHHMHU.

MeTtor0 poOOTH € TMOKpAIICHHS SKOCTI B3aeMOJIil
MiXk OE3MIJTIOTHUMH JITaTbHAMH arapaTaMd 3a MOJCILIIO
"[MPOBITHAYUH — BEICHUIA" ITi]T 9aC BUKOHAHHS MOJEOTHOT
MICIi 3 JOTIOMOTOI0 MOCTIHHOTO KOHTPOJIIO MK 00’ €KTaMH.
Ile mocsraeTbest MOCTIIKEHHSIM 1 PO3POOJICHHSIM HOBHX
METONIB KepyBaHHS posmu brmJIA 3 ormsgy Ha
POBIIOIICHI CHUCTEMH YHPaBIIHHSA, IO 3a0e3MeuyloTh
BHCOKY OIEPATUBHICTH 1 HAAIWHICTh BUKOHAHHS 3aBIaHb
y IMHAMIYHUX YMOBaX.

Jnst  TOCATHEHHS IOCTAaBIEHOI METH HEeOOXiTHO
BUKOHATH TaKi 3aBJaHHs;: MPOAHATI3yBaTH KiacH(iKalliro
bnJIA;

0 Kiacudikamii Oe3MUIOTHUX JIITAJbHUX —amaparis,

JNETaJbHO  JOCHIAMTHA  Cy4acHI  MIAXOIU

3Ba)KAIOYM HA X  MpHU3HAYEHHS Ta  TEXHIuHI

XapaKTepUCTHK{; BUBYMTH MapamMeTpd Ta MOJeNi
B3a€MO/Iii OE3MITOTHUX JITANbHUX arapaTtiB y HasBHHX
rpymnax, 3rpasx, acoliamisx, posx; po3poOHTH CleHapii
B3aemomii aBox BrmJIA 3a Momemto "mpoBimHHYME —
BeZIcHMH" 3 MOJKJIMBICTIO BHOOpPY DPEXHMMIB KEpyBaHHS
"BuuTens" abo "HAacTaBHUK'; CTBOPUTH Mporpamy JUis
Bizyasi3anii MOJIbOTY OE3IIOTHUX JITAJIBHUX arapaTiB
32 MOJEUII0 '"MPOBIAHWYMI — BeACHHWH"; BHUKOHATH
BUIIPOOYBaHHS IOJIBOTY 32 3aIlPOIIOHOBAHOIO MOJIEIIIIO

Ha eTamax, JI¢ € Pi3Hi reonpPOCTOPOBI 00’ EKTH.

Jns peamizamii Mux 3aBJaHb yIPOBaKYIOTHCS TaKi
METO/IM: MOJISNIIOBAHHS JUIsl PO3POOJICHHS MiJICUCTEMH
Bizyamizamii momsoty BriJIA, rpadiune MoxeroBaHHS IS
CTBOPEHHsI MoJeJi Oe3MUIOTHOrO JIITAIFHOIO amapaTa
Ty JITaK, a TaKoX METOAW Teopil alrOpUTMIB
JUTS PO3pOOJICHHS CIIeHapito B3aeMoii qox BriJIA.

O0’exTOM JOCIiKEHHS € Moelb briiJIA 3a cxeMoro
"MpOBIAHUYHMIA — BeACHUU", a NPEeIMETOM — IMPOIIEC
iMiTamii TMONBOTY OE3MMUIOTHUX JITAaJbHUX AarapariB
32 CXeMOI "MPOBIAHWYHMHA — BEACHHH" 13 MOKJIHBICTIO
BHOOpPY pexumiB kepyBaHHa bBrJIA "Bumrens" abo
JocsrayTi

"HacTaBHHUK". pe3ysbTaTd  nependavyaroTh

krmacudikamiro  OE3MIIOTHUX — JTATPHUX  alaparis,
rpadiuny Mozaensb Jitaka Mini-Flight-M, cxemy B3aeMoii
mBox BrmJIA B pexumax "Bumremp" abo "HacTaBHHK',
mporpamy Juisl Bizyanizaunii noneotry brJIA 3a mopemnstro
"MpoBiTHWYMIA — BeACHWH'", a TaKoX pe3yJbTaTH
BUNPOOYBaHb MOJBOTY 3a 3aIPOIIOHOBAHOIO MOJIEILIIO
HAa eTarnax, Jie € pi3Hi FeonpoCcTOPOBi 00’ €EKTH.
Po3B’si3aHHA mepeniueHMX 3aBAaHb OACTh 3MOTY
MiIBUIIUTH e(eKTUBHICTh Ta HamiiiHicTE poiB BmJIA,
IO BIiJKPHE HOBI MOJMJIMBOCTI UIi IX BUKOPHCTAHHS
B pi3HEX cdepax, 30KpeMa eKOJOTIYHUI MOHITOPHHT,

PATYBaJIbHI omepalii Ta iHIi aBTOHOMHI Micii.

Marepianu il MmeToau

Y upoMy po3aiii IOCTIPKEHO Pi3HI apXiTeKTypu

CHCTEeM  YIpAaBIIHHS, 10  3aCTOCOBYIOTbCS  JUIA
KoopauHanii Aii poGotiB y dopmanisx. PosrisiHyTo
TpH  OCHOBHI  THITH

apXiTeKTyp: IIEHTpasi30BaHi,

JCIeHTpaTi30Bani Ta po3mnoaiieHi. KokeH i3 mux
TAXOMIB aHATI3YETHCS 3 MOTJLILY iX HepeBar, 0OMeXeHb

Ta MPUAATHOCTI I 0COOIMBOIO 3acToCyBaHHs (Tabm. 1).

HenTpanizoBana apxirekTypa

VY wiif Mozeni ynpaBiiHHS BCi KepyBajbHI (QyHKIIT
KOHILICHTPYIOTBCSI B OJIHOMY IIEHTPAJIbHOMY KOHTpOJIEpi.
Ile no3Bosisie neTanbHO aHANI3yBaTH Ta OIEPATHBHO
KepyBaTul TOBEIIHKOI) KOXXHOTO areHTa B CHCTEMI.
Hocnimkenns HaykosuiB 3 MIT mokasano edexkTHBHICTD
miel  apxiTekTypu B YOpaBIiHHI  JpOHAMH  JJIs
€KOJIOTIYHOTO MOHITOPHHTY, IO 3a0€3MEeYHI0 BHUCOKY

TOYHICTh KOOPAUHAIIIT Ta aJaTaIlii0 10 MiHIMBHX YMOB.

Po3noginena apxitexkrypa
VY mpoMy pasi KOXKEH areHT OCHAIEHWH BIaCHUM
KOHTPOJIEPOM, IO JI03BOJISIE BUKOHYBAaTH OOYMCIICHHS Ha
Mici Ha oOcHOBI iHQopmamii BiJ CyCIAHIX areHrTiB.
Leit meroj 3abe3rneuye BUCOKUI piBEHb aBTOHOMHOCTI
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Ta HaAIHHOCTI, OCKIJIBKH CHCTEMa HE 3aJE€KUTH BI 1 TEeXHOIOTiMi HEOOXigHI A MOKpAaIIeHHS KOOpAWHAIL

OJIHOTO IEHTPY KOHTPOJIO. 3aCTOCYBAaHHS TEXHOJOTIH Ta 3ryPTOBAHOCTI areHTIB Y TAKUX CHCTEMaX.

MAaIIMHHOTO HaBYaHHS Ta CYYaCHHX 3aCO0iB KOMYHIKaIlii, ApXiTeKTypH YIpaBITiHHS hopmariero €

Hanpukian URLLC B wMepexax 5G, moKpamrye (yHOAMEHTATBHUME JJIs1 KOOpAWHAIil Ta eQeKTHBHOI
IO apXiTeKTypy, 3a0e3medyrodn e(QeKTHBHICTE B B3aeMojii Mix poOoTamMu ab0 areHTaMH B 0araThox
JUHAMIYHUX CEPENOBUILAX. chepax — BiA aBTOMATH30BAaHOI'O BHPOOHHIITBA [0
. . ABTOHOMHHUX TPaHCIOOPTHUX CHUCTEM. OCHOBHi THUIIN

JenenTpajizoBaHa apxiTekTypa ) ) )
. . . . apxXiTeKTyp ympaBliHHA ¢opmarielo nependadaroTb
KoHTponbHI (yHKIIT HOAUIAIOTECS MiXK AEKUTbKOMA : ) ) i S
LEHTpai30BaHi, JCICHTPaNi30BaHi Ta  PO3MOALICH]

HEe3aIeKHUMU TifcucremMamu. lle migBuiye THYYKICTh

Hi)IXOZ[I/I, KOXCH 3 SKHUX Ma€ IepeBaru Ta 00MeXKEHHS

CUCTECMU Ta CIpPOoIyeE MaCH.ITa6yBaHH$I, ajIic TaKOX

3aJIC)KHO BiZ[ oco0IuBoCTEH 34CTOCYBAaHHA Ta

CTBOPIOE BUKJIMKH 3 KOOPIUHAIIEI MK ITiJCHCTEMaMH.

AKTUBHE JOCIIDKEHHS Ta PO3POOJIEHHS HOBUX METOIIB CEpeioBuIIld BUKOPUCTAHHA.

Taoauus 1. [lopisuanna xapaxmepucmux yeHmpanizo8aHux, po3nooileHux i OeyeHmpanizo8aHux apximexmyp YnpaeiinHsa

JlenenTpanizoBana

Kpurepiii apxiTekTypa

LenTpajizoBana apxitekTypa Po3nopisiena apxirektypa

3alIeKUTh BiJ MICIIEBUX

s . 3aiexuTh Bij 3’€qHAHDL MiX
3’€HaHb Ta BUAKOCTI

3aTpumka B nepeaaui Huseka, gxio By3mu

indopmamii 03TalnoBaHi 01Ji1 KOHTpoJIepa MiACHCTEMaMH
(bopman P Tposep 00poOneHHs a
O0MeskeHa yepes 3aJIeKHICTh Bucoka, areHTH MOXYTh
. . Bucoka, ane Mo)ke BUHMKATH
Macmra6oBaHicTh BiJl OTHOT'O KOHTPOJIBHOTO JofiaBatucs 6e3 yTpyJaHHs .
CKJIaHICTh Y KOOpAWHALI1
HEHTPY LECHTPY
. . iy Bucoka, ane notpedye
AV 3aeXHTh BiJl €UHOT TOUKH Bucoxa, 30iif 0IHOTO areHTa s
HapiiinicTh e(eKTUBHOTO B3aEMO3B 3Ky

30010 (IICHTpaJILHUH KOHTPOJIEp) | Majio BIUIMBA€E HA IHIINX

MIDX IigcucTeMaMu

Bucoka, cucrema Moxe
MPOJIOBXKXYBaTH pOo0OTY B pasi
300iB OKpEMHX areHTIB

Bucoka, ane Bumarae
JIOJaTKOBUX MEXaHi3MiB
CHHXPOHI3allil T2 BiTHOBJICHHS

Huspka, moMunka B eHTpi

CTiliKicTh 10 MOMHIOK
BILUTHUBAE HA BCIO CHCTEMY

1. Lemmpanizoeana  apximexmypa  YHpaseuiHHs MacitaOyBaHHS Yepe3 BUCOKI BUMOTH JI0 O0OUHCITIOBATLHUX

dopmayiero

LenrtpanizoBana apxiTeKTypa CTAaHOBUTb OJIWH 3
OCHOBHFX MIIXOMIB Y CHCTEMax yNpaBIiHHI (OpMaIlisiMu
po0OoTIB i mependayae 30cepeHKEHHS BCIX KOHTPOJIBHUX
(YHKIIH Yy €JMHOMY IEHTPaIbHOMY KOHTpolepi. Takmit
MIX1 1a€ 3MOTYy KOMILIEKCHO aHaJli3yBaTh CTaH KOYKHOTO
areHTa Ta ONEpPAaTHBHO pearyBaTH Ha TUHAMIKY 3MiH y
(hopmariii, BAKOPHUCTOBYIOUH 3arajlbHOIOCTYIHY iH(opMallito
JUTSI BU3HAYCHHS ONTHMAaIbHAX CTPATETil Mil.

VY 2021 p. Haykogiii 3 MIT po3po0mimy 1ieHTpati3oBaHy
rpynu
aBTOHOMHHUX JPOHIB, 3aJiHUX Y CKJIaJHHUX MiCisIx 3i

CHUCTEMy  YIpaBNiHHSA I  KOOpAWHAMI{
300py €KOJIOTiYHMX MOKa3HUKiB. L1 cuctema mama 3mory
JIOCSITTH  BHCOKOT TOYHOCTI B IJIaHYyBaHHI MapuIpyTiB
1 CHHXpOHI3amii Niff JPOHIB, M0 € KPUTUIHO BaXKINBUM
JUISL aJianTalii 10 JUHaMIYHUX aTMOC(EpHUX YMOB, 3 SIKUMHU
BOHH CTUKAFOTHCA ITiJT 4ac BUKOHAHHA MiciH [11, 12].
IlenTpanizoBaHa apxXiTekTypa Mae KiibKa IepeBar,
30KpeMa 3IaTHICTh e(PEKTHBHO KEpyBaTH CKIAJHUMHU
onepauisiMd Ta ONTUMI3yBaTu 3arajibHy aKTHBHICTb
3aBIKA TJ00AaTbHOMY OIJISALY CTaHIB YCIX arcHTIB.

OyHaK BOHAa TAaKOXX Ma€ HEAOJIKH, 0coONMBO y cdepi

i KOoMyHiKamiifHUX pecypciB. KpiM TOrO, 3almexHICTH
BiJl IICHTPAJILHOTO KOMIT'IOTepa NPU3BOJMUTH A0 €IUHOT
TOYKH 30010, IO MOXE CIPHYUHHUTH Tepedoi B poOoTi
BCi€l cUCTEMH B pa3i BHHUKHEHHS POOJIEM.

3aJIUIIAETHCS

LenTpanizoBana apxiTeKTypa

BaXJIMBOIO TaMm, /e TMOTpiOHa BUCOKa TOYHICTb

KOOpAMHAIII] Ta 3AaTHICTh MIBUAKO pearyBaTH Ha 3MiHH B
CKJIQJIHUX TEXHIYHMX 1 mNpHpoAHUX yMoBax. OjHak
B)KJIMBO 3BaKaTH HA ITOTSHLIIHI PU3HKU i BUKIHMKH, 10

BUMararmTh  JIOAaTKOBUX  3axomiB  Oe3nmekn  Ta
pe3epByBaHHS CUCTEM.
2. Posnooinena apximexmypa YNPAGIiHHA

dopmayicio
Posmoninena apxiTekTypa ynpaBIiHHA Iepemdadae,
110 KOXKEH areHT OCHaIeHni BOYyJOBaHUM KOHTPOJIEPOM,
SIKUA OOYHCITIIOE CHTHAJ YIpaBIiHHA Ha OCHOBI HOTO
MIOTOYHOIO0 CTaHy Ta CTaHiB cyciiHiXx areHTiB. Takumit
MIXiJ TO3BOJIIE 3OIMCHIOBATH OOMIH
LIDAR-iB
areHTaMy, IO

iH(opMaItieto

3a  JIOIOMOIOI0  Kamep, abo  mpsimMoi

KOMYHIKaIii ~ MiX 3a0e3meuye

aBTOHOMHICTBH KOXXHOT'O 3 HHUX.
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HaBenemo mepeBaru po3mnoaijieHol apXiTeKTypH.

— Jlerkicth MacmITabyBaHHS: B3aEMOJIA  MiX
areHTaMu OOMEXYEThCs iX HaHOMDKYAMHU CyCiTamH, II0
CIPOLIYE 3aTy4YeHHS] HOBHX areHTIB 10 CUCTEMH.

— Hapiitaicte: cucteMa € CTilikolo 10 300iB,
OCKUIBKH HE 3aJIC)KHUTh BiJl IEHTPATi30BAHOI'O KOHTPOJTIO.
[TomMunka oOXHOTO areHTa HE CHPUYUHSAE KOJIATICY
BCI€T CHCTEMH.

VY nmocHimKeHHIX, TPUCBIYCHNX YIpaBiiHHIO BbriJlA,
po3IoJiieHa apXiTeKTypa Aa€ 3Mory 0araTopoTOPHHUM
IpoHaM eQeKTHBHO (opMyBaTH IONBOTHI (opmarii.
Hanpuknan, excniepuMeHTH 3 YNpaBliHHA Ha OCHOBI
KOHCEHCYCY IOKa3yIoTh, K JITaJbHI amapaTé MOXYTh
CaMOCTIHHO aJanTtyBaTHCs 10 IMHAMIYHAX YMOB Ta

KOOpAHWHYBATHU CBOI Jii 6€3 30BHIMIHFOT0 BTpy4aHHs [13].

Hocmimxennss 2023 poky HpOJEeMOHCTpPYBaId
BUKOPHCTaHHS MAIIHHOTO HABYaHHS UL NPOTHO3YBaHHS
Ta ajanTamii TOBENIHKKM areHTiB y  Qopmaiii.
Ili TexHomorii 3a0e3medyiOTh BHUILY €(QEKTHBHICTH

i OHepaTI/IBHiCTL CUCTEMH, 30KpEMa B aBTOHOMHUX

aBTOMOOITSIX, [€ TaKoX pO3B’A3YIOTECS TPOOIEMHI
ToJlepaHTHOCTI ~ J0  300iB,  3aTpUMKH  peakuiit
Ta yIpaBJiHHA pecypcamu [14].

PozButok TEXHOJIOTIN 3B’SI3KY, 30KpemMa

BrpoBamkeHHss URLLC y wmepexax 5G, mokpamis
MOXKJIMBOCTI PO3MOJIJIEHUX CHUCTEM, CIPHSIOYN LIBUJILIOMY
00MiHy iH(pOpMaLiel0 Ta OUTBII CHHXPOHI30BaHUM IisIM
MK areHTaMH.

CydacHi OOCHIIKEHHS Ta PO3pOOJIEHHS B Tamys3i
PO3IIOIIEHOT apXiTEKTYpH YNpPaBIiHHSA IPOAOBKYIOTh
PO3IIUPIOBATH  MO>KJIMBOCTI

CHCTEM, IOKPAIIYIO4H

iX  edexTHBHICTH Yy JAWHAMIYHUX  CEpEIOBHUINAX.
3acTocyBaHHA HOBITHIX TEXHOJOTIH Ta IHHOBAI[iHUX
MiIXOMIB JIa€ 3MOTY LIUM CHCTeMaM OuIbIll e(eKTHBHO
BUKOHYBATH CKJIA[HI 3aBIaHHA, 30a71aHCYBaBIIHU JIOKATBEHY
ABTOHOMIIO i3 3araJlbHOCHCTEMHOIO 3TYPTOBAHICTIO.
Posmomineni apxiTekTypu yIpaBIiHHSI Bce e
CTHKAIOThCS 3 BUKJIMKAMH B CKJIQJIHMX CEPEAOBHIIAX, JE
BaXJIMBO KEPYBATH YHCIICHHUMH JIOKAJIbHUMH B3a€MOALSIMH
Ta 3abe3rnedyBaTd IOCTIJOBHY TIOBEIIHKY arcHTIB.
BincyTHiCTE IeHTpai3oBaHOI CHCTEMH MOHITOPHUHTY

MOYK€E IPU3BECTH JI0 CyOONTUMAIBHUX (popMariii.

3. Meyenmpanizosana apximexmypa YnpaeuinHsi

JHeuenTpanizoBaHa apxiTeKTypa YIpaBIiHHS
MOJIIJIsIE KOHTPOJIbHY CHCTEMY Ha HE3aJIC)KHI IiICUCTEMH,
KO)KHa 3 SKHX Ma€ CBill KoHTposep. Takuil migXig
nepefdavyae, MO KOMYHIKAaI(isi MDK MiJCHCTEeMaMu
3OIMCHIOETHCS 3a3BHMYail 3a JIOIIOMOIOI0 MEXaHIYHUX

3’€IHAHb, sK, HAIIPUKIaA, Qi3uuHi npyxuau. Kontposep

KOXKHOI THICHCTEMH Ma€ IOCTYI Jnmie a0 iHdopmarii
IIPO CTaHU areHTIB y CBOIN BJIACHIH MifcUCTEMI.

s xoupirypamis He edekTWBHA I KepyBaHHS
(dbopMarisiMi, OCKUIBKA KOHTPOJIEp KOXKHOI MiJICUCTEMHU
He Mae iHdopMalii TpO areHTiB IHIIMX IiICHCTEM.
Ile MoXe YCKJIAIHUTH CUHXPOHI3AIII0 Ta KOOPIAMHAIIIIO
MDK pI3HAMH  MJICHUCTEMaMH, HEOOXITHUMH s
CTBOPEHHSI €JJMHOI Ta 3rypTOBaHOI (opmarlii areHTiB.
JOCHIDKEHHIX

Hanmpuxnan, y 3aCTOCYBaHHS

JICHEHTPATI30BAaHOTO  KepyBaHHsS  OaraToareHTHUMH
cuctemamu, Takumu sik brnJIA, yBara 3ocepemxyerbcs
HacamrepeZ, Ha METoJax YNpaBJIiHHI Ha OCHOBI
koHceHcycy [15]. Taki mMeromu maroTh 3MOTY KOXKHIH
MiZICUCTEM] B3aEMOMIATA 3 IHIIMMU IS JOCATHEHHS
CHUTPHUX mijed ©6e3 HEeOoOXiAHOCTI IEHTPATBHOTO
VIIPaBJIiHHSA, TOKPAITYIOYH S(PEKTHBHICTh Ta aIalTUBHICTH
ITiJ] YaC BUKOHAHHSA MICil y TUHAMIYHHX YMOBaX.

Kpim Toro, nerneHrtpaiizoBaHi MeXaHI3MH KepyBaHHS
TaKOXK KOHTEKCTI

BHUBYAIOTHCS y AaBTOHOMHMX

aBTOMOOUTIB. Y IUX JOCHIIPKECHHSIX PO3TILIIAIOTHCS
TEXHOJIOTIYHI Ta PETyJIATHUBHI acleKTH, IO BIUIMBAIOTH
Ha Tamy3b. OOTrOBOPIOIOTHECS BHKIMKH, IIOB’SI3aHi 3
JELEHTPaIi30BaHUMH CHCTEMaMH B TUHAMIYHUX yMOBaX,
Ta 1X HACTIIKH IS TIOMITUKY M YIPaBITiHHS.

OpHak JAereHTpalli3oBaHa apXiTEKTypa CTHKAETHCS
3 BHUKJIMKaMH{, 30KpeMa 3 OOMEXEHOI MOXKIMBICTIO
miJcucTeEMaMHu, 1110,

KOOpAMHAIIT  MiX IMOBipHO,

CIPUYMHUTH  MpoOJeMH 13  3rypTOBaHICTIO  Ta
CHHXpOHi3a1i€r0. BincyTHICTh EHTPaTBbHOTO KOHTPOIIO
MOXK€E YCKJIQJHUTH MOHITOPHHI 1 pearyBaHHsS Ha
HemepenOadeHi 3MIHM B CEPEIOBHUINI, IO OCOOIMBO
Ba)XXJIMBO B OIIEPATHBHUX CLIEHAPIAX 13 BUCOKUM DPiBHEM
PHU3UKY Ta HEBU3HAYECHOCTI.

Heo0OxigHicTh

noaajabuIoro BIOCKOHAJICHHSA

NEIeHTPATi30BaHNX CHCTEM 1 pO3POOJCHHS HOBHX
METO/IB JUIS MiBHIIEHHS iX eeKTUBHOCTI, 3rypTOBaHOCTI
Ta amanTUBHOCTI €

kputnyHoto. lle mepenbauae

IHTErpamito  IMepefioBUX  QJITOPUTMIB  MAIIMHHOTO
HABYAHHS Ta PO3BUTOK KOMYHIKAI[IfHAX TEXHOJOTIH, M0
MiATPUMYIOTh Oinbll HaAidHMH Ta e(eKTHBHUH OOMiH
iH(pOpMaIIi€I0 MiX TiACHCTEMaMH.

CyuacHi JOCIIKEHHsI TPHUCBSYEHI pPO3POOJIECHHIO
e(pEeKTHBHIINX MPOTOKOJIB TIepemadi HTaHWX, AKi
MiHIMI3yIOTh 4ac 3arpuMmkH. L{i MeTonm nependavaroTh
BUKOPHUCTAaHHSA AalTOPUTMIB [UIsI JWHAMIYHOTO BHOODPY
MapUIPyTiB Y MEpexXi, OCHOBaHMX Ha IMOTOYHHX yMOBAax
3B 3Ky Ta 00csarax Tpadiky.

3acToCyBaHHsl aJrOPUTMIB MalIMHHOTO HaBYaHHS
IUIsl  aHAN3y Ta NPOTHO3YBAHHS HABaHTKEHHS Ha

MEpexXy JOlOMara€e ajanTyBaTH CUCTEMY YIPaBIiHHS
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IUTS  ONTHMI3allii PO3MOIUTY pecypciB 1 3MEHIICHHS
3arajibHUX 3aTPUMOK y CUCTEMI.

Po3pobneHHs Ta BIpPOBAaKEHHS OUIBII MOTYXHHUX
i e(peKTUBHHX KOMYHIKAaliiHUX MOJIYJIB, TaKHX SK
nepenoBi WiFi-monymi, texnonorii 5G Ta cucremn Ha
ocHoBi Li-Fi, 3a0e3neuye BHCOKY HIBHIKICTH Imepenadi
iH(opMarii Ta 3HIDKSHHS BTPAT CUTHAIY.

Onrtumizarist anapaTHoOro 3a0e3neyeHHs: IHTerparis
ONTHMI30BaHOTIO anapaTHOro 3abe3eyeHHs, SKe MiATPUMYE
MIBUJKICHI KOMYHIKallil Ta Mae BUCOKY OOYHCIIOBAJIbHY
MOTYKHICTh, 3MEHIIYe dYac 0O0poOJeHHsA iH(opMarIii
Ta MOKpAIIye 3arajbHy e()eKTUBHICTh CUCTEMH.

3a3HaueHi TEXHIKM Ta TEXHOJOTii MOXYTb OyTH
IIMPOKO 3aCTOCOBAaHI — BiJf aBTOHOMHHX TPAaHCIIOPTHUX
3ac00iB 1 JPOHIB [0 TPOMHUCIOBHX POOOTH30BAaHUX
cucTeM, Jie IIBUIKA i HalliilHa KOMYHIKAIs € KITIOYOBUM
(hakTopom ans 3a0e3nedeHHs e(EeKTUBHOCTI Ta Oe3meKu
OTIepaTHBHUX IPOIIECIB.

OcTaHHIM 9acoM 3HAYHO 3pOCiia yBara I0 METOZIB
ynpaBiiHHA (QOpMYBaHHAM pOOOTIB, SIKI BaXJIMBI IS
PO3IIUPEHHST MOXJIMBOCTEH MYJIBTHAIGHTHHX CHCTEM.
Oco0MBO 1€ CTOCYETHCS BUKOPHUCTAHHS PO3IMOJIICHUX
CTpaTerif, IO HalTh 3MOry poOoTaM IHHAMIYHO
aJIalITyBaTUCS JIO 3MIiH y CEPEIOBHIII O€3 IIEHTPATI30BAaHOTO
kepiBaunTBa. lleft Hampsim mependavae pi3HI cTpaTerii
YIpaBIiHHSA Ta apXiTEKTYpHI PIMIEHHS Ui MEPEKHHX
B3aeMO/Iif MixK poboTamMu.

Icuye Tpu wMeromu 10 KepyBaHHS (opMarriero:
MOCTIIOBHUK",  TOBEIIHKOBHI

"mpep - METOIT

1 BipTyalibHa CTPYKTYpa.

1. Memoo "nioep — nocnioosHux"

Y mpoMy mgxomi poyib Jliiepa TMPHU3HAYAETHCS
onHoMy areHty. Jlizep npsMye OUISIXOM, 3a3/ayeriib
BM3HAYCHNM IUIAHYBAJbHUKOM Micii, a iHmI poOoTH
dhopmartiro,
pyxarounch 3a HuM (puc. 2). IcHy1oTs IBa THIIN CTpaTerii

HAMAralThCsl ~ yTPUMYBaTH  OakaHy
"JTiiep — MOCTIIOBHUK: PEXKHUM JIiIepa, A€ MOCITiTOBHUKH
Oe3nocepeIHEO MIATPUMYIOTH (hopMariiro 3 Jimepowm,
Ta peXUM (QPOHTY, 1€ KOXKECH areHT IpsMye 3a
HACTYIHHM areHTOM 0 NIOCATHEeHHs Jigepa. OCHOBHi
MepeBarn IOr0 MiAXOJy — MPOCTOTAa B OCBOEHHI Ta
peamizamii, a  TaKOX

MPSIMONIHIHHICTE  aHAMIZY

crabinpHocTi. OpmHak Ied MeToA Ma€ HEIOJIKH,
30KpeMa 3aJIeKHICTD BiJl OMHOTO PoOOTa IS MiITPUMKH
hopmarii

YCKJIQIHIOE MacIITaOyBaHHsL.

Ta HOro IEHTpamTi3oBaHa MPHPOMAA, IO

He#t miaxix € oxHUM i3 HAWNOMIMPEHIIIUX
y KepyBaHHI ¢opmamiero pobotiB. Jlinep Bu3HaUae

TPAEKTOPIIO PyXy, a iHIII pOOOTH HANAMITOBYIOTH CBOI

Iii, mo0 yTpuMyBaTH 3aJaHy BIICTaHb Ta OpPIEHTAIIIO
monao Jigepa. CydacHi [JOCIHIPKEHHS BIPOBaIKYIOTh
alanTHBHI METOIX I rITMOOKe HaBYaHHS IS ITABUIIEHHS
Pe3yJIbTAaTUBHOCTI LBOTO MiAXOAY B CKJIAJHHUX YMOBaX,
HAIPUKJIAJ MiABOJHE CEpelOBUIIe, N 3BHYaliHi 3aco0H
HaBiramii MoXyTh OyTH HeedekTHBHUMH. Takox
PpO3p0OJICHO PO3IMOMAITCHI OMLIHIOBAYi, SKi JAalOTh 3MOTY
KO)KHOMY TIOCHIIZIOBHHKY BH3HauyaTH CTaH Jijepa,
BHKOPHCTOBYIOUH JIMIIEC JIOKANBHY iH(OpMaIitoo, II0
3MEHIIYE 3aJeXKHICTh BiJI IEHTPai30BaHOI KOMYHiKallii.
KoHCeHCyCHI — anroputMH B

cucreMax 'migep —

HNOCHIAOBHHUK" Uil MYJBTHareHTHUX  CHCTeM i3

HENiHIfHUMH ~ BJIaCTUBOCTSIMU  JO3BOJIIIOTH  areHTam
CHHXPOHI3yBaTH CBOi CTaHM BIANOBIIHO 1O MOJeENi
migepa, 3a0e3Meuylour TOYHIIY KOOPAWHAINIO Ta BHILY
¢dopmarii.  Ile

B yYMOBAaxX, II¢ CTaHAAPTHI METOAM KEPyBAaHHSI MOXKYTh

CcTaOUIBHICTD 0COOJIMBO  BaXKJIUBO

HC BIIOpATUCA 3 KOMILIEKCHICTIO }_'[I/IHaMi‘-IHOFO

cepemoBuma [16]. ApmantuBHa Oe3medHa cucTeMa
ynpaBiiHHS JUis  dopMarii  "digep — HOCHiAOBHUK"
HETOJIOHOMHHX  MOOUTBHHX  poOOTIB B  yMOBax
HEBU3HAYEHOCTI Ta MOTCHIIHHUX KibepaTak 3ade3meuye
BHCOKMI piBeHb HaxifHOCTI Ta Oe3mekn. Cucrema
aJanTye TmapaMeTpu YNpaBIiHHA JUIl  KOMIICHCAIil
MOXJIMBHX 3001B iH(opmamii Bim migepa. AnroputMu
OCHOBaHI Ha Meromax JlsmyHoBa uis  aHami3y
CTaOUTBHOCTI Ta 3a0e3MedueHHsT Oe3NeKH, IO IiIBHUIILYE
3arajbHy pOOACTHICTh CUCTEMH W Ja€ 3MOry €(eKTHBHO
MPOTUCTOSITH  30BHIIITHIM

3arpozaM i BHYTpIIIHIM

MTOMMJIKAM Y CHCTeMi KepyBaHH: [17].

Ninep

MocnipoBHUMK [MocnigoBHUK

. 2. Teris JIi B cucTeMax "Jigep — MOCIiJOBHUK
Puc. 2. Crpareris aigepa B cucreMax "miae OCITiI0 "

2. Bipmyanvna cmpykmypa
[Migxin i3 BUKOPUCTAaHHAM BIPTYaJIbHUX CTPYKTYp
JUIsl  ynpaBiiHHS ~ Qopmamiero poOOTIB Mae Barome

3Ha4YeHHA B cydacHid poOororexHimi. Lleit wmerox

JolIoMarae  CTBOPIOBaTH  CKJamHi  ¢opmamii  0e3
HEOOXigHOCTI (i3MyHMX 3’€aHaHB MDK pOOOTaMHu,
BUKOPUCTOBYIOUHM  3a3fajierip BU3HAYEHI MpaBUia
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MOBENiHKK. Y TMiOXOAi BIPTyallbHOI CTPYKTYpH BCi

poOOTH BHKOHYIOTH pOJb BIPTyalbHHX BY3JiB Yy
3a3manerinp 3amaHiil cTpykrypi. Lle o3Hadae, mo KokeH
poOOT Mae 0COOJIMBY TPAEKTOPIIO PYXy, CHHXPOHI30BaHy
3 TPa€eKTOPISAMH IHIIUX POOOTIB IS CTBOPEHHS €IMHOI,
uitichoi  ¢opmanii. Lleit meron 3abe3nedyye BHCOKY
TOYHICTh TIO3WIIIOHYBAaHHA Ta € JIyXe¢ eQEKTHBHUM
y CTaOUTBbHUX YMOBax. CyuacHi PO3poOKH
BUKOPHCTOBYIOTh aIalTUBHI Ta IHTEPaKTHBHI TEXHOJOTI]
JUI TIABUILEHHS THYYKOCTI BIPTYaJbHHX CTPYKTYP.
Hampuxnan, 3acTocyBaHHS —CIAWIMHT-MOJ KOHTPOJIIO
JI03BOJISIE  pOOOTaM IIBUAKO aAanTyBaTuUCs O 3MiH
y IWHAMINi OTOYEHHS, MiHIMi3yIOUH BIUIHB 3aTPHMOK
y BIONOBIIAX Ta KOJMBaHb y JaHWX ceHcopiB [18].
¢dopmamii 1o
OnHak migxig 13

Ile mokpamrye CTIHKIiCTB 30BHIIIHIX
MepemKoy 1 JAWHAMIYHUX YMOB.
BIPTYQJIbHOIO CTPYKTYpOIO Ma€ JesAKi OOMEXEeHHS.
Bucoki BuUMOrH 10 OOYHCIIOBAIEHUX pECypciB Ta
HEOOXiTHICTh TOYHOI CHHXPOHi3aIii MOXXYTh CTBOPIOBATH
TPYZAHOIII y HIBHIKO 3MIiHIOBaHMX yMoBax. [IpoGiemu
CHHXpOHI3aIlil 0COONMBO KPUTUYHI, KOJHM 301IBIIY€ETHCS
KUIBKICTB po0oTiB y (hopmartii. [lociikeHHs MOKpanieHHs]
ITOPUTMIB KEPYBaHHS Ta PO3POOJIEHHS HOBUX MOJeEINei
3BOPOTHOTO 3B’SI3Ky MOXYTh 3MEHIIMTH 3a3HaueHi

HENONIKA. DBHBYeHHS HOBMX  METOMIB  ajarrarii

Ta ONTUMI3alii B YMOBaX HEBHU3HAUCHOCTI TaKOXK
€ BaXIMBUM HANpsSIMOM [UI TIOJAJBLIOTO PO3BHUTKY
TexHojorii. lle 3a0e3me4ynTh MiIBUILEHY aJanTUBHICTh
i MacmTaboOBaHICTh BIPTYaNbHHUX CTIPYKTYp, Har09d

iMm 3mory Oyrn e(deKTHBHIIMMH B CKJIQIHUX 1
JUHAMIYHHUX CEpEeOBHIIAX.

30cepe/DkeHHS yBarM Ha MOJENSAX MAIIMHHOTIO
HaBYaHHSA, SIKI MOXYTh NPOTHO3YBaTH i KOMIICHCYBATH
MOTEHLIHI POOJIeMH Iepesi TUM, SIK BOHU BIUIMHYTh Ha
(dopmarii,

MOJKJIMBOCTI JIISl MOKpAIICHHS e()EKTUBHOCTI POOOYMX

CTaOLIBHICTE Tako)X  BIOKpHBAaE€  HOBI

TpyH poOOTiB.

3. Memoo Ha ocHo8i nosedinKu

[loBeniHkOBMH MiAXix y KepyBaHHI (opMarii€ero
pOOOTIB TPYHTYEThCS HA TPHHIUNAX TOBEIIHKH 3rpai
tBapuH (puc. 3). Koxen poOOT HanmamToBaHUM MisTH
32 TPOCTUMH JIOKAUIBHUMH NpaBWJIAMH, TaKHMH SIK
YHUKHEHHSl 3I1TKHEHb, Y3TOJDKEHHS IIBHJIKOCTEH Ta
MIATPUMAHHS KOTe3ii Tpymu, 3aBASKH YoMy (opMarlis
MUHAMIYHO aJanTyeThCsl O 3MIH y CepeloBuIli 0e3
moTpeOM B IICHTPATi30BAHOMY KepyBaHHI. 3a3HadCHUH
MIJIX1]1 MOKE 3ITKHYTHCSI 3 OOMEXEHHSAMH Y (OpMyBaHHI
CKIamHUX KOHQIrypamifi, TOMy CydYacHi JOCIHIiIKEHHS
ITOPUTMIB,  IIIO

COpsIMOBaHI  Ha  PO3pOOJICHHS

peanmizyloTh CKJNAIHINI B3aeMOXIl Ta  YIPaBIiHHSA,

alallTUBHICTD

BHACIJTIZIOK 4Oro MTOKPAIIY€ThCS

1 MacITaboOBaHICTh CUCTEMH.

— ]

YHUKHEHHS NepeLlKos,

\

H

Puc. 3. IToBeninkoBuii miaxig 1o GpopmyBaHHS Tpynn

HaiiBigominry poOoty, sika BIUIMHYJIa Ha OaraTtbox

JOCIIZIHUKIB ~ OKpeclieHOl  LapuHH,  3alpoIIOHYBaB
Kpeiir Peiinonpac 1987 poky. ABTOp BHUCYHYB TpHU
€BPUCTUYHI  TNpaBWiIa, SKUX KOXEH areHT Mae
IOTpUMYBaTHCS I 30epekeHHS OakaHol Qopmarii:
LUEHTPYBaHHA 3rpai, Y3rO[KeHHs IIBUIKOCTEH Ta
YHUKHEHHS 3ITKHEHb. 3a3HaueHi IpaBHia JIOTOMAaraioTh
areHTaM 3aJMIIaTtucs OJM3bKO OJUH 0 OJHOTO,
BHUPIBHIOBAaTH CBOi IIBHIKOCTI Ta YHWKAaTH 3ITKHEHB,
BUKOPHCTOBYIOYH NPUBAOJINBI Ta BIAIITOBXYBAJIBHI CHITH.
Oco0a11BO BaX/IWBI Cy4acHi CTyaii, SKi pPO3IIMPIOIOTH
3aCTOCYBAHHSI NOBE/IIHKOBUX MPABWJI y OLIBII CKIIaJHHUX
i JUHAMIYHHX cepemoBUmax. JIOCHiKeHHS MOKa3ye,
K  QITOPUTMH  TIHOOKOrO  HaBYaHHS  MOXYTh
OIITHMI3YBaTH PyX 1 yIpaBiiHHS QopMali€ero B CKIaIHNAX
MiIBOAHOTO CTaHIapTHI

yMOBax cepeioBHINa, e

HaBiramiiHi Meromm dYacto He edekruBHi [19].
Posmofinene kepyBaHHs (Gopmaliiero MOOITBHUX POOOTIB
Ha OCHOBI  OioiHCHipoBaHOI  HEHpOAMHAMIKH  Ta
a/IalITUBHOTO KOB3HOTO 1HHOBALIIHOTO (hiIbTpa OMUCAHO
B poboti [20]. ABTOpM mpOMOHYIOTH OiOiHCHIpOBaHi
QITOPUTMH, 110 BHKOPUCTOBYIOTH  HEHpOJMHAMIYHI
Mojeni Juis 3a0e3neueHHs] KOOpAnHaLii MK poOoTaMu.
Ile cnpusie mOKpaIeHHIO peakilii poOOTIB Ha 3MIHH YMOB
JOBKUIIS, MiABHILYE e(EKTHBHICTH Micii B CKIIaJHHX
cueHapisx. [IoBeiHKOBI MiIXoan B KepyBaHHI (hOpMAILIi€E0
poOOTIB  NPOAOBXYIOTH PO3BHBATHCS, IPONOHYIOYH
THY4YKi Ta aJanTHBHI pillleHHs JUIS JWHAMIYHUX YMOB.
Henrpanizamist yrnpaBiiHHS BiACTynae Ha APYTHH TUIAH
Ha KOPHUCTh PO3MOAIICHUX 1 CAMOOPTaHI30BaAHUX CHUCTEM,
0 MOXYTh MacmradyBaTHCs Ta aJanTyBaTHCS JI0
TPY/AHOLIIB PEAILHOTO CBITY. YTIPOBaXKEHHS TIIMOOKOTO
HaBYaHHS Ta HEWPOAWHAMIKM € BaXJIMBUM KpPOKOM
y MiIBUIIEHHI aBTOHOMHOCTI pOOOTIB.
MOCTABJIEHUX

Hdus  peamizanii 3aBIaHb  OyIo

3aCTOCOBAaHO MCETOAM MOJICIIOBAHHA Ta CPIMyJ'IHI.[ﬁ.
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[Iporpama, po3pobneHa ans Bi3yamizamili IMOIBOTY

OC3MUIOTHUX  JIITAILHUX  amapariB  3a  MOJEILII0

n

"MpOBITHAYNIA — BeACHUH'", HaIFicaHa MOBOIO CIIEHApiiB

Lua Tta  BHKOpUCTOBYE iH(pOpMALiiiHy cUCTEMYy
CoppeliaSimEDU. 1la mporpama BIATBOPIOE CIEHY M
MOJ€eNnb MOBEMiHKH aBoX bnJIA, me oauWH IiTanbHHM

amapaT MigIOPSIIKOBYEThCS IHIIOMY — JIiEpy POIO.

Cmpykmypa  moodeni  gizyanizayii  noavomy
Micmumo maxi e1lemMeHmu:

1) xamepw, mo JafOTh 3MOTY OAYUTH CIICHY;

2) CBITJIOBI 00’€KTH JJISl OCBITJICHHS CIICHH;

3) cepemoBume 3

TaKUMH BJIACTUBOCTAMU,

SIK HABKOJIMIIHIN CBIT, TyMaH, KOJip (OHY TOIIO;

4) TpyHT, 1O MICTUTh OO’€KTH, 3TPYHOBaHi
B MOJICJTb, 30KpeMa JICKIbKa 00’ €KTIB JICpPEB;
5) momemi Oe3MUIOTHHUX  JITAJBPHUX  AamapaTiB

UAV-M i UAV-S, pospoOneni B cucremi SolidWorks
Ta IMIIOPTOBAaHI A0 HAIBHOI CIICHH.

Pesrcumu pooomu npozpamu

Y mnporpami € pAeKkigbka pexuMiB pobdotu: RP
ta RPYT. YV pexumi
JIBa TPUCTPOI BBEAEHHSA: OAWH Uil KPEeHy i BHCOTH,

BuKiagaya (RP) HeoOXimHi

Ipyrait — ans iHmux QyHKIiH. Y peknMi HacTaBHUKA

Puc. 4. Cxema Meto/y ynpasiiHHs "iziep — HOCTiJOBHUK"

Y wMexax poOOTH 3ampoNOHOBAHO IMiTalliHY
MOJICJIb, 1[0 KOOPAMHYE pidi BIAMOBIAHO 10 MapameTpiB
KOHTpoJiepiB "mizepa" Ta "MOCTIOBHUKA" 3 OTNIALY Ha
30epekeHHs guctaniii Mk brnJIA. 3a  momomororo
iHpopmariiiHoi cuctemun CoppeliaSimEDU noOynoBaHO
nporpamy, IO BIJATBOPIOE CLEHY il MOJEIb MOBEIIHKH
bnlJIA, e

MIAMOPSIIKOBYETHCS 1HIIOMY — Jiiiepy poto. [Himiatopom

IBOX OJINH JITaJIBHAR amapar

Bi3yauti3allii moikoTy € KopuctyBad. [Iporpama HammcaHa
MOBOIO CIIeHapiiB Lua, fKa € PO3IMHUPEHOI0 MOBOIO

(RPYT) takox HeOOXimHI JABa MPHUCTPOI BBEACHHS: OJUH
JUIL KpPEHy, TaHraxy W TIrd, OPYTHH — AU 1HIOHX
¢GbyHKOiA. YHACHINOK BHKOPHUCTaHHSA (YHKIIOHAIHHOCTI
nepeMHUKava MOXKHA 3MIHIOBATH MapaMeTPH MOJILOTY.

PesynbTaTn gociigxkeHs Ta ix 00roBopeHHs

MIIXO0IIB
"mgep —
MTOCTI{TOBHUK", 32 YMOBH SIKOTO "TIOCITIOBHUK" BU3HAYAE

OmHrM i3 HAWOUTBPII — MOIIMPEHHX

n0 (GopMyBaHHS YNpaBIiHHA € METOA
CBOE TIOJIOKEHHS TiNbKM miomo 'migepa" (puc. 4).
Mu mpumycTHIH, OO0 B3AaEMOMIS MDK areHTaMu Mae
BinOyBatHcs Ha "rio0ansHOMY" piBHI 3aMiCTh TOTO, 1100
MJIETTINA pearyBaB JIMIIEe Ha iH(OpMAIlio JOKaJIbHOTO
piBasA. JlokampHa iH(OpMAIsS MOXke OyTH OTpuMaHa
3 TapaMeTpiB  KOHTpojepa, TOAI SK riio0aibHa
iHpOpMaIliT CTOCYETBCSA TIONIOKEHHS 00’ €KTa 3arajioMm
IIOJI0 HABKOJIMIIHBOTO cepemoBuimna. L{i aBi kareropii
JoKepen iHdopMaIllii He € B3a€MOBUKITIOUHUMH. Y MO
BUKOPDHCTOBYBaiacsi IMPOCTa  MOJAENh  y3TO/DKEHHS
mBHUAKOCTL. OTXKe, 1e AOCTIHKEHHS 10JaTKOBO BHBYAE
rimoresy mOpo Te, IO 3YeIUIeHHS "TIpsMyBaHHS
3a JigepoM" MOKe PETYIIOBATHCS JIMIIE TJI00aIbHOO

iHpopMarlieto Oe3 3amydeHHs JTOKATBHUX BiZIOMOCTEH.

MporpaMyBaHHsS Ta MpH3HAYEHA IS [iATPUMKH
3arajibHOr0 MPOIIECIYPHOIO MPOrPaMyBaHHSI.

Mognens Bisyamizamii MOJABOTY MICTHTh KUIBKA
eJleMeHTiB (puc. 5).

Cuena «1» MICTUTB Taki €IEMEHTH:

— KiJIbKa 00’€KTIB KaMepH, 110 Jal0Th 3MOT'y 0aunuTH
CIICHY, SIKIIIO BOHU TIOB’s3aHi 3 BUIIOM;

— KIUJIbKA CBITJIOBHX 00 €KTIB JUIS OCBITJIIEHHS CLIEHHU;

— KilbKa  YSBJCHb, SIKi BIATBOPIOIOTH Te, IO

06a4yuTh KaMepa;
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— KiTbKa CTOPIHOK, KOXHA 3 SKHAX MICTHTh OIHE
a0o KiJibKa NepersiiB;

— CepeloBHIE 3 TAaKUMH BJIACTHBOCTSMH, SIK
HABKOJIMIIIHIN CBIT, TyMaH, KOJIip (oHy TOIII0;

— IPYHT, IO MICTUTh 00 €KTH, 3TPYIOBaHI B MOJCTb,
30KpeMa i IeKIbKOX 00’ €KTIB IepeB;

— Mozem 0e3mUTOTHUX JiTanpHUX amapatiB UAV-M
i UAV-S, SolidWorks

Ta IMIIOPTOBAaHI A0 HAIBHOI CIICHH.

po3pobiieHi B cHcTeMi

Puc. 5. Ctpykrypa Mozeni Bizyanizamii HoIb0Ty

Puc. 6. 3aranpuuii Burisin JIA Mini-Flight-M

[Nporuec miArOTOBKY CLEHHU Nepeadadae TpU eTarlu:

1) crBopeHHs abo Moaudikaiis MOJEN IHONIroHy
B CoppeliaSimEDU,

2) excropT JITANBEHOTO

Mozeini  Oe3MUIOTHOro

anapara y popmar URDF;

OpHoto 3 rpadivHuX Mozenel po3podmenux BriJIA
st nporpamMu € Mini-Flight-M 3 TakuMu TaKTHKO-
TEXHIYHIMH XapaKTepHCTUKaMU (puc. 6):

— 3iTHa Maca 10 90 kr;

—Maca IJIbOBOTO Ta JONATKOBOTO HABAHTAKCHHS
1o 20 kr;

— TPHUBAJICTH MONHOTY TOoHAN 30 XB;

— Tara asuryna 400-410 H.
€ gmeximpka pexxuMiB  poboTH B mporpami:
RP ta RPYT.

VY pexxnmi Buknagada (RP) HeoOXimHI 1Ba MPHCTPOI
BBEIICHHS: ONUH JUIsl KEpyBaHHS KPEHOM 1 BHCOTOIO,
GyHKIIN.
nepeMrKaya,

a Opyruil  ansd  BUKOHAHHA — IHIIHAX

BukopucroByroun  (yHKI[IOHAJIBHICTH
BimoOpaxxeHOTO B KOH(QIrypamii, Apyruil KOHTpoJep
TaKOX MOJKE 3MiHIOBATH KpEH 1 rmojauy.

Jnsa pobotu B pexumi HactaBHuKa (RPYT) Takox
MOTPiOHI /1Ba MPUCTPOI BBEACHHS: OAWH ISl KEPyBaHHS
KPEHOM, TaHT@XeM 1 TArolo, a APYTHid A BUKOHAHHS
iHmMX ~ QyHKOid. 3acToCOBYIOUM (YHKIIOHAIBHICTH
KoHpirypamii, apyruit
KOHTpOJIEp TaKOXX MOXKE 3MIHIOBAaTH KpEeH, Haxwui,

mepeMuKaya, BiATBOpEeHY B
HULITIIOPEHHS U TATY.

Skmo mig’eaHaHO OiNbIIe HDK OJUH MPUCTPId
BBEJICHHS, MOXKHA IEPEKIIFOYNTHCS HA OAHWH 3 PEKUMIB.
CrouaTky  HEOOXimHO  00paTh  TPUCTPIH, IO
BHKOPHCTOBYBAaTHMEThCSI Ui BHKJIAAada, i 3iCTaBUTH
fioro. IloriMm moTpiOHO 0OpaTH MPUCTPIH ISt CTyJeHTa
W TakoX 3icTaBUTH Woro. Ilicas 1bOTO B HIXKHIHN
yacTuHI iHTepdelicy KOpucTyBaya MOXKHA Oy/ie MOOAYNTH

BIIKPHUTI IPUCTPOI Ta IX KOH(Iryparii.

3) BKasiBKa BJIACTHBOCTEH 1 MapamerpiB ycix
00’€KTIB y CUMYJISITOPI.

Ilepexoaumo mo HamamTyBaHp MOJiroHy. CriodaTky
00’exTH

BCE  BIAKIIOUYCHO JUIS  PO3PaxyHKIB —

HE MiJJIaBaTUMYThCs [il CWIM TSDKIHHS, He OyayTh
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BiICKAaKyBaTH OJWH BiJl OZHOTO Ta TPOJIITATH Kpi3b
1H1111 00’ €KTH.
MiICTaBKA

Cam momiroH i MalTh  OyTH

HE3MINICHUMH, HEMOB JKOPCTKO IPHUKICEHHUMHU IO
HIJUTOTH CILIEHH, aJle B pa3i MOTPAIUIIHHS Ha HUX ITPOBHX
00’€eKTIiB BOHU MaIOTh NPYXUHHUTH i Ha HUX HOTPIOHO
3BepTaTH yBary. ToMy HEOOXiZHO BKa3aTH Mapamerp

Body is respondable, sixwit o3Hauae, 1Mo Ha 00 €KT

MOTPIOHO 3BaKaTH IIiJi Yac 3iTKHEHb. Y MOJICIOBAaHHI
MalOTh OpaTHCs 10 yBaru 3iTKHEHHS 3 yciMa 00’ €KTaMH.
Jns mopemtoBaHHs pyxy poro briJIA Ha crieni 6ymo
PO3MIIIIEHO JEKibKa Mojesiel Oe3MiIOTHUX JIITaTbHUX
amapatiB 1 BIIKOPUTOBaHI iX moyaTtkoBi mo3mmii. Ilicis
JIOZIaBaHHsl CKpUNTa B3aeMOAii 3 Ros Ta MiJACKPHIITIB
MOJICTIOBAaHHSA KEPYIOUHMX TIporpam Oyiio 3amymieHo
MOJICITIOBaHHs MOBEAiHKY KoMaHu briJIA (puc. 7).

Puc. 7. Mogens Bizyanizauii nonsoty briJIA 3a mogemmio "poBigHUYMI — BeqeHUI"

Cykynnicte  brJIA, mo

OJHOYAaCHO I BHUKOHAaHHSA KOHKPETHOI'O 3aBJIaHHA,

BUKOPHCTOBYIOTBCS
Ha3MBalOTh poeM. Taki JpOHW NPALOITh pa3oMm,
MOBIIOMJISIIOYH TIPO CBOIO TIO3WINIIO Ta IHIIY KOPHUCHY
iHpOpMaIlifo 13 3a3/aNeriib BU3HAYEHHMH IHTEpBalIaMH
gacy. IlpocropoBe posramyBanas bmJIA omma momo
OJTHOTO € KITFOYOBUM EJIEMEHTOM JIIs iX B3aemomii [9].
YrupaBmiHHI poeM — oOxHA 3 HAaHBAXKIHUBIINX TEM
JIOCITIJPKEHHS CYKYITHOI NOBEAIHKM CHUCTeMHU. MeTa 11boro
porecy
0araTopa3zoBO PO3BEPTATH Ta HANPABIATH JITAIbHI

noysirac B TOMY, 100 peryimsipHo W
amapaTH Ha TIeBHIM BiICTaHI OJWH BiJ OJHOTO Ta
MiATPUMYBATH TOCATHYTHH 111a0JI0H 1 Hajani [21].

SIK mpUKIaa pyXy PO OPOHIB MOXKHA PO3IIISHYTH
nojit 3rpai nraxiB. Ilig wac pyxXy 4ICHH TpyIH
CHUIKYIOTBCSI Ha OCHOBI OTpHMaHOi HUMH iH(popmarii,
00MEKEHOT 30HOK OrJIsiAy. 3TiTHO 3 JOCTIKCHHSIMH
moje  30py CTaHOBUTH  135° 3 OiHOKYJSAPHUM
nepekputtssm  20° (puc. 8) [10]. Taki ocobmuBOCTI
3YMOBIIIOIOTH TOH (aKT, IO WICHH 3rpai MOXKYTh PyXaTHCs
OJIMH 32 OJHUM Y TIOJIi 30Dy, BiANOBITHO CTBOPIOIOYH
niHii abo V-moniOHy GopMy rpynH Mig 9ac MOIBOTY.

Ha ocHOBI cxemMu TMOJLOTY OKPEMOro 00’€KTa
PO3IJITHEMO AITOPUTM HOJBOTY PO 33 YMOBH, IIO
koxHui BriJIA mae oOmexeHe moiyie 30py, KyT OIJISLILy

craHoBHTE 250°, a came —35° <0 <235°.

Puc. 8. [Tone 30py oxpemoro briJIA

ATeHT BUKOPHUCTOBYE HETOJOHOMHY MOJAENb PYXY,
TOMY MOXXE PyXaTHCS 32 YMOBH 3MIHH pyXy OCHOBHOTO

00’ekTa:
x,(t+At) x,(1) cosa,(1)0
y(t+A) | =| v |+| sing, Of| V], )
a@+A)| |a ) o 1|

ne (x,,y,, ;) — JAEKapTOBI IOJOXEHHS | IPOBiIHA
TIO3UIIisl areHTa [ ; V — JiHIMHA MIBUJKICTh Y KOOPIUHATAX
KOXKHOTO arelTra; @ — KyTOBa IIBHIKICTh. BBaxaTmmemo,
0 BC1 WICHHW PO MOXKYTh BU3HAYATH BiJICTaHb Ta KyTH

OMJIANy OJMH OJHOTO MO0 BIACHUX. [, @,

ij
BUMIpIOBaHa BIJICTAHb Ta KyT HaxWiIy areHra | B
Jiarma3oHi aii arenra i, Tojl

x; =1, cosg,

, me 35" <@ <235°,1 €[0,R]. (2
Yy =1;sing, He i ;€[0.R]. @
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OTtxe, ans kopekTHoro (opmyBaHHS poro BriJIA
KO)KHOMY areHTOBI HEOOXIIHO 3HaXOIUTU IPaBUIIbHE
Micre Ui 30epekeHHs BiICTaHi, KyT pyXy IOIO arcHTa
noriepely, YHHKAlOYH TIEPEHIKOA Ta 3ITKHEHb OJUH
3 ogHuM. KoMyHikaniliHe OTOYCHHs areHTa | — Iie Horo
"koxern" B pOi, pO3TAamIOBaHI B MeXax (HiKCOBAHOTO
paxmiyca R m1omo HbOTO:

NG = {7 [0, 1< R} (3)

me N — minsgaka "komyHikamii"; N — KUIBKICTH WICHIB

poo; 1, — areHt i; p,,p; — TOJNOXKEHHA B MPOCTOPI
areHTiB i Ta j; R — MakcuManbHHAN pafiyc B3aEMOMII.

[ix wac pyxy poro OOBKIJUII MOXXE 3MIHIOBATHCH,
10 3YMOBITIOE TIOMIIJT €IMHOTO POIO Ha JIEKiJbKa CyOpoiB.
Piii 31 3MIHHUMH BiJ 4Yacy XapaKTEPUCTUKAMH MIONO

areHTa | MOYXHA OOYUCIHTHU 33 GOPMYIIOK0
S’(rl.):riu{r p;—p"i”SR}. (€))

JjeN,j=i'
KOMYHIKaIlii

OCKUIBKH ~ Jlana3oH 00OMeEXEHUN

Bi3yaJIbHUM I0JIEM KOXKHOTO 00’ €KTa poro, MaeMo (puc. 9)

Sf,(rl.):rl.u{r pl.’—p;”SR/\q)iyeEV}. 5)

JeN, j#i'

Puc. 9. Piif 31 3MiHHUMU BifJ yacy XapaKTepHCTHKAMU
Ta 0OMEKEHNM Bi3yalbHUM I10JIEM

[[o6 3amobirath 3ITKHEHHSAM 13 TIEPEIIKOJaMHU
Ta 3 METOI0 OTHHAHHS MEPEIIKO TSI HECKIaTHOTO POIO
MOXHa  BHKOPHCTOBYBAaTH  CIIPOIICHWUH  alTOPUTM
Vector Field

Histogram, VFH). Takuii anropuTM BH3HAYa€e HANpPSIMOK

ricrorpaMyd BEKTOPHOTO TMOJisl  (QHIIL

PYXy 3aBIsSKd MOOYJIOBI TiCTOrpaMH BEKTOPHOT'O MOJIs

JUIs  ySBICHHS  TOJIAPHOI  HITBHOCTI  MEPEIIKO]
(aurn. polar obstacle density, POD). Tlone cipuiiHAITTS
areHTa MOAUIAETHCS HA 1 CEKTOPIB i3 MOKPUTTAM 360 / n.

Tonai POD njist KOXKHOTO CeKTopa

W (g)=] P(p) {1—@)” dp, )

max

ne h*(g,) — nonspHa WinbHICTH Nepewkon y cekTopi k;
P(p) — iMOBipHiCTH TOTO, IO B TOHLI p € NEPELIKONA;
d (q,, p) — BiZCTaHB BiI IEHTpa areHTa 10 TOYKH p;

d — MaKCHMaJbHA JAlbHICTh BUSBJICHHS CEHCODIB;

max

Q, — iHTerpamis.

ka{pekAd(qq,p)ds}. (7)

Jis yTpuMaHHS CTPOI0 HEOoOXigHO OpaTw 1O yBaru
HU3bKY OOYHCIIOBAJIbHY CKJIQIHICTh Ta OOMEKEHHS
OIBUAKOCTI poro. 3 ormamy Ha mnpuHmUn VFH MokHa
cnpoektyBatn aii brnJIA 3 kxyrom ormsmy 250°, ane
B Jiama3oHi [—125°; 125°] 3 HampsMKoM pyxy 0°.

YHaCIIOK BIUIMBY CYCIIHIX CEKTOpIB 3IJIaJpKeHa IOJISpHA
IIUTEHICTH MEPEIIKO/] 32 HAPSIMKOM k CTAHOBHTB:

b= w(i)f(k+i), (8)
Fkan) =1 min{d‘y,j(kﬂ)} ’ o)

s

ne | — nesike ojaTHE YMCIO ISl OGUHCIEHHS KOXKHOTO
Hanpamky k €[-a;al; d(k+i) — Bixcraub Bin nenrpa

areHTa 10 MEepPEemIKOAN 3a HampsMKoM k+i; d, -

s
3a3/iaierife BU3HaueHa Oesneuna Bincranb; w(i) — Bara

CYCIIHIX HaIPsIMKIB:

1-i|+1 ,
——————, —ask+is<a
W)= 2 (-l +1) - (10
0, others

Taxuii BUOIp w(i) 3a0e3neuye IpaBUIIBHICTH

TBEP/DKCHB: MIO Jdaji CyCimHiii HampsMoK Big &,
TO MEHIIA HOro Bara, i MOTOYHHN HAMNPSIMOK PYXY
k(i=0) mae naii6itbury Bary.

BogHouac HeoOXimHO OpaTh 10 yBard, IO s
KO)XKHOTO oOKpemoro bBbrJIA piBHSHHA pyXy MaTUMyTh
TaKUM BUTIIS:

a1 S -
E:W{Pcos(a+¢a8)_cx%V2:|_g5m9> (1D
o 1 [1 pS !
E:m{;Psm((Jﬁ@w)—CyTVZ}—;gCOSQ,(12)
dw 1
dtzzm[MZ+AMZ(wz)+AMZ(8)], (13)
dg
E=a)z, (14)
doa_ds_do (15)
e dt dt
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dH .

—=Vsinb, (16)

dt

dL
— =Vrcosb, (17)

dt

ze

m(t)=my—mycex-1-0<t <ty ., (18)
m(t)=my—m,t,, =const, t,, <t<ty,, (19)
m(t) =m, =const, t<t,, (20)
J,(t)=J, —J cex-t, (21)
0<t<tpy, (22)
J, ()= —J jcer 1y, =const, ty,, <t< lg> (23)
J,(t)=J,, =const, t> Ly » (24)

+ .
xT _ GM‘TM GoﬂB“TgB—gm(_«kxm,;z , O <1< tﬂBlR ) (25)

GM + GOﬂBfgmmr
%, = GM"TM + GoaB‘TzzB-gmwr s IB.K Lty <t < ta;p . (26)
GM + GO,ZZBfgmmALZZBAK

Xp =Xp, =const, (>1,. (27)
Posrnmsanyra knacudikamis  bnJIA  mgae  3mory

BU3HAYUTH OCHOBHI 3aBAaHHA, NI0 BHUKOHYE Dild.
3anpornoHOBaHUH MiJXiA 10 YIPaBIiHHS POEM JTITATBHHUX
amapariB 3 OTJIAAy Ha peXUM "TIPOBIAHUYMKA — BeaeHHN"
OCHOBaHHI Ha MOJIEIISIX MOJIBOTY MTaxXiB, YAOCKOHAJICHUIM
pyxy

MIXig — J03BOJISIE

3aBJsKW  BIIPOBA’KCHHIO piBHﬂHB KOXHOTO

IHAMBIMyaapbHOro arcHta. Takuid
MPOTHO3YBATH TPAEKTOPII0 TOJBOTY KOKHOTO arcHTa

OKpPEMO Ta pOIO 3arajiom.

Cnucok Jgireparypu

BucHoBkn

Y mpomeci JOCHIIKEHHS IPOAHAN30BaHO Ta
po3po0IeHO METOAM YIPABIiHHS POSMH OE3MiTOTHUX
JMTATPHUX AamapariB 32 MOJCIUII0 "IPOBLAHUYMHA —
Begernit". PosrmtHyTi Kimacudikamii HasBHEX BrnJIA
Ta MapaMeTpu B3aEMOJii B rpymnax, 3rpasx, acoliarisx
Ta POSX MJald 3MOTY BH3HAUUTH OCHOBHI 3aBIaHHS,
[0 BUKOHYE piil. 3alpONOHOBAHUI MiAX1T 0 KepyBaHHSI
TPYNOI0 JITAIbHHUX amapariB 3Baka€ Ha PEXKUMH

"puntenp" abo "HacTaBHUK" 1 TOOYIOBH  POIO.
PosrnsHyTHI miIXin OCHOBaHMN Ha MOJENSAX IONBOTY
NTaxiB, yIOCKOHAJIICHUHA  3aBASKH  BIIPOBAHKCHHIO
PiBHSHB pyXy KOXXHOTO IHIWBIAyaJbHOTO areHTa, IIo
JIOTIOMarae IMPOTHO3YBATH TPAEKTOPIIO TOIBOTY KOKHOTO

aréHra OKpe€MoO Ta poro 3arajiom.

CrBOpeHO TmporpaMmy Ui Bi3yami3alii  IMOJNBOTY
OC3MUIOTHUX  JITAIbHUX  amapaTiB 32  MOJCIUIIO
"MpoOBITHWYMIA — BemeHMH' Ta BHIPOOYBAaHO TONIT 3a

Ha erTamax, Ja¢ € pi3Hi
T ITBEP A
e(peKTHUBHICTh PO3POOIICHOI MOJIEII Ta TIOKA3aIi MOXIIUBICTh

3aIIPOTIOHOBAHOKD  MOJEIUIIO
reonpocTopoBi  00’ekt.  Pesymbrati
i 3acTocyBaHHS B DPi3HHX cdepax, 30KpeMa eKOJOTiTHUI
MOHITOPHHT, pSTYBaJIbHI OIepallii Ta iHI aBTOHOMHI MICi.
[Momanemii gocmiuKeHHsT MaloTh OyTH 30cepeikeHi
Ha ONTHUMI3allii EHEProCHOXHMBAHHSA Ta 3a0e3MeUeHHI
HaJiHHOTO 3B’A3Ky MDK areHTaMH pOI0 B yMOBax
peanbHOro uacy. TakoX BaXXJIMBO PO3POOUTH METOAW
3axucty poiB briJIA Big xibepaTak Ta iHIIMX 3arpo3, moo
MMABUAILMATH TX CTIMKICTH 1 HAAIHHICTE MiJ Yac BUKOHAHHS

CKJIaHUX MICIH.
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A COMPREHENSIVE APPROACH
TO MANAGING ROBOT GROUP FORMATION

Subject matter: Research and development of methods for controlling swarms of unmanned aerial vehicles (UAVs) based on the
"master — slave" model. This includes examining existing classifications and interactions between unmanned aerial vehicles in various
formations such as groups, flocks, associations, and swarms, with the goal of creating an effective management system. Goal
To improve the quality of interaction between unmanned aerial vehicles based on the "master — slave" model during flight missions
through constant control between objects. Ensuring reliable execution of flight missions by implementing new management methods
that account for different modes of interaction between devices. Tasks: Analyze the classification of existing UAVs; analyze the
parameters and model of interaction of unmanned aerial vehicles in existing groups, flocks, associations, swarms; create a scenario
of interaction between two UAVs based on the "master — slave" model; develop a program for visualizing the flight of unmanned
aerial vehicles based on the "master — slave" model; conduct flight testing according to the proposed model on stages with various
geospatial objects. Methods: Simulation method for developing a UAV flight visualization subsystem; graphical modeling
method for creating an aircraft-type unmanned aerial vehicle model; methods of algorithm theory for developing
a scenario of interaction between two UAVs. Utilization of specialized software tools for visualization and simulation
of UAV behavior in real-time conditions. Results: Developed a classification of unmanned aerial vehicles; created a graphical
model of the Mini-Flight-M aircraft; developed a scheme for the interaction of two UAVs in "teacher" or "mentor" modes;
created a program for visualizing the flight of UAVs based on the "master — slave" model; conducted flight testing according
to the proposed model on stages with various geospatial objects. The results confirmed the effectiveness of the developed model
and demonstrated its applicability in various fields, including environmental monitoring, rescue operations, and other
autonomous missions. Conclusions: The proposed approach to controlling a UAV swarm based on the "master — slave" model
improves the quality of interaction between the devices and ensures reliable execution of flight missions. Further research
should focus on optimizing energy consumption and ensuring reliable communication between swarm agents. It is also important
to develop methods for protecting UAV swarms from cyberattacks and other threats to enhance their resilience and
reliability during complex missions.

Keywords: unmanned aerial vehicles; swarm; master — slave; interaction; simulation; visualization.
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I. BIHBKO, B. IIIEBEJIb, A. BUKOB, JI. KPULILKUIA

AHAJII3 JEIEHTPAJII3OBAHOI MOJIEJII YIIPABJIIHHS JTPOHIB
1 PO3PAXYHOK TPAEKTOPII NEPEXOILJIEHHS

IIpeamer npocaigkeHHs1 — BUBYCHHS 3acCTOCYBaHHsS iHHOBaliiHOro Mmerony Cascade DataHub mis onTuMizamii yHpaBITiHHS
ABTOMATH30BaHUMH PYXOMHMH CHCTEMaMH, 30KpeMa Oe3IJIOTHUMH JITaNbHUMH amapaTaMu. Y CTaTTi aHA3YIOThCS TEOPETHYHI
Ta TMpPaKTH4HI AaCIeKTH BIPOBA/UKEHHS 3a3HAUCHOIO METOLY B pIi3HHX Tamy3sx. Mera podoTH — BceOiYHO IpoaHANi3yBaTH
Cy4yacHi MOJEeNi Ta METOAM KEpyBaHHS TPYMOI0 IPOHIB 3 OIVIIAY Ha JEUEHTPali30BaHI MiIXOAM, a TaKOX POo3poOuTH epeKTHBHI
AITOPUTMH JUTS ONTUMI3allii TpaekTopil mepexorieHHs. PO3IISHYTH MiABUINEHHS TOYHOCTI Ta HAAIWHOCTI YHpaBJIIHHS CKIIQIHUMHU
aBTOMATH30BAHUMH CHCTEMaMH 3aBASKH 30UIbIICHIN iHTerpamii maHWX Yy peampHOMy 4daci. JIOCHiIDKEHHS CHpsIMOBaHE
Ha BUSBJICHHS NOTEHLIHHUX MepeBar METOAY B KOHTEKCTi 3MEHIICHHS 4acy Ha PEakIilo CUCTEM 1 IMiJBUILCHHSA TOYHOCTI yXBaJCHHS
pimieHs. 3aBAaHHM: PO3POOMTH KOMIUIEKCHI QJITOPUTMH JUI IIBHIKOTO OOpOOJEHHS Ta aHali3y BEJIMKHX OOCATIB JaHUX
i3 PI3HOMaHITHUX JDKEpel; CTBOPUTH HaliiiHI KOMYHIKAIliifHi IPOTOKONW Ui 3a0€3MEUCHHS CTIMKOCTI 3B’S3Ky MIK CHCTEMaMH
B €KCTpEMaJIbHUX YMOBaX; MPOAHAII3yBaTU 1HTErpalil0 LUX PO3POOOK y MPAKTUYHOMY 3aCTOCYBaHHI, IO JacTh 3MOTY 30UIBIINTH
iX e(eKTHUBHICTb y peaJbHMX ONEPAaTHBHUX YMOBaX. J[s MOCSATHEHHS MOCTaBJICHOI METH BHKOPHCTOBYIOTBCS TaKi METOMM:
MaTeMaTHYHE MOJICIOBAHHS, CTATMCTHYHMM aHaji3, MallMHHE Ta IIMOOKE HABYAHHS. IX 3aCTOCYBaHHs J03BOJIAE 3a0E3MEUMTH
BUCOKY TOYHICTP 1 HamifHICTh pPOOOTHM YHPABINIHCBKUX cHUCTeM. Pe3dyapTraTH. Y mpomeci MOCHIDKEHHS BCTaHOBICHO,
mo wmeron Cascade DataHub 3abe3nedye 3Ha4He 3MEHIIEHHS Yacy peaklii CHCTeM Ha KOMaHIW, MiABHIIYE TOYHICTh
BUKOHAHHS 3aBJaHb | 3MEHILYE BTPATH JAHHUX IiJ 4yac 1X mepepadi. YIPOBaKEHHS LbOTO METOIY TaKOX Crpusie eeKTHBHILIOMY
PO3MOATYy pecypciB MK aBTOMAaTH30BaHMMH OJUHUISIMH, IIO € KPUTHYHO BAXJIMBUM JUI Miciii i3 BHCOKMMH BHUMOTaMH
JI0 KOOpJAWHAIIi Ta YacoBOi CHHXpOHi3alii. BHCHOBKH. YceOiYHO NpOaHANi30BAaHO CyYacHI MOJENI Ta METOJH KepyBaHHS
TPYIIOI0 IPOHIB 3 OTJIILY Ha JEIeHTpallizoBaHi miaxoau. Po3pobieHo eekTuBHI alropuTMu ONTUMI3aMii TPaeKTOpii MepexoruIeHHS,
CIpsIMOBaHI Ha MiJBMIICHHS TOYHOCTI Ta HAAiHHOCTI YNpPaBIiHHA CKIaJHAMHM aBTOMAaTH30BaHUMH CHUCTEMaMH 3 JIOTIOMOTOIO
iHTerpamii JaHux y peambHOMy daci. JloCHiIpKeHHs BHSBHJIO ITOTEHIIIfHI IepeBard 3alpoNOHOBAHOTO METOAY B KOHTEKCTI
3MEHILICHHS Yacy peakiii CHCTEeM Ta MiIBUILEHHS TOYHOCTI YXBaJEHHS DillleHb, IO CHpHsie e()eKTHBHINIOMY (DyHKIIOHYBaHHIO
ABTOMAaTH30BaHHUX CHCTEM.

KawuoBi caoBa: Cascade DataHub; aBTOMaTH30BaHI CHCTEMH; MAalIMHHE HABYAHHS; YIMPABIIHHSA pEalbHAM YacoM;
rITOOKEe HAaBYaHHS.

Beryn 3MCHIIICHHIO KIJBKOCTI HEOOX1IHOT HaBYaJIBHOT

iHpopMmamii. Y cTarTi MOJaEeThCs cuUcTeMa YIpaBIliHHS

[IpoTaroM ocCTaHHIX JECATHIITH pPOOOTH CTaIH
BCe OUIBII TOIIMPEHHMH B PI3HUX Tally3sX, 30KpeMa
BIMCHKOBIHM, IUBUIBHIA Ta mpoMucIoBid. Edekrushe
yIpaBiiHHA poOOTaMHM BHMAara€ IIBUJIKOTO 300py,
30epiraHHs, OOpOOJICHHS Ta aHali3y BEIHKUX OOCSTIB
iHpopmanii B peaspHOMy 4daci. IcropuuHo Meronu

€BOJTIOI[IOHYBAJTH,
010

IIBHAKOCTI 00poOJIeHHs Ta HamiiHOCTI cucteM. OcraHHi

KepyBaHHS po0OOTaMH  MOCTIHHO

MMPUCTOCOBYHOYHCH a0 3POCTaHHA BUMOTI'

POKH TO3HaueHi 30UMBIICHHSAM IHTEpPECy 10 METOIIB

MAIIMHHOIO HaBYaHHS, OCOOJMBO TJIHOOKOro, IIo

YCIIIIHO 3aCTOCOBYIOThCS Y OaraTbox rayssx [1].
Cascade DataHub, HOBITHSI CTPYKTypa HEWPOHHOI
Mepexi, € OIHMM i3 TaKUX IHHOBAlIHHUX METO/IIB,

mo 3abe3riedyye 3HAYHE IIJIBUILEHHS  LIBHIKOCTI

HaBYaHHSA Ta e(EeKTHBHOCTI yNpPaBIiHHSA  3aBISKH

OC3MIIOTHUMH amapaTtaMi, IO Ja€ 3MOTYy KepyBaTH
TPyNoK PoOOTIB (POEM), i PO3TISIIAIOTHCS MOYKIHBOCTI
DataHub  nmus
YIPaBJIiHHS aBTOMaTH30BaHOIO PYXOMOIO CHCTEMOIO.

Bukopuctanas  Mmerony  Cascade

OcHOBHa Me€Ta IBOI0 JOCHIKEHHS IIOJIATAE
B TMPOBEJCHHI BCEOIYHOTO aHaNi3y CyYacHHX MOJENeH
1 MeToHmiB YMpaBIiHHA TPYIHOK JAPOHIB, 3BaKAIOUH
Ha JeneHTpanizoBaHi miaxoau. KpiMm Toro, HeoOXimHO
po3poOuTH ePeKTHBHI aNrOPUTMH [UISL  ONTHMi3amii
TPa€eKTOpii MEPEeXOIUICHHS, 10 MiABHIIYIOTH TOYHICTh
1 HAEIHHICTD YIIPABIiHHS CKJIAIHAMH aBTOMATH30BAHUME
CHUCTEMaMU 30UIBIICHIM  iHTEerpamii

3aBJSAKH JaHUX

y peampHOMy 4daci. JlocmipkeHHS CHOpSAMOBaHE Ha
BUSBJICHHS TIOTCHIIHHUX IIepEeBar METOAY B KOHTEKCTI
T ABUIIIEHHS

3MEHIICHHS 4Yacy peakmii cucrem i

TOYHOCT] YXBaJICHHS PillIeHb.

© 1. binbko, B. lllesens, A. bukos, JI. Kpunpkuii, 2024
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AHaJni3 ocTaHHiX 1ocaiTKeHb i myoaikamii

praBJ’IiHHH ABTOMAaTHU30BaHUMU pyxoMmumu
CUCTEMaMH B CKIAJHHUX YMOBax, SAK-OT KEPYBaHHA
(BILJIA),

BAMArae CTIHKMX aJaNTHBHHUX CTPATeTid, OO0 MOXYTh

OC3MUTIOTHUMHU ~ JITATBPHAMHU  amapaTaMmu
e(eKTUBHO BIIOPATHCS 3 BHCOKOKW MIHJIHBICTIO Ta
HEBU3HAYEHICTIO. MeTOau yNpaBIliHHS €BOJIOIIOHYBAIN
Bil TMPOCTHX pPYYHHX KEpPyBaHb [0 CKJIATHHUX
ABTOHOMHHX CHCTEM, [0 BHKOPHUCTOBYIOTH MEpEIOBi
anroputMu. CroyaTKy CHCTEMaMU MEPEBAXKHO KepyBalia
Oe3nocepeHbO JIOAWHA. 3 PO3BUTKOM TEXHOIOTiH
aKIIeHT 3MICTHUBCS Ha aBTOMATH3AIlIO JUIS ITiBUIICHHS
TOYHOCTi, 3MEHIIEHHS dYacy peaklii Ta MiHiMi3amii
JIOJICPKUX TOMHJIOK. lle mpu3Beno 10 po3poOieHHs
pI3HMX METOZOJIOTiH, KOXHa 3 SKUX aJalToBaHa
JI0 TIEBHUX ONEPATUBHUX KOHTEKCTIB:

— B pannix BIUJIA BuxopucToByBanmucst mpaouyitini
cucmeMmu YnpaeiiHHs;, 1 CHCTEMH IMOKIAJAl0ThCs Ha

3a3/aNieTib 3aJaHl MpaBuiia i OOMEXeHI B KepyBaHHI

OUHAMIYHIMH ~ 3MiHAMH B CcepeloBHINi. BoHu
MIPSIMOJTIHIIHI, ajle He MaloTh THYYKOCTI;

— aoanmueHi cucmemu YnpasniHHsA KOPUTYIOTb
CBOI mMapaMeTpd B pealbHOMY 4Yaci i aJanTarii
IO 3MiH y cepemoBumli. BoHM OuThII THYYKi, HiX
TPaAMUiiHI CUCTEMH, 1 BHUKOPHCTOBYIOTBCS  Tam,
JIe YMOBH €KCIUTyaTallii He mepen0adyBaHi;

—  NpOSHOCMUYHI cucmemu YnpasiiHHs 3aCTOCOBYIOTh
MOJIeNi JUTsl TIPOTHO3YBaHHSA MaHOYTHIX CTaHIB CHCTEMH,
eheKTHBHI B CICHApIsSX, A€ BaKIMBE IUIAHYBaHHSI Ta
nependadeHHs. BoHM MOXyTh BHSBHTH TOTCHIIHHI
po0JIEMH Ta MPOAKTUBHO KOPHUT'YBaTH MOBEAIHKY CHCTEMHU;

—  IHmMeneKmyanbHi cucmemu YNPAGNIHHA
3aCTOCOBYIOTh INTYYHHH IHTENEKT, 30KpeMa MalliHHE
Ta TIOUOOKE HABYaHHA, MU TPUHHATTA  pIilIeHb
Ha OCHOBI aHaNi3y AaHUX. BoHM edeKTHBHI B CKIaJHHX
CepeloBUINAX, A€ YHCICHHI 3MiHHI BIUIMBAaIOTH Ha
TIOBEIHKY CUCTEMH.

Y T1abn. 1

METO/IiB YIIPABIiHHSL.

HaBCICHO HOpiBH}IHH}I OCHOBHHX

Ta6auus 1. [lopisusanvruil ananiz memooié ynpasiiHtsL agmoMamu308aHUMU PYXOMUMU CUCEMaMU

Merton IlepeBaru

Henoaniku IneanbHi yMOBH 3aCTOCYBaHHSA

Tpaauuiitai MmeToau HapiiinicTs, mpocToTa HaTamTyBaHHS

OOMerkeHa aJanTHBHICTh

CrabinbHi, nependadyBaHi yMOBU

. Brucoka aganTuBHICTS,
AanTUBHI CUCTEMU

CKJIaJHICTh IPOrpaMyBaHHs

3MiHHI YMOBH, Ji¢ TOTpiOHA

CaMOHAJIALITYBaHHS THYYKICTh
Mertozau Ha OCHOBI lIBunxicTh, ananTuBHICTh, HaBYaHHS | [loTpeOyIoTh Benukux obcsri | JluHamivHi Ta HenepeaoadyBaHi
MAaIIMHHOTO HaBYaHHS | 3 JOCBiY JIAHUX JUIsl HAaBYaHHS YMOBH

Hwxue mnomaHo cywacHi cTymii Ta myOumikaiii,
TIOB’s13aHI 3 METOJIaMH YTIPABIIIHHSA aBTOMAaTH30BAHUMHU
pyxomuMH cucteMamu, ocobimuBo BIUJIA, 3 ormsany
Ha aJJalTUBHI CTpATeTii Ta CKIaHI CepeOBUIIIA.

Using UAV
IOCIIIIHKEHO  ITOBHICTIO

Dual Attention and Focus Loss
by Y Xu et al [2] -
aBTOMAaTH30BaHy cHCTeMy 3 BuKopucTaHHaM BILUIA
Ut 300py BineoqaHWX 3 aHTEH. Y PoOOTi IHTErpyroThCcs
IHHOBaliiHI METOAM YNpaBIiHHSA Uil €(QEKTUBHOTO
pesynbtary. Developing Mobile Application to Program
and Control Robot by D Bhole et al. [3] -
MPOAHAJI30BaHO PO3POOJIEHHS MOOINBHOTO 3aCTOCYHKY
JUIs YIPaBIiHHSA POOOTH30BAHOI0 PYKOIO 3 JONOMOTOIO
Bluetooth, po3rnsHyTO IHTETpalil0 aBTOMAaTH30BAHUX
cucTeM y crparerii ynpasiiHHs. Autonomous Inspection
and Maintenance Missions with Al Planning and the
ROSPlan Framework by J Fillan [4] — 0O0roBopro€eThCs
Metoanka turanyBanHs LI i3 3acTocyBaHHAM MOOITHPHHX
MmaninyistopiB ta BITJIA, narosnomyerbcs Ha motpedi
B aBTOMAaTH30BaHWX pimeHHAX. [ntroductory Chapter:
Motion Planning for Dynamic Agents by ZA Ali [5] —

OIMCAaHO IUIAHYBAaHHS PyXy SK KPUTHYHOTO aCIEKTy
poOOTOTEXHIKM Ta aBTOMaTH3amii, 30kpeMa mis BITJIA
W HazeMHHMX OE3MIJIOTHUX TPAHCIOPTHUX 3acoliB, i3
YIIPOBAPKEHHSIM METOJIIB ONTHMAaJIBHOTO YIIPABIIiHHSL.

BusnaveHHs He pO3B’A3aHUX paHilIe
YACTHH 3arajibHOI Mpod/emMu

Inentudikamis Hepo3B’si3aHUX TMHTaHb Y IAPHHI
YIpaBIiHHA aBTOMATHU30BAaHHUMH PYXOMHMH CHCTEMaMu
€ ¢yHIaMEeHTAILHUM

aCTIeKTOM ISl PO3IIMPEHHS

MOMJIMBOCTEH  Cy4acHMX  TexHoJjorid.  OcobimBo
ue crocyersest BITJIA, ne TouHe Ta HajiliHe KepyBaHHs
€ KpPHUTHYHO BaXJIMBUM. HesBakaiounm Ha 3HauYHHUNA
Mporpec y TEXHOJIOTIsX YIPAaBJiHHS, ICHYE HH3Ka

(hyHIaMEeHTaTBHUX MUTaHb, 1o 3aJIAIIAETHCS
HEpPO3B’SI3aHOI0 Ta MOTpeOdy€e MOJANBIINX JOCTIIKESHb.

1. Inmeepayia Oanux y peanvromy uaci. Ilompu
PO3BUTOK aJTOPUTMIB, HasBHI CHCTEMH 4YacTO 3a3HAIOTh
TPYIHOIIIB, MOB’SA3aHUX 13 3a0€3MEUCHHAM HaIiHHOI

Ta eeKTHBHOI iHTerpamii iHdopmamii 3 Pi3HUX IKEepeI
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y peanpHOMY 4aci. [le 0cobmmBO akTyanbHO B yMOBaXx, Jie
JTMHAMIKA 30BHIIIIHBOTO CEPEIOBUIIA IIIBUIKO 3MIHIOETHCS.

2. Fesnexa  nepedaui  Oanux. 3abe3nedeHHS
Oe3rexu KaHaliB KOMYHIKallii € OCHOBHHUM BHKIIMKOM,
0COOIMBO B KOHTEKCTI 301IbIIEHHS 3arpo3 Kibepoe3smeri.

3. Aoanmuenicms 0o Hosux ymoe. HeoOXimHICTh
ajanTanii CHCTEM YIpaBIiHHA O Helepen0aueHuX YMOB
0e3 BTpaTH MPOAYKTUBHOCTI 200 TOYHOCTI.

4. Po3pobnenns 6UCOKOEHEKMUBHUX aANCOPUMMIS.
CTBOpEHHS aJITOPUTMIB, 1[0 MOXKYTh IIBUAKO OOPOOIISATH
BedmKki oOcsru iH(opMarii Ta 3a0e3medyBaTH TOYHICTH
y NPUAHATTI PillIeHb 32 JUHAMIYHHUX YMOB.

OCHOBHOIO METOIO ITHOTO JOCIIIDKEHHS € TPOBEACHHS
BCEOIYHOrO aHai3y CydaCHHX MOJEICH 1 METOIIB
KepyBaHHS TPYIIOIO IPOHIB, 3BAYKAIOUH HA JEICHTPasIi30BaHi
migxoau. Kpim Toro, Meroro crarti € po3poOieHHS
e(eKTUBHUX AaNTOPUTMIB JJIs ONTHMi3amii TpaekTopii
MepeXOIUIEHHS, IO IMiABUIIYIOTH TOYHICTh Ta HaIHHICTD
YIPaBIiHHA CKIAIHAMH aBTOMAaTH30BAaHHMH CHCTEMaMH
3aBISIKM 30UTBIIEHIH iHTerpamnii JaHuX y peanrbHOMY Yaci.
JocnimpkeHHs. cpsIMOBaHEe Ha BHSBIICHHS IMOTEHIIHHHX
nepeBar MeToJy B KOHTEKCTI 3MEHIIEHHS 4Yacy peakiii
CHCTEM 1 IiIBUIIEHHS TOYHOCTI YXBaJICHHS PIllICHb.

Jns  jocArHEHHS OKpecsieHOi MeTH BU3HA4eHi
Takl 3aBJaHHA:

— PpO3pOOJICHHS aNrOPUTMIB: CTBOPEHHS HOBHX
NITOPUTMIB, IO MiABHIIYIOTh MBHUIKICTE OOpPOOIECHHS
iH(popMaIlii Ta TOYHICTh YXBaJICHHS PillICHb;

— TECTyBaHHS B pI3HHX yMOBax: IepeBipka
e()eKTHBHOCTI HOBHX METOJIIB YIPaBJiHHS B JaOOPaTOPHUX
Ta TOJITOHHUX YMOBAX;

— aHami3 OLIIHIOBaHHS

pE3yJIbTATIB: BILTUBY

3aCTOCYBaHHS ~ HOBHUX  alNlOpPUTMIB  Ha  3arajbHy
MPOAYKTUBHICTh 1 HAIIHICTh CHCTEM;

— iHTerparmis po3poOOK HA TPAKTHIIL: YIIPOBAKCHHS
PO3pOOJICHNX ANTOPUTMIB 1 METOMIB Yy NHPAKTHYHOMY
3aCTOCYBaHHI, IO JAacTb 3MOTy 3OUIBIIUTH  iX
e(PeKTHUBHICTh B pEaJIbHUX ONEPAaTUBHUX YMOBAX.

et mixxix cipsMoBaHuii Ha 3aTIOBHEHHSI HAYKOBHUX
NpOTaJIMH Yy IIapHHI KEepyBaHHS aBTOMAaTH30BaHUMHU
CHCTEeMaMH Ta Ha MATPUMKY PO3BUTKY  OLIBII
e(eKTUBHUX 1 OE3MEeYHUX TEXHOJOTIH YIpaBiIiHHS,
0 MOXYTh AaIaNTyBaTHCS 1O LIBHIKO 3MiHIOBaHHX

YMOB €KCIUTyaTarlii.

Marepianu i MeToau

Yupasainas podoTamMu  3a3BHYAl  3MIHCHIOETHCS
32 JIOIIOMOTOI0 OOpTOBOTO KOMIUIEKCY HaBiramii Ta

YOpaBIiHHA, 1[I0 MICTUTh IHTETPOBAHY  CHCTEMY
3 IMpuiiMadyeM CyIyTHUKOBOT HaBirarii, CHCTEMY JIaTYHKIB
i cuUTHamiB, pi3HI BUIM aHTEH 1 MJAaTYHUKIB, MOIYJb
ABTOIILIIOTA 1 CUCTEMY HAKOIMYEHHS! Ta repeziadi iHpopMalli.

BoproBa cumcrema Hapiramii Ta  ympaBIiHHS
3a0e3neuye pi3Hi MOXIIHMBOCTI, 30KpeMa: pyX 3aJaHuM
MapmpyToM i3 TOYHICTIO JO KOOpPAWHAT 1 BHCOTH
NOBOPOTHUX ITYHKTIB MapuIpyTy, 3MiHa MapIIpyTHOTO
3aBIaHHA 200 MOBEPHEHHS 10 TOYKH CTApPTy 38 KOMaHJIOKO
3 Ha3eMHOTO ITyHKTYy KepyBaHHS, aBTOCYIIPOBiI 0OpaHOl
i, crabimizamis KyTiB opieHTamii poOoTa, migTpuMKa
3aJJaHUX BUCOT 1 IIBHIKOCTI IIOJILOTY, 30HMpaHHs
Ta Tepegada HeoOXimHol iHopMmamii Ta mapaMeTpiB
HOJBOTY, @ TAKOX MPOTPaMHE YNPaBIIHHS MPUCTPOSIMH
IJTLOBOTO 00JIaAHAHHSA [6].

3aranpHa KOHIEIIS CHCTEMH KEpyBaHHS IPOHOM
(puc. 1) imocTpye B3a€MOIII0 MK Ha3eMHHM IIPOTPAMHO-
amapaTHUM KOMILUICKCOM 1 0e3mocepenHbo poOoTOM,
0 OOMIHIOIOTBCA TaHUMH 3 IOIIOMOIOI0 3aXHILEHOrO
KaHanmy 3B’s3Ky. Jlns oOpoOnieHHs BXigHOI iH(poOpMarii
MporpaMicT Mae 3BaKaTH HA MOXKIIUBI Pi3HI popmatu
W THOM JaHUX, 000 TPaBWIBHO iX IHTEpPIpETyBAaTH
Ta BHKOPHCTOBYBAaTH B IOJAJBIIOMYy OOpOOJICHHI.
Hanpuknan, mig dYac OTpUMaHHS TEKCTOBHX —JAHHMX
BUINBO TMEPEBIPUTH IX TPABWIBHICTh 1 KOPEKTHICTB,
a TaKoXX MEPEeKOHATHCS, LI0 BOHU MICTSATH HEOOXiaHY
iHpopMalio LI MoAaIsIIoro odopobieHHs. Y mporeci
OTPUMAaHHS YHMCJIOBHX ITOKAa3HUKIB BAXIIUBO INEPEBIPUTH
iX miama3oH 3HaYCHb 1 B3ATH IO YBarW MOXKJIMBI TIOMIUTKA
OKpyrJieHHsT  abo

HENPaBWIBHOTO  (OpMaTyBaHHS.

Otxe, KopekTHe OOpoONeHHA BXigHOI iH(pOpMAIii

€ B@KIMBUM CKIQJHUKOM €(eKTUBHOI NpOorpamHOi

peautizatiii Oyab-sSKOTO 3aBJaHHS.

MporpamHo-anapaTHuit
Ha3eMHUI KOMNneKc

Kepyiounii snnus

MapameTpun
NpoHn (areHTn)

Puc. 1. 3aranbpHa KOHIETIisI CHCTEMH YIIPaBIIiHHS JPOHAMH

Cucrema mnepenaui iHpopmarii Ta 3B’SI3Ky MiX
POOOTOM Ta MPOrPaMHO-AAPATHAM HA3eMHUM KOMILIEKCOM
MOJKE 3IMCHIOBATUCS 3 [OMOMOIO DI3HHX KaHAJIB
3B’5I3KY, TAKHX SIK PaiOKAHAIIH, MEPEXKI 3B’SI3KY, & TAKOK
iHbpadepBOHUX 1 JIa3epHHUX 3aco0iB mepemavi JaHMX.
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Kpim toro, mepenaua iHpopmamii Moxe 3ifiCHIOBaTHCS
Ha BEJMKI BIJCTaHI 3aBASKM CYIMYTHHKOBHM 3aco0am
3B’s3Ky. Y pasi B3aemomii rpymu poOoTiB Mik co00r0
Ta 3 MpOrpaMHO-anapaTHUM Ha3eMHUM KOMIUIEKCOM
3’SBIAETBECS TOTpeda Yy BHUKOPHCTaHHI TPOTOKONIB
KOMYHIKaIlii Ta aJrOpUTMIB KOOPAMHAIIT dil, 0 JAI0Th
3MOTY pO3B’s3yBaTH 3aBAaHHA 31 300py iH(opMarii
Ta 3aificHeHHs omepailiii y rpymi [7]. Ha puc. 2 mogano
OCHOBHI €JIEeMEHTH B3a€MOIii B CHICTEMI YIIPaBIiHHI POEM
POOOTIB 13 3aCTOCYBaHHSIM I'€HETUYHOTO MIPOTrpaMyBaHHS,

IO LTIOCTPY€E 3a3HAYCHI ACTIEKTH B3a€MOJIII.

30BHilIHE
cepeposue

HelipoHHa mepexa
Peyosi 3miHHi

KiHueBwi1 asTomaT

\

BuxigHi aii

JloriuHi 3MiHHI

Aponn (areHTi)

Puc. 2. OcHOBHI eJleMeHTH B3a€MO/II1 B CUCTEMi YIPaBIIiHHS
PO€EM pOOOTIB 13 3aCTOCYBaHHIM
TeHETHYHOTO MPOrpaMyBaHHS

Kpim Toro, s 3abe3rneueHHsT OC3MEKH MepecyBaHHS
Ta KepyBaHHA poOOTaMH MOXE BIPOBAJDKYBATHUCH
cUcTeMa JUCTaHIIHHOTO KOHTPOJIO Ta aBapilfHOro
BIAKJIFOYCHHS, L0 JI03BOJISAE ONEpaTopaM 3 HA3eMHOTO
KOMIUIEKCY BiJJIAJICHO B3a€EMOMIATH 3 poboTramu Ta
YIPaBIATH HUMH B pa3i BUHUKHEHHS Hemepen0adyBaHHX
curyaniif. 3B’S30K MK poOOTaMH Ta MIJIOTOBAaHUMH
00’eKTaMH MOKe 3IIMCHIOBATHUCS 3aBISIKH Mepeskam
3B 513Ky Ta CHELiaIbHUM HPUCTPOSIM, IO JAIOTh 3MOTY
meperaBatd  iHpopMamico MK OHMH 00’ €KTaMH.
Taxa B3aeMo1isi MOKe OYTH KOPHUCHOIO IS 3a0€3IeYeHHS
KOOpAMHAINI Ta CIiBIpami MDK IIJIOTOBAaHUMH I
Oe3nitorHrMu 00’ ektamu. Kpim Toro, nepenaya inpopmarii
Ta 3B’S30K MDK poOOTaMH MOXe 3HiHCHIOBaTHCSA 3a
JIOTIOMOT'010 pajiio- abo 1HIIMX KOMYHIKaI[IHHUX KaHaIliB.
Ile no3BOJsie OpraHi3OBYBaTH KOOPIAMHAINIO il MiX

poeM poOOTiB, MIO0 BUKOHYIOTH CIUIBHE 3aBJAaHHS,

a TakoX 3abe3medyBaTH  B3aEMONII0 MK HHMH
Ta MPOTrPaMHO-aIAPATHUM Ha3eMHUM KOMIUICKCOM.
Oxpim  Oe3mocepenHpoi mepemadi  iH(popMamii

MDK poOOTaMH ¥ TporpamMHO-alapaTHUM Ha3eMHUM

KOMIIJICKCOM, TaKOX MOXKJIINBa nepeaaya JaHUX

3a JIONIOMOTrOI0 CYIyTHUKOBUX 3B’si3KiB. Lle nmae 3mory
KOHTPOJIIOBATH OC3MUIOTHUH amapar y BiJaieHOMY
PeXUMI, HANIPUKIIAM, SIKIIO POOOT mepedyBae Ha 3HAYHIN

BiJICTaHI Bix omepaTopa. Y pa3i BHKOpHCTaHHsS poOoTa
JUIsl BAKOHAHHS MICIH y ClieniajJbHUX yMOBaxX, TaKUX SIK
moraHa Toroga abo BHCOKa IHTCHCHBHICTH pamiarii,
MOXYTh OyTH BHKOPHCTaHi CIeliaidbHi KOMYyHiKaliiiHi
KaHaIHM, IO JO3BOJIAIOTH TepefaBaTH iH(OpMAIIio
3a BigmoBimHMX yMOB. OTxe, cucTeMa YIpPaBIiHHI
poboTaMu Moke OyTH JOCHTH CKJIaJHOIO Ta JMHAMIYHOIO.
Hns 1 edekTuBHOI poOOTH HEOOXiIHO BIPOBAIKYBATH
pi3HOMaHITHI TexHoyorii mepemadi iHdopmamii Ta
3a0e3reueHHs 3B’ 13Ky MK KOMIIOHEHTaMH CUCTEMH.

Ha puc. 3 moka3aHO CTPyKTYpy HEHpPOHHOI Mepexi
Ta 11 B3aeMoAil0 3 KiHIEBUM aBroMatoM. CumBon S
T03HaYa€ HEHPOHW 3 (PYHKINI€I0 aKTHBAIli CHTMOIOAIOHOT
KUIIIKK, a CHMBOJ L TMO3Ha4ae HEHpOHU 3 (DYHKIIEO
moporoBoi aktuBamii. [Topyd Bka3aHi HOMEpH HEHPOHIB,
0 BHUKOPUCTOBYIOTBCS B  ONHUCI  Kpoc-oreparii
HelipoHHOT Mepexi. KoxeH i3 TppoX HelpoHiB HEHpOHHOT
MepexXi OTPUMYE UHCIIO, K€ MOXKe OyTH SIK HYJeM, Tak
i oguaunero. OTxe, iCHye BiciM MOXJIMBHX KOMOiHAITiH
BHXIJIHUX CHUTHaNIB HerponHoi Mepexi (000, 001, 010,
011, 100, 101, 110, 111), mo HagXoAsATh Ha BXiX
CTPYKTYpY

Mepexi Ta ii B3a€MOJil0 3 KiHIIEBUM aBTOMAaTOM MO>KHA

KiHIleBoro aBTomaTa. Ilio HEHpPOHHOT
BUKOPUCTOBYBATH JJIsl PO3B’I3aHHS PI3HOMAHITHUX 3aBJIaHb

y cdepi MamMHHOTO HaBYaHHS Ta pOOOTOTEXHIKH [§].

BigHocHi BigHocHi koopauHatn
KyTs .
Hac A0 BXORY  HanpAMKOM KOOPAWNHATM CYNnepHUKIB «TOBapULLa» Mo KOMaHAi
33 MeXy TPack  «snepef» /—P—\ S

v oV oy

N\ . 4

KiHueBui aBTomat

Puc. 3. Heiiponna meperxa Ta il B3a€MOJIis 3 KIHIICBIM aBTOMAaTOM

Anr OpUTM TCHCTUYHOI'O nporpamMyBaHHA, 1o

BHKOPHCTOBYETHCS CHUCTEMOIO YIPAaBIiHHA, TNependadae
Takl eTamu: M0YaTKOBOTO

CTBOPCHHSA HOKOJ’IiHHH,

MyTallis, CXpelryBaHHS (KpocoBep), Bifbip 0coOuH

Ha (OpPMYBaHHS HACTYIMHOIO MOKOJIHHS, OOYUCICHHS
¢byHkuit
Ha pHC. 4, IO JEMOHCTPYE 3arajibHy CTPYKTYPY HEUITKOI

npucrocoBanocti. Ili mporecu 300pakeHi

MOJesli  CHUCTEMHM  YOpaBJIIHHA  aBTOMAaTH30BaHOIO

0Ee3MUIOTHOI0 TEXHIKOI0 Ha OCHOBI METOJy JiHeapu3amii
3B’SI3KOM 13

3BOPOTHUM 3aCTOCYBaHHSIM HEYITKOrO

JIOIIYHOIO BUCHOBKY.




Cyuacnuii cman HAYKOBUX 00CNiOHCeHb ma mexHonoziu 6 npomuciosocmi. 2024. No2 (28)

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

HasuanbHa BubipKa

Anroputmu

onTumisauil

basa 3HaHb

Anroputm
0bunCneHHn
NOMUITKA

Anroputmu
ineHTUdiKkauii

"~

Puc. 4. 3aranpHa CTPyKTypa MOJEINI YIIPABIiHHS
0E3IIIOTHOIO TEXHIKOIO i3 3aCTOCYBaHHAM

HEYITKOTO JIOTIYHOTO BUCHOBKY

[lepeBaramu wi€l cHCTEMU € HAOYHICTH 1 BiJTHOCHA

MPOCTOTa peaii3amii, BIICYTHICTP BHCOKHX BHMOT
JI0 TPOAYKTUBHOCTI TEXHIYHOTO OOJNATHAHHS, a TaKOX
MOXKJIMBICTh BUKOPHCTAHHS CUCTEMH JUIS Pi3HUX BXiTHHX
3MiHHMX. HepmonmikamMu € TIpakTH4YHA HEMOXIIHBICTh
KEepyBaHHS POEM, OCKIJIbKHM B3aeMofis i3 "cycimamn"
owLiHIOEThCS JuiIe 3a (akrtom moniii. He3paxaroun Ha
3HAYHY KUJIBKICTh MapaMmeTpiB, 10 OepyThCs 10 yBaru,
iX CHpoOIIEeHHS y BUKOPHCTOBYBaHIH CHCTEMI HE MOXeE
KOPEeKTHO Ta OO’€KTHMBHO  OLIHWTH  pPE3YJIbTATH,
HaNpHKIal, ITHOPYEThCS 3MiHA CTaHy JOBKULIS Ta
napaMeTpu po0oTa, Mo 3aiexarh BiJ 1boro. SIk mMerox
aHalli3y Ta CHHTE3y BIPOBAIKYETHCS JIIHEAPHU3AI[is
3BOPOTHHM 3B’SI3KOM CITUJIBHO 3 HEUITKHMMH CHUCTEMaMH
JIOTIYHOTO BHCHOBKY. [lopiBHsiHO 13 "3BHuaiiHOHO"
JiHeapu3alli€lo, TaKUH aJrOPUTM MOXKHA 3aCTOCOBYBATH
HeNHIHHUX 00’ €KTIiB

JUIL  CYTTEBO YIpaBIiHHS.

[lepenbayeno, mo wMeronm JiHeapu3alii 3BOPOTHUM
3B’SI3KOM CHUIBHO 3 HEYITKHMMH CHCTEMaMH JIOTTYHOTO
BHUCHOBKY MOXe OyTH BIIPOBaKCHHH IS KepyBaHHSI
pi3HUMH 00’€KTaMH, IO MAaKTh CYTTEBY HENiHIHHICTS.
Ile w™moxe mepembauaTei CHCTEMH 31 3MIHHUMH
napameTpamM, CHCTeMH 3i 30ypeHHsMH abo cucremu
3 HENmHIMHUMH (QyHKOiAMHA. 3aCTOCYBaHHS TaKOTO
MeTony 30UIbLIyE TOYHICTH KEpyBaHHS Ta 3MEHIIYE
BIUIMB TMOXMOOK BHMIPIOBAaHHA Ha SKICTh YIPaBIiHHS.
[MopiBHSHO 31 3BHYAKHOI JiHEapHU3ali€lo, METOA
JmiHeapu3alii 3BOPOTHHM 3B’s3koM Oepe 1O yBaru
HeniHiiHI edekTn B cuctemi, ToOTO 30epirac OibLI
TOYHY MOIENb CUCTeMH [9]. 3aBOsSKd IIbOMY METOIY

MOXHA €(EKTHBHO MOJCIIOBATH IOBEAIHKY CHCTEMH,

o0 JTa€ 3MOTY OULTBII TOYHO MPOTHO3YBATH ii PEaKIliro
Ha pi3Hi BXimHi curHamu. OTKe, 3aCTOCYBaHHS METOMIY
JiHeapu3alii 3BOPOTHAM 3B’S3KOM Pa30M i3 HEUITKHMHU
JIOT1YHOTO e(eKTUBHIM

CUCTCMaMH BHUCHOBKY €

CIIOCOOOM ~ YNPAaBINiHHA  CKIQAHHUMH  CHCTEMaMH
3 BUCOKUM CTYIEHEM HENHIHHOCTI.

3a3Buuail BUKOPUCTaHHS 0a3u 3HAaHb IMPU3BOAUTH
JI0 0OMexeHHsI cepH 3aCTOCYBaHHSI CHCTEM YIPaBJIiHHS,
I0 WimboBOi (yHKHii 00’€KTa, SKUM BOHA KeEpye.
Ile Moke OyTH sK T[epeBaror, TakK 1 HEIOJIKOM
3a3Ha4YeHOI CUCTEMH.

[lepeBaramMu cucTeMH YyHpaBiliHHS pOOOTaMH Ha
OCHOBI JliHeapu3arii 3BOPOTHHM 3B’S3KOM Ta HEUITKOTO
JIOTIYHOTO BHCHOBKY € 3HayHE 3HIDKCHHS BIUTHBY
HEBU3HAYEHOCTI HA AKICTH CHCTEM Ta IIiJBUILEHHS
SIKOCTI IZICHTU(IKAIIT 3aBISKU ONTHUMI3allil CHCTEMOIO
mapaMeTpiB HediTkoi Moxem. Kpim Toro, crpykrypa
HEUiTKOI MOJeNi CHCTEMH YIPaBIiHHSA pOOOTaMH, IO
BUKOPUCTOBYETECS, JIO3BOJISIE  BHIIPABHTH  HEIOJIIKH
HEUiTKMX CHUCTEM, Taki SK BIJICYyTHICTb IMOBIpPHOCTI
JOTIOBHEHHS BHUXITHOrO Habopy mnpaBwi 0a3d 3HaHBb
Ta MOJKJIMBICTb HAasBHOCTI HETOBHOTO HaOOpy IpaBuII,
CYIEpEeWINBUX YU 1NCHTHYHUX NPaBHUI 4Yepe3 JFOJCHKUH
(axTop y nporeci GopMyBaHHs NpaBuil 0a3u 3HAHb.

Henomixamu cuctemMu ymnpaBiiHHA OC3MUIOTHUMH
amapaTaMyd € TPYJOMICTKICTh OOYHCIICHb 1 CKJIAIHICTB
¢opmyBaHHS 0a3u 3HAHb Wi Yac HABYAHHA HEUITKOL
Mojeni. 3aleXHICTh  BiJ SKOCTI HaBYaHHA Ta
HaJIAIITYBaHHS HEYiTKoi ©0a3sd 3HaHb MOXKE BIUIMHYTH
Ha e()eKTHBHICTb CHCTEMH YIPaBIIiHHS.

YnpapiiHHSI aBTOMAaTH30BAaHOKO TEXHIYHOIO CHCTEMOIO
Ha OCHOBI PO3IMOJIIEHOT CHCTEMH MOJISITaE B TOMY, IO
OJIHA JIIOJIMHA 3/1aTHA KepyBaTH POEM Ta IepelaBaTH
areHTaM KOMaHJM [yl BUKOHAHHS CKJIQJHUX 3aBIaHb.
KokeH amapaT OCHaIIEHHWH CIIEI[iaTbHIM KOMIT FOTEPOM,
mo 3a0e3rnevyye aBTOHOMHY pOOOTY amapara B yMOBax
BiJICYTHOCTI 3B’SI3Ky 3 KEPYBaJIHHOIO CHCTEMOIO.

VYrpaBninHs O€3MUIOTHMM amaparoM Ha OCHOBI
pO3MOAiNeHoi cHuCTeMH € OuTbIml e(eKTUBHUM, HIX
TPaIUIiHI METOM, OCKUIBKH 3a0e3reuye OiIbll TOYHE
Ta IOBUJKE BHUKOHAHHS 3aBAaHb. YIIPABJIHHSA MOXE
3MIACHIOBATHCS 3 OyNb-sKOI TOYKH CBITY 3a JOITOMOTOIO
Mepexi [aTepHer.

[Mporpamue  3a0e3nedyeHHs A KepyBaHHS
poOoTaMi Ha OCHOBI PO3MOIIICHOI CHCTEMH MOXKE
BUKOHYBaTH Taki (QYHKUIl: IUIaHyBaHHS MapuUIpYTIB,
aBTOMATHYHE CTEXEHHS 3a 00 €KTaMH, 3HOMKa BIJIEO
W ¢oro, anami3z 3i0panHoi iHpopMamii Ta NOPUHHATTS
pitreHs Ha ii OCHOBI.
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YopaBiuiHHSA ~ aBTOMATH30BAaHOK  OE3MiIIOTHOIO

CHUCTEMOI0  Ha  OCHOBI  PO3MOAUIEHOI  CUCTEMH
3aCTOCOBYIOTH Y TaKHX TaNy35X, K 3eMJIEPOOCTBO, JTiCOBE
TOCIIOJIaPCTBO, OXOpPOHA JIOBKULIS, MOHITOPHHI CTaHy
Jopir Ta 1HPPACTPYKTYPH, BiliCEKOBa
napusa toio [10].

Cxema B3aemoii mporecis 3a gonomorow Cascade
DataHub 300paxkeHa Ha puc. 5.

3anponoHoBaHa cUCTeMa Mae Oe3lepedHy nepeBary
KepyBaHHs poeM. Kpim Toro, cxema B3aeMoii mpouecis,

10 BHUKOPUCTOBYETHLCA, Na€ 3MOI'Y YHUKHYTH baraThbox

mpoOiieM, TOB’S3aHUX 3 YIPABIIHHAM 33a3HAYCHUMHU
IpollecaMy Ta 3 OpraHi3ali€lo JOCTYIy OJIHHMX JaHHX
IO 1HIIKX.

O)IHaK CYyTTEBUMU HeI[OJ'IiKaMI/I MOYXXHa BUOKPEMUTHU
CKJIaMHICTE  peaizamii

QITOPUTMIB  KepyBaHHA Ta

IIporpaMHOTO 33663H6‘I€HH$[, a TaKOX HCEI0CTaTHIO

3aXHUINEHICTh CHCTEMH YIPaBIiHHS 3arajoM. Takox
HEOOXiIHO 00JIaqHaHHS,

3BEPHYTM  yBary  Ha

OI0  BHKOPHCTOBYETHCS  CHCTEMOIO  PO3IOIIJICHOTO
KepyBaHHS, 1 Ha IMOBIpPHI TPYJHOIL B IPOLIEC] iHTerpaii

IporpaMHoOro 3a0€3MeUCHHS.

Puc. 5. Cxema B3aemonii nmpouecis 3a gonomoroio Cascade DataHub y cucteMi po3NOIiJIEHOTO yIPaBIiHHS IPOHAMA

B opranizauii ynpaBiiHHS poeM pOOOTIB Ba)KJIMBO
3BEpHYTH yBary Ha TaKi OCOOJHBOCTi, SK B3a€MOJIiSA
po0OoTIB y TpyIi, 3a0e3MeUeHHsS OTPUMaHHS Ta mepeaadi
iHpopMmarii, KOHTpOJIb Tpymu 3arajoM. Bsaemonmis
y pOIO O3HAYa€ KEPyBaHHS MisIMH arcHTIB 1 KOHTPOJIb
3a iX BHKOHAaHHIM, 3a0e3NeueHHs O€3MeKH MOIbOTY
Ta YHUKHEHHS 3ITKHEHb.

Otpumanns Ta mnepenava iHdopmanii nmependadae

OpraHizaiito  3B’SI3Ky MDK  00’€KTaMH  CHCTEMH
ynpaBiiHHA ~ poOoTamMM, Ha3eMHHH KOMIUIEKC Ta
cTOpoHHI JoBipeHi cy0’ektu. KouTpons rpymu —

Ile HacaMmIepe]] BH3HAUCHHS pO3TAIlyBaHHA TIPYNH
Ta 1 emeMeHTiB, OOJIK KITbKOCTI 00’€KTIB CHCTEMH,
BCTAaHOBJICHHS MaciuTadiB rpymnu. HeoOxigHo 3ayBaxuTH,
II0 B MpoLeci po3poOJeHHS Ta IMPOEKTYBAHHA CHUCTEM
ynpaBiiHHA poOOTaMM Ba)XJIMBUM €TAlloM € BU3HAYCHHS
BHUMOT JI0 3a0€3Me4YeHHsT 0E3MeKH BiIIOBIIHO 10 MOTPEO
KOHKpeTHOi Micii Ta ymoB ii BukoHaHHS. I[loTpiOHO
3Ba)KaTW Ha  NOTEHLiHHI

3arpo3u, II0 MOXYTh

BUHUKHYTH I dYac Micil, 1 pO3po0JATH 3ax0u
JUIS 1X TIOTIepeIKeHHs Ta/abo yCyHEeHHSI.

Takok BOKJIMBUM €TAIlOM € CTBOPEHHS aJTOPUTMIB
KEepyBaHHS, IO Jal0Th 3MOTy 3a0e3neunTH e(eKTHBHY
pobOTy cHCTEMH Ta [IOCSAITH IIOCTaBICHHMX IIJICH.
i amropurmMu wmaroTe Oyt po3poOieHi 3 orusmy
Ha XapaKTePUCTHKH POOOTIB, BUKOPUCTOBYBaHI JaTUUKH
Ta IHII KOMITOHEHTH CUCTeMH yrpasminas [11, 12].

OxkpiM TOro, y po3pOOJICHHI CHUCTEM YIpPaBIIiHHS
HeoOXiHO OpaTH 1O yBark TEXHIYHI HEMOJIKH pOOOTIB,
30KpeMa OOMEXEHY MaKCUMajbHy IIBUJAKICTH Ta
JaTBHICTD TIEPEMIICHHs, 0OMEXEHY MICTKICTh Oarapeit
tomto. Ha Bci meperniyeHi ¢akTopu HEOOXIAHO 3BaXKaTH B
MIPOEKTYBaHHI CHUCTeMH, 1100 3abe3neuntn ii eekTHBHY
poOOTY Ta JOCATTH MaKCUMAaJIbHOT POAYKTUBHOCTI.

Hapewri, BakImBUM

aCIICKTOM € Hi,HTpI/IMKa

Ta OOCIYroByBaHHsi cucTeMH ynpasiiHHsa. [loTpiOHO
pecypcis
a TaKoX pO3pOOUTH

3a0e3meunT  AOCTYn 1O  HEOoOXimHmX

Ui e()EeKTUBHOCTI CHUCTCMH,
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mponenypd Ta IHCTPYKMii mnms  1i  excruryararii
Ta TEXHIYHOTO 0OCITyTOBYBaHHSI.

Meron Cascade DataHub — 1e I1HHOBAIiMHUNA
MiAXiA 10 KepyBaHHS OE3MIJIOTHHMHU —amapaTaMu,

0 Ja€e 3MOTy 3a0e3MeUnTH HAIiiHWN, ePeKTHBHHAN Ta
Oe3nevHuil KOHTPOJb 32 POOOTOI0 areHTiB B yMOBax
peansHOro yacy. OCHOBHa ifies METO/y IOJIATaE B TOMY,
mo0 00’eHATH pI3HOMaHITHI JpKepena iH(opmarii, sKi
3a0e3meuyroTh (PYHKIIOHYBaHHA OE3IIJIOTHUX arapaTis,
B €IMHY CUCTEMY YIpPaBIiHHS Ta MOHITOPHHTY.

Ocnoeni komnonenmu memoody Cascade DataHub

Harunkn — 3abe3medytoTh 30ip iHpopManii mpo
cTaH OE3MUIOTHOTO amapara, a TaKOoX Mpo JOBKIJLIA,
B skoMy BiH mpamroe. Cepen  JaTdmKiB,  sIKi
BHUKOPHUCTOBYIOThCA B MeToni Cascade DataHub, MmoxxHa
BUOKpeMHTH GPS-HaBiraTopH, akceiaepoOMEeTpH, TiPOCKOIIH,
JIATYMKU THCKY, TEMIIEPATYPH, BOJIOTOCTI TOIIO.

Mepexa mepenadi JaHux — 3a0e3medye mepenavy
iHpopmarii Bi JAaTYMKIB OO IEHTPAIBHOI CHCTEMH
KepyBaHHS O€3MUIOTHUMH anapaTaMu. 3aJeXKHO BiJl YMOB
BUKOPHCTOBYIOTBCS ~ PI3HOMAHITHI Mepexi mepemadi
naHuX, Hanpuknan Wi-Fi, Bluetooth, 3G/4G, LoRaWAN,
NB-IoT Tomo [13].

LentpanpHa cucremMa ympaBiliHHS — 3abe3nedye
0o0poOneHHst Ta aHamiz iH(opMarii, MmO HAIXOAUTH
BiJl TaTYMKIB, Ta IPUAHATTS PIllICHb.

Otxe, 30ip Ta aHami3 [OaHUX, SKi HAZXOIATh
BiJl NTATYUKIB, Ta MPUHHATTSA pPINIEHh HAa IX OCHOBI €
B)XJIMBUMH KOMIIOHEHTAMHU KepyBaHHS OC3MIOTHUMH
anmapatamu. OjHaK a1 €(DEKTUBHOIO BHKOHAHHS ITHX
3aBlaHh HEOOXIHO MaTH MIATPHMKY BiJ BiONOBITHHUX
MPOrpaMHHUX 3aC0O0IB.

OcnoBHa ines merony Cascade DataHub monsrae
B TOMYy, IO iH(pOpMAIis, SKa HAJTXOAUTh B JAaTYHKIB,
30MpaeThcs HAa OJHOMY MICII, € BOHa OOpOOIIETHCS
Micns 00po0eHi  nmaHi

Ta aHaﬂiSYCTLCﬂ. oboro

MepefaroTbcsl Ha IHIOI CHUCTEMH YIPABIIHHS, IO
3aCTOCOBYIOTh I[F0 1H(OpMAIiI0 s KOHTPOJIIO Ta
YIpaBIiHHSA aBTOMAaTH30BAaHOIO OE3ITIIOTHOIO CHCTEMOIO.

Hpyruii eran Buxopuctanus Cascade DataHub
ToJIsiTae B HaBYaHHI Mepexi MpiOHUX AeTanell KepyBaHHSI
0E3MUIOTHUM anapaToM, TaKuX SK TOYHE PO3TallyBaHHS
Ta Opi€HTAIlis B MPOCTOPi, YHUKAHHS IEPENIKO] TOIIO.
Ha upomy eramni Mepexa BUMTHCS POOUTH OLbII TOYHI
Ta CKJAIHI MaHEBpH, IO JO3BOJIIE 1 Kpalle KepyBaTh
poOOTOM y CKIIAJTHUX YMOBaX.

Tperiti eran 3actocyBanHs Cascade DataHub
NoJsira€ B HaBYaHHI MEpeXi [EeTalbHOrO YIpaBJIiHHA

0e3MiIOTHOI0 aBTOMATHU30BAaHOIO cHcTeMor. Ha mpomy

eTam Mepeka BYHTBCA BHKOHYBAaTH BHCOKOTOYHI
MaHEBpPH Ta pPyXH, IO Ja€ 3MOTy JocsraTu OuibIIol
TOYHOCTI Ta e(eKTHBHOCTI ympaBiiHHA. Hampukman,
MepeKka MOJKE BHUBUUTU BHUKOHAHHS TOYHOI 3HOMKHU
3 TIEBHOi BHCOTH Ta KyTa JUIi MaKCHMAJIbHO SIKICHHX
Kpim Toro,

300pakeHb. MOXXHa HAaBYUTH MEPExy

pO3pi3HATH TIeBHI 00’€KTH Ha 300paKeHHAX, IO
JIONIOMOK€ B TOOY/IOBI OLIBII TOYHUX KapT.

IIpote meron Cascade DataHub BUIpOBaKyeTbCs
HEe JIMIIEe [ BJIOCKOHAJEHHS aBTOHOMHOI poOOTH
Oe3miIoTHUX amapariB. BiH MoOXe 3acTOCOBYBaTHCS
B Oaratbox iHIIUX cdepax, Ae MOTpiOHO PO3B’s3yBaTH
CKJIa[HI 3aBIaHHA 13 3HAYHOIO KITBKICTIO iH(opMaIrii.

Hampuknan, 3a3HaueHuii  Mmeron Moxe OyTu
BUKOPHCTaHMI y MEAUIMHI IJIs1 BAOCKOHAJICHHS IIPOLIECY
JIIarHOCTUKY 3aXBOPIOBAHb HAa OCHOBI aHAJi3y 300pakeHb
abo B EKOHOMIYHIM Tamy3i mns aHamizy (piHaHCOBUX
PH3HKIB Ta MOOYAOBH NPOTHO3IB.

Orxe, meron Cascade DataHub € TOTYyXHUM
IHCTpYMEHTOM JIsl PO3B’sI3aHHS CKJIAIHUX 3aBJaHb, IO
BHMAraroTh 3HAYHOI KiTBKOCTiI iH(opMmariii Ta BHCOKOI
TOYHOCTI pe3yibTaTiB. BiH Moxe OyTn 3acTocoBaHHMU Y
OaraTtpox cepax, 30KkpeMa B aBialliifHiid MTPOMHUCIOBOCTI
Ta PI3HOMAaHITHUX HAYKOBHX JOCITIIKEHHsX. [3 3pocTaHHsM
KUTBKOCTI JAHMX 1 BIOCKOHAJICHHSIM TEXHOJIOTIM HABYAHHS
MamuH Meton Cascade DataHub crae me Ouibll
e(EKTUBHHUM i TIOTYXHUM {HCTPYMEHTOM TS JOCSTHEHHS
BHCOKHUX PE3yJIbTaTIB y Pi3HUX cepax JIisuIbHOCTI.

Opnieto 3 ocHOBHHX mepeBar Metony Cascade
DataHub € Bucoka mBUAKICT 00poOJIeHHS iHpOpMAIii.
MOXYTh OyTH aHaJi30BaHi
mo Jae
3IiHCHIOBATH MBHIKE Ta epekTHBHE kKepyBaHHs BITJIA.

3aBagku  IBOMY JaHi
B peaJbHOMY 4aci, 3MOTYy OIeparopam

Inmoro mepeBaroto Merony Cascade DataHub
€ Horo JocTaTHS TOYHICTH 1 HafifHicTh. Lledt meTon
TOYHO BH3HAYAE TApaMETPH TMOJBOTY, a caMe:
IIBUJKICTH, BHCOTY, HANpSMOK Ta iHI, IO IO3BOJISIE
omeparopaM ¢(EKTHBHO KEpyBaTH aBTOMATH30BAaHOKO
OC3MJIOTHOK CUCTEMOIO.

Cascade DataHub — uie MeToJ TTHOOKOTO HaBUYAHHS,
10 /1a€ 3MOT'Y 3MEHIINTH KUTHKICTh HaBYaJIbHOI iH(popMartii
Ta 30UIBIIMTH IIBHAKICTh HaBuaHHA. Lle gocsraerbest
3aBIIKH TIOCITIIOBHOMY ITi/T’€THAHHIO JEKUJTBKOX HEHPOHHHX
MEpEeXK, KOXKHA 3 SIKUX BIJNOBIZa€ 32 BU3HAUCHHS Pi3HUX
ACTIEKTIB YIIPABIIiHHSI CHCTEMOIO.

[MpuHuunu po6otu wmerony Cascade DataHub
nepeadayae KijgbKa eTaris.

[lepmmii eran nossirae B TOMy, 110 BUKOPUCTOBYETHCS
HEHpPOHHA MEPEKa, SIKa HABYAETHCS Ha 3arajbHUX TaHHX

1 BU3HAYa€E 3arajabHe KE€PYBaHHsI CUCTEMOIO.




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

Innovative technologies and scientific solutions for industries. 2024. No. 2 (28)

Hpyruit eranm monsrae B MiA €IHAHHI IO TepIIol
MEpexi HACTYIHOI, sKa BHU3HAYa€ OUIBII JETalbHI
ACTIEKTH YTIPABJIiHHS CHCTEMOIO.

Meron yxe 3acTOCOBYBaBCS JJIs KEpyBaHHSA
rpynoto BITJIA B CUIbCBKOMY TOCIIOJAPCTBI, A€ BajKIHBO
IMIBUIKO pearyBaTd Ha MIHIMBI IOTOJHI  YMOBH
it 3a0e3neuyBaTH TOYHICTH 300py mokasHHKIB. Cascade
DataHub BUpPI3HAETHCS 3[IATHICTIO 3MEHIIYBAaTH KiIbKICTh
moTpiOHOI HaBYanpHOI iH(pOpMAIii Ta WiABHITYBaTH
HNIBUIAKICTh i1 0OpoOJieHHs, 10 3a0e3medyye BHCOKY

e(eKTUBHICTD yIpaBIIiHHS.

Texniuni xapaxmepucmuxu
DataHub Manager -
0e3niIOTHUMH

mporpama, IO Kepye

amaparamMu Ta  3a0e3meuye  30ip
iH(opMaIlii 3 HUX.

DataHub Analytics — mnporpama, sKa aHaJi3ye
Ta Bizyanizye nani 3 BITJIA.

DataHub Connectors — KOMIIOHEHTH, IO JalOTh
3Mory 3’emHyBaté DataHub 13 pisHEMH KeperaMu
iHpopMarii, TakUMH SK CEHCOpH, ©0a3M JaHHX
Ta 1HIII CHCTEMH.

DataHub APl — mporpamHuii iHTEepdeiic, 10
no3BoJsie iHTerpyBatn DataHub 3 iHIIIMH CHCTEMaMu
Ta po3poOJIsITH BIIAaCHI 3acTOCYHKH Ha 0a3i DataHub.

3a pgomomororo DataHub  Manager wmoxHa
KepyBaTu OE3MIJIOTHUMH amaparami 3 OJHOTO MiCIid,
BUKOPHCTOBYIOUH BiJIaJIeHUH IOCTYI dYepe3 iHTEepHET.
KpiMm Toro, mporpama [ormoMara€ BCTaHOBJIOBATH
napaMeTpu IOJbOTYy, KOHTPOJIOBAaTH OaTapei, KepyBaTH
KaMepolo Ta BUKOHYBAaTH 1HII Jii.

DataHub  Analytics nmae 3MOry aHalli3yBaTH
iHpopMmariro, 3i0paHy 3 Oe3NmUIOTHMX amaparis, 3a
JIOTIOMOTOI0 Pi3HUX IHCTPYMEHTIB aHaji3y JaHUX, TAKHX
gk rpadiku, Tabnuii, kaptu Tomo. Kpim Toro, nporpama
JTO3BOJISIE CTBOPIOBATH BJACHI 3BITH Ta AAamOOpIu IJis
Bi3yauizaiii iHpopmarii.

DataHub Connectors € 101aTKOBUMH IIPOTPAMHUAMHU
IHCTPYMEHTaMH, 10 TAFOTh 3MOT'Y OTPUMYBATH 1H()OPMAIIIF0
3 pI3HUX JDKepen 1 JpKepen TPaHCImii B peXuMi
peanpHOro Yacy. Y 1boMy pasi WaeThes mpo iHdopMarriro
3 JIaTYWKIB, Mepex, 0a3 MJaHuX, TPaHCIAIN Bimeo
Ta 3ByKy. Connectors MOXyThb OyTH HAJANITOBaHI s
300py iH(opMarii 3 pi3HHUX IpKepen Ta ii TPaHCIIOBaHHS
JI0O aHATITUYHUX  IHCTPYMEHTIB, pO3pOOJEeHUX i3
BukopuctanHaM Cascade DataHub [14].

3aranom DataHub  Connectors

JaI0Tb  3MOTY

Imia €THYBaTHCS O  KUTBKOX — JDKEpeNl  TpaHCIAMil

3 pi3HUMH mpoTokoiamu 3B’s3Ky: MQTT, OPC UA,
REST API Ttomo. Kpim Ttoro, Connectors MOXYTb

OyTH po3mmpeHi i Mo €OHAHHS 0  HOBUX

Jokepen  iHdopMarii  3a  OMOMOTOK  PO3IIMPEHHS
MIPOTPaMHOTO 3a0e3MeYeHHs .

DataHub APl — ue inTepdelic mporpamyBaHHs
(4PD),

3BepTaTucsA 10 iH(OpMAIlil, pPO3TAIIOBAaHOI B CHCTEMI

3aCTOCYBaHb KA~ JTO3BOJISIE  PO3POOHHUKAM
DataHub. 3a pomomororo APl MO)XHa B3a€MOIISATH
3 0a3010 JaHUX, BIANPABIATH 3alUTH HA OTPHUMAHHS
kepyBatu Hero. DataHub APl
nporokonu REST API,

0 J]a€ 3MOTY PO3POOHMKAM JIETKO IHTErpyBaTH CBOI

inpopmamii  Ta
BUKOPHCTOBYE  CTaH/apTHI
nporpamHi npoayktu 3 DataHub.

API  DataHub  po3pobneHo 3
MacImTabOBaHICTh 1 THYYKICTb, IO JIO3BOJISIE PO3POOHUKAM

(Qk014% Ha

CTBOPIOBaTH 3aCTOCYHKH PIi3HOTO pIBHSA CKIQIHOCTI
Ta po3mipy. Kpim toro, DataHub API nminTpumye MOBH
nporpamyBaHHs Python, JavaScript, Java, Ruby, PHP
Ta C #, 110 YMOXKITUBIIIOE X BUOIp.

Meton Cascade DataHub nomomarae CTBOPHTH
enuHy 1uardopMmy st 300py, oOpoOJIeHHS Ta aHawi3y
iHpopmamii 3 OE3MUIOTHHUX  JITaJbHHUX  amaparib.
Le#t MeTon iHTErpye PiI3HOMAHITHI JKEpeNa JaHUX, Taki
sk GPS, xamepu, CEHCOPH, iHIII CHCTEMH YIPABIiHHSA
Ta MOHITOPUHTY, y €IWHY CHUCTEMY, LIO Ja€ 3MOTy
3MIHCHIOBATH MOHITOPHHT, aHali3 Ta KepyBaHHS
arapatamy B peaJbHOMY Yaci.

Kirto4oBor0  0COONMBICTIO METOIYy € MOMIHBICTH
CTBOpPEHHSI Pi3HUX 3B’SI3KIB MK JTaHUMH, IO J03BOJISIE
aHaJIi3yBaTH Ta KOHTPOIOBATH POOOTY amapariB 3 pi3HUX
KYTiB 30py. 3aBAsSKU TEXHOJIOTI] 00poOIIeHHs iH(popMarlii
B peampHOMYy d9aci

OTepaTopu  MOXYTb MHTTEBO

pearyBat Ha HeOe3meuHi cuTyamii, MNiABHIIYIOYN
0e3meKy Ta HaAiiHICTh yIpaBITiHHS.

Kpim Toro, meron Cascade DataHub 3meHIye
BUTpPAaTH Ha KepyBaHHS OC3MIJIOTHIMH amapaTaMu,
OCKIUJIBKHM JIa€ 3MOT'Y 3JIHCHIOBATH KOHTPOJIb 1 MOHITOPUHT
amapaTiB Ha BigmaNeHili BiICTaHiI 31 3PYYHOTO MIiCIIf,
3MEHIIYIOYH  HEOOXiJHICTh y  BENUKIA  KUIBKOCTI
Cremiaxi3oBaHoro 00JIaTHAHHS Ta IEPCOHATY.

Hespaxarouun Ha nepeBaru merony Cascade DataHub,
BiH TaKOXX Ma€ HEJONIKH. 30KpeMa HIeThcs mpo MoTpedy
Yy BHCOKOIIBUAKICHOMY IHTepHET-3’€THAHHI JUIS mepeaadi
3HaYHOTO 00CATY iH(pOpMamii B peansHOMY daci. Takox
MOXYTh BUHHMKHYTH NpoOJeMH 31 CTaOLIBHICTIO poOOTH
CHCTEMH B pa3i HemepenOadyBaHWX CHUTYAIliid, TAKHX SK
BIJIKJTFOUCHHSI OJTHOTO 13 JDKEpes TaHHX.

st 3a6e3nedeHds e(heKTUBHOTO YIIPABITIHHS TPYIIOI0
JIPOHIB Y MIHJIMBUX YMOBaX Ba)KJIMBO PO3POOUTH CHUCTEMY
B3aemonii Mk BIIJIA, ska mae 3Mory iM BHKOHYBAaTH

pi3HI 3aBJaHHS B KOOpAWHAIMII OMUH 3 ofAHUM (puc. 6).
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MoIMBUH TiIXOA, KONA BUKOPHUCTOBYETHCS OCHOBHUH
IpoH (JIiZep), MO PO3MOIUIAE 3aBJaHHS MK IHIIMMH
amapatamu. B3aemonist IpoHiB y Takuii crocib gae 3Mory

s =
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Puc. 6. Cxema peasizawii B3aeMoJIii IpoHIB y IEBHUI MOMEHT yacy

Ha puc. 6, a mokaszaHo, SK JAPOHU BUKOHYIOTh
3aBJlaHHS B MEBHUM MOMEHT uacy ¢=i. OCHOBHUI
npoH (D) xepye iHmmMH amapatamu: D2 BHUKOHYE
PO3BigyBaJIbHI 3aBAaHHs, D3 — na3epHe MiJCBiYyBaHHS,
D4 — nepexonyeHHs.

Ha puc. 6, 6 moka3aHO CHUTyaIlil0 B MOMCHT 4acy
t=i+n, xonmu onuH i3 npoHiB (D2) Oy 30uTHii abo
BuimoB 3 naxy. OcHoBHU# npoH (D) mepepo3noninse
3aBIIaHHS MK IHIIMMH amapaTamu, 1 3aBIaHHS 30HUTOTO
npoHa (D2) suxonye nonomixkauit BITIA (D3).

3anpornoHoBaHa cxeMma B3aeMOJil ApOHIB 3abe3mnedye
THYYKICTh 1 CTIHKICTh CHCTEMH YIIPaBIiHHSI B yMOBAax
MiHJIHBOTO cepenoBumia. [lepeposmonin 3aBaane y pasi
BUXOAY 3 JIaJy OJHOTO 3 IPOHIB JO3BOJIIE 30€pertu
e(heKTUBHICTh Omepaimiid Ta IIBUIAKO aJanTyBaTHUCS
JI0 HOBUX YMOB.

Takuit miaxij 3HAYHO MiBHIIYE HATIHHICTH CUCTEMHU
Ta MiHIMI3ye BTpaTH (QYHKIIOHANEHUX MOKIMBOCTEH
y KpuTHYHUX cuTyarisx. OcCHOBHHI 1poH (JIimep)
BHKOHYE KJIFOUOBY POJIb y 3a0e3edeHHi KOOpauHaIii Ta
YIpaBIIiHHSA TPYIOIO JIPOHIB, IO AA€ 3MOTY MakCHMaJIbHO
e(heKTHBHO BUKOPUCTOBYBATH JIOCTYITHI PECYpPCH.

PesynpraT  MOJENIOBaHHS ~ IOKa3aiM,  IIO
3aCTOCYBaHHS I1i€1 CXeMH B3a€MOJi1 3HAYHO IiJBUIILYE
e(eKTUBHICTh BUKOHAaHHS 3aBJaHb, 30KpeMa B yMOBax
obcranoBku. IlepcrekTuBu

CKJIAJIHOI ~ ONEepaTUBHOI

MOJANBIINX JOCTIKCHb Iepen0adaroTh ONTUMI3AIlii0

e(pEeKTHBHO pearyBaTH Ha 3MiHH B  CEPEIOBHIIL

Ta IMEepepo3NOAUIATH 3aBJaHHS y pa3l BUXOOY 3 Jamay
OJTHOTO 3 JITABHUX anapaTiB.

| D3 |
nasepHe
niaceivyBaHHA
X el b4 7

\' nepexonnenua /
N P

~ ]

6) t=i+n

QITOPUTMIB PO3IOJUTY 3aBJaHb I BUBYEHHS! MOXKIMBOCTEH
iHTerparii To1aTKOBUX (PYHKIIIH, TaKUX SK aBTOMAaTHIHE
BUSIBJIICHHS 3arpo3 1 pearyBaHHs Ha HUX.

YrupoBa/pKeHHS 3a3HAYEHOTO INIXOAYy B peanbHi
CHCTEMH KepyBaHHs O€3IMUIOTHUMHU JITaJbHUMH arapaTtaMu
MOXKE 3HAYHO BIUIMBATH HAa PO3BHTOK TEXHOJOTIH
ABTOHOMHOTO YNPABIIHHS Ta MiJIBUIIEHHS €(EKTUBHOCTI
BHKOHAHHS Pi3HHUX OIEpaIlii.

VY mporieci BU3HAYEHHsI TPAEKTOPIi NepexoIuToBaya
BHKOPHCTOBYBABCS METOJ] HaBEACHHA 33 HNPUHIUIIOM
"kpuBa noroni". Lleit meton OyB oOpaHMii, OCKIIBKY BiH
BITHOCHO TIPOCTHH y peaiizallii, a TakoX HOro MO>KHa
3aCTOCOBYBATH SIK Y CUCTEMax HaBEJICHHS CAaMOHAaBiTHHX
paxker, Tak i B BIIJIA.

Mero HaBeJCHHS 3a KPHBOIO IOTOHI CXOXHH
Ha TOHUTBY COOaKW 3a 3ailleM, TOMY B IiTepaTypi Horo
TAaKOX HA3UBAIOTh METOJOM "KpHMBa IepeciigyBaHHs",
abo '"cobawa kpuBa"'. ICHye 1Ba OCHOBHI BHITQJKH
3aCTOCYBaHHS LOTO METOJY: TMepeciiyBaHHs I,
o0  BigJamgeThCcs, 1 TepeciuiayBaHHA T, IO
HaOMKaeThes (puc. 7).

VY mepmoMy BHUNAAKY, SIKIIO JPOH MAa€ IOCTATHIO
JalbHICTh IOJILOTY Ta INBWAKICTH OLIBLIYy, HIX
OIBUAKICTH I[N, BIH MOXE BpPA3WUTH IUTb. Y IOPYyroMy
BUIIQJKYy IiJi 4ac HAOJMKCHHS 10 I Pi3KO 3pOCTae
IIBUAKICTE TOBOPOTY. lle HaBaHTa)keHHS MOXe OyTH

HaAMIpHUM Uil KOpPIyCy pakeTd, MI0, IMOBIpHO,
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CIPUYMHUTH WOTO pyHHYBaHHS. Y pealbHOCTI Kepyroda
CHJla, CTBOPIOBAaHA KEPMOM HAIpPSIMKY, 30LIbLIYETHCS
JUIIE 110 TeBHOTO 3HaueHHS. OTKe, MOKE HaCTaTH
MOMEHT, KOJHM KEepMO JITaJbHOIO amapara BiIXHJIUTHCS
JI0 yIOpY, alle MaKCUMaJIbHA Kepyloya CHJIa, 1[0 BUHUKAE
B I[bOMY Pa3i, BUSBUTHCS HEIOCTATHBOIO IS HEOOXITHOT
3MIHH HAMpPSIMKY PyXY.

Puc. 7. KpuBi norosi 3a NOomyTHO-IIEPETHHHUX
Ta 3yCTPIYHO-TIEPETHHHUX HAPSIMOK HOJIBOTY

I3 pOrOo MOMEHTY ApPOH pPyXaTUMETHCS IO KOIy
MIHIMaJILHOTO pa/jiiyca, 110 Bi/INOBIa€ TPaHUYHIN Kepyrodii
cumi. HaBeneHHS TpPWIMHHUTHCS, OCKIIBKH JTITANBHUI
amapaT HE BCTHTaTHME po3ropratucs 3a muumo. [ins
3a JEesKUil Jac BHHE 3 TOJS 30py KOOPIMHATOPA, ITiCIA
YOro HaBEJIEHHS CTa€ HEMOXKIUBUM [15].

o6 BuBecTH piBHAHHA IiHII, 00epeMO cHUCTeMy
KOOpJMHAT, y sKiii Bick abCIUC MPOXOJUTh Kpi3b
MOYAaTKOBE IMOJOXKEHHI TOUYOK P 1 A, y mupoMmy
pa3i Touka A po3TalmiOBaHa Ha TIOYaTKy CHCTEMH

koopauHat xAy . CIiBBIHOLICHHS MOCTIHHUX IIIBUAKOCTSH

TOYOK ITO3HAYUMO JITEPOIO K .
SIKIIO TPHUITYCTHTH, IO 3a HECKIHYEHHO MaJdid
OPOMDKOK dYacy Touka P rmpoiinuia Biacrans dS,

a Touka A — BiACTaHb dS,, TOXI 3a MOCTAaBICHOIO BUILE

YMOBOKO MaTHMEMO CHiBBifHOMWeHHs dS = kdS, , abo

Jdx +dy* =kd & +dn* . (1)

Hani HeoOxinHo Bupasutu d& i dn depes x, y

Ta X audepeHuiany. 3a YMOBOIO KOOPJMHATH TOYKH P
MaloTh 33JI0BOJIBHATH PIBHSAHHSA NOTHYHOI 1O LIyKaHOI
KpHBOI, TOOTO

N
n y—dx(§ x). 2)

Honmaroun 10 1BOro pIBHSAHHA, 33JlaHE YMOBOIO
piBasitHHSL Tpaektopii F(&,77) pyxy "Brikaua", MOxkHa
BU3HAYUTH 3 OTPUMAHOi CHCTEMHU pIiBHSHHI & 1 77.
[Micns mixcraBieHHS [UX 3HAYCHb y OUQepeHIiiHe
PIBHSIHHSI BOHO 3aITUILEThCS Y BUTIISI
dy d’y

O] X, Vo
Y

A3)

IocrifiHi iHTETpYyBaHHA MOXYTHh OYyTH 3HaiimeHi

3 o4aTKOBHX yMOB (y =0;)'=0) (kom x =0).
3aranom s J0BUIBHO 3amaHoi kpuBoi F(&,77)

3HAMTH PILICHHS OTPUMAHOTO PIBHSHHS JIOCUTDH CKJIAHO.
3agaga ICTOTHO CHPOIIYETHCSA, SKIIO PO3TIISHYTH
MIPOCTHUI BUMAJIOK, KOJIU TPAEKTOPIs "BTiKaya" € mpsMoro.

Posrmsemo Bumagok 40(0,0), P0(0,1) 3a ymoBu
pyxy "Brikaua" B3mOBXK oci x i ko k > 0. Y moBinsHui

MOMEHT 4acy "BTika4" 3aBxau mepeOyBae Ha JOTHIHIN
JI0 KpUBOI TpaekTopii pyxy "mepecinigyBaya”. OTxe,

dy_ -~y (4)

dx a-x’
Ha mincragi mporo 3anmimemo mdepeHIiitHe piBHIHHS
y+y'(a-x)=0, ()
e y>0.

3 yMOoBU a=V-t BUIUIUBaAE l’ +Vt=x, micnsa

nudepeniioBanns 3a yacom y=y'-x i y'=y"-X, na
MiICTaBl AKMX 3HAXOUMO
_dx V-y”
X = d— = —" .
y Yy

3ammmmemMo BUPpa3 i1 BU3HAYCHHS JOBXHWHU KpI/IBOI

l:Wt:kJ‘:Jl+(y’)2dx. (7)

dx* +dy* =w?’dt’ i

"
’1+y/2 ’

AHAIOTYHO IPOBOAMMO TU(EPEHIIFOBAHHS 33 ) :

(6)

3 BUpa3iB

2 dx’ dy2 2

. \2 .
@ =——+—==x"+(y'-x) BUIHBaE X =
e df? ( )

2
Yk 1+ =0. (8)
y
. . , 1 , —ldu
PimeHHs 3 miacTaBiIeHHsIM u = X = —, V=
y uw dx
32 yMOBH MONITy  3MIHHHAX MIPUBOJIUTH bi (o)

b
Ji+u? Yy

arcsinu =k-Iny+C.

micnsi  IHTErpYBaHHS  OTPUMYEMO
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Hai Tics BUKOPHCTaHHS (dopmamsHOTO
BU3HAYCHHS sin i 3 C =e MaeMo
, dx 1 k k .
x =—:—[(Cl y) =(C-y) ] Ille pas inTerpyemo
dy 2
3  BHU3HAYEHHsM  mocTidHOl  iHTerpyBanns  C,.
3 1OYaTKOBUX YMOB P 20 summsac C =1,
dy .
k
a  TaKoX x| ,=0. Otpumyemo C, = e abo
(1+k) k
1| y(1+k — 1=k k=1
() =2 2D
2| (1+k) 1 ||k=1
ln| y| 1

Pe3ynbTaTi 10CTiTxKeHb Ta iX 00roBOpeHHs

VY craTTi NpoaHaizoBaHo e(heKTUBHICTH 3aCTOCYBAHHS
merony Cascade DataHub y KOHTEKCTI KepyBaHHs
OC3MITOTHUMH  JITaNPHUMH —amapaTaMu. llpakTudHa
peaiizaiisi IbOTO METOAY NEMOHCTpYE, SIK IHTErparis

pi3HOMaHITHHX Kepen iH(opMarii B pealbHOMY daci

Puc. 8. [lemoHcTparis nepexorieHHs il

MOXX€ 3HAYHO IMOKPAIIUTH SKICTh 1 IIBHIKICTH
YIOPaBIIHCBKUX  PillEHb Yy JUHAMIYHHX  YMOBax.
Bcranoeneno, mo Cascade DataHub 3abe3neuye

Oinblry cTaliNBHICT 3B’S3Ky MDK amapaTamu, IIo

BOXJIMBO Ui Micii 13 BHCOKMMH  BHMOTaMH

JI0 KOOPIMHAIIIT Ta 4aCOBOT CHHXPOHI3aIlil.

Ha wmami (puc. 8) 300pakeHi OTpUMaHi TpaeKTOpii
MOJBbOTY. Y HWXKHIM YacTHHI (OPMH PO3TAIIOBYHOTHCS
eNIEMEHTH  KepyBaHHS  IIBUJAKICTIO  BiITBOPCHHS
aHiMamiiHOI Mozem Ta cTapry / may3u JEeMOHCTpAIlii.
Ilin wac MozemoBaHHI

KOpI/ICTyBa‘IeBi Haga€TbCAa

CIpOIICHUH  Bi3yallbHUH  TIpolLeC  IMepeciliayBaHHS,
HelTpani3anil Ta MOBEpHEHHS Ha 0a3y MepexOILTFoBaya.
Ha  ¢opmi  uepBOoHUM

KOJIbOpOM IIO3HA4YCHO

MePexXOIUTIOBaY, a 3elIeHHM — TIiob. Y  Tpormeci
JIEMOHCTpaIlii KOPUCTYBad MOXKE 3MIHUTH MaciuTad yacy
3a JIOTIOMOTOI0 KePYBaJbHOTO €JIEMEHTa B HIKHIN JiBii
oinsHOi - opMHM, 3a  3aMOBUYBaHHAM  Bi3yauizarlist
BimOyBaeTbcss B peanbHOMY dbaci. [licis wHedrpamizarmii
LTb 3a0apBIIOEThCS B YOPHUH KOJIIp, Bi3yauizaris
NPU3YIHHAETECS Ta BUBOAUTHCS IOBIIOMIICHHS IIPO
YCIIIIHICTh NepexoruieHHs. [licis poro nepexorroBay

IIOYMHAE IOBEPTATHUCS Ha3a/] Ha 0a3y 3aIrycKy.
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Iepexonsan o gopmu rpadivamnx 3BiTiB (puc. 9),
KOpUCTYBa4 MOXKC MNEPCTIIIHYTU I[MOKAa3HUKU METPUKH,
OTPUMaHI B TIPOLECI MOJIEIIOBAHHS CIIOCOOOM BHOOpPY

a)

BIAMOBIAHOIO  IOKa)XYMKAa Ta  WOT0  HAJIEXKHOCTI

(u1iste 200 MepexoIuToBayY ).

6)

Puc. 9. 'padixu: a) BHCOTA MOIBOTY JpOHA; 0) MIBUAKICT MOJILOTY JpOHA

OCHOBHI pe3ynbTaTH IepeadavdaroTh 3HIDKEHHS

Yyacy peakmii cucTeMH Ha KOMaHIM, IiJABHUIIECHHS
TOYHOCTI BHKOHAHHS 3aBJaHb 1 3MEHIICHHS BTpaT
iHpopmanii mix yac ii nepenaui. Takox Oyso 3a3HaueHO,
II0 3aCTOCYBaHHS IIbOTO METOMAY CIpHse eheKTUBHIMIOMY
pPO3MOALTY pecypciB MiX amapatamMu, IO JO3BOJISIE
BUKOPHCTOBYBATH iX y OINBII CKIAAHUX MicCisx 0Oe3
30UIBIICHHS] BUTPAT Ha 0OCITYrOBYBaHHS Ta YIPaBIiHHS.
OOroBOpeHHSI IMX pe3yNbTAaTiB BKa3dye Ha 3HAYHI
DataHub

0COOIMBO B KOHTEKCTI

nepeBarn  METOAY Cascade nepes
TPAIUIIfHAMH  TiAXOJaMH,
MaciuTaboBaHUX OMepalii i3 3aCTOCYBaHHAM OE3MUIOTHUX
miTanpHUX amapatiB. [lomampmii JOCTIIKEHHS MalOTh
30CCPEIUTUCS HA PO3BUTKY AJITOPUTMIB ajanTaifii o
3MIHHUX YMOB €KCIDTyaTamii Ta iHTerpamii 3 1HIIUMH
CHUCTEMaMH YIPABITIHHS JJIs CTBOPCHHS OUIBII THYYKHX

1 poOaCTHHUX CHCTEM.

BucHoBku

YHacTiIOK IpOBEICHUX TOCTIIKCHD MiATBEPIKCHO

ebextuHicte  Merony Cascade  DataHub — nns
KEepyBaHHS  OE3MUIOTHUMM  JHTAIBHUMH  anaparamu
B JeueHTpani3oBaHid wmopemi. OCHOBHI pe3yJbTaTH

ImoKasajad, 1o METOJ 3a6e3neqye 3HAYHE CKOPOYCHHA

yacy peakiii CHCTeMH Ha KOMAaHJW, IiJBUIICHHSI

Cnucok Jgireparypu

TOYHOCTI BHUKOHAHHS 3aBJaHb 1 3MEHIICHHSA BTPaT
iHpopMmanii mix vac ii nepegayi. YnpoBaKeHHS METOLY
Cascade DataHub nae 3Mory e(peKTHBHO PO3IOAIIATH
pecypcu MK aBTOMaTH30BaHUMH OJMHUISIMH, IO €
KPUTHYHO BAXIIUBUM IS MICili i3 BHCOKUMH BHIMOTaMHU
JI0 KOOPJIMHAIIIT Ta YaCOBOT CHHXPOHI3aIlil.

VYcebiyHO  TpoaHANi30BaHO ~ Cy4YacHI  MoZemi
Ta METOMM YIPAaBIiHHS TPYHOI JIPOHIB 3 OISy
Ha JeleHTpai3oBaHi migxoan. Po3poOieHi anroputMu
ONTHMI3alii TpaekTOpii MEepexXOIUIEHHS CHPSMOBaHi
Ha TIABUINEHHA TOYHOCTI Ta HAMIHHOCTI KepyBaHHS
CKJIQJIHUIMHM aBTOMAaTH30BaHHMMH CHCTEMaMM 3aBJISIKH
iHTerpamii maHuX y peambHOMY daci. JlochmimkeHHS
BUSIBUJIO NIOTEHIIIHHI TIepeBary 3alporoHOBaHOTO METOY
B KOHTEKCTi 3MEHIIICHHS Yacy peaKIlii CHCTEM i T JBUIICHHS
TOYHOCTI YXBAJICHHsI PIIlICHB, 10 CHPUsIE SPEKTUBHIIIOMY
(YHKIIOHYBaHHIO aBTOMAaTH30BAHUX CHCTEM.

[Moganpmri  mOCHIKEHHS MalOTh  30CEPEIUTHCS
Ha ONTHUMI3allil alTOPUTMIB aJamnTarmii 10 3MiHHHX yMOB
eKCIUTyaralii Ta iHTerpamii 3 IHIIMMH CHCTEMaMH
YOpaBIiHHS JJIS1 CTBOPEHHS OUTBII THYYKHX 1 poOacTHHX
cHcTeM. YTIPOBa/KEHHsI OKPECJICHOTO TiX0y B peajbHi
CIUCTEMH  KepyBaHHA  OC3MUIOTHHMH  JTITATbHUMH
armapataMd MOXKE 3HAuyHO BIUIMBaTH Ha PO3BHUTOK
TEXHOJIOTIi aBTOHOMHOTO VIPABIIHHSA Ta ITiABUIICHHS

e(eKTUBHOCTI BUKOHAHHS Pi3HUX OIEpariil.
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ANALYSIS OF DECENTRALIZED DRONE CONTROL MODEL
AND INTERCEPTION TRAJECTORY CALCULATION

Subject matter: This article is devoted to the study of applying the innovative Cascade DataHub method for optimizing
the management of automated mobile systems, especially unmanned aerial vehicles. The work analyzes both theoretical and
practical aspects of implementing this method across various application sectors. Goal: The objective of the study is to
conduct a comprehensive analysis of contemporary models and methods for managing a group of drones, focusing on decentralized
approaches. Additionally, the study aims to develop effective algorithms for optimizing the interception trajectory, with the
goal of enhancing the accuracy and reliability of managing complex automated systems through increased real-time data
integration. The research is directed towards identifying the potential advantages of this method in reducing system response
times and improving decision-making accuracy. Tasks: The main tasks of the research include the development of comprehensive
algorithms for rapid processing and analysis of large volumes of data from various sources, creating reliable communication
protocols to ensure connection stability under extreme conditions. Another important task is the integration of these developments
into practical applications, which will increase their effectiveness in real operational conditions. Methods: To achieve the set
goals, advanced techniques of mathematical modeling, statistical analysis, machine learning, and deep learning are used.
The application of these techniques ensures high accuracy and reliability of the management systems. Results: During the research,
it was found that the Cascade DataHub method significantly reduces the response time of systems to commands, increases
the accuracy of task execution, and decreases data loss during their transmission. The implementation of this method also
contributes to a more efficient distribution of resources among automated units, which is critically important for missions
requiring high coordination and time synchronization. Conclusions: A comprehensive analysis of contemporary models and
methods for managing a group of drones with a focus on decentralized approaches has been conducted. Effective algorithms
for optimizing the interception trajectory have been developed, aimed at enhancing the accuracy and reliability of managing
complex automated systems through real-time data integration. The study revealed the potential advantages of the proposed
method in reducing system response times and improving decision-making accuracy, contributing to the more efficient functioning
of automated systems.
Keywords: Cascade DataHub; automated systems; machine learning; real-time management; deep learning.
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B. BOJIOXOBCBHKUIA

AHAJII3 METO/IIB TPEHYBAHHS BY3bKOCIPSIMOBAHUX MOBHUX MO/JIEJIE
Y COEPI TEHEPAILII JOTOBOPIB

ITpeameToM AOCTiIKEHHS] € MOJCTI Ta METOAM MAIIMHHOIO HAaBYaHHS JUIA IeHepalii ZOroBOpiB B yMOBaX OOMEXKEHHX pecypciB
1 cmocoOu MOPIBHAHHS Ta OLIHIOBaHHSA iX egeKkTuBHOCTI. MeTa po0dOTH — aHAIi3 MIXOMIB 10 PO3POOJICHHS BY3bKOCIPSIMOBAHUX
BEJIMKMX MOBHHX MOJeJieldl Ta BH3HAUYCHHS ONTUMAIbHOTO METONY CTBOPEHHS HE3aIEKHHX CIeLialli30BaHUX CHCTEM, IO JAl0Th
3MOTY TeHepyBaTH JOTOBOPH Pi3HHMMH MOBAaMH B PI3HHX IIPABOBUX CHUCTeMaX. Y CTATTi pO3B’SI3YIOTHCS TaKi 3aBJAHHS: BU3HAUCHHS
HasBHUX KOMIIAHIH Ta pillleHb, BUABICHHS IIXOMIB 10 CTBOPEHHSA TEKCTIB NMPHUPOJHOI MOBOKO, aHANi3 CIOCOOIB OLIHIOBaHHS
Ta MOPIBHSIHHS TAaKHX CHCTEM, BUSBJICHHS OOMEXEHb 1 HEIONIKIB Cy4aCHHX PiIlIeHb 1 MiAXOIiB, MOIIYK ONTHUMAJIBFHOTO METOIY
PO3pOOJICHHST CHCTEM 3a YMOBH OOMEXEHHX pecypciB. JlocArHyTi pesyabTaTH: MOCTIIKCHO MIAXOAM OO TeHEpallii TEKCTiB
MIPUPOIHOI0 MOBOIO Ta iX 0COOIMBOCTI; BU3HAUCHO apXiTeKTypy "Tpanchopmep" sik cydacHMiA cTaHAAPT y chepi TeHepallii TeKCTOBOL
iH(popMaIliil; PO3IIHYTO BHUAM MOJEJNe Ha OCHOBI 3a3HAYEHOI apXiTEKTypH; IMPOaHaNIi30BaHO JDKepela NaHWX Ul 1X TpeHyBaHHS;
PO3IISIHYTO METOAW ajanTallii Mojesieidl y BY3bKOCHPSIMOBAHHX Tajly3sX; BHSBICHO CIOCOOM MOpIBHSHHS Ta OLIHIOBAaHHS
e(eKTUBHOCTI BHKOHAHHS PI3HMX 3aBIaHb MOBHUMH MOJEISIMH; BHSBICHO HEJOJIIKM HAasBHHUX CIICIiali30BaHUX MOBHHUX Mojeieit
1 HETIOBHOTY Ha0OPiB METPHK OI[IHIOBAaHHS 3aBIaHHS T'€Hepalii JOroBOpiB. YHACHIIIOK aHATITHYHOTO EKCIIEPUMEHTY OyJI0 BU3HAUYCHO,
II0 METOA IIOLIYKOBO-AONOBHEHOI reHepalii € HaifOinpll OnTHMAanbHUM Ul PO3B’A3aHHS IOCTABJICHOTO 3aBJaHHA B 3aJaHUX
ymoBax. [IpoBeleHHMH EKCIIEpUMEHT Ta HOro pe3ysbTaTH MOXYTh OyTH BHKOPHCTaHI SIK OCHOBA JUISl MOJAJBIINX JOCHTIIKCHb
y cdepi po3poOICHHS By3bKOCIPIMOBAHIX MOBHUX MOJIEINICH 32 YMOBH OOMEXEHUX pecypciB. BUCHOBKH. Y CTaTTi MpoaHaIi30BaHO
MeToiM TreHepauii TekcToBoi iH(opMamii MPHPOIHOI MOBOK 3a IONMOMOIOK CYYaCHHX MiJXOAIB MAlIMHHOTO HaBYaHHS.
BuokpemneHo iXx mepeBarn W HEOOMIKH Ul HEBENIUKUX KOMIIaHIM Ta HAyKOBHX YCTaHOB, SKi MalOTh OOMEXEHI MaTepiajibHi
Ta JIIOACBKI pecypcu. SIk mpukian y poOOTi po3mIsHYTO CHelLiali3oBaHy IOpUIMYHY Taixy3b i mpoOiemy reHepaiii JOroBopiB
Ta BU3HAYEHO HAMOUIBII ONTHMAIBHUH METOA 11 PO3B’I3aHHSI.
Kuro4oBi ci10Ba: Benvka MOBHA MOJIeNIb; TEHEPaLlisi MPUPOIHOT MOBH; JIOTOBIP; IOPHINYHHUIT JOKYMEHT.

Beryn — 3JIEKHICTh HEIOPWAWYHUX BIJJIUTIB KOMIaHii,
TaKAX SIK BIJII KaapiB 1 MNPOJAXiB, BiJ KOMaHIU
JoroBopu  BimirpatoTb  BaXJIMBY  poOib Y IOPHCTIB 7151 YKJIaIaHHS. YTO/I;

MOBCAKACHHOMY OKUTTI Jrofed Ta B e(eKTHBHOMY — HCY3rO/DKCHICTE  MDK  JIOKYMCHTaMH BCCPCAMHI

(yHKIIOHYBaHHI KOMNaHil. IX npaBuibHE QOPMYITIOBAHHS KOMITaHil 4epe3 pi3HOMaHITHICTB iX BHIIB 1 (hOpMYITFOBaHb.

Ta OOPMIICHHS BiAIMOBIIHO 10 YAHHOTO 3aKOHOIABCTBA ABTOMATH3AIlisl TMPOLECY TEHepalii Ta aHamisy

Ta  iHTepeciB  3allikaBJIe€HHX  CTOpPiH  mHOTpebye JIOTOBOPIB 3a JIOTIOMOTOI0 CYYacCHHUX TEXHOJOTIH MOXKe

BY3BKOCTIPSIMOBAaHUX 3HAHb y Tamy3i mpaBa. CkiamaHHS HOZ0NIaTH i mpobieMu. MeToaM MallMHHOTO HAaBYaHHS,

YroJ BpY4YHY Ta BHECCHHS 3MiH MOTpEOYy€e YMMAjo 4yacy
HaBITh JJIS JIOCBITYCHHUX IOPUCTIB i MOXE TPU3BECTH 10
IIOMHUJIOK IIiji 4Yac KOIIIOBaHHS MOro 4YacTUH 3 IHIIHMX
MOKYMEHTiB Ta 10 HH3BKOTO pIBHI IOBTOPHOTO
BUKOPHUCTAHHS I[bOTO JOTOBOPY B IHIIKAX CHUTYAaIlisX.
Burpauaroun yac Ha 1i 3aBHaHHS, (axiBli TPUAUISIOTH
MEHIIE yBard KJIi€HTaM Ta PO3YMIHHIO iXHIX mOTpeo,
10 MPU3BOJUTD A0 MOTIPIICHHS SKOCTI HAJaHUX MOCIYT
1 Hee()eKTHBHOTO BUKOPUCTAHHS 4acy i HaBUYOK.

[lepeniunmo mpoOiiemMu, 3 SKUMH HaifgacTime
CTHKAIOThCS FOPUCTH Ta KOMIIaHIi, IO IPAIfOI0Th
3 noroBopami [1]:

— 3HAYHA KUIBKICTh Yacy Ta 3yCHJIb Ha CKJIJaHHS

Ta pO3yMiHHS IOTOBODIB;

30KpeMa BEJIMKI MOBHI MOJIEN, TToKa3ali cebe Halkparie
y BUKOHAHHI 3aBJaHb reHepalii npupoaHoi MoBu. OqHax
HasiBHI KOMEpILIHHI pilleHHs 3a3BU4ail mepeOyBaloTh
y TPUBATHIA BJIAaCHOCTI KOMIIaHii, a po3po0ieHHs cucTeM
Ha OCHOBI MOBHHX MoJielied moTpedye 3HaYHHUX 00CsATiB
BY3bKOCIIPSIMOBaHUX TPEHYBAJIbHUX JaHUX 1 YHUMaJIUX
OOYHCITIOBAIFHUX PEeCcypciB, MO OOMEXye TMOTCHIaT
BUKOPHCTAHHSI 1IbOTO METOJy HEBEIMKMMH KOMITAHISIMH,

HayKOBUMHA iHCTI/ITyTaMI/I Ta OKpEMUMU ,HOCJ'Ii}_'[HI/IKaMI/I.

AHaJi3 ocTaHHIX JocaiTKeHb i myOaikamiii

Y cohepi po3ymiHHs, 0OpoOJIeHHS Ta TreHeparlil
MPUPOIHOI MOBH B OCTaHHI POKH TIPOBEIEHO YHMAJIO

© B. BosoxoBcekuit, 2024
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IochimKkeHb. ABTopum pobotu [2] 3ampormoHyBain
apxitektypy "Tpancdopmep"”, sika 3amiHmia HasBHI
[3] ii

BJIOCKOHAJICHO 3 METOI0 OTPUMAaHHS KpalluX pe3yJIbTaTiB

PeKypeHTHI HEHpOHHI Mepexi, a B Tparmi
y Tamy3i reHeparii Tekcty. ba3oBi Mopemi, CTBOpeHi
BHACJIJIOK 0araTboX JOCHIIKeHb, BUKOPHCTOBYIOTHCS
B pi3HEX ramy3sx [4, 5]. Po3poOieHHS Ta BUBYEHHS
BY3bKOCIIPSIMOBAHMX  MOJEJNed TMOKa3alu MepeBaru
amamTamii Mozenled 0 TEBHOI Taly3i IOpIBHAHO i3
3arabHUMH Mojensamu [6, 7]. ABropu crymiii [8, 9]
OIHCYIOTh, K Cy4YacHi BEIHWKI MOBHI MOZEI, IO MaloTh
COTHI MUTBSIpZIIB TTAPaMETPiB, Oe3 J0IATKOBOTO TPCHYBaHHS
MOXYTb 3aBJaHHSI B

BUKOHYBAaTH  HOBI pizHUX

CHeLiali30BaHUX Taly3sX, BHKOPUCTOBYIOUM TIUIbKH
iH(pOpMaIIifo Ta IHCTPYKIIi, IKi OTPUMYIOTH 3 KOHTEKCTY.
VY po6orti [10] copmoBaHO BETMKHI KOPITYC IOPHIMIHNX
JIOKYMEHTIB Pi3HUMH MOBaMH [UIS PIi3HUX IOPHUCIHKIIIH,
IO CHOPONIyE s IHIIMX JOCTiTHHUKIB JOCTYI JIO
BY3bKOCTIpSIMOBaHOi  iH(opMariii OokpecieHoi ramysi.
Astopu mpari [11] npornoHyIOTs A0aTH HOBY METPHKY
OIIHIOBAHHS BHKOHAHWX 3aBAaHb 3  0OpOOIEeHHS
npupoaHoi MoBH. Po3poOieHi Habopu MeTpHK AaloTh
3MOTY KOMIUIEKCHO OITIHIOBaTH 3HAaHHS MoJeneH, ix
3[IaTHICTh BUKOHYBATH Pi3Hi 3aBJaHHA Ta JOTPUMYBATUCS
npasui [12, 13]. ¥V ¢daxoBux gocmimkeHHIX chopMOBaHO
aHaJOriYHi  HAa0OpM  METPUK  JUIS  OI[IHIOBAaHHS
e(exkTUBHOCTI Mozenel B 0OpoONeHHI Ta PO3yMiHHI

IOpUIMYHUX JOKyMeHTiB [11, 14, 15].

BusHayeHHs He PO3B’AI3aHUX paHilne
YACTHUH 3arajbHoi Npo0JieMu.
Merta poboTu ii 3aBAaHHSs

OOpoOsneHHsT Ta TreHepaliss TEKCTIB MPUPOIHOIO
MOBOIO € HEJErKMM 3aBJaHHsAM. HasBHI migxomu Ta
MOJIeNl CKIagHi B PO3poOiieHHi, NOTpeOyloTh 3HAYHUX
00csTiB OOYMCITIOBATBHUX, MAaTEpIaTbHUX 1 IFOJCHKIX
pecypei. 1i ¢pakropu 3yMOBHIN 0OMEKEHE BUKOPHCTAHHS
TaKUX CHCTEM.

[osiBa apxitextypu "Tpancdopmep", mo € OuLIbII
e(eKTUBHOIO 3a TIONEpeJHI BUANW HEHPOHHUX MEpex,
BIJIKpHJIa HOBI MOXKJIHBOCTI ii 3aCTOCYBaHHS B Taly3sx
HayKH, BUpoOHHMITBa Ta OizHecy. Ilonpu me TpeHyBaHHS
W PpO3pOOJCHHS TakMX MOJENel CTalu CKJIaJHILIMMHU,
BIZINOBiTHO NOTPeOYIOTH I OiNIbIIe PecypciB, sKi MalOTh
TIBKK Kopriopaiii abo BEeJIHKi JAOCIIIHHUIBKI YCTaHOBH.

CrtBopeHHsT 4YMManoi KUIBKOCTI  0a30BHX  MOBHHX
MoOJIeNield, 10 € Y BIIKPUTOMY AOCTYIi, Jalld 3MOTY
0araTbOM HEBEIMKHM KOMITaHiSIM 1 HAyKOBUM 1HCTUTYTaM
JIOCJIIKYBATH Ta PO3POOJISITH HOBI CHCTEMHU.

0asoBl  Mozen

OcCKiTbKH HATpEHOBaHI Ha

3arajJbHONOCTYNHIH iH(opMmamii, IX MOXIMBOCTI Ta
HABUYKH B CICHialTi30BaHUX Taly3sIX € OOMEKECHHMH.
JoctaTHs KUIbKICTh POOIT TPUCBSYEHA AOCIIIKEHHIO
CHOCOOiB  CTBOpEHHS Ta ajamnTamii Mojerned o
BY3bKOCIIPSIMOBaHUX rairy3edd. [HIN mpari mnpucBsiueHi
PO3pOOICHHIO MoOfeNel Juls MeBHOI MapuHu Ta IX
ajianTarii 10 By3bKOro HabOpy 3aBlaHb i 3HAHb.

ABTtopu crynmiit y cdepi 0OpoOICHHS FOPUAMIHUX
yBary
MAXOITy -

0e3mocepeTHHLOMY TPEHYBaHHIO TapameTpiB Mojeni. Taki

JOKYMEHTIB 1  JOTOBOpIB  NPUALIAIOTH

BUKOPUCTaHHIO TUIBKH OJTHOTO
JOOCTIKCHHS, SK 3a3HAYajoCh paHilme, MOTpeOyIOTh
3HA4YHUX pecypciB i yacy. Y HUX 3a3BHYall OepyTh y4acTh
0araTo HayKOBIIB i3 PI3HUX YHIBEPCHUTETIB i KOMIaHIH.
Tomy Ui HEBENMKMX KOMEpUIHHMX 1 HayKOBHX

OpraHizailii MOMJIMBOCTI ~ BHKOPHCTAaHHS  HOBITHIX
TEXHOJIOTIH Ta MIIXOMAIB yce Ie 3aJIMINAIOTHECS ITOCHTh
oOMexxeHUMH. 3 OIIIAAy Ha OKpecieHy mpolieMy
BHU3HAYUMO METY JIOCIHi/PKSHHSI.

Memoro pobomu € aHaNI3 MIXOMIB 10 PO3POOICHHS
BY3bKOCIPSIMOBAaHMX BEJIMKHX MOBHHUX MOJeNeld Ta
BU3HAYCHHS ONITUMAIEHOTO METO/Ly CTBOPSHHS HE3aJICKHUX
CIIeNiaTi30BaHUX CHCTEM, IO YMOXKJIMBIIIOIOTH T'€HEpallifo
JIOTOBOPIB Pi3HIMH MOBaMH B Pi3HHX IPABOBUX CHCTEMAX.

ChopmyioeMo 3a60arHsi, IO HEOOXiTHO BUKOHATH
JUTSL TOCATHEHHSI IOCTaBIICHOI METH:

— BU3HAYCHHS HAsBHUX KOMIIaHIH Ta pillieHb y Wil
coepi;

— BUSIBJICHHS MIAXOJIB JO CTBOPEHHS TEKCTIiB
MPUPOIHOIO MOBOIO;

— aHali3 CHoco0iB OIHIOBAaHHS Ta MOPIBHSHHS
TaKHX CHCTEM;

— BUSBIIEHH OOMEXeHb 1 HEeIOMIKIB HasgBHHUX
PpiIIeHs Ta TiAXOiB;

— HOIIYK ONTHMAJIBHOTO METOAY pPO3poOIIeHHs
CHCTEM 32 YMOBH OOMEXEHHUX PECypciB.

[epeniueni 3aBgaHHS CcHpsSMOBaHI Ha TIHMOOKHIH
aHalli3 METOMiB TeHepalii TEeKCTOBHX HaHWX V
BY3bKOCIPSIMOBaHMX Tally3iX Ta BHUSBIEHHS CHOCO0IB
BHpIIIEHHS OKPECICHOI MPOoOJIeMH Ha TIPUKJIa i TeHepartii

JIOTOBOPIB y IOpUANYHIHN cepi.
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[lepeniunmMo HasBHI KOMITaHil HA PUHKY aBTOMaTH3aLlii
IOPUANYHUX NOKyMeHTiB (legal document automation):

— Juro — BUKOPHUCTOBY€E BEJIUKY MOBHY Mozaenb GPT
(Open Al) 1ns CTBOPEHHA Yrod 1 YMOJIJIHBIIOE

B3aEMOJIII0 13 CHCTEMOIO 3a Jomnomoror Al-daty,
MIATPUMYE aHTIiICEKY MOBY [16];

— Luminance — 3acTocoBye BIacHy mopenb Legal
Inference  Transformation  Engine, = yMOXIHBIIOE
I0Z10

noroBopy (Autopilot) Ta migrpumye moran 80 mos [17];

aBTOMAaTUYHE BEJEHHS MEepPEeroBOpiB 3MICTY

— Icertis — ynpoBamxkye cucremy Icertis ExploreAl
Service, MO TOEIHYE MOXKIHUBOCTI BEJIMKAX MOBHHX
moneneit Open AI, BnacHi Al-cucremu Ta Icertis Data
Lake nns aHamizy Ta TeHepaiii JOKYMEHTIB, Ma€
MIATPUMKY AEKITBKOX MOB;

— Oneflow — BukopucroBye GPT (Open Al) i Hagae
BEIWKY KIIBKICTP TOTOBHX IMaOJOHIB JOTOBOPIB,
niarpumye 10 eBporeichbKUX MOB.
GyHKIiNH

3aCTOCOBYIOTh MCTOJU MAINIMHHOI'O HaBYaHHSA, MOXXHa

Cepen  OCHOBHHX CepBiciB, IO
BHOKPEMUTH TaKi:

— aBTOMAaTHYHE CKJIA/IaHHSI JIOTOBOPIB Pi3HHUX THUIIIB;

— aHaIi3 i pe3IOMyBaHHS;

— MITPUMKAa TpPaBWJI Ta OOMEKeHb TijJ 4Yac
CKJIaZIaHHsI JOKyMEHTIB.

Jdnst reHepanii 1OroBopiB KOMMaHii Haiuacriiie
BUKOPHCTOBYIOTh HEHpPOHHI Mepexi, a came BeJHKi
MoBHI Mmozemi (LLM), pospoOieHi cremiaabHO st
aBTOMaTH3alii JOKYMEHTIB, SIK y pa3i Luminance, abo
MOJIeIi 3araibHOro npusHaueHus — GPT 13 10aTKOBUMU
MoaudikarisiMu 11 poboTH B 1iit cdepi.

3 BIAKPUTHX JDKEpEN BCTAHOBJIEHO, IO MOJENb
Legal Inference Transformation Engine Oyna HaTpeHOBaHa
Ha moHan 150 MinpliOHAX NepeBIpEeHUX IOPHIMYHUX
JIOKyMEHTaX. BUTBIIICTh 1HIIMX CHCTEM OCHOBaHI Ha MOZIEIi
OpenAl GPT, ToMy KIIOYOBI DPO30DKHOCTI MIX HHMH
TIOJISITAIOTh Y JIOAATKOBOMY HAJIAIITYBaHHI 3 BUKOPUCTAHHIM
iHpopMmanii B ropuauyHid ramy3i. OmHaK MIONO LHX
CHCTEM HE BJAJIOCH OTPUMAaTH OLIBII  JIeTaJbHOI
iHpopMalii mpo miXo/u Ta JiaHi, 1[0 BUKOPHCTOBYIOThCS
JUIL  PO3pOOJIEHHS, OCKUIBKM BOHH € 3aKpUTUMH Ta
HAaJIeXKaTh JI0 IHTEJeKTyaIbHOI BIIACHOCTI KOMIIaHIH.

Omxe, 6aunmo, 110 cepa aBToMaTH3aLil FOPUANTHIX
JOKYMEHTIB aKTHBHO aJalTy€ Ta BUKOPHUCTOBYE Cy4acHi

MiAXOTU 10 0OpOOIIEHHS MPUPOIHOT MOBH, HATA0YH HOBI

MOJKJIMBOCT] (DOPMYJIFOBAaHHS YTOJ, 3HAYHO CIPOIILYIOYH
Ta MPUCKOPIOIOUH LieH IpoLiec. ABTOMAaTH3allisg 3a3Ha4€HOr0
MPOIeCy 3MEHIIye HEOOXiHY KUTBKICTh FOPUAUIHOTO
HEepCOHATy KOMIIaHii, [aroyd 3MOTY HEIOPUIUYHHM

BiJIIiNIaM CKIIQJIaTH YTO/U.
Ananiz memoodis zenepayii npupoonoi mosu

Po3riissHeMO miAxomu OO poO3B’s3aHHA HPOOIEeMH
renepanii npupoauoi MoBu (NLG). Haiibinbm panHi
METOJM  MOJCNIOBaHHA  Ta  TeHepalil  TeKCTy
BUKOPHCTOBYBaJIM MOJYJIBHI apXiTEKTYpH, MOOYAOBaHi
Ha HaOopi MOMIYIiB, 00’€MHAHUX TIOCIIJOBHO B CHUCTEMI.
Ha 3miHy 1M MerojaM NpHHNLIM TiIXOIU, OCHOBaHi
Ha TUIaHYBaHHI, [0 BHU3HAYaIU IOCIiTOBHICTH OJHOTO
a0 MEeKUTbKOX KPOKIB [UIsl IOCSTHEHHSI KOHKPETHOI METH.
Mera po30uBanacs Ha MEHII 3aBJaHHS, SKi BUKOHYBAIICS
3a JOMOMOIOI Jiiif, II0 Manu TeBHWH Halip yMOB
Ta e(eKTiB, fAKi BIUNIMBAIA HAa KIHICBUH peE3yIbTAT.
Hactymaum  eramoM  po3BUTKy Oyiad  CTOXacTHYHI
MiIXOM, IO aKTUBHO BHKOPHCTOBYBAJIM HabOpU ITaHHX
JUISl BUSIBJICHHS CTATUCTUYHUX 3aJIEKHOCTEH y MPUPOHii
MOBI JUTS TTOJTANTBIIOT TeHepaIlii TEKCTy.

Heiiponni mepesxi Oy HaifOLIbII MOMYISIPHUMH Ta
e(pEeKTUBHUMHU TMAXOJAMH [UIS PO3B’S3aHHSA TPOOIIEM
MOJICIIIOBAHHSI TEKCTy I  MAIIMHHOIO  IEpeKiIaiy.
PosrnsHeMo nesiki 3 HaiOLTh I BUKOPHCTAHUX MOJICTICH:

— peKypeHTHI HelipoHHI Mepexi (RNN);

— MEpexi 3 IOBrot0 KOPOTKOYACHOIO MaMm ' sITTro (LSTM);

— BEHTWIBHI peKkypeHTHi By31mu (GRU);

— BapianiiiHi aBTokoxyBansHUKH (VAE);

— 3ropTKoBi HelipoHHi Mepexi (CNN);

— TeHepaTuBHI 3MaranbHi Mepexi (GAN) [18].

[Monpy mmpoke BUKOPHUCTaHHS OKPECIICHUX MiIXOJIB,
BOHH MAalOTh TNEBHI HEAONIKH, SKi OOMEXYITh ix
e eKTUBHICTb JUIsl BUKOHAHHS 3aBJIaHHsI TeHepallii TeKCTiB.

PexypenTHi HEHpOHHI Mepei MalOTh TEHACHIIIO
3a3HaBaTU NMPOOJEMH 3HUKHEHHS TIpaJli€eHTa Ha JIOBIHX
TTOCTI{IOBHOCTSX, IO MOXXE OOMEXyBaTH iX 3aTHICTBH 0
TeHepallii JIOBrUX TEKCTIB 31 CKJIATHOK CTPYKTYPOIO.
Ix MoXHa BHUKOPHCTOBYBaTH Mjis TeHepalii KOPOTKHX
(parMeHTiB TeKCTy abo0 B 3aBAaHHSIX, JC¢ KOHTEKCT
He ToTpedye TIIMOOKOTO aHaI3Y.

LSTM ta GRU Kpaime mOpamioloTh i3 JOBTUMH
3aJICKHOCTSMH B TEKCTi, TOPIBHAHO 31 3BHUAitHUMU RNN,
3aBISIKM CBOIM MeXaHi3MaM KepyBaHHS MaM STTIO Ta
MOXYTb OyTH €(QEeKTHBHIMIMMHU JUIs TeHepamii Oimbn
ckiaaHux TekcTiB. [lpore wepe3 CBOIO pPEKypeHTHY
TIPUPOJy HABYAHHS MoJenel BiAOyBaeThCS IMOCIiIOBHO,

a MOXKJTUBOCTI Mapaenizailii € 00MeKEeHUMH.
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BapiariifHi aBTOKOZYBIEHUKH BHKOPHCTOBYIOTHCS
Julsi TeHepalil HOBHMX 3pa3KiB 3a3BHYadl 13 JESIKOIO
3MIHHICTIO BiJIOBIZHO [0 BXigHOi iH(opMamii Ta

3aCTOCOBYIOTBCSI /ISl CTBOPEHHSI  Pi3HOMaHITHOCTI

y Tekcti. OCHOBHOIO TIPOOIEMOIO IBOTO MiAXOIY
€ 3ropraHHs po3xomkeHHs Kynbbaka — JleiiOnepa,
II0 MPU3BOAMTH [JO TeHepalil BHXIZHUX JaHHX
HE3aJIe)KHO BiJl BXiIHUX.

Xoua 3rOpPTKOBI HEWpPOHHI MepexXi 3a3BHYAi
BUKOPHCTOBYIOThCSI JJIsi 00pOOJIeHHsS 300pakeHb, BOHH
MOXYTbh OyTH aJanTOBaHi UIT pOOOTH 3 TEKCTOM Ta OYTH
reHepamii 3

eheKTUBHIUMH i1 HOro OrliAly Ha

JOKanmbHI mA0JOHM Ta CTPYKTypu. BoHM mmpoko
HE BUKOPHCTOBYBAIMCS dYepe3 mnpobiieMu 3 BHOOpOM
apXITEeKTYpHU Ta ONTUMAIBHOTO 3HAYECHHS TilleprapaMeTpiB.

GAN-MozenssiM  BIacTHBAa 31aTHICTH T'€HEPYBaTH
peanicTH4Hi HaHi, 30KpeMa NpPUPOAHY MOBY, i BOHHU
MOXYTb OYTH 3aCTOCOBaHi JJIsI CTBOPEHHS TEKCTy
3 BHCOKOIO SIKICTIO Ta HarypaiismMoM. Ilpore HaB4aHHSA
TaKMX MOJICNICH € OUTBII CKJIATHUM Yepe3 HemudepeHIiiiHy
NpUPONy AMCKPETHHX CHMBOJIIB, a TaKoX MOJETb

MOXE TeHEepyBaTH IIOBEPXHEBi, IIOBTOPIOBaHI Ta
HETAJIIEKOTJISIH] BIAIMOBIII.

CydacHUM TIiIXOJOM JI0 TEHEpalii TEeKCTy €

CTPYKTYpY
"KOTyBaJIbHUK-IEKOTyBaTbHUK" [2]. OCHOBHUM HPHUHLIUIIOM

apxitektypa "Tpanchopmep", mo Mae
3alpONOHOBAHOTO MIAXOOYy € MeXaHi3M caMOyBard, IIo
BU3HAYa€ BAKJIMBICTh YACTUH BXIJHOI ITOCIIJOBHOCTI
TOKEHIB JI0 1HIIHX CIIiB y il TOCTIIOBHOCTI. 3a3HaYCHUN
MiX17, Ha BIAMIHY BiJ] MOMEPEHIX, € 3MOTY:

— BUKOHYBATH OOUHCIICHHS HapaeNbHO, 3MEHIIYIOYN
HEeOoOXiTHMH Yac TpEeHyBaHHS;

— 00poONATH  TOCHIZOBHOCTI  TEKCTy  OLIBIIOq
JIOBXXHHU 0€3 BTPaTH KOHTEKCTY.

3 ornmagy Ha orpuMaHi MeTpuku (benchmarks) s
apxiTeKTypa IeMOHCTPY€E Kpallli pe3yJibTaTh BHUKOHAHHS
TIeBHUX 3aBJaHb OOPOOIIEHHS IPUPOITHOT MOBH, HATIPHKIIAJ,
MalIMHHOTO niepekany [2].

Juis reHepamnii TEKCTY BUKOPHUCTOBYETHCS Bapiarlis
OPHI'HAIBHOI apXITEKTYpH, 10 MA€ TUIBKH JEKOIYBaILHUK
Ta TEHepye TECTOBY IIOCHIIOBHICTP Ha  OCHOBI
MOYATKOBOT'O BXIJTHOTO TEKCTY (prompt).

i XxapaKTepHCTHKH 3YMOBHJIHM CTPIMKHH PO3BHTOK
Mojenell Ha ocHOBI apxitekTypu "Tpancdopmep". Hosi
MOJUJIMBOCTI TeHepalii NpUpOAHOI MOBH BUKIHKAIN
3HAYHMUIA 1HTepec pi3HuUX cdep Oi3HeCy, M0 CIPUSIO
BIPOBA/DKCHHIO CHCTEM Ha OCHOBI MOBHMX MOEINei

y 0arathoXx iHIYCTpIisIX 3a OCTaHHI JICKiJIbKa POKIB.

Ananiz oxcepen oanux

Jlyist HaBYaHHS MoJielieil BUKOPUCTOBYIOTh BEJIMKI 32
o0csiroM HaOOpH aHWX, IO MOXKYTh MICTUTH TepabalTi
KOPIIYCIB TEKCTY.

3MICT TpeHYBaIbHHUX JaHUX 3d2abHO20 TIPU3HAYCHHS
HE O0OMEKYEThCS OHIEI0 Tally3310, 0 POOUTH 1X OLIBII
NPUIATHAMHE [T HABYaHHS 3arayibHuX Mozeneil. Lli nani
MOJKHA MTOJIIIUTH Ha JACKiJIbKa OCHOBHHUX KiaciB [19]:

— TEKCT BeOCTOPIHOK, II0 OTPHMYETHCS 32 JOMOMOTOI0
CKaHyBaHHS BEJIHMKOI KUIBKOCTI BEOCTOPIHOK B IHTEpHETI
Ta BH3HAYAECTHCS YHMAJIHM OOCATOM, IHHAMIYHICTIO
3MICTYy, HAasBHICTIO pI3HMX MOB Ta 0araTthbOX TeMm,
BHCOKHUM piBHEM HemepeBipeHoi iHpopmanii (Common
Crawl, C4, mC4);

— KHWATH, SKUM BIJIACTHBAa BHCOKA SKICTH 3MICTy,
rpamMaTHyHa Ta JIEKCHYHA TOYHICTh, 3HAa4Ha JOBXXHMHA
TEKCTY, HasIBHICTh CKJIAAHAX MOBHHX 3BOPOTIB, TEPMiHIB
i ¢ppazeomnoriamiB (Anna's Archive, BookCorpusOpen);

— aKkaZeMmiuHi MaTepiand, SKi MalTh BHCOKHA
piBeHb mpodecioHani3My Ta 3HaHb, LI0 3YMOBIIOE
BHHATKOBY SIKICTB iX poOiT (arXiv, PubMed Central);

— IpOrpaMHUIl KO, M0 MICTUTHb IPUKIAIH
BUKOPUCTaHHS MOB IIPOTPaMyBaHHS Ul PO3B’SA3aHHA
pi3nux 3aBaans (BIG-QUERY ta phi-1);

— JIaHi COIiaTbHIX MeJia, M0 OXOILTIOIOTh CTBOPEHI
KOpUCTYyBayaMH JIONIUCH, KOMEHTapi Ta Mdiajloru i
BH3HAYAIOTHCA TOTCHIIHHOIO MPUCYTHICTIO IIKiIIHBOI
iHpopMarii, Takol K ynepemkeHHs, AMCKPUMIHALIS Ta
HAcHIbCTBO (Pushshift Reddit ta OpenWebText);

— JaHi EHIUKJIONE/IH, Kl € B OHIaMH-EHIUKIONEIIIX
a6o iHmMX 6a3ax 3HAHB 1 IKUM BJIACTUBHUI IIEBHUI PiBEHD
HafiiHOCTI iHpopmanii (Wikipedia).

BysbkocnpssmoBaHi Mofesi OTPEOYIOTh HABUAITBHOL
iHpopMmamii, sKa MICTHUTh 3HaHHSA, OCOOJMBI JUIA
TIEBHOI Talry3i.

VY ropucnpynenuii Pile of Law ta MultiLegalPile €
HaliOimpmuMy  HaOopamu manux [10]. Pile of Law
MicTuTh Gym3bKko 256 I'b mpaBoBoi Ta aaMiHICTpaTHBHOT
inpopmarii. /s ii popmyBaHHS BUKOPUCTAHO 35 pi3HUX
JDKEpell, 30KpeMa FOpUINYHI JOKYMEHTH, CyZ0BI BUCHOBKH,
myOmikamii Jep)KaBHUX YCTaHOB, KOHTPAKTH, CTATYTH,
HOPMATHBHI aKTH, )XypHaJH cripaB tomo. MultiLegalPile
00’eqaye 689 I'b ropuanyHUX DOKYMEHTIB 24 MOBaMH
3 17 pi3Hux topucnukiii. Bin mictuts Habip Pile of Law,
a TaKOX [EKiUTbKa HATPCHOBAHWX MOJeNeil Ha OCHOBI
RoBERTa ta Longformer. 1li Habopu paHuMX MOXHa
BUKOPUCTOBYBAaTH JUIi TPEHYBaHHS $K OJHOMOBHHX,
Tak 1 0araTOMOBHHX MOJEJCH 1 aJanTyBaTH iX MiJ

3aKOHOJIAaBCTBO Pi3HHUX KpaiH.
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bazoei mooeni

Po3pobneHHs MOBHUX MOeNed moTpedye 3HaYHUX

pecypciB,
Ta JOCHIMHUIBKAX YyCTAHOB HE MAlOTh JOCTATHHO

yacy Ta HABUYOK. bBUIbIICTh KOMIaHIN
MarepiabHUX 1 JIFOJICHKHX PECYpCiB Uil TPEHYBaHHS
HOBHX MoOJeiei. A dac, HEOOXITHUH [ JOCATHCHHS
OaXkaHWX PEe3yJIbTATIB, MOYKE BUSBUTHUCS 3aHATO TPHBAIUM.

Hus  tpenyBamHs LLaMA — 06a3oBoi Mozemi
3 BIAKPUTHUM JOCTYIIOM, po3po0iieHoi koMmmnaHiero Meta,
3 65 wMimespgamMu TapaMeTpiB  —  BHUKOPHCTAaHO
2048 Nvidia A100 GPU, xoxen 3 sxkux maB 80 I'b
mam’ati RAM [20]. TpenyBanHs Ha HaOOpi maHWX
oOcsirom 1,4 MinmbsipAa TOKEHIB TPUBAJIO MPUOIM3HO
21 nenn. BapricTh 3acTOCYBaHHS TakuUX pecypciB
3a OLIHKaM{ MO)K€ CTaHOBUTH NpHOIM3HO 2,4 MinbiHoHa
nmonapis [21].

11106 3poOuTH BenuKi MOBHI MOZENI TOCTYNHIIINMHU
Ta BIAKPUTH MEPCHIEKTHBH MIMPIIAX IOCHTIHKEHb HaBIiTh
Juisl oKpeMuXx (axiBIiB, KOpHOpAIil Ta BETUKI KOMIaHil,
IO CIEeMiaNi3yIOThCS Ha MOBHUX MOJEISX, MyOTiKYyIOTh
y BIOKpUTHH JOCTyn 0a30Bi, HONEpPEIHHO HATPEHOBaHI
Mozeni (foundational models):

— Google: LaMDA, Chinchilla, Gemma [22, 23, 24];

— Meta: LLaMA 2 [4];

— Mistral: Mixtral [5].

3a3BHuail TepenideHi MOJEN MICTATh 3araibHi
3HAHHS Ta MOXXYTh BUKOHYBaTH pi3HI 3aBJIaHHS, MPOTE
iX BHUKOpPHCTaHHS M1 BY3bKOCIIPSIMOBAHHX 3aBIaHb
Ta B cneuudiunux chepax € obmexxenum. I[lonmanbine
HANAIITYBaHHS MOXXE JaTH 3MOTY MoJelni Ha0yBaTH
HOBUX 3HaHb Ta BUKOHYBaTH HOBI 3aBJJaHHs, NOTPEOyOUN
3HaYHO MEHIIE pEecypciB [UIi HaBYaHHS, IOPIBHIHO
3 po3po0IIEHHSAM HOBOI MOJIEII.

Bysvkocnpamosani komepuiitni mooeni

Po3poGyieHHsT  BY3bKOCIIPSIMOBaHMX MoJeNed Yy
NEBHUX Tally3dX IMOKAa3aJo iX mepeBary Haja MOICIIMH
3arajpHOTO TIPU3HAYCHHS.

Kommnanis Microsoft po3pobumna npoxykt Microsoft
Sales Copilot, mo nomoMarae MeHeIKepaMm 3 MPOJaXKy
301blIyBaTH  €(EKTUBHICTL POOOTH Ta CTBOPIOBATH
MEPCOHANI30BaH] MPOMO3HMILi KIIIEHTaM, BUKOPHCTOBYIOYH
GPT-moneni Bin OpenAl 3 1OJAaTKOBUM HalallTyBaHHIM
y chepi mpogaxy [25]. Cuctema gae 3MOT'y CTBOPIOBATH
NepCOHAJIi30BaHl JIMCTH Ha OCHOBI iHQopMmamii mpo
KJIi€HTa, JeTaneil yroam Ta IONepeaHboi KOMYHIKarlii

i3 3aMOBHUKamM#. Tako)X MOXHA aHAIi3yBaTH Hapagu

W 3ycTpivi, MONAI0OYM BHIUICHHS KIIOYOBUX CIIB, TEMH
PO3MOB, KOHKYPEHTIB, KIIIOYOBI METPHKH OI[IHIOBAHHS
e(eKTHBHOCTI Ta 3aIPOIIOHOBAHI 3aBIaHHS.

Kommnanis Luminance CHUTBHO 3 IOCTIIHUKAMHU
3 KeMOpHKCHKOTO YHIBEPCUTETY pPO3POOHIH MOJCIh
Legal Pre-Trained Transformer, mo Oyjia HaTpeHOBaHA
Ha moHan 150 MinpiiOHaX TEPEeBIPEHUX HOPUAMIHIX
JNoKyMeHTiB [26]. Lls Monenb Jae 3MOry reHepyBaTH
JIOKYMEHTH, 30KpeMa KOHTPAKTU il JOrOBOPH, aHAI3yBaTh
Ta pE3OMYBATH iX 3MicT (summarization). Yat-60T Ha
OCHOBI 3a3HaueHOl MOJeNli MOXKE€ BECTH IEPEeroBOpU
IIOJN0 3MICTYy KOHTPaKTy, IIepeBIpsITH KOMIaHii Ha
BIANOBIAHICT, BHMOraM Ta OOMEKEHHSM, BUSABIATH
3MIiHH B HOBUX Bepcisax [17].

OCHOBHUM HEJIOIKOM PO3IIITHYTHX MOJENEH € Te,
II0 BOHM HaJeXaTh KOMIIAHISAM 1 JOCTYyN OO0 HHX €
3akpuTuM. Lle 0OMex)ye MOMKIUBOCTI iX BUKOPHCTAHHS,
MOKPAIIICHHS Ta HE3aJS)KHOTO OI[IHIOBAHHS I1HITUMHU
JocrmiHukaMu. TOMy [OCTa€ THTAHHS PO3POOITICHHS
BJIACHHUX CIICIIIaTi30BAHUX CUCTEM.

Memoou mpenyganns ma HAIQUINMYBAHHA
8Y3bKOCNPAMOBAHUX MOOeell

Jna po3poOieHHS BY3bKOCHIPSIMOBAHUX MOBHHX

MoJeJiei YOPOBALKYIOTh  Pi3HI MaXOOH, 14 (6)
BIZIPI3HSIOTHCSL 332 KUIBKICTIO HEOOXIJHUX pecypciB i
4acy, e()eKTUBHICTIO Ta 00CATOM TPEHYBAIBHUX JaHUX.

Tpenysannsi HOB0I  8Y3bKOCHPAMOBAHOI MOJEII,
nanpuknan Legal Pre-Trained Transformer, € HalOinbI
CKJIamHUM migxomoM. lled mporec CXOXHi 10 TOro,
SK  po3poOIsTIoThCS  0a3oBi  momenmi  abo  Moneri
3arajibHOr0 MPU3HAYCHHS.

st HamamTyBaHHS ITapaMeTpiB MO Ha OCHOBI
apxitekrypu "Tpanchopmep" 3aCTOCOBYETHCS MEXaHi3M

camoyBaru [2]:

T
Attention(Q,K,V') = soft max oK v, )

N

e d — po3MipHICTh MOZIET;
N — KITbKICTh 3aINTIB;

m — KUIBKICTh nap "Kito4 — 3HaueHHs";
nxd; o

QeR — MaTpuls 3auTIB;

K eR™% _ MAaTPHIIS KITFOYIB;
mxd, .

VelR — MaTpullsl 3HAaYEHb;

\Jd, —xoediuieHT MacmITaOyBaHHS.

MexaHi3M 0aratorojioBoi caMoyBaru mapaneabHO
obuncmoe ¢QyHkuii camoyBaru (1) mnst oTpUMaHHA
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iHpopmarii 3 IOEeKUIBPKOX MigIPOCTOpPIiB TOJAHHA Ha
PI3HHUX MO3UIISX:
MultiHead(Q,K, V) = Concat(headl,...,headh )W" , (2)
— ; 0 K v
head,; = Attentlan(QWl. KW= VW, ) ,

Jie h — KUIBKICTH TOJIIB CAMOYBArH;

W° — ¢inanpbHa MaTpullsd Bar, OTpHUMaHa BiJ YcCiX
TOJIiB CAMOYBAaru;

VKQ — MaTpHIIS Bar 3aIuTiB;

wr — MAaTPHIIS Bar KJIIOYiB;

i

WV — MaTpuls Bar 3Ha4CHb.

Koxen map mMozmemni J0JaTKOBO MICTHTH HEHPOHHY
Mepexy HpsIMOTO 3B SI3KY:
FFN(x)=ReLU (xW,+b )W, +b, , 3)
JIe X — BXIZHUI BEKTOD;

dxd . d xd . o
W, e R 1 W,eR™ — marpuii Bar miHIHHUX

TpaHchopMarii.
OCHOBHOIO  PO30ODKHICTIO TPEHYBAaHHS BY3BKO-
CHpSIMOBaHMX MOJENeH BiJ MoJeleld 3arajbHOro

MNPpU3HAYCHHS € BUKOPUCTAHHS BJACTUBUX IS MEBHOIL
ranysi JaHUX, OO0 HaB4YalThb MOJCIb HOBHX 3HaHb
i 3aBJIaHb. HepeBaraMH oporo MeEToAay € BHCOKa

eheKTUBHICTh  MOMAETI, TMOBHHM  KOHTPOJb  Haj
TPCHYBAJILHOIO 1HQOPMAIIIEI0 Ta MOXIUBICTh aJaNTaIlii
M0 pi3HMX 3aBmaHb 1 notped. KouTtpoms Han
HaBYAJIBHUMH JIaHUMH TaKOX Ja€ 3MOTY BH3HAUYHTH
MOBH, SIKI MiJTPUMYBaTUMYThCSl cucTeMow. Sk 1 B
CUTyaIlii TpeHyBaHHA 0a30BHX MOJEJCH, HEIONiKaMu
OKPECJICHOTO IMIAXO0Iy € HEOOXITHICTh Y 3HAUHUX 00csATax
TpeHyBanbHOI iH(oOpMamii, a TakoX OOYHCITIOBATEHUX
pecypcax Ta 4aci, 10 3yMOBIIIOIOTh BapTiCTh PO3POOJICHHS
Mozem. 30ip  BY3bKOCHPSIMOBAaHHUX  TPEHYBaJIHHHUX
HaOOpiB MOXKE BHUKJIMKATH TPYAHOILI, OCKUIBKH JaHi
MOXYTh OyTH HEJJOCTYIIHI JUIsl IUPOKOTO BUKOPHCTAHHSI,
HAJIOXKATH JI0 IHTEICKTYaJIbHOI BIACHOCTI 1HIIUX KOMIIAHIH
abo X SKICTh Ta 00CAT MOXYThb OYTH HEIOCTaTHIMHU
JUIS HABYAHHSI BEIMKUX CHCTEM.

Y mpomeci pobotum 3
MultiLegalPile

BY3BKOCTIPSIMOBaHiI MoJeni B rany3i npasa Legal-XLM-R

¢opmyBaHHS Habopy

JTAaHUX OyJl0  HATPEeHOBAaHO  HOBI
3a JIOnoMoroto 3i0paHoi iHpopmariii. Bonn nemMoHcTpyroTh
3HAYHO BHIII NOKA3HUKHA I dYac OIIHIOBAaHHSI Ha
Habopax wmetpuk LEXTREME ta LexGLUE, sxiio
MOPIBHIOBATH 3 MOJE/SIMUA 3arajbHOrO 3acTOCYBAaHHS
(DeBERTa T1a ROBERTa), a TakoX MaloTh IepeBaru
MO0 IHIMMX BY3BKOCHPSIMOBAHHUX MOJECIEH y Il ramysi

(Legal-BERT ta CaseLaw-BERT) [10].

ToHke HamamryBaHHSA (fine-tuning) BEMMKAX MOBHHUX
MoJIeJIel Ul KOHKPETHHX rajiy3eidl Iependadae ajamnrariiio
MOTIePEeTHFO HABYEHOI MOJENI ISl KPaIloro pO3yMiHHS
Ta TeHepalii TEeKCTy, IO BIAMOBIZa€ ILOMY IOMEHY.
Po3srnsiHeMO OCHOBHI IiJXOAW TOHKOTO HAJIAIITYBaHHS.

Ilin yac nosnoco mownxoeo uarawmyeanns (full-
fine tuning) TIONEpEeIHRO HABYCHA MOBHA MOJECIb
HAJIAIITOBYETHCS ISl pOOOTH 3 iH(OPMAIIIEI0, BIACTUBOO
s meBHOi Tamysi [23]. et mimxim mnepenbadae
OHOBJICHHSI BCIX MTapaMeTpiB MOJIENI Mijl Yac TPeHyBaHHS,
o0 Ja€ 3MOTY 1 OTpUMAaTH 3HaHHS B OKpeclieHil cdepi
Ta BUBYMTH HOBI 3aKOHOMIpHOCTI. [IpoTe HanamTyBaHHs
BHMAarae BelMKoro o0csry iHdopMmarii s eeKTHBHOTO
BUSIBJICHHS Ta PO3YMIHHS 0OCOOJIMBOCTEHN IILOBOT Tairysi.
Xoua meit miaxix moxe Oyth epeKTHBHUM, BiH TaKOXK
moTpeOye 3HAYHUX OOYHCIIOBAILHUX PECYpCiB Ta Yacy
Ha TPeHyBaHHs, HacamIlepe] Ul BEeJIMKUX MOJeJeH, 110
MalOTh MUTbsIpAM TapamerpiB. HemmomaBHi qoCiiKeHHS
y cdepi onTumizarii TpeHyBaJIbHOTO MPOIECY ITOKA3aH,
0 32 JONOMOIOI0 HOBHMX MeETOAIB, 30kpema LOMO
(LOw-Memory  Optimization), MOXHa BUKOHYBaTH
HaJIAIITYBaHHS MOJENEH HaBiTh 13 JECATKAaMH MUIBSPIIB
mapaMeTpiB JIHIIe Ha IeKinbkox GPU-mporecopax [27].

s po3B’si3aHHS TPOOJIEM MOTIEPEIHBOTO MiIXOMY
po3pobieHo napamempo-epexmugui memoou TOHKOTO
nHanawryBanus (PEFT) [28].

YOPOBAKEHHS PI3HUX METO/IB IIMOOKOTO HaBYaHHS IS

Bonu mnependavaroTth

3MEHILIECHHS KITBKOCTI MapameTpiB, siki Tpeba HaBUYMTH,
i BomHOUYAC 30epiraroTb CXOXHH piBEHb €(EKTUBHOCTI
TIOBHOTO TOHKOTO HalamTyBaHHS. PEFT-METOIN OHOBITHOIOTH
JUIIe He3HaYHY KiUIBKICTh MOMATKOBHX ITapaMeTpiB abo
MiIMHOXKHHY TOTIEPEJHHO0 HaBYEHHUX, 30epiraoun HasBHI
3HaHHS MOZENI Ta aJanTyo4H iX JO0 HOBOTO 3aBJaHH,
0 3MEHIIyE pHU3MK KaTtacTpoidHOro 3a0yBaHHS.
3acTocyBaHHS IOBHOTO TOHKOI'O HaJalITyBaHHS Ha
cnenudiyHUX  TPEeHYBAJIBHHX JaHUX, O0O0CAT  SKUX
3a3BUYail HabaraTo MEHIIMHA, HDK HaOlp aHWX, IO
BUKOPHCTOBYBABCSl JUIsl TpPEeHyBaHHS 0a30Boi Mojeli,
PEFT-metonun

JAal0Th 3MOTY pPO3B’s3aTH 1[I0 OpodieMy crmocoOom

MOXE€ TPU3BECTU 10 TMECpEHABYAHHI.

BHOIPKOBOTO OHOBIICHHSI TIOTIEPEIHRO HABUCHIX MTApaMETPiB
a0o X MOBHOTO "3aMOpPOXKYBaHHs".

BHOKpeMITIOIOTh JIEKiITbKa OCHOBHHUX TPYII TapamMeTpo-
e(hEKTUBHHUX METO/[IB TOHKOTO HAJIAIITyBaHHS.

[Minxig adumuerozo TOHKOTO HANAIITYBaHHSA (Additive
Fine-tuning) nonae HOBI mapamMeTpH i Yac HaNAIITYBAHHS
MO/IeITi ISl HOBOTO 3aBJIaHHSI, MOJIISETHCS HA METO/IM Ha
OCHOBI ananrepiB (adapter-based), M’IKOTO HaNAIITYBAHHS
HAa OCHOBI MigKa3ok (soft

prompt-based) Tomo,

Hanpuknan AttentionFusion 1 AdapterFusion. Meron
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MOCTIIOBHOTO ajanTepa AOAa€ MEpekKi aJanTepiB Iicisa

mapiB  camMoyBaru Ta HEWPOHHOI Mepexi MNpsIMOro
3B’s3ky [28]. KoxkeH amanrep € MOmylIeM HIDKYOTO
paHry, IO MICTHTh HU3XIJHY WPOEKIIIO, HENiHIHHY
(YHKIFO aKTHBaIil Ta BUCXIAHY TIPOEKIIO, a TaKOXK
3aJMIIKOBOro 3’enHaHHs. Jlist BXigHol iH(opMmauii £
pe3ynIbTaT OOUYHCIIIOETHCS TAKUM YHHOM:

h=h+(ReLU(hW,, ))W,, , @)

ne h — BXITHHUN BEKTOD;
W

down

€ R"" — gu3ximna npoekiis;
W,, € R™ — ucxinua npoexuis;
Re LU (x)=max (0,x) — HeniHiiiHa (yHKLis aKTHBALLi.

[inxin uacmxoeoeo TOHKOTO HanmamrtyBaHHs (Partial

Fine-tuning) 3MeHIIye KUIBKICTh HANAINITOBYBAHUX
napameTpiB croco0oM oOpaHHsS KPUTHUYHHX IONEPEIHBO
HAaBYCHHX Bar 1 BIAKWIAHHS HEBAXIIUBHX, MOAUIAETHCS
(Bias Update),

MacKyBaHHS TIOTIEpPeHbO HAaTPEHOBaHUX Bar (Pretrained

Ha MCTOAM OHOBJICHHSA 3MiIJ_IeHH$[

Weight Masking) Tta nenvTa-MackyBanHs Bar (Delta
Weight Masking).
BUKOPHCTOBYE BH3HAUCHE 3HAYCHHs TMOpOTYy 7 IS

Meton TOpOroBOTO  MacKyBaHHS
noOyZ0BM MaTpHlli ABIMKOBHUX Macok M 3 MeETor
BUOOpY MomepenHbo HaBueHHX Bar W mmapiB camoyBaru
Ta HEHPOHHOI MepexXi MPSAMOro 3B’sI3KYy 3 JONOMOTOIO
MHOKCHHS €JIEMEHTIB MaTpPHIIi:
W=woM , 5)
M=I1 ,

s..>T

ij
ne © — nobyTok Anamapa;

T — BU3HAYEHUil TOPIT;
W e R** — Baru moneni;
S c Rdxk

BUIIaJKOBUMH DPIBHOMIPHO PO3MNOAUICHUMH JiHCHUMH

MaTpuIls, 110  iHImiami3yeThes
YHUCNIaMU; SKIO EJIEMEHT MaTpUIll IepeBuIlly€e Mopir 7,

BIINOBITHIM TO3WII B MaTpUIli JABIHKOBHX MacoK
MIPUCBOIOETHCS 3HAUeHHs 1, iHakme — 0.

Miaxin nepenapamempu3o8ano2o TOHKOTO
HanamrtyBanHsi (Reparameterized Fine-tuning) 3acTOCOBY€
panry, o0

KUTBKICTh TapaMeTpiB Jjis HaBYaHHA. BiH momineHuit

MIEPETBOPEHHS.  HU3BKOTO 3MEHIIUTH
HAa METOOW PO3KJIAAAaHHS HU3BKOTO paHry (Low-rank
Decomposition), nanpuknan Intrinsic SAID, 1 mMeToau
Ha ocHOBI LoRA (Delta-LoRA). Meton LoRA (Low-Rank
Adaptation) nomae nBi MaTpPHIll HU3BKOTO paHry, IO
OHOBJIOIOTBCA B Tporieci TpeHyBaHHsA [29]. Huszximaa
Ta BHUCXiZlHA MAaTpHIi MPOEKUIH BHUKOPUCTOBYIOTHCS

mapajeapbHO 3 MaTpuisiMM 3anuTiB O, KiouiB K

i 3HaueHb V y mapi camoyBaru Mogeni. Ilin wyac

HAaBYaHHs OHOBIIOIOTHCS Tibku Matpuui W, . Tta W, .
HoBi Baru 004UCIIOI0THCSA TAKUM YHHOM:
AW = Wdawn VVup ’ (6)

i . .
ne W, € R — nusxinHa npoexuis;

lown

W;p e R™ _ pucxinua TIPOEKIIIs;

r < {k,d} — obpaHna po3MipHicTS.

[lin dwac reHepamii pe3ynpTaTy MOJCIUIIO BaroBi
KoedimieHTH AW 00’€THYIOTBCS 3  BHXITHOIO
MaTpHILEIo Bar

h=Wyx+AWx , @)

I€ X — BXiJZHHH BEKTOD;
W, € R™* — aru moneni;

AW e R™
JIOTIOMOT010 METOy LORA.

J0JaTKOBO HaneHOBaHi Baru 3a

[Migxin eibpudHozo ToHKOTO HanamryBanHs (Hybrid

Fine-tuning) moennye pisai ninxomu PEFT nmns

MOCWJICHHSA X TepeBar 1 3MEHIIEHHS HEJOMIKiB.
Po3pi3HsAroTh Taki MOXOAW MO KOMOIHAII METOIIB:
py4Hi, IO BHMAaraioTh CKJIagHOTO am3aiiHy (MixAnd-
Match Adapter,

BHKOPHUCTOBYIOTh CTPYKTypHUH momyKk (AutoPEFT).

Compacter), Ta aBTOMAaTHYHI, SKi
Meton Compacter po3poOJIEHO Ha OCHOBI MiAXOIB

ajamnrTepa,  pO3KJIAJAaHHA  HU3BKOTO  PaHry  Ta

MapaMeTPU30BaHOTO  TiIMEPKOMIIEKCHOTO  MHOEHHS
(parameterized hypercomplex multiplication) [30]. Bin
Ma€ CXO0Xy IO ajalTepiB CTPYKTYpy, OJHAK 3aMiHIOE
HIBXIIHY Ta BHECXITHY MPOEKIIil MIapoM MapaMeTpU30BaHOTO
pasry

(low-rank parameterized hypercomplex multiplication).

FiHepKOMHJ’IeKCHOFO MHOXCHHA HHU3BKOI'O

3HavyeHHs Bar OOYUCIIOIOTHCS TAaKUM YHHOM:
n
W=Y A®B, , ®)
i=1
ne A €R™" — zaragpHa MaTpuis Bar I BCix mIapis
ajanrepa;
kd
B, e R" " — marpuns Bar, IpuTaMaHHA JUI OKPEMHUX
IapiB aianTepa;
® — nobyrok Kponekepa.

Migxin yHigikoéanoco TOHKOTO HAaJIAIITYBaHHI
(Unified Fine-tuning) € €IWHOI CTPYKTYypOIO IS
JIOZIaBaHHS PI3HOMAHITHUX METONIB  HaJallTyBaHHS
B €quHY apxitekrypy (AdaMix ta ProPETL) i 3a3Bu4ait
BUKOpPHCTOBYE OIuH PEFT-meron, a He KOMOiHali0
Meron  AdaMix

ajanrtanii, IO JOJIy4aroThCSl B KOXXEH Iap MOAEJNi:

pi3HHX. MicTUTE M  MOZYIiB
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A;:ie[LLLL, je[LM] - j-ii momyms ananranii
B i-my mapi [31]. Ilig 9ac TpeHyBaHHS Ha KOXXHOMY

KPOIIi BHUITAJKOBHM CIIOCOOOM OOMPAETHCS Mapa MaTPHUIh
MPOEKIIH IS i -TO mapy:

_ up down
4, ={wyrwi) )
_ up down
B =W Wi,
down : . . .
ae W™ — HuU3XiJHA OPOEKLIs i -TO Wapy j -ro MOAYJIsL
ajanTaitii;
' — BHCXiHA IPOEKIS [ -TO IIa J -TO MOOYJIST
Wi
ajanTarii.
Omxe, Bcs BXifHa iHQopMaris 0OpoOISETBCS TUM
caMiUM Ha0OpOM MOXyJiB. BHKOpHCTOBYIOUM MAaTpHII,
HaBezeHi y (9), BigOyBaeThCs Taka TpaHCPOpMAITis:

h:h+f(h~Wd”W”)W”" (10)
ne h — BXITHHN BEKTOD;
W — Hu3XioHA TPOEKIis;
W — BHCXiTHA TPOEKIILS;
f(x) — dynkuis axTuBawii.

Cepex OCHOBHHX IIepeBar napamerpo-e(eKTHBHUX
METOZIB MOXXHAa BHOKPEMHUTH HEOOXiIHICTh Yy 3HAYHO
MEHIIOMY 00cCs3i BY3bKOCHPSMOBAaHHX TpPEHYBAIBHHUX
JAHUX 1 OOYHMCITIOBAIFHUX PECYPCiB, OCKUTBKHU IIEH METO.
TpEHy€ TUIBKM  HE3HayHy 4YacTHHY IapaMeTpiB.
Henmomikamu miaxony € MeHma epeKTHBHICTE MOJEINI Ta
HEOOXIiTHICTh J0/IaTKOBOTO TPEHYBaHHS IapaMeTpiB s
BUKOHAHHS PI3HWUX 3aBIaHb, BIACTHBHX I 0OpaHOi
ctepu. Habip MOB, 3 SKUMU MOJIEIb MOXKE B3aEMOIISTH,
0OMEXyeTbCS THMH, SIKI MATpUMYye 0a30Ba MOIEINb.
JlonaBaHHs HOBUX MOB TOTpeOye 3HAYHUX OOCSTIB
iHpopmarii, MO0 HABYATH MOJENb pI3HMX acCHeKTiB
Ta 0COOJIMBOCTEH il BUKOPUCTaHHS. 3ayBaXMMO, IIO 1€
Maike HEMOXKIIMBO 3a JIOMOMOTOI0 I[bOTO METOAY 4epes
HEe3HAa4YHY KiJIbKICTh Bar, sSiKi OHOBJIIOIOTBCS.

Meton nowyxogo-donognenoi cenepayii (Retrieval-
Augmented Generation) e(QEKTHBHO 3aCTOCOBYETHCS
B Tajy3sx, IO MOTPeOyIOTh AOCTYIy OO aKTyalbHHX
i1 TOYHHX 3HAHb, SKI TOCTIHHO OHOBIIOIOTHCA Ta
3MiHIOIOTEC [19]. BiH ocHOBaHWMIT Ha BUKOpPUCTaHHI
30BHILIHIX JPKEpeJI, IO MICTATh IEpeBipeHy Ta TOYHY
inpopmariro. Iligx dyac reHepaumii BigmoOBiAI cucrema
IIyKae Ta OTPUMYE JOMATKOBI PENICBaHTHI JaHi i3 IHX
Jokepen. Ha mijcTaBi 3amury, KOHTEKCTY ¥ JOAATKOBOT
iHpopMarlii Mozens nae OUIBII TOYHI TAa apryMEHTOBaHI
BI/IIIOBI/Ii, OCHOBaHI Ha JOCTOBIpHUX (haKTax.

RAG-Mopenb onmucyeThCsl TAKUM YHHOM: Ha OCHOBI

BXIJIHOT TIOCNIIOBHOCTI X CHCTEMa OTPHUMYE TEKCTOBI

JOKYMEHTH Zz 1 BHKOPHCTOBYE IX SK JOJATKOBUH
KOHTEKCT IIi/i 4ac TeHepauii [iJIboBOi MOCHIITOBHOCTI ) .

OCHOBHUMH  €IIEMCHTAMU CHUCTEMH € HOIHyKOBI/Iﬁ

KOMIIOHEHT 1

Py (1)

(dparMeHTiB TEKCTY Ha OCHOBI X .

reHeparop. IlomykoBuil KOMIIOHEHT

3HaXOOUTh k  HAWOUIBII  pelleBaHTHHUX

Dense Passage
Retriever BUKOPUCTOBY€ MIUTBHUN KOIYBalbHUK, SKUI
MepeTBopIoe (HparMeHTH TEKCTY B d -BUMIPHI BEKTOPH
IIMCHUX YHceN Ta CTBOPIOE iHAEKC IS BCiX (pparMeHTIB
momryky  [32].

TCKCTY, IO 3aCTOCOBYIOTHCA  JIA

Komnonenr remeparopa p, (y[|x,z, ylH), AKAA €

BEJIMKOI0 MOBHOIO MOJEJUII0, TEHEPYE TOKECHH TECTOBOI
MTOCTIIOBHOCTI HAa OCHOBI KOHTEKCTY MONepenHix i—1

TOKEHIB V), |, BXIIHUX JaHHX X Ta (parMeHriB z,

OTPUMaHUX Bi,I[ TIOITYKOBOI'O KOMITIOHEHTA.

RAG-mopmenp Ha  OCHOBI  TOKEHIB  J03BOJISIE
KOMIIOHEHTY TeHeparopa OOWMpaTH BMICT i3 KIIBKOX
JOKyMEHTIB TiJ 4ac TeHepauii BixnoBimi. HaiOinpm
peneBaHTHI k -TOKYMEHTH OTPUMYIOTHCS 32 IOTIOMOTOIO
MTOLTYKOBOTO KOMITOHEHTA.

Hacrynuwii TOKEH

OOYHCITIOETHCS TAKUM YHHOM:

p(y|x)zH Z py (Z|x)p0(yi|x’ziylzi—l)’ (11)

i zetupfk(p(v‘x))
ne top—k(p(-|x)) — k -noxymentu 3 Habopy z

HaWBUILO] MONEPEAHBOT HMOBIPHOCTI p, (z|x) .

MoxxHa BHOKPEMHTH TpH MIXOIiB,

Ipymnu
0 BHUKOPUCTOBYIOTbCS ISl peajlizamii 3a3HaueHoro
metoxy [33]:

— HaiBHUI  (naive) — HaWOpOCTIMH  TiAXiA,
OCHOBaHMH Ha IHIEKcamii IaHWX, OTPUMaHHI IX 3i
CXOBHIIIa Ta TeHepauii BIAMOBIJ; MOXYTh TParuIsATHCS
TAIONMHALII, a OTpHMaHa iHpopMamis MoXe OyTH
HEpEJIEBAaHTHOIO Ta TIOBTOPIOBAHOIO;

— posmmpennii (advanced) — 30cepelKyeTbcs Ha
MOKpaIIeHHl SKOCTi oTpuMaHoi iHpopManii crnocodom
JOJATKOBOTO OOpOOJIEHHS Tepex TMOMIYKOM 1 Ticis
HBOTO; BHUKOPHUCTOBYE IHJIEKCYBaHHS 32 JOIIOMOTOIO
MIXOMIB KOB3HOTO BiKHA, JApiOHOI cermeHTamii Ta
JI0ZIaBaHHSI METa/IaHNX;

— MonyneHUH (modular) — MICTUTH pPi3HOMAaHITHI
cTparerii JUisi BIOCKOHAJCHHS KOMIIOHEHTIB CIIOCOOOM
JOJJaBaHHS HOBHX MOIYJIIB: MOIITYKOBUX, 3IMUTTSA (fusion),
mam’siTi, MapupyTH3aiii, rnepea0adeHHs Ta ajganTarii
10 3aBIaHHS.

MeTo MomryKoBO-I0TIOBHEHOT reHepallii Mae HU3KY

mepeBar. BiH 3HauHO [emreBmWA IS BIPOBAHKEHHS
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Ta BHKOPHCTAHHS, OCKUIBKH 3aCTOCOBY€ HasBHI MOJEIi
SK OCHOBY Ta He MOTpPeOy€ OAAaTKOBOTO TpPEHYBaHHSI.
3aBIsKH OTPUMAHHIO AaHWX i3 0a3 3HAHb CHCTEMa Mae
JOCTyM 10 iHdopMartii, sika 3’sBUIACH MIiCAs TPEHYBaHHS
Mozelni Ta He Oyna gonaHa 1o il TpeHyBaJIbHOrO Habopy.
3BEpHEHHSI JI0 IEPEeBIPEeHUX Ta JOCTOBIPHUX JDKEpe
iH(opMaIlii 3MEHIITye PiBEHb TaTFOI[MHALIIH.

OCHOBHUMH BUKIIMKAaMH MiJI 4ac HOro BUKOPUCTAaHHS
MOJKHA Ha3BaTH OTPHMaHHS SKiCHOI iHQopmarii 3 0a3
3HaHb, iX OLIIHIOBAaHHS Ta BIOPS/IKYBaHHSI 32 aKTYaJIbHICTIO.
Mertox He niepenbavyae TPSHYBAHHS Ta 3MIiHH MapameTpiB
MOJIeIi, TOMY 3arajibHi 3HaHHS Ta 3aBIaHHS, SIKI MOZCIb
MOK€ BUKOHYBATH, 3JIUIIAIOTHCS HE3MiHHUMH. Tak camo
MiATPUMKA PI3HUX MOB OOYMOBIIIOETBCS  OOpaHOIO
6a30BOI0 MOAEIIIIO.

Merton nHasuanns 3 konmexcmy (in-context learning)
Jia€ 3MOTYy MOBHUM MOJIEIISIM BUKOHYBAaTH HOBI 3aBJIaHHS
Ha OCHOBI IHCTPYKIIH NHpPUPOTHOI MOBH Ta KIJIBKOX
OpUKIagiB, IO JAEMOHCTPYIOTh BHKOHAaHHS HOBOTO

3aBIaHHS Ta HAJAOThCI MOJENl dYepe3  BXIJAHUH
TekcT (prompt). 3a3HaYeHWH METOJ OCHOBAaHHMH Ha
MOXIIUBOCTSAX BEJMKHX MOBHHMX MOJeENeil pO3BHBATH
IIMPOKHUKA Habip HABHYOK 1 3MI0HOCTEH M1 Yac HaBYAaHHS,
a TOTIM BHKOPHUCTOBYBaTH iX MiJI dYac TreHepaii
BIATIOBI/ICH, IIBUIKO aJanTyBaTHCS JO HOBOTO 3aBIAaHHSI
Ta Horo po3mi3HaBaHHS.

Y wMexax IpOro MiAX0ay MOYKHa BHOKPEMHTH
TpU Kareropil IHCTPYKIiH, IO J0NOMarairoTh MOJENi
HAaBYHTHCS] HOBOTO 3aBIaHHS:

— HaBYaHHS Ha OCHOBI JCKUIBKOX TNPHKIAJIIB
(few-shot learning) — Momenb OTpUMY€E IHCTPYKIIi, IIO
OINUCYIOTh 3aBAaHHS, Ta JEMOHCTpalii HOro BHKOHAHHS
(3a3Buyaii Bix 10 1o 100);

— HaBYAHHS HA OCHOBI OJHOTO MpuKIany (one-shot
learning) — mnepenmbavae IHCTPYKIii Ta JHUIIE OIHY
JIEMOHCTpAIIiI0;

— HaBYaHHA Oe3 mpuKiIamiB (zero-shot learning) —
HaJla€ TIABKM IHCTPYKLII 3a JONOMOIOI MPHPOIHOT
MOBH, IIPOTE HE HABOJWUTH KOIHHUX HPHKIIAIIB.

GPT-3 Tta iHmHX

MoJIeNieli MEHIIIOTO PO3Mipy BUSBWIIM Take: IO Oinpma

JocmipkeHHsT Ha MPUKIIAII

MOJIeTIb, TO Kpalli pe3yJlbTaTH MOXXHa OTPUMATH,
3aCTOCOBYIOUM HaBYaHHSA 3 KoHTekcry [8]. JlomaTkoBi
€KCIIEpUMEHTH 3 BUKOPUCTAHHS LOTO MeTtony Ta GPT-4
MOZIENTi B TaTy31 MEAWIIMHN TPOIEMOHCTPYBAIN MOKIIMBOCTI
JIOCSITHEHHSI KpaluX pe3yJbTaTiB, SKIIO I[TOPiBHIOBATH
moxemno  Med-PalLM 2,

sgKa TpOHMIUIa TOHKE HaNAIUTYBaHHS Ha JIEKUIBKOX

3 BY3bKOCIPSMOBAHOIO

crnemianizoBannx Habopax maHux [7, 9]. Ilix gac mporo
JMOCTIDKCHHST  po3po0siieHo  minxim Medprompt, 1mo

(dopMye BXITHHI TEKCT, BHKOPHCTOBYIOUH JEKiTbKa
PI3HUX TEXHIK: TUHAMIYHUNA BUOIp JACKUIBKOX MPUKIIAJIIB
(few-shot), aBTOMaTHYHO CTBOPEHHWH JAHIIOKOK TYMOK
(chain of thought) Ta aHcamOyieBUH MeTOm BHOOpY
(choice shuffling ensemble). Yioro 6yno 3acTOCOBaHO 10
IHIINX rajy3eil 3HaHb, 30KpeMa 10 npasa. EdexTuBHICTh
OLIIHIOBaJIacs 3a JOMOMOrol0 Habopy wmerpuk MMLU
(Massive Multitask Language Understanding) [27].
ExciepumenT  mokazaB, mo  0e3  10JaTKOBOTO
HanamrtyBanus GPT-4 orpuMaB owiHKy 68,3. YHacmigok
JIOJTaTKOBOTO 3aCTOCYBaHHS Mixoxay Medprompt noCsTHYTO
3HAYHO BUILMHA pe3ynbTat — 72,9 Oana.

OCHOBHOIO TIepeBarol0 3a3HAYEHOI0 METOAy €
BIICYTHICTh HAJIAIITYBAHHS ITapaMETPiB, 10 YHEMOKIIABIIFOE
BUTPAaTH Ha OOYMCIIOBANBHI pecypcH, HEOOXimHi ms
TpeHYBaHHS Ta 3MiHM Bar. TakoX BiH IOTpeOye 3HAYHO
MEHIIIOT0 00cATY creniaai3oBaHoi iH(popMalii HOpiBHIHO
3 TOHKMM HanamrtyBaHHsSM. CKialaHHS NPUKIAiB Ta
IHCTPYKIiA € IHTYiTHBHHM IIPOIIECOM, CXOXXHM Ha Te,
SIK JIFOJU B3a€EMOJIIFOTH MK COOOK0 MiJ] Yac OIHCY Ta
BU3HAYEHHA 3aBAaHb. Lle nae 3Mory ekcrnepram NEBHOL
rajgysi, HE Mal4d 3HaHb IIPO MAIIMHHE HaBYaHHS Ta
MOBHI MOJEINI, BIPOBAKyBaTH METOJ U BUKOHAHHS
HOBHUX BY3bKOCIIPSIMOBAHUX 3aBJIaHb.

Henomixamu HaBYaHHS 3 KOHTEKCTY € OOMEKEHHS
po3Mipy BXIJHOTO TEKCTy, MO JIMITY€ KUIBKICTh
MPUKIAAIB 1 PO3Mip IHCTPYKIIH, SIKi MOXKHA HABECTH.
EdextuBHicTs 11bOro MeTOAy 3a3BHYail € MEHIIOO
MOPIBHAHO 3 TPEHYBaHHAM HOBOi MOJIENiI Ta TOHKUM
HaJamTyBaHHsAM. Halip miaTpuMyBaHMX MOB 3a3BHYAii

HE MOX€ OYTH PO3IINPEHIM.

Amnaniz egpexmuenocmi mooeneii

Jnst ouiHroBaHHS e(eKTHBHOCTI Ta HaIiHHOCTI
pobOTH MOBHHX MOJIENIeH BHKOPHCTOBYIOTH Pi3HI METPHKH.
Haiinpocrimmmu 3 Hux € ROUGE ta BERTScore.

ROUGE (Recall-Oriented Understudy for Gisting
Evaluation) Bumiproe IOBHOTY BifIIOBIJIi T4 3aCTOCOBYETHCS
JUIA OIIIHIOBaHHS SKOCTI PpE3IOMyBaHHS Ta TeHeparlii
TeKCTy. IcHye nekinbKa BapiaHTiB i€l METPUKH, 30KpeMa
ROUGE-N (Bumiptoe nepekpurtsi n-rpam), ROUGE-L
(BUMIipIOE HAWOOBIIY CIUTBHY MiAMOCTIIOBHICTE) Ta
ROUGE-W (BuMipioe 3BaXE€Hy HaWJOBINY CIUIBHY
ITiIOCITi TOBHICTB ).

BERTScore 064nCITIOE CXOXKICTh MK 3T€HEPOBAHIM
Ta erajoHHUM TekcToM [34]. OOuaBi MOCTIAOBHOCTI
MOJAIOThCSl 32 JONOMOIOK BEKTOPiB  BOYJIOBYBaHb
(embeddings). CxXoxicTh MK HHMH OOYHCIIOETBCA 3a

JIOTIOMOT'0I0 KOCHHYCa MOAIOHOCTI (cosine similarity).




Cyuacnuii cman HAYKOBUX 00CNiOHCeHb ma mexHonoziu 6 npomuciosocmi. 2024. No2 (28)

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

3i 3pocTaHHAM HEOOXiTHOCTI OIHIOBATH OiTBIII

Ta CKIQIHINI MOJENI pPO3POOJCHO Ha0bOpU TECTiB

(benchmarks), 1O OIIHIOIOTE IX piBeHb 3HaHBb
1 MOKJIMBOCTI BUKOHAHHS 3aBJaHb.

SuperGLUE —
3ni0HOCTE Mozedeld pO3yMITH TEKCTH NPUPOJHOIO
rpymnu

AHIIMCHLKOK MOBOIO: BIAIOBIAl HA 3alMTAHHA 3 OJHUM

(GpeliMBOpK JUIA  OIIHIOBAaHHS

MoBoto [13]. Bim wmictuTh pi3Hi 3aBIaHb

YU JEKUTbKOMa MPAaBHIFHUMH BapiaHTaMU, Kiacuikaris

TEKCTY Ta BU3HAUEHHS IPUYMHHO-HACIIAKOBUX 3B’ S3KIB.
MMLU (Massive Multitask

Understanding) — Habip TeCTiB 3araJlbHOTO MPU3HAYCHHS,

Language

po3poOieHnit A TepeBipkd 3HaHB, HAOyTHX Ha eTarli
HaBYaHHS MOJIEJi 13 3aCTOCYBaHHSIM METOJy HaBYaHHS
3 KoHTeKCcTy [27]. BiH oxormmoe 57 pi3HHX MpeaMeTiB,
SK 3arajbHUX (MaTeMaTHKa Ta icTopis), Tak i OLIbII
(haxoBux (mpaBo Ta MeauiuHa). CKIamHICTE 3aBIaHBb
KOJIUBA€ETHCS BiJl MOYATKOBOTO 10 mpodeciiiHoro piBHS,
IO TIEPEeBIPSIOTHh SIK 3HAHHS PO CBIT, TaK 1 3MATHICTH
BUPINIyBaTH MpoOIeMH.

Juis 1opucnpymeHIii TakoX po3pobieHo ¢axoBi
HabopH TeCTiB.

LexGLUE (Legal General Language Understanding
Evaluation) — Habip TecTiB AJs IOPUIUYHOI Taiysi,
0 MICTUTHh CiM pi3HEX HaOOpiB JaHUX AaHTIIIHCHKOIO
MOBOIO Ta MeEpeBipse€ 3MIOHOCTI MoJeNicli Yy BHUKOHAHHI
3aBlaHp Kiacu(ikallii TEeKCTy Ta BiATIOBiAI HA 3aIUTaHHSI
3 AeKiJbKoMa Bapiantamu [14].

LegalBench — wmabip TecTiB, moO MicTUTh 162
[11]. Bonm
IOPUINYHUX 3aBJIaHb, SIKi TO-Pi3HOMY OLIHIOIOTH MOJEIB!

METPUKHU OXOIUTIOIOTHL  IIICTh  THIIIB

BUSIBJIGHHS ~ TpoOJieM,  3rajlyBaHHsS  NpaBWi,  iX
3aCTOCYBaHHS, NMPUUHATTS PIlICHHS HAa OCHOBI ITIPaBHIL,
TIIyMa4eHHsI TEKCTY, PO3YMIHHSI pUTOPHUKH.

LEXTREME — inmmii ppeiiMBOpK, o mependadae
11 HabopiB nanmx, siki oxomioomTh 24 moBu [15]. Bin
MICTHTD TPH TPYIH 3aBAaHb: Kiacupikaiis 3 BU3HAYCHHS
OHOTO Ta JIEKUIBKOX KJIaCiB 1  po3Mi3HaBaHHS
iMEHOBaHUX 00’ €KTIB y IOPHINYHUX JOKYMEHTaX.

MokHa TOMITHTH, 1[0 OUIBINICTh 3arajlbHHX
i cmemiami3oBaHUX HAOOpPIB METPUK 30CEPEIKYIOTHCS
Ha aHAITHYHHUX 3/AI0HOCTSX Mojeni Ta ii po3yMiHHI
MPUPOIHOT MOBH: Kiacu(ikallisi Ta MapKyBaHHS TEKCTY,
pe3IOMyBaHHS, IPOTHO3YBaHHS BHCHOBKIB  CYAOBHX
CIpaB, pO3Mi3HABaHHS IMEHOBAaHHX CyTHOCTed. OmHak
BOHU Maii)ke He NMPUIUISIOTh yBary 3aBJaHHIO I'eHeparlii

HOBOTO KOHTEHTY Ta HOTO OI[iHIOBaHHIO.

Howyk onmumanvbHozo nioxooy

BuzHaunmo kputepii HMOpIBHSHHS PI3HUX IIIXOJIB
TPEHYBaHHs BEIMKHX MOBHHUX MOJeNeH IS BUKOPHUCTaHHS
y chepi rerepaiiii J0roBopis.

Obcsiz obuucnosanbHux pecypcié BU3Hada€e KUTbKICTh
cepBepiB, MO0 ONTHMI30BaHI A MANIUHHOTO HaBYAHHS
Ta MarTh BiAmoBigHi GPU-mporiecopn, HEOOXimHI IS
HaBYAHHS MOJCNI 3a NpUAHATHHEA uac. Kputepiii €
KaTeropiaJbHUM, OCKUTBKA aOCONIIOTHE TIOPiBHSHHS
He Oyne e(eKTHBHUM JUis OLIHIOBAaHHS 4Yepe3 3HA4HY
pO30ODKHICTE I Pi3HUX MeTondiB. BukopucTaemMo Taki
KaTeropii: BEJIMKUI — KiIbKICTh OOUHMCIIIOBAILHUX CEPBEPIB
mepeBumnye 10, mammit — menme HiK 10 cepBepis,
BIJICYTHIl — He TOTpeOye JTOMATKOBUX OOYHCITIOBAIILHIX
pecypciB Ui TpeHyBaHHS.

Obcsie mpenysanvHux Oawux BU3HAYAE PO3MIp
BY3BKOCIPSIMOBAHOT'O TPEHYBaJIbHOTO HAOOpy, IO JaCTh
3MOTy Mozeni HaOyTH 3HaHb i HaBHYOK y HOBIi cdepi i
e(eKTHBHO BHKOHYBATH ITOCTaBJCHI 3aBHaHHA. Kputepiit
€ KareropiaJbHUM, OCKUIBKM aOCONIOTHE MOpPIBHSHHA
He Oyne epeKTHBHMM i OIHIOBAHHS dYepe3 3HAYHY
Bapiamil0 HEOOXiTHWX OOCSTIB s pPI3HUX METOIIB.
BuxopucraeMo Taki Kareropii: BeNMKHA — KIUIBKICTh
TpeHyBanbHUX aaHux moHan 10 T'b, cepemHiii — Bix
10 Mb nmo 10 I'b, mamuit — menme Hixk 10 MbB. Bapro
3ayBaXKMTH, IO JUI METOy HaBYaHHS 3 KOHTEKCTY 00csr
iHpopmamii 0OMEXYETBCS PO3MIpPOM BXITHOTO TEKCTY,
SIKUE MOJIeTh MOXe 00poouTu [35]. AHaJOriYHO i MeTon
MTOITYKOBO-JIOTIOBHEHOI TeHeparlii MOXe 3aCTOCOBYBATH
oOMexxeHuit o0csar iHpopMarii Ui KOXHOTO 3amuTy.
[Ipore 3arampHMi HaOIp MAHWX, IO BUKOPHUCTOBYETHCS
JUIsl TIOIIYKY HaiOUIbII peneBaHTHOI iH(opManii, Moxe
OyTH 3HAYHO OLIBIINM.

Yac mpenysanusi BU3HAYAE OOCAT HEOOXITHHUX
YacOBMX  pECypciB I  HaJNalITyBaHHS  MOZENi
3 BUKOPHMCTAaHHIM CIeliaii3oBaHuX AaHux. Kpurepiit
€ KaTeropiaJbHUM, OCKITBKHA aOCONIOTHE IOPIBHSHHSI
He Oyne e(eKkTHBHUM JUIs OIIHIOBAHHS dYepe3 3HAa4YHy
PO30DKHICTE 3HaYCHB IS PI3HUX METOMIB. Bukoprcraemo
Takl KaTeropii: BEJIMKUI — TPEHyBaHHs IOTpeOye MOHAJ
24 ron, cepenHiit — Bix 1 1o 24 rox, Manuii — MEHIIE HiXK
10 xB. BapTo 3ayBaxxuty, 110 KpUTEPili Mae OAHOPA30BU
eeKT Ha TpeHyBaHHSI MOJEIi 3a JIOTIOMOTOI0 METOIIB,
110 3MIHIOIOTh Baru cUcTeMH. J{JIsi METOJIIB MOIIYKOBO-
JOTIOBHEHOI TeHeparlii, OCKUTBKH BOHH He MOAH(DIKYIOTh
rapameTpy, 3Ha4yeHHS IbOTO0 KPUTEpil0 BH3HAYa€e dac,
HEOOXiTHUIA aJs TMOWIYKYy W OOpOOJCHHS peneBaHTHOI
iHpopMmauii, i BIJIMBaE€ Ha KOXEH 3alUT JO0 MOJENi

B Mpoleci TeHepamii BigmoBimi. Y pa3i BHKOPUCTaHHS
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METOAy HaBYaHHA 3 KOHTEKCTy TpPEHYBAIbHI [aHi

€ YaCTHHOIO 3aluTy, TOMY HaBYaHHI MOJENi 3a
JTOTIOMOTOI0 IHX JTAaHWX € YaCTHHOIO TeHepallil BiMOBiIi.

Koumpone mpernyeanbHux 0anux BU3HAYAE MOXKIUBICTD
3HAYHO BIUIMBATH Ha iHQopMamiio, M0 3aCTOCOBYETHCS
JUlsi HaB4YaHHS Mopeni. Kputepiii € kaTeropialbHHM.
BukopucraeMo Taki KaTeropii: HOBHHI — pO3pOOHUKH
CaMOCTIMHO BH3HAYAIOTL THI JAHUX, iX ITOXOKEHHS
Ta O00CATH, 4YACTKOBHMA — MOJIJIMBICTh BH3HAYATH
TIIBKA YacTHHY TpEeHyBaJbHOI iH(pOpMaIii, 3a3Buyail
BY3bKOCTIPSIMOBaHI ~ Ha0OpW  JaHUX, BIACYTHIH —
HEMOJXJIMBICTh 3HAYHO BIUIMHYTH Ha iH(OpMAaLilo, SKY
MOJIeTIb 3aCTOCOBYE i/l Yac reHepamii. 3ayBa’KHMMO, IO
JUIS  METOJIB TIOIIYKOBO-IOMOBHEHOI TeHepalli Ta
HaBYAaHHS 3 KOHTEKCTY TPEHYBAJIBHOIO € iH(opmaIris,
0 MOJICNb OTPUMYE Yepe3 BXiTHHUHA TeKcT. Xoua Ii JaHi
BOHHU

OynyTh

BIUIMBAIOTh HAa TIpOIleC TeHeparlii BiAMOBiAi,

He 3amaM’SITOBYIOTbCS MOJAEII0 Ta HE
BHKOPHCTAaHI ISl HACTYTIHUX 3aITUTIB.
[TigTprvMKa BEMKKUX JOKYMEHTIB BU3HAYa€ MOXIIMBICTD
00po0ATH 3HaYHY 3a 00cATOM iH(OPMAIIiI0 HA IECATKU
cropiHok. Kputepiii Mae 1nBa 3HaueHHS: TaKk YU Hi.
3ayBaXMMO, IO METOAM TPEHYBAHHS Ta TOHKOTO
HAJAIITYBaHHS OOPOOJSIOTh TaKi JOKYMEHTH IIiJ] 4ac
HAAIITYBaHHA MapaMeTpiB. 3a YMOBH BIIPOBaKCHHSI
IHIIMX METO/IIB PO3MIP JIOKyMEHTa OOMEXYEThCS PO3MIPOM
BXIIHOTO TEKCTy Mojemi. Y pa3i 3aCTOCYBaHHS METOIY
MOUIYKOBO-ZIOTIOBHEHOI IeHepalii MO)XHa 3MEHIINTH
BIUIUB 1HOTO (hakTOpa 3aBIIKH BHKOPHCTAHHIO TIJIBKH
HaWOUIBII peJICBAHTHHX 1 3HAYYIINX YaCTHH JIOKYMEHTA.
[linTpuMka HOBHX MOB BH3HA4Ya€ MOMIIUBICTh
YIIPOBA/DKEHHST MOJIENI B PI3HUX KpaiHaxX Ta FOPUCIMKIISX.
Kpurepiii mae naBa 3HaueHHsS: TaK — iCHYe€ MOJIJIHBICTh
HaBYUTH CHUCTEMY HOBOi MOBH Ta €(QEKTUBHO Ii
BUKOPHCTOBYBAaTH; Hi — Habip MOB OOMEKYETHCS 0a30BOIO
MOJIEJITIO, @ BIPOBA/DKEHHS BY3bKOCTIPSIMOBAHOI iH(opMmariii

IHIIAMU MOBaMH HE MaTUME 3HAYHOTO €(EKTy.

O0cAar 00YNCITIOBATBHUX PECYPCIiB TS aKTyawi3arii
3HaHb BU3HAYAa€ KUIBKICTh CEpBEpiB, HEOOXITHUX IS
OHOBJICHHS JTaHUX MOJIENi y pa3i 3MiHH 3aKOHOIABCTBA
Ta mpaBwil. Kputepili € KkaTeropialbHUM, OCKUIBKH
abcomoTHE TOpPIBHSHHA He Oyae eQeKTHBHUM JUIS
OLIIHIOBAHHS Yepe3 3HauHy pO30DKHICTh JUIsl Pi3HHX
MeToniB. BukopmcraeMo Taki Kareropii: BeNWKHH —
KUTBKICTh OOYMCIIIOBAILHUX CepBepiB mepesuinye 10,
Manmuii — wMeHme HiK 10 cepBepiB, BiACYTHIH —
HE MOTpeOye MOJATKOBUX OOYHCIIOBAIBHUX PECYPCIB.
VY pa3i 3acTrocyBaHHA MIIXOAIB TPEHYBAaHHS HOBOI
MOJIeJi, TOBHOTO Ta MapameTpo-e(EeKTUBHOTO TOHKOTO
HaJIALITYBaHHS MOJIENIb HaOyBae HOBUX 3HaHb YHACIIOK
HOBTOPHOI'O TIPOLIECY HAJNAINTYBaHHS Bar. 3a yMOBH
BUKOPDHUCTaHHA IHIINX METOMIB MOIeNb HalyBae
aKTyaJbHUX 3HAHB IiJl Yac TeHepalii KOXHOI BiAMOBIII
Ta He NOTPeOy€e HOJATKOBOTO TPEHYBaHHSI.

PiBenp migTpuMkn yBarm 0  Oi3HecC-TIpaBHII
BH3HAYa€ 3JaTHICTh MOJEN JOTPUMYBATHCS 3aJaHHX
mpaBwl 1 oOMmexeHb. Kpurepiii € KareropiaJbHHUM.
BuxopucraemMo Taki Kateropii: BUCOKHH — MOMIJIHMBICTBH
MATPUMKH ~ 0araTbOX TpaBWJI  PI3HOI  CKIJIQJHOCTI,
cepemHii — 0a30Bi HECKIAAHI TpaBWIA, HU3BKAH —
0a30Bl HeCKJagHI MpaBmiIa B OOMEXeHOMY 0OOCs3i.
VY pasi 3acTocyBaHHS METOIB TPEHYBAaHHS Ta TOHKOTO
HaJIAIITYBaHHS MOZEJb MiJ Yac TPEHYBAaHHS HABYAECTHCS
BUKOHYBATH 3aBIaHHS aHali3y Ta yBark 1O IPaBHIL.
[Mixxin HaBYaHHS 3 KOHTEKCTY MOXE BHUKOPHCTOBYBATH
mabIoOHN BXiTHOTO TEKCTY, IIO MICTSITh OOMEXCHHS,
a 3JIaTHICTh CHCTEMH JIOTPUMYBATHCS iX BHU3HAYAETHCA
MOXJIMBOCTSIMM 0a30B01 Mozeial. AHAJIOTIYHO W IMAXILT
MOLITYKOBO-JIONIOBHEHOT ~ TeHepalii, KpiM OTpUMaHHS
iHpopmamii 3 pKepen Ha 3amUT KOPHCTyBada, MOXKE
BU3HAUUTU pEJCBaHTHI IpaBWwia Ta JdOJaTh iX Jio
KOHTEKCTY 3aIIUTY.

3HaueHHS KpUTepiiB  Juis

KOXXHOIr'o MeTony

HANAIITyBaHHA MOJIEIi HaBeIeHO B Ta0uI. 1.

Ta6muus 1. Kpumepii oyiniosanms memooie mpenysanHs 8y36KOCHPAMOBAHUX MOGHUX MoOeell

I[Mapametpo- IMomykoBo-
. TpenyBanus IloBHe TOHKE HaBuyanus 3
Kpurepiii . e()eKTHBHE TOHKe JI0NIOBHEHA
Moje.i HAJIAIITYBAHHSA . KOHTEKCTY
HAJIAIITYBaHHS reHepais
O0csir 00YnCIIBaJBLHNAX pecypciB Benuknii Benuknit Manmit BincyTHiit BincyTHiit
OO0csr TpeHYBAJIBHUX JaHUX Benuxuit Benukuit Cepenniit Cepenniit Maunmit
Yac TpeHyBaHHS Tpusanuit Tpusanuit Hetpusanuii BincyrHii BincyTHiii
KoHTpoJb TpeHyBaJbHUX AAHUX IloBHuit YacTrkoBuil YacTkoBuii Bincythiit BigcyTHiit
IlinTpuMKa BeJIMKHX IOKYMEHTIB Tax Tax Tax Taxk Hi
IlinTpuMKa HOBUX MOB Tax Tax Hi Hi Hi
O0csr 004ncII0BATBHUX pecypciB N . o . - . o
pecyp Benukuit Benukuit Manuit BincyTniit BincytHii
AJ151 OHOBJIEHHSI 3HAHb
PiBens nminTpumku ysaru 1o . . N iy o
. ATP y A Bucoxuit Bucokuit Bucoxuit Cepenniit Huspkuit
Oi3Hec-paBuUJI
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BuxopucToByl0OUH pO3TISAHYTI BHIIE KpPUTEPIi,
BU3HAYMMO HaWOUTHII ONTUMAJIBHHUM MiJXiJ] 32 JOIOMOTOIO
METOJTy aAUTUBHOTO 3rOPTaHHS 3 BATOBUMH KOS(IIliEHTAMH.

CrnioyaTky nmepeTBOPHUMO KaTeropiaibHi KpUTepii 10
YHCIOBUX 3HAYCHB!

— 00cAr 00YMCITIOBAILHUX PECYPCIB: BENUKUH — 2,
Mammit — 1, BigcyTtHii — 0;

—00cAr TpEeHYBAIbHHX [@HUX: BEIUKUA — 2,
cepenHiii — 1, mamuii — 0;

— Yac TpeHyBaHHS: TpUBaIUil — 2, HeTpuBanut — 1,
BifCyTHiH — 0;

— KOHTPOJIb TPEHYBAJIbHUX [AHUX: IMOBHUH — 2,
4acTKOBUH — 1, BifcyTHIi# — 0;

— MIITPUMKA BEJUKHMX TOKYMEHTIB: Tak — 1, Hi — 0;

Ta6auus 2. Hopmosani kpumepii

— MIATPUIMKA HOBHX MOB: TaK — 1, Hi — 0;

— 00cAr 00YNCITIOBAIIBHUX PECYPCIB Uil OHOBJICHHS
3HaHB: BEIMKUHN — 2, Manuii — 1, BiacyTHii — 0;

— piBeHb MIATPUMKH yBark A0 Oi3Hec-TpaBHII:
BHCOKHI — 2, cepenHiii — 1, Hu3pkuii — 0.

3 MeTolw CHpOUICHHS TojAaHHA  iH(popMaril
BHUKOpHCTaEMO abpeBiaTypu JJIsI METOMIB HaJalITyBaHHS
Mojiesieli: TpeHyBaHHS Mojeni — TM, MOBHE TOHKe
HanmamrtyBanas — [ITH, mapamerpo-edexTHBHE TOHKE
M[ETH,

rerepais — [IAT°, HaByanHs 3 KoHTeKCTY — HK.

HaJallTyBaHHS  — MOIIYKOBO-ZIOTIOBHEHA
Jlani BUKOHA€EMO HOPMYBAaHHS KOKHOTO 3 HUX Ha
mpoMikky [0, 1], BUKOpHUCTOBYIOUM MiHIMadbHE ¥

MaKCHMaJIbHe 3HaUeHHs, Ta TOJ[aMO Pe3yJIbTaTH B Tab. 2.

Kpurepiii ™ IITH IETH nar HK
O0csr 004YuCTI0BAIBHUX pecypciB 1 1 0,5 0 0
OO0csAr TpeHYBAJIBHUX JaHUX 1 1 0,5 0,5 0
Yac TpeHyBaHHS 1 1 0,5 0 0
KoHTpoJib TpeHyBaJBLHHX JAHAX 1 0,5 0,5 0 0
IlinTpuMKa BeJIMKHX IOKYMEHTIB 1 1 1 1 0
[linTpuMKa HOBHX MOB 1 1 0 0 0
O0csir 004nc/II0BATBHUX PECYPCiB /LISl OHOBJICHHS 3HAHb 1 1 0,5 0 0
PiBenb miaTpuMKH yBaru 10 0izHec-npaBui 1 1 1 0,5 0

OckinbKU  HaBelleHI KpuTepii THOTpeOyITh  SIK
MiHIMIi3aIlil, TaKk i MaKCUMi3aIlii, MepeTBOPUMO X TaKUM
YHHOM, 11100 OLIbIlIC 3HAYCHHS MaJI0 OLIBIINY KOPHCHICTH

BiHHOBiI[HO J0 IIOCTaBJICHOI'O 3aBJaHH. HepeTBOpCHHIO

Ta6muus 3. Kpumepii maxcumizayii kopucrnocmi

MiJSITaI0Th  Taki  KpUTepii: o0car 00YMCITIOBATBHUX
pecypciB, 0OCST TpeHYBaJbHUX JaHHX, 4aC TPECHYBaHHS,
00cCsir 00YMCITIOBATBHUX PECYPCIB [UIsi OHOBJICHHS 3HAHb.

3HavyeHHs OHOBJICHUX KPUTEPiiB moaaHi B Tabm. 3.

Kpurepiii ™ OTH INETH nar HK

O0csAr 004nCII0BATBHHEX pecypciB 0 0 0,5 1 1
OO0csr TpeHYBAIBHHUX JAHUX 0 0 0,5 0,5 1
Yac TpeHyBaHHS 0 0 0,5 1 1
KoHTpo/1b TpeHYBaJbLHHUX JAHHUX 1 0,5 0,5 0 0
IlinTpuMKa BeJIMKUX TIOKYMEHTIB 1 1 1 1 0
[linTpuMKa HOBHX MOB 1 1 0 0 0
O0csir 004nCII0BATBHUX PECYPCiB /ISl OHOBJICHHSI 3HAHb 0 0 0,5 1 1
PiBeHb MiATPUMKH yBaru 10 0i3Hec-npaBuJI 1 1 1 0,5 0

Bm3raunmo BaroBi KoeQiIlieHTH ISl KOXXHOTO — 00cAT 00YHNCITIOBAIBHUX PECYPCiB AT OHOBJICHHS
KpuTepiro. byno npoBesieHo ekcrepTHe JOCHTIIKEHHS cepen 3HaHb: 0,1;
(haxiBmiB B YKpaiHi Ta 32 KOPIOHOM, SKi CHEIIiaTi3yIOThCS — piBeHb MATPUMKH yBaru a0 6izHec-mpast: 0,15.
Ha BENMKMX MOBHUX MOJAEISIX. 3a  JOMNOMOTIOIO
ONUTYBaHH: OyJI0 BU3HAYEHO TaKi BaroBi KOe(iIieHTH: Pe3yabTaTH gocaigKeHb

— o0csir obuncoBanbHUX pecypceis: 0,15;

— o0csr TpeHyBanbHuX AaHuX: 0,15; HaBemeMo  pe3sylbTaTH  BUKOHAHHS — 3aBJAHHS

—yac TpeHyBaHHs: 0,15;

— KOHTPOJIb TpeHyBanbHUX naHux: 0,08;
— MiATPUMKa BEJIMKHUX NOKyMeHTiB: 0,15;
— migTpuMka HoBuX MoB: 0,07;

3 omnTuMmizaulii 3a JOMOMOTOK aJUTHBHOIO 3rOPTAaHHS
3 BarOBUMH KOC(IlliEHTAMH Ta BU3HAYUMO MAKCHMAaJIbHO
KOPUCHHI

METOA TPEHYBAaHHA  BY3BKOCIPAIMOBAaHHX

Mozenei (tadm. 4).
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Tabauuss 4. Kopucuicmv  memooie  mpeHy8aHHs
8Y3bKOCHPAMOBAHUX MOGHUX MoOeell
Meton Kopucsnicts

™ 0,45

IITH 0,41

TIIETH 0,615

ar 0,7

HK 0,55

3 oAy Ha AOCATHYTI Pe3yJIbTaTH aHATI3y MOXKEMO
3p0oOUTH BHCHOBOK, IO METOJ MOINIYKOBO-IOMOBHEHOL
TeHepallii € HaHOUThII ONTUMANFHUM 33 33JaHUX YMOB.
Metomau TM Tta I1TH, mo nmotpelyroTh TpeHyBaHHS BCiX
napaMmeTpiB MOJeNli, BHUSBWIMCS MEHII KOPHUCHHUMH
yepe3 3HAYHUHA 00cAT HEOOXiTHMX pecypciB mimsd iX
HanamrtyBanas. Meron [IETH e napyrum 3a KOpHCHICTIO
Ta BHKOPHCTOBYE 3HAYHO MEHINE pecypciB s
HaJlalTyBaHHs, Ko nopisHioBaty 3 TM ta IITH, npote
BCE X Takd MOTpeOye MEeBHOTO TPEHYBAHHS MapaMeETpiB.
Meron HK € menm kopucaum 3a IIETH, ane s
BUKOHAHHA JESKUX 3aBJaHb IPOCTOTa HOTO BHKOPHCTAHHS
Ta MIBHJKICTh HAJIAIITYBaHHS MOXYTh OYyTH BaroMHMH
thakropamu. Xoua IIJI[' mMae meBHI HENOTIKH, 30KpeMa
3JIEXKHICTh Bl MOMJIMBOCTEH 0a30BOi Mojeni Ta
e(EeKTUBHOCTI aAITOPUTMY TIONIYKY PENICBAHTHOI iH(pOpMAIIii,
BOHU HEeoOXiTHOCTI

KOMICHCYIOTBCS  BIZICYTHICTIO

TPEHYBaHHSA MOJIEITi Ta MIPOCTOTOIO aKTyali3amii 3HaHb.

BucHoBku

JUIL  KOXXHOTO 3 METOJIB HAIAIITYBAaHHA MOJEIEH.
Jyist BU3HAaYCeHHS HAHOLIbII ONTUMAILHOTO Ta KOPUCHOTO
MiIXOMy BIPOBAKEHO METOX JIHIHHOTO aIUTHBHOTO
3TOPTaHHS 3 BATOBUMH Koe(illieHTaMHU.

YHacHi0K aHATITHYHOTO €KCIIEPUMEHTY BHSBIICHO,
II0 METOJI TTOIIYKOBO-/IOMOBHEHOT reHepalii € HailOubI
ONITUMAJIGHUM 3a 33aJaHUX YMOB, XO4Ya IIpOrpae OiIbII
CKJIQJIHUM ITiIX0/1aM Y THYYKOCTI HaJlalTyBaHHs. 3HAYHO
MEHIINH 00CAT TpeHYBaJIbHUX PECYpCiB i HasBHUI HaOip
MOXITMBOCTEH Jal0Th 3MOTy e€(eKTUBHO alanTyBaTH Lel
MAXI JUIA  BY3bKOCIIPSIMOBAaHMX raiyseil. BomHouac
METO]l TapaMeTpo-e(heKTUBHOI'O TOHKOTO HaJaIlITyBaHHS
32 HasBHOCTI JOJAaTKOBMX YaCOBHX 1 OOYMCIIOBAJILHHUX
pecypciB Moxxke OyTH Tak caMO e()EeKTUBHHUM IS
ajanTamnii B IOpUIMYHil ramysi.

JIo1aTKOBO BH3HAUCHO, 110 OLIBIIICTD CHEI[iali30BaHUX
HaOOpiB METPHK 30CEPEeKYIOTHCS Ha AaHATITHIHHX
3aBJaHHAX Kiacu(ikalii, pe3roMyBaHHS Ta PO3yMiHHS
TEKCTy, OHAK Maibke He NPHUIULIOTh YBark OIiHIOBAHHIO
SIKOCTI TeHepallii HOBOTO KOHTEHTY.

ITepcneKTHBH MOAATBIIONO PO3BUTKY

VY mporeci JOCTIKEHHS MPOAHANI30BAHO ITiIXO0TU
JI0 PO3POOJICHHS BY3bKOCIPSIMOBAHHMX BEIMKAX MOBHHX
Mojenel, BHUSBICHO IX TIepeBarW, HEAONIKA Ta
00MEXXEHHS, BU3HAYEHO HAMOIILII ONTHMAILHHI METOI
CTBOPCHHS HE3aJICKHHUX CIICHIATi30BaHUX CHUCTEM, IO
JAIOTh 3MOTY TEHEPYBaTH JIOTOBOPH PI3HUMH MOBaMU
B Pi3HUX MPABOBUX CHUCTEMAX.

AmHani3 nomnepenHix AOCIIKEHb Ta PUHKY BUSIBHB,
mo OUTBIIICTE MOAENEeH y BIAKPUTOMY IOCTYII,
HATPEHOBAHMX JUII POOOTH B IOPHUIMYHIN Taiy3i, MaloTh
apXIiTeKTypy KOIyBaJbHHKA, SKa HE € e(QEKTHBHOIO
JUTS  3aBJlaHb TCHepamii TEeKCTy. A HasBHI MOJEIi
3 apXiTeKTypoI ACKOAyBAIbHHKA € ab0 3aKpUTHMH,
a00 ToJaHi MOJCISIMH 3arajlbHOTO MPHU3HAYCHHS, IO
moTpeOyIOTh JOAATKOBOI afamnTarii B 00paHii ramrysi.

o6 mopiBHATH mMiOXOAM MK Cco0O, OyIo

chopMoBaHO Halip KpHUTEpiiB 1 HaBeAGHO 3HAYCHHSI

VY nmojanpIux MOCHIPKEHHAX TIAHYEMO MPHIUTUTH

yBary
PO3MIITHYTHX METO/IIB 1 MOPIBHATH iX e(eKTHBHICTH IJIst

TPCHYBAaHHIO MOJENCH Ha OCHOBI JCSIKHX
BUKOHAHHS 3aBIaHb aHali3y, PO3yMiHHSA Ta TeHeparil
JIOTOBOPIB Y MOpUAMYHIA Tamy3i. Takox IUIaHyeEMO
JOCIITUTH MOXIIUBOCTI IMOETHAHHS JICKUTBKOX METOIIB Y
MeXax ojHicl CHCTEMHM TaKHMM YHMHOM, 100 IMiJICHIMTH
TepeBarn KOXXHOTO MiAXOQy Ta M030aBUTHCS HEHONIKIB
JUISl TIIBUINECHHS €()EeKTHUBHOCTI CUCTEMH y BHMKOHAHHI
IMOCTABJICHUX 3aBJaHb.

3Bakalouu Ha Te, LI0 HasBHI HAOOpPH METPHUK
HE MAarOTh MOBHOI[IHHUX MOXIMBOCTEH JIS OIiHIOBAHHS
e(hbeKTUBHOCTI reHepartii FOpHANYHUX JOKYMEHTIB, LIeH HarpsiM
TaK0X MOTPeOye MOAATBIINX AOCTIHKEHB 1 PO3BHUTKY.

Tloasika

ABTOp BHCIIOBIIOE TONAKY 30pOMHHM CHIIaM
YkpaiHu 3a MOXIIMBICTh HAaIMCATH TTOBHOLIHHY POOOTY
MiJi Yac MOBHOMACHITAOHOrO BTOPrHEHHs Pociiichkoi
Oenepartii Ha Tepuropito YkpaiHm. Takox gAKye
HaykoBoMy kepiBHHMKOBI O. C. HazapoBy 3a migrpumky

Ta JOTIOMOTY I/l Yac HAaIMCaHHS POOOTH.
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ANALYSIS OF METHODS
FOR TRAINING DOMAIN-SPECIFIC LANGUAGE MODELS
IN THE AREA OF LEGAL CONTRACTS GENERATION

The subject of the research is machine learning models and methods for generating legal contracts with limited resources
and performance evaluation benchmarks. The goal of the work is to analyse approaches of domain-specific Large Language
Models development and to find the optimal method of creating independent specialized systems that can generate contracts
in different languages and legal systems. The article addresses the following tasks: identification of existing companies and
solutions in this area, exploring approaches to create texts in natural language, analysis of evaluation and comparison methods
of such systems, inspecting limitations and shortcomings of existing solutions and approaches, finding the optimal method
of developing systems with limited resources. The following results were obtained: approaches of natural language generation
and their features were investigated; the "Transformer" architecture was defined as a modern standard in the field of text
information generation; different model types which are based on this architecture were considered; data sources for training
were analysed; methods of adapting models in specialized areas were considered; model evaluating benchmarks for
various tasks were reviewed; shortcomings of the existing specialized language models and the incompleteness of existing
benchmarks for contract generation task evaluation were revealed. As a result of the analytical experiment, it was determined
that the Retrieval-Augmented Generation method is the most optimal for solving the given task under the given conditions.
The conducted experiment and its results can be used as a basis for further research of domain-specific language models
development with limited resources. Conclusions: the article provides an overview of natural language generation methods
using modern machine learning techniques, considers their advantages and disadvantages for small companies and scientific
institutions that have limited resources. The work examinates a specialized legal domain and the problem of contract generation
and determines the most optimal method to solve it.

Keywords: large language model; natural language generation; contract; legal document.
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M. TOJILAIHEP

3ACTOCYBAHHA MOBHU ITPOI'PAMYBAHHA GO
JJIs1 MOAEJIIOBAHHS ITPOLECIB MACOBOT'O OBCJIYT'OBYBAHHA

ITpeamMeToM JOCITII:KEHHS CTATTI € METOOM Ta MiAXOAM IO IPOTPAMHOTO MOJENIOBAHHS CHCTEM MAacOBOTO OOCIyrOBYBaHHS Ha
MpUKIagl OaraToKaHanbHOI CHCTEMH 3 OOMEXEHOIO Yeproio Ta BiIMOBaMH B pasi ii mepenoBHeHHA. MeTa po60TH — OOIPyHTYBaHHS
JOLIIBHOCTI  3aCTOCYBaHHS Cy4YacHHX KOMITI'IOTepHUX iH(QopMariiiHuX TexHoJoriH, a came MOBH mporpamyBaHHsi Go
JUISL MOJICNIIOBAHHS CHCTEM MAacOBOTO OOCITYroBYBaHHS. Y CTaTTi BHPINIYIOTHCS Taki 3aBAAaHHS: (OPMYIIOBaHHS JIOCIHiIKYBaHOI
CHCTEMH MacoOBOTO OOCIIyrOBYyBaHHS; BH3HAUCHHS KOMIIOHCHTIB, KPHUTEpiiB CIIOPIJHEHOCTI CHCTEM MacOBOTO OOCIyrOBYBaHHS
3 iX HPOrpaMHUMH MOJENSMH; 3arajbHUH OINIAJ KOHKAapeHCi SK MaTeMaTHYHOI MOJENi; OIMC MiAXOAIiB Ta IHCTPYMEHTapilo
MOBH TporpamyBaHHs Go. YIpOBaJKylOThCS Taki MeTOAM: MoBa mnporpamyBaHHsS Go Ta 1i IHCTpyMeHTapid, KOHKapeHCi,
napayienbHe BUKOHaHHS. JIocArHYTI pe3yjbTaTu: cHOpMyIb0BAaHO OCIIKYBaHE 3aBIaHHSI MAacOBOrO OOCIIyrOBYBaHHS; BU3HAUCHO
KpHUTepii TOPIBHAHHSI KOMIIOHEHTIB CHUCTEM MacoBOro OOCIYroByBaHHS 3 IHCTpYMEHTapieM MOBH nporpamyBaHHSI Go;
MPOaHaTi30BaHO JOUUIBHICTh BHUKOPUCTAHHS MOBH IporpamyBaHHS Go Ul MOJENIOBaHHS CHCTEM MacoBOTO OOCIyrOBYBaHHS;
MOJANBIIOr0 PO3BUTKY HaOyB IHCTpyMEHTapifi JUIs KOMIT'IOTEPHOTO MOJENIOBAHHS CHCTEM MacoBOTO OOCITyTrOBYBaHHS;
3aIpPONIOHOBAHO 3aCTOCYBAaHHS MiAXOMIB KOHKAapeHCi, iX iMIuieMeHTauii B MOBI mporpamyBaHHS Go [0 MOJETIOBaHHS CHCTEM
MacoBoro o0OciyroByBaHHs. BucHoBku. MoBa mporpamyBaHHi GO € Iy)e BIAJOI0 TEXHOJIOTIEI0 I8 MOJCTIOBaHHS CHCTEM
MacoBoro oOciyroByBaHHs. Ii (inocodis, crmoci6 po6oTH, a Takoxk BOYAOBaHHIl iHCTpPyMeHTapiii Mae IIMPOKi MOKJIHBOCTI
JUIT  MOJIETIOBAHHS PI3HOMAHITHAX CHCTEM MacOBOTO OOCITyroByBaHHsA. BHKOpHCTaHHS 3a3Ha4eHOI MOBH € JOLLUIEHHM
i 103BOJIIE HAONU3HMTH MOBEAIHKY IMPOTpaMH [0 MOJENBOBAHOTO IIPOLECY, CIPOCTHTH IMIUICMEHTAII0 Ta 3MEHILIMTH dac,
HeoOXimHUI Ha 0OpoOJeHHs NaHWX. BU3HaueHO 3HAYHI MEPCIEKTHBH IIOJ0 MOJANBIIOrO BIPOBAIKEHHS MPOTPaMHOTO MPOIYKTY,
peaiizoBaHoro MoBow Go y cdepi MOICTIOBaHHS MPOIECiB MACOBOI'O 0OCTYTOBYBaHHS.
KurouoBi ciioBa: xoMmIT roTepHe MOJISITIOBAHHS; CHCTEMa MacOBOTO 00CIIyTOBYyBaHHS; MOBA IIporpaMyBaHHs Go; KOHKapeHCI.

Beryn

OcTaHHIM 9acoOM KiIBKICTh HABAaHTAXKEHHX CHCTEM,
10 OOCITYyroBYIOTH MOTOKH 3asBOK, SKi OIHCYIOTBHCS
BUIIaJKOBUMH  3aKOHAMH,  HENEPEepPBHO  3pOCTae.
Taka TEHAEHIlS cIlOCTEpiranacs 3aBKIH, alleé TPUBAIUH
4ac MOCTilHEe BIOCKOHAJCHHS OJHOSICPHUX IPOIIECOPIB
3aBJISIKHU 30UTBIICHHIO KUTBKOCTI TPAH3UCTOPIB TIEPEKPUBAIIO
notpedu. OpHaK Mmicis TMEBHOTO Tepioxy 301IbIIyBaTH
MPOAYKTUBHICTE OKPEMHUX SJICp IPOILECOPIB CTAIO BKpait
JUSTH.

npobnemMaTnyHO — 3akoH Mypa mepecras

JloriyanM  pimieHHSAM ~ CcTaja  ifgesd  [apayeIbHOTO
BUKOHAHHS 3aBJlaHb Ha OKPEMHX spax Ipolecopa
Ta 30UIBIICHHS 3araJlbHOI MPOIYKTUBHOCTI HPUCTPOIO
TaKUM YUHOM. YHACIIZIOK I[bOTO BHPOOHHUKH TOYAIIN
yBary

eHeproe)eKTUBHOCTI SACP, a TAKOK Ha OJHOYACHOMY

3BepTaTu KOHCTPYKTOpiB ~ Ha  30LIbLICHHI
PO3MIIlIeHHI OUTBIIOT X KUTPKOCTI HAa OJHOMY YHIIL.

OpHosiepHi  mpouecopu  Oynu  Maike  IOBHICTIO
BUTICHEHI 3 pUHKY OaraTosiiepHIMHU aHAJIOTaMHU.

VYTiM, cam 10 co0i OaraTosIepHHA MPOIECOp
HE Mae >KOJHUX IepeBar, OCKUIbKU Uil e(pEeKTHBHOIO

BUKOPHCTAHHSI MOr0 IMOTEHIialy HeoOXiJHa MiATpUMKA

0araTomoTOKOBOCTI THM MpPOTPaMHUM 3a0e3TCUCHHSM,
mo OyayTh
olepariiHoIo crucreMoro. | mig yac cnpoOu 3amycTiTi Ha

HA HbOMY BHKOHYBAaTHUCh, pa3oM 3
TAKOMYy MPOIECOpi Mporpamy, M0 BUKOPHCTOBYE JIHIIE
OJIUH TMOTIK, CIOCTEPIraTUMEMO TaKi caMi MOKa3HUKH
IIBUAKOMI, SIK 1 B CUTYyaIlil 3 OOHOSACPHUM IPOIIECOPOM.

3 mosBOIO OaraTosepHUX TPOIECOpiB  00CSITH
3aIUTIB  I[MOYaJIH O1JIBIIIOI0

3pocTaTH i3  3HAYHO

IIBUJKICTIO, HDK MOXJIMBOCTI 3  MacmTaOyBaHHS
pecypciB, 0 BHKOPHUCTOBYIOTHCSI B OOpOOJICHHI JaHUX.
Bopgunouac OIITHUMI3aLiI0

IIOHOBJIFOETBCA  3aIllMT Ha

MPOTPAMHOTO TPOAYKTY M Oinpll  epeKTHBHOTO
3aCTOCYBaHHS HassBHUX PECYPCIB.

OmHrM i3 pO3IUTIB  MaTeMaTWKH, IO OIHCYE
MOBENIIHKY TIPOIIECIB 3 OOpPOOJICHHS 3HAYHOI KiTBKOCTI
3aMUTIB 13 TOAATBIINM IapajelbHAM OIPAIFOBAaHHSIM,
€ Teopii MacoBOro OOCTYTrOBYBaHHs. Ii aKTHBHHIi
po3Butok mpumaB Ha 50-70 pp. XX cr., mo Oymno
OB’5I3aHO 3 IHAYCTpiali3ali€lo Ta PO3BUTKOM Tene(oHil.
3aBmaHHS, 3YMOBJEHI mOTpedaMH BHPOOHHWIITBA Ta
KOMYHIKallii, CHOHYKaJIl 10 CTBOPEHHS MaTeMaTHYHOI'O
armapary, IO JacTh 3MOTY ONTHUMI3YBaTH HPOLECH.

MoykHa CTBEpPKYBaTH, IO 3 TMOIIUPEHHSIM TEXHOJOTIT

© . Tonbninep, 2024
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[HTepHET eKCHOHEHIIMHUM  3POCTaHHSAM  KUTBKOCTI
MEpPEXHHX 3alHTiB Ta OOCSTIB IaHUX, SIKI IOCTIHHO
OTpeOyIOTh 00POOIICHHS, TEOPist MACOBOTO OOCIYTOBYBAHHS
MOe Ha0yTH HOBOTO po3BHTKY. BoHa Oyze 3actocoBaHa
IO TIOJNOJNIAHHS YEProBUX BHKIHUKIB, CHOPMOBAHHX

notpebamu XXI cT.

AHaJIi3 HASBHUX MIIXO/AiB 10 PO3B’SI3aHHS 3aBJAaHHS

Cucrema wmacoBoro oOcmyrosyBanHs (CMO) —
€ CKJIQJHUKOM Teopii WMOBIpHOCTEH Ta MaTeMaTHYHOI
CTaTHCTUKY, IO

BUKOPHCTOBYIOTBCSl  JUIA  aHaJi3y

npoueciB, B SKAX Yy BHINQJAKOBI MOMEHTH dYacy
HAaIXOIATh BUMOTH IS HOAAJIBIIOrO iX ONpamOBaHHSI
HasBHUMH KaHaJaMH OOCIyroByBaHHsA. MareMaTn4He
MO/ICIIFOBAHHS CHCTEM, SIKi MalOTh BEJIMKY IHTEHCHBHICTb
HaJIXOKCHHS

BUMOT, 10 €  HENpONOPHiHHOO

NPOXYKTUBHOCTI iX OOpOOJIeHHS, Ja€ 3MOTy OL[IHUTH

NOTEHUIABHY MPOMYCKHY 3JaTHICTh, a TakKoX ii
30UIBIIMTH. 3aCTOCYBaHHS  CTOXaCTHYHOTO  aHANI3y
JNO3BOJISIE  aHANI3yBaTH  dYac  OYIKYBaHHA  3asBOK

1 BU3HAYaTH ONTHMAJIbHY KUJIbKICTh KaHAIIB 00pOOIeHHs
JUTSE 33TOBOJICHHS 1ToTped [1].

OcHnosHi enementd CMO:

— BXIOHMM I@IOTIK BHMOI — II€¢ IIOCJIJIOBHA
CYKYITHICTbh BUMOT (3asBOK) Ha HaJaHHS IEBHOI MOCITyTH,
0 HAAXOJUTH IO CHCTeMH. BXIiTHUI MOTIK MOXE MaTH
pi3Hi BUAM MMOBIPHICHOTO pO3MOMITY 3aJEXKHO BiJ
moTped Ta OCOOJIMBOCTEH MPOIECY, IO MOJICITIOETHCA.
3a3Buuaii  MmapaMeTPU3YEThCS  Yepe3  IHTCHCHBHICTh
npuOyTTS A 3afBOK, IO BIUIMBAE HA 3aBAHTAXCHICTH
CHUCTEMH, dYac OYIKyBaHHSI Ta HMOBIPHICTH BiAMOBHU
B 00CITyroBYyBaHHi;

— uepra — [e MeXaHi3M Ui THMYacOBOTO

30epiraHHsl 3asBOK, sIKi OYIKYIOTb Ha OOCIyroBYBaHHSI.

Ta6auus 1. Knacugixayis nonyiapHux Mo npocpamyeaHHsi

Uepra ™oxke Matu oOMexxeHy abo HEOoOMEXeHY
emHicTb. CTpykTypa Ta TOJITHKAa 4Yepru IIOJ0
HOBOIIPHOYJIHMX 3asBOK BIIrparOTh BaXJMBY PpOIb

y BU3HA4YEHHI MOPSAKY OIpaIfoBaHHs 3as1BoK. Lle 3Ha4HO
BIUIMBa€ Ha WMOBIPHICTh BiIMOBH B pPa3i HAJXOKCHHS
B IIEPENOBHEHY 4Yepry, a TaKoX Ha pO3MOJiICHHS
HABaHTA)XCHHS IOMIXK KaHaIaMu;

— KaHalu OOCJIYroBYBaHHS — TEXHIYHI NPHCTPOL
abo moau, sKi 3a0e3MeYyloTh OOCITyTOBYBAaHHS BHMOT.
KosxeHn kaHa Mojke 00CITyroByBaTH He OUIbILE HIXK OHY
3asBKy 3a pa3. Yac, HEOOXimHMI I 0OCITyroBYBaHHS,
yacrimie OyBa€ BHUNAJAKOBHM 13 IEBHHM DO3IOALIOM
imoBipHOCTi.  KinbkicTh  KaHamiB ~ OOCITyrOBYBaHHS
€ OOMEeXEeHOI Ta BHU3HA4yae Ii NPOMYCKHY 31aTHICTb.
Mae BB Ha dbac Iepe0yBaHHSI BHMOT Y CHCTEMi
Ta Ha IMOBIPHICTH Bi]MOBH;

— BHUXIJOHMH IIOTIK BHMMOI' — II€ IIOTIK BHMOT,
0 3IMIIAIOTH CHCTEMY, OTPHMABIIN YH HE OTPUMAaBIIHN
3aMOBIeHy  mociayry.  PesymbratoM  00poOieHHs
BUMOTH € OJIMH 13 KJIFOUOBHX KpPHUTEPIiB OIIHIOBAHHS
epextuBHOCTI CMO [2].

Ba)xJIMBUM YMHHHUKOM y TIPOTpaMHOMY MOJIETIOBAaHHI
CHCTEM MAacOBOTO OOCITyTOBYBaHHS € T€, SKOI MipOIo
MEXaHi3MH MOBH TPOrpaMyBaHHs Bi/IIIOBIZIal0Th KPUTEPISIM
MaTreMaTHdHOTO amaparty. OmHa 3 OCHOBHHX pO30DLKHOCTEH
MDK MOBaMH HPOrpaMyBaHHs, IO BIUIMBAE Ha JIOLIBHICTh
BUKOpHCTaHHA st MogemoBaHHI CMO, momsrae B
X0/ IO MapaieIbHOTO BUKOHAHHS. Bynemo po3rnisiaaTtu
TUIBKY TOITYJISIPHI MOBH IIPOTPaMyBaHHS, aJpKe BaXKIIMBY
POJIb Biirpae MOIJIMBICTH PO3BUBATH Ta HiITPUMYBaTH
MPOTPaMHUN TPOAYKT Y MOBTOCTPOKOBIM ITEPCIIEKTHBI.
BinmoBimHO 10 peWTHHTY, MOOYAOBAHOTO CIIOCOOOM
aHali3y BakKaHCIH Ha pOJb MPOTPAMHOTO IHXKEHEpa
3a 2023 p., y Tabn. 1 HaBEICHO JECATH MOB, MPUAATHHX

JUTS HAITUCAHHSI CEePBEPiB, 0 MAIOTH AOII0 moHax 1%.

Hazpa Joas ITixxix 10 6araTonoToKOBOCTI
JavaScript / TypeScript 29.8% ACHHXPOHHICTh
Python 19.64% 0araTomnoTOKOBICTh
Java 17.78% 0araTonoTOKOBICTh + 0i0TioTeKa IS MiATPHUMKH KOHKapeHCl
C# 12.21% 0araToroTOKOBICTh
PHP 9.39% ACHHXPOHHICTh
C/C++ 9.14% 0araTormoToOKOBICTh + 0i10Ii0TeKa TSl MATPUMKH KOHKapeHCi
Ruby 4.37% ACHHXPOHHICTh
Go 1.91% SCP, xoHKapeHCi Ha piBHI spa MOBH

Cepen HaBe/IeHHX TEXHOJIOT1H MOXXHa BHOKPEMHTH
KUTBKa TPYII:

— MIATPUMKA aCHHXPOHHOCTI B MeXaxX OJHOTO
MMOTOKY OTIepaliifHOi CHCTEMU;

— NiOTpUMKa poOOTH 3 TOTOKAMH OIepariiHoi
CHCTEMH HalpsMy;

— TMIATPUMKA KOHKAapeHCI 3a JOMOMOTOK PO3IIHMPEHb,
JOJJAaHUX HEIIOJaBHO K CTOPOHHS 0i0mioTeka;
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— TIOBHA TMIATPHIMKA KOHKApeHCI Ta IHTerparis
ineit CSP Ha piBHI siipa MOBH.

Mogwu nporpaMyBaHHs, 1o JOHEIaBHA
BUKOPHUCTOBYIOTHCS JUIsl HAITUCAHHS MporpaM, 30KpemMa u
JUIL MOJCNIOBAaHHS CHCTEM MAacOBOTO OOCIYrOBYBaHHS,
He Magu miarpumkun CSP  Ta KOHKapeHci. 3apas
YIPOBAIKYEThCA YACTKOBA MIATPUMKA, sSKa HE HaJaac
noBHotH  ¢yHkuioHany [3]. Taka cutyauwis nae
3MOTY 3aCTOCYBaTH HOBI MiAXOAM 1O IPOTPaMHOTO
MOJICTIFOBAHHS IIPOLECIB 13 BHKOPUCTAHHSAM CYYaCHHX

MOB IIPOTpaMyBaHHSI.

Merta podotu

Metoto crarTi € OOIpYHTYBaHHS JOIUTBHOCTI
BIPOBAPKEHHSI CyYaCHUX KOMIT FOTEPHHX 1H(pOpMAIiHHIX
TEXHOJIOTiH, a came — mimxoxy CSP i3 BHKOPHCTaHHAM
MOBU TporpamyBaHHs (GO JUii MOJAENIOBaHHS CUCTEM
MacoBOTO Takox

00CITyTOBYBaHHS. nependavdeHo

MpOaHaIli3yBaTH CHOPiJJHEHICTh IHCTpYMEHTapito
napaieibHOro BHKOHAHHS 3a3HAYCHOI TEXHOJOril [0
MaTeMaTUYHUX y3arajibHeHb. lle Hamami MoXKe BIAKPUTH
HUSIX  JI0 3HAYHOTO BJOCKOHAJICHHS 1HCTPYMEHTApIio

Ta MOKpaIleHHs e(PEKTUBHOCTI MPOTPAMHHUX MOJIEIICH.

ITocTanoBKa 3aBIaHHSA

PosrasmatumeMo KJIACHYHY 3a1auy npo
OaraTokaHaJIbHY CHUCTEMY MacOBOrO OOCIyroByBaHHS
3 OOMEXCHOI0 YEpror0 BHMOT Ta BiZIMOBOIO B pasi
TIeperoBHEHHS 4epru [1], ;e #» — KITBKICTh OIHAKOBHX
KaHaJliB

O6CHyFOByBaHH$I, a0 SAKUX HaaXO0aUThb

MyacCOHIBCHKUM TMOTIK 3asfBOK IHTCHCHUBHOCTI A .
SIKIO Ha MOMEHT HaIXOJDKEHHS HOBOI 3agBKH € Xouda O
OJIMH BIJIbHUU KaHAJ, BIH HETAWHO MOYHHAE 0OPOOIICHHS.
SIkmo Bcl KaHAMM 3alHATI — BHMOTa CTa€ OCTAHHBOO
JI0 3arajbHOi Yeprd €MHOCTI k . 3asBKH MOKHIAIOTh
4epry UIA TOAaibIIoro OOCIYTOBYBaHHS B TiM camii
MOCTITIOBHOCTI, Y AKii BOHHM HAJXOIWIA HA OYIKyBaHHI.
Kanam, mo 3BiTPHIOETBCA BiA BUKOHAHHS, Bigpasy
MOYMHAE OOPOOJICHHS MEPIIOi B Yyep3i BUMOTH. Y LbOMY
pasi KoJkHa 3asiBKa 0OCIIYTOBYETHCS TLTHKH OHIM KaHAIOM
1 KOXKEH KaHaJl MOXe OOCITyrOoByBaTH HE OiibIle HiX
OJlHA BHUMOTA OIHOYACHO. SIKIIO BUIBHMMH € IEKUIbKa
KaHaIiB 00CIyrOBYBaHHS, JJis1 00poOieHHs Oyae oOpaHo
KaHaJl BHMIAAKOBMM 4YMHOM. Yac, HeOOXimHHUH Ha
00pOOJICHHST OJIHI€T BUMOTH, € BUIIAIKOBOI BEIIMYHHOKO

3 eKCIOHEHI[ITHUM 3aKOHOM PO3IO/LIY HMOBIPHOCTI:
Fx)=1-¢",ne v>0. (1)

[MpuumHaMu Takoro pilIeHHS € BiTHOCHA MPOCTOTA
caMoro Impormnecy, HaﬂBHiCTL MOTYXXHOI'0O MareMaTUu4HOI' O
amapaTy aHaJiTHIHOTO JOCHiKeHHs [4], a Takox

3Ha4YHa MOIIMPEHICTh MPOLECIB, 10 MiANAAaI0Th
mix mo wmoxens. OTXe, 3aJaHa cHUCTEMa IIANANAE

nix yMoBHe Bu3HaueHHs: M /M /n/m , ne

— mepma M BKadye Ha MapKOBCHKHHM BXiTHHN
IOTIK BUMOT;,

— apyra M Bka3sye Ha Te, 10 IpoIec 00pOOICHHS
BHUMOT TaK0OX € MApKOBCHKUM;

— n BHU3HAYae€, M0 CHCTeMa € OaraToKaHaJIbHOI
Ta 3aJ1a€ KiJIbKICTh KaHAIB,;

— m Omucye OOMEXEHYy €EMHICTh CHCTEMH Ta
BH3HAYa€ KiIbKICTh MICIlb JUIS OYiKyBaHHSA m > 0.

Bxigauii TOTIK BHMOT Ma€ 3aJOBOJIGHSATH TaKi
BUMOTH:

— CTalliOHAPHICTH MOTOKY;

— BIZICYTHICTb IiCIISIIIT;

— OPAWHAPHICTD.

IMOBIpHICTP HAIXOMKEHHS HOBOI BHMOTH JIO
CHUCTEMH 3a MPOMIKOK Yacy ! MoOke OyTH BHU3HAYCHUI

TaKUM YHHOM:

Pi (t) — (ﬂ't) e*/lt , (2)

ne A — 1ie IHTCHCUBHICTh MPUOYTTS BUMOT, 1[0 HAJXOSITh
JI0O CHCTEMH 3a OJMHHUII0 Yacy; i — KUIbKICTh BHMOT,
HasIBHUX y CHCTEMI, pa3oM i3 HACTYITHOIO B MOMEHT /.
3Ba)karou¥ Ha OOMEXEHHS 00 KIJLKOCTI BMMOT,
SKI MOXYTh OYIKYBaTH Ha OOCIYroBYBaHHS B 4Yep3i,
00YMCITUMO HMOBIPHICTh BiZIMOBH Yy BHKOHAHHI HOBI
BHMMO31 uepe3 nepenoBHeHHs 4epru. OcKiibku MallOyTHE
OOCIIyroBYBaHHsST HE 3aleXHUTh Yy KOHTEKCTI Teopii
WMOBIpHOCTEH BiJl TOrO, MO BiAOYBaJIOCS O MOMEHTY
yacy f, y 3B’S3Ky 3 OCOOJHMBOCTSMH HMOBIPHICHOTO
posnoxiny. s onmrcaHoi cucTeMn HMOBIPHICTD BiIMOBH
JOPIBHIOE KMOBIPHOCTI pO3TAlTyBaHHS B CHCTEMi PIBHO i

BuMor. Maemo takuii Bupas [1]:

1<i<n P,-=p.—7Po
i!
v (3)
n<izn+m E=pn F,
n!
-1
1 i n n 1_ m+1
pn n p( P )
= i n! 1-p
A .
Je p=— — cepeaHs NpPOAYKTHBHICTH CHUCTEMHU.

nv

Hac Haii011bIi IKaBUTh CUTYALs], KOJIU O > 1, OCKUIBKH
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came B IbOMY pa3i MOKeMO OauWTH HATIOBHEHHS Yeprd

W BigMoBM uepes 1i mepenoBHenHs [1]. Hapanmi
JOCTIKYBaTUMEMO METOAM 3MEHIICHHS WMOBIPHOCTI
BiZIMOBH 4eproBiii BuMo3i. OTke, IMOBIPHICTh BiIMOBH
3 NPUYMHM MIEPETIOBHEHHS Yepry Moke OyTH oOumcieHa

3a IOTIOMOTOI0 BHPa3y

prl+mnn
})vidm = })/Hm = —‘})0 > (5)
n:
n+m_n n=1 i i n pn 1- pm+1
R/id”‘l = p n ’ Zp.n +n_. ( ) : (6)
n! = i! n! I-p

HaBenennii Bupas o3Hauyae, IO 3aluT OTpPHUMAE
BiIMOBY IIIOJI0 OOCITyTOBYBAHHS, SIKIIIO BC1 JiHIT Ta MiCIIA
OYiKyBaHHS OyIyTh 3alHATI.

Po3p’sa3anHs npolJemMu

Konkapenci B Maremaruii Ta  iH(pOpPMaTHI
BU3HAYAEThCA SIK  BIACTHBICTD CHCTEM, Yy  SKHX
KiJlbka  OOYMCIIEHb BHUKOHYIOTBCS ~ OJIHOYAaCHO  Ta

MOTEHIIMHO B3a€EMOMIOTE OMuH 3 omHuM [5]. TepwmiH,
3anpornioHoBanuii EHTOHI XoapoMm y Mexax ioro podboru
3 Communicating Sequential Processes (CSP), craB
OCHOBOIIOJIOXKHUM Ui PO3YMIHHS  KOMIUIEKCHHX
cucreM, Je OaraTo mHporeciB BifOYyBarOTHCS OJHOYACHO
i acuHxpoHHO. CSP MOIEIIOE TOBEHIHKY CHCTEMHU
32 JIOIOMOTOI0 anreOpu MpOIECiB, JAIOUd  3MOTY
OMHCATH B3aEMOJII0 MDK MapajeIbHUMH IPOIECaMu
yepes3 1oJIii KoMyHiKarii.

Po3Butok Teopii CSP chpusiB  ynpoBaKEHHIO
MOHATTA  "KOHKapeHci" y BHCOKOPIBHEBHX MOBaxX
NpOrpaMyBaHHSI Ta apXiTeKTypax cHCTeM. I[loHATTS
napanenizMy B CSP Ta Horo mareMaTH4Ha MOJEIb
JO3BOJISIFOTh  MTPOEKTYBATH Ta aHAMI3YBaTH CKJIAIHI

CHUCTEMHU, IO MICTSTh napanenLHi nmpouecu Ta B33€MOHiIO

3a JOIOMOrO0 OOMiHY TOBiZOMJCHHAMH. Teopis
KOHKAapPEeHCI  3aCTOCOBYEThCS B 0arathOX  raiy3six
pasoM i3 pO3POOJCHHSAM  OMEpAIliiHUX  CHUCTEM,
PO3MOIIICHUMH ~ OOYKCIEHHSIMH Ta MPOEKTYBAHHAM

MiKpOCXCM. Bona pgomomarae 3a0e3meuuTH B3a€EMHY

HE3aJIeKHICTB, CHHXPOHI3aIli0 Ta YHUKHEHHS

B3a€MOOJIOKYBaHb MDK  TapaJeIbHAMHU  MPOICCAMH.
OxpecneHul acleKT MaTeMaTHKH Ta KOMIT FOTEPHHUX
HAYK MOCTIHHO PO3BUBAETHCS, OCKIJIBKH HOBI MapagurMu
Ta METOAOJIOTIi HAamXOASTh I KPamoro po3yMiHHS
napajienismy B

W e(deKTHBHIIIOTO BHKOPUCTaHHS

00YHCITIOBATBHUX CHUCTEMax [6].

PosrisiHeMo 3acTocyBaHHS MiAXOJIB KOHKAPEHCI 10
PO3B’sI3aHHS TIOCTABJICHOTO 3aBJaHHS. 32 TCPMIHOJIOTIEI0
CSP GaraTokaHallbHA CHCTEMa MacOBOTO OOCITyTOBYBaHHS
3 00OMEKEHOIO Yeproro Ta BiJMOBaMU MoXe OyTH HoaaHa
Yy BHUDIAOI MEpEeXi MPOILECiB, MO KOMYHIKYIOTH MiX
coboto. Koxen eramn, abo craH, y sikomy nepedyBatume
3asBKa g 9ac oOpoOieHHs, € mporecoM. [lepexim mix
CTaHaMHU BiJOyBaTUMEThCS IMMiJ] BIUIMBOM BIIMOBIIHUX
monii abo curHamiB. Y [pOMYy pasi, 3TigHO 13
BU3HAYCHHSIM KOHKApEHCI, ycCi I TpPOLECH MOXYTh
BiOyBaTHCs aCHHXPOHHO JJIA KUIBKOX 3asBOK BOJHOYAC.
Jns mouarky BHOKPEMHMO HE3aJIeKHI IPOIIECH, IO
CYIPOBOIXYIOTH 00po0OIieHHs 3asiBku B CMO:

— HaJXOJ/DKEHHS  3asBOK  MOXE MaTH  pi3Hi
po3moAiNeHHs HMOBIpHOCTEH Ta iIHTEHCHBHICTB;

— YTpUMaHHS B 4Yep3l MOXKE MaTH JOJaTKOBHH
($yHKIIOHAT BU3HAYEHHS [IPIOPUTETIB,

— 00pOoOJIeHHsT KaHaJIOM OOCITyrOBYBaHHSI MOXKE MaTH
BUIAZKOBY TPUBAIICTD, & TAKOXK IMOBIPHICTh TIOMIJIKH;

— TIOKUJIAHHS 3asBKOIO CHCTEMH, IO HE 3aJICKHUTh
BiJI pe3yJIbTaTy 0OCIyrOBYBaHHS.
B3aEMOJIII0  MIX

dopmaizyemo 3a3HAYCHUMU

mporecaMd  4depe3  OOMIH — TOBIIOMJIGHHSMH 32

JIOTIOMOTOI0  TIO/IiH, SIKI ONMHCYBaTUMYThb IEPEXOIH
MIDXK CTaHaMU 3asiBKH:

— HamXOKeHHs (arrive): TOMis, MO O3HAYAE
HAaJIXO/DKCHHS YeproBoi 3asBKM JO CHCTEMH Ta €
IMOYATKOBOIO MO/II€I0;

— B3ATTA 10 4epru (onqueue): 3a yMOBH, SIKIIO
B dYep3l € BUIbHI Micus, 3asBKa YCIIIHO CTa€
Ha OYiKyBaHHS;

— TOKUAaHHS 4Yepru (dequeuer): y pasi 3BiJIbHEHHS
xoya O omHOrO KaHadxy OOCITYyrOBYBaHHS 3asBKa, IO
CTOITh HACTYHHOIO B 4ep3i, MOXE IOKHIaTH 4Yepry,
3BUIBHIOIOYH MICIIE JIJIS OJAIBIINX HAJXOKEHD,

— moyaTtok oOpoOieHHs (sfarf): KaHaJ PO3MOYHHAE
00CITyroByBaHHS 3asBKH;

— YyCHilIHE 3aBEpIICHHS OO0poONeHHs (success):
OIPALIOBaHH 3asBKH NPOMIIIO B INTATHOMY PEKHMi;

— moMMWIIKa mif 4ac oOpoOneHHs (fail): 3 meBHUX
MIPUYMH KaHAI HE 3MIT HaJlaTH OYiKyBaHy IIOCIYTY;
(reject): y
HAJXO/DKEHHS He OYII0 BUTFHIX MiCIIb;

— BIZIMOBa yep3i Ha  MOMEHT
— ©0a3oBa mTOAis 3aBepIICHHS OOpOOJEHHS JUIs
kianeBux anroputmis (STOP).
Kopucryiounch BH3HAYEHOIO MHOXKHHOKO MOJIH,

chopmyroeMo andasit mporecy:

aSMO = { arrive,onqueue, dequeue, start, success, fail, reject} . @)
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Toxni mporec oOpoONEHHS 3asgBKH MaTHME TaKWi

Bursag [7]:
SMO = arrive —> (rejecl — STOP|onqueue — dequeue —> start — (Success - STOP| fail > STOP)) . (8)
Omxe, 0OaunMMo0, 110  CHCTEMH  MAacOBOIO sSKe MOTPeOy€e 3HAYHKUX 3YCHJIb, IO Mi3HilIe — TO OiJIbIIIe.

O6CHyFOByBaHHH, SIKI PO3rIIAAar0ThCA B MEXax

MOCTI/DKCHHSI, MOXYTh OyTH MIUTICHO OmHCaHi 3a
nmoromoroio CSP ta koHKapeHci. KpiM mporo, 3aBmsku
aOCTpakIlisiM, a TaKoXX KOMYHiKalii d4epe3 moaii, Mu
Ma€EMO 3MOTY THYYKO MacimTaOyBaTdh Ta PO3IIUPIOBATH
B3aEMOJIII0 KOMITOHEHTIB 0€3 HeOOXiZHOCTI 3MIHIOBATH
cami mpomecu. llefi mpomec Moxe OyTH 3amyIICHO
napajeabHoO, 0 He 3MIHUTh HOTO 3arajibHy OYIOBY.

Go - 1e KOMIIiJIbOBaHAa

cydJacHa MOBa

MporpaMyBaHHS i3 JKOPCTKOIO  CHCTEMOI0  THIIIB,
mo Oyma ctBOopeHa Kopmoparieto Google 2012 p. mus
3aI0BOJICHHSI HaraJbHUX T1OTped 1 SK BiAMOBIOb
HA BUKIMKA Y cdepi KOMI'IOTEpHOI iHXKeHepii, o
MOCTAJHM Tepesi PO3POOHUKAMU MPOTPAMHOTO IMPOLYKTY
B XXI crt., a came:

— HeNepepBHE HAIXO/HKCHHS 3HAYHOI KITBKOCTI
OJJHOYACHHX 3alUTiB 13 MNOJANBIIUM IapaJebHUM
ix 00poOIeHH M;

— HEOOXIJHICTh IMIATPHMKH BEJIUKOI Pi3HOMaHITHOCTI
MPOIIECOPIB, IIATPOPM Ta ONECPAIIHHAX CUCTEM;

— moTpeba IIBHIKO pealli3oByBaTh Oi3Hec-imei Ta
paHillie OTPUMYBATH BIJITYK PO BiAOBIAHICTD OUIKYBaHb;

— OaxaHHS CIPOCTUTH HAIMCAHHS, PO3IIMPEHHS,
MITPUMKY, & TAKOXK YUTAHHS KOy IpOrpam;

— iest JeUeHTpati30BaHol CHUIBHOTH PO3POOHHUKIB
1 IOMyJIsipr3anii MaKkeTiB i3 BIAKPUTHM KOJIOM.

OnHuM 13 KITIOYOBUX eTariB y ¢popMyBaHHI MoBH Go
€ peanizauis inei konkapenci [8]. 3a muMm TepMmiHOM
XOBA€ETHCS KiJIbKa 0COOJIMBOCTEN paHTaiMy, a caMe:

— pO30OHTTS CKJIAQJHOIO TMPOLeCYy Ha JAHIIOT
HE3HAYHUX TOCIIZIOBHHUX 3aBIaHb;

—B3aEMOJisI  MDK  Tpoliecamu  BiIOyBaeThCs
3 IOTIOMOTOI0 CUTHAJIIB;

— 3a0JIOKOBaHI 3aB/IaHHA CTAalOTh HAa O4iKyBaHHS,
Ta BUKOHAHHSI IEPEXOJUTH JI0 1HIIMX MPOIIECIB Y 4ep3i;

— 3JIATHICTb JICTKO 30UIBIINUTH KiJIbKICTH OOPOOHHKIB
JUISl TIPOCTHX 3aBIaHb.

KoxxHa i3  3rajaHMx  BHIIE  BJIACTUBOCTEH
MO3HAYAETECA B TEOpii MAacoBOTO OOCITYrOBYBaHHSI.
Tox po3riITHEMO BCi OCOOJIMBOCTI MiAXOAYy Ta iX BIUIMB
Ha MOJICITIOBaHHS CHCTEM MacOBOTO 00CIyrOByBaHHSI.

Binbmiicte cucteM y KoMIT'IOTepHIiH iHeHepii abo
€ IyXe CKIAJHHMH i3 CaMoro IodYaTKy, abo cTaroTh

TaKMMH 3 4aCOM. IX CITPOLICHHSA € HETIPOCTUM 3aBJaHHAM,

OnarM 3 epeKTHBHUX CIIOCOOIB 3amo0iraHHs yCKIaTHSHHIO
CHCTEM € JCKOMIIO3MIliS CKIaJHUX 3aBJaHb Ha HH3KY
MPOCTHUX, MAJCHBKHUX OIEpaliif, 10 B3aEMOMIIOTH MiX
coboto. BomgHouac Take po3OWTTS Jgae 3Mory OuIbII
epeKTHBHO OyayBaTH MaTeMaTH9HI MOJETI CHCTEM,
OCKIJILKH, 3aMiCThb OJHOIO HAJACKIAJIHOIO 3aBJaHHI,
OyIieMo MOJICITIOBATH He3HAYHI, 3HAYHO TIPOCTIIII ITPOIIECH.

Crocib IyxKe
BAXIIMBUM, aJDKe caMi 1O co0i BOHH HE C(QEKTHBHI.

B3aeMOJIi MDK MpoIecaMu €
IcHye nexinbka croco0iB KOMyHIKaIii:

— CHITBHUHA AOCTYI 10 TaM’ATi (M IOTEKCH);

— HeOJIOKYBaJIbHI alITOPUTMU;

— 0OMiH MTOBITOMIICHHSIMH KPi3b KaHAJIH.

3-moMiX 3a3HAYEHMX IIAXOMIB camMe OOMiH
MOBIJOMJICHHSIMH 32 JIONIOMOTOI0 KaHAIlB Ha#kparie
BIIMCYETHCS B KOHTEKCT CHCTEM MacOBOI'O OOCIyTOBYBaHHSI.
OCKiNBKM B IIHOMY MOXOMi, Ha BiAMIHY BiJ 1HIIHX,
HAroJIOIIYEThCS HE Ha AOCTYII O JaHHUX, a Ha B3aEMOJIT
MiX KommoHeHTamu [9]. Sk Hacmimok, Bix mpoOieMu
00pOOJICHHS JaHUX TIEPEXOIUMO 0 MTUTAHHS MOICTFOBAHHS
B3a€EMO/IIi Ta BU3HAYCHHS CTaHIB KOMIIOHEHTIB CHUCTEMH,
110 100pe OMKUCYETHCS MATEMATUIHUM arrapaToM.

Xoya Go € MOJIOJIOI0 MOBOIO Ta Ma€ 3amo3WUYCHHS
imedl 3 IHIIMX, CTapIIMX MOB IPOTrpPaMyBaHHs, BOHA
oo poOATH

Mae 1 CBOi YyHIKaJbHI BJIACTHBOCTI,

nporpamu, Hamucani Ha Go e(EeKTUBHIIIAMH Ta
BIIMIHHAMH 3a XapaKTEpOM BiJ IporpaM, HalHACaHUX
criopiiHeHMMHU MoBamH. Lle enuHa cyyacHa TEXHOJIOTs,
[0 peaiidye MpUHINIKA KOHKapeHCi, omucaHi B poboTax
Y. E. P. Xoapa "CSP" na pieHi siapa [10]. Tomy npsmuii
mepekyag 3 TakhX MOB, SK, Hampukian, Java ado
C++, MaJOWMOBIPHO JacTh OYIKyBaHHWH pe3yJbTar.
BimmoBimHO, A7 e(pEKTHBHOTO BUKOPUCTAHHSI MOBH
nporpamyBaHHs Go BaXJIMBO PO3YMITH 1 OCOOJIMBOCTI,
ITIOMH, a TaKOX MPAKTUKH, MO JO3BOJITIOTH PO3KPUTH
noteHIian. Y Go 4iTko chOopMyJIbOBaHI CTAaHAAPTH 1100
(opmaTyBaHHS, OynoBu Tporpamm,

SKI JaloTh 3MOTy YHi(iKyBaTH pillleHHS, a TaKoX

HallMEHYBaHHS,

3poOUTH 1X OUTBII 3pO3YMUIMMH IS iHIIAX PO3POOHHKIB
1 CTINKMMH J10 3MiH.

TakoX 0 TeXHONOTisA TmepeOyBae B aKTUBHIHN
¢dasi  po3poOyieHHS Ta BIOCKOHAJNCHHsA, 1 J0 Hel
PEryJIipHO HAIXOMASATH OHOBJICHHS, HAJAIOYM JOAATKOBI

MOJKJIMBOCTI Ta IMepeBary.
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SAnpom mporpamu € ii paHtaiim — Halip TpOIECiB,

IO BIANOBIAAIOTH 3a OOpOOJNEHHS Ta BHKOHAHHS
AITOPUTMY TIPOTPaMHU, a TAKOXK 3a0e3NeUeHHs JOTIOMIKHIX
orepariiii, 10 BiJI0YBaOThCS 32 3aMOBUYYBAHHSIM Ha PiBHI
MoBu [11]. Pamraiim y ™moBi Go Mae KilbKa
0COOJMBOCTEH, 1110 BUAUIAIOTH 11 Ha ()OHI IHIIKX, a caMe:

—yjTKa THIN3amisd 3  HENOJAaBHO  JOJAHOIO
MiITPUMKOIO TTapaMEeTPU30BAHUX THIIIB;

— BUCOKMH  piBeHb  aOcTpakmii B3aemomii 3
OTIepPaIiifHOI0 CHCTEMOIO;

— 30IpHUK CMITTA, IO TIPAMIOE 332 METOMOJIOTIEI0
mark & sweep;

— BJACHUIl MEHEIXKep TMOTOKIB i3 BPOKEHOO
MiATPUMKOIO KOHKapeHCI.

i ocobmuBocti OymyTh OmmcaHi OUTBII JETaIbHO
HaJIai.

IHcTpy™mMenTapiii  moBu  mporpamyBaHHA GO
JIO3BOJISIE  Jy’)K€ THYYKO BiJTBOPIOBATH pi3HOMAaHITHI
HABaHTAXXEHI CHCTEMH, 0araTo B UYOMY 3aBISKH
CHOPIJHEHOCTI i/el, 3aknaneHux y ¢urocodiro MoBH,
3 Teopi€ro MacoBoro oocimyroByBaHHA [12]. Posrmsaaemo,
SKMM YMHOM MOJKHA IPOTPaMHO 3MOJIENIOBATH IIPOLEC
MacoBOTO OOCITyrOBYBaHHS, OIMCAaHWN paHime, 3a
noromororo MoBu Go. bynemo pyxatucs mociiJOBHO,
BiJIIOBiTHO /10 )KUTTEBOTO ITUKITY 3a5BKU B CHCTEMI.

CrnovyaTky BH3HAauMMOCS 3 THM, SK BIATBOPHTH
BXIJJHUH MOTIK BUMOT. J[JIs1 IIbOTO MOKEMO CKOPHUCTATUCS
dyHKIiE0, 1mo  Oyrde

Ii BigmoBimandbHICTH

BUKJIIMKATUCA B III/IKJ'Ii.

mojsiraTUMe B HaJCHIIAHHI
BXITHUX TapaMeTpiB jAani B uepry sl TMOAAIbLIOTO
obpobnenns. Lsg ¢yakmis Oyme enuHEUM MMyOIiIHUM
KOHTPaKTOM Halloi Mporpamu, i came 3 Ii JI0IOMOror0
BiZIOYBaTUMETHCS TIONAHHS BXITHUX JaHHUX. Y KOPHCTyBada
nporpamu He Oy/ie B3a€MOJIT 3 HOAAJIBIINMH €TallaMH.
HactymamM kpokom Oyne mepenada HOBOCTBOPEHOT
BUMOTH [0 4epru ouikyBaHHs. [lns cranmaptuzanii
JOTIKA BHWKOHAaHHS MH BiIMOBIISIEMOCH Bill TIPSMOIi
KOMYHIKaIlii 3 KaHaJiaMu OOpOOJICHHS BUMOT 1 3aBXKIU
nepeaBaTuMeMo iM poOoTy depe3 depry. Takuii Kpox
JIaCTh 3MOTY 3aJI0BOJILHUTH BUMOTH MiIX0/ly KOHKapeHCi.
e 3i cBoro OOKy MiABHIIUTH CTIMKICTh IPOTpaMu
JI0 TIOMHJIOK, & TaKOX CIIPOCTHUTH il OyAOBY ¥ moaajibuly
miaTpuMKy. Pomp dweprm B MoBi mporpamyBaHHS (GO

Puc. 1. ®yHKuis nogaHHs 3as1BOK

BiZlirpaBaTHMe KaHal 3 OydepoM, 1o JOPIBHIOE PO3Mipy
yepru. Y pasi cnpoOu 3amucatd 3Ha4eHHS J0 KaHaly
i3 3amoBHeHHMM OydepoM paHTaiiM  OJIOKyBaTUMe
BUKOHaHHs (yHkmii. OTKe, 32 HEOOXITHOCTI MOJEITIOBATH
CHCTEMY 3 BiIMOBAMH CKOPUCTAEMOCS MOXIIHBICTIO JIOAATH
JII0 32 3aMOBYYBAaHHSAM 1 IIOBEPTATUMEMO ITOMUIIKY
MIEPEMOBHEHOI Yepru, mo OyAe BiONOBiTaTH BiAMOBI
y BUKOHaHHI BUMoru. Cam 1o co0i Oydep kaHaidy B MOBI
nporpamyBaHHs Go Ma€ TOJITHUKY OOpOOJIEHHS eeMEHTIB
FIFO. 1le o3Hayae, 10 BUMOTH OOCIyrOBYBaTHMYThCS
B Till camiil MOCHIZOBHOCTI, Y SKiii BOHH HAaIXOIWIH.
VY pasi ycminiHOro po3ramryBaHHsS BUMOTH B 4ep3i BOHA
Ma€ JOYeKaTHCs, KONM BCl BUMOTH, IO HamiHIUIH
pawiire, OyayTh po3iOpaHi. SIKIII0 HA MOMEHT TOTOBHOCTI
JI0 BUKOHAHHS B HAasSBHOCTI ITOHA]] OJlHA BUIbHA TOPYTHHA,
TO BUMOTa OyJie B3ATa OJHIEIO 3 HUX BUITAJKOBUM YHHOM.

Ponmp kamamy oOciayroByBaHHs B MOBI  Go
BiJlirpaBaTMe TOpYyTHHA — NapajieJbHUH Mpolec, II0
BHUKOHY€ BKa3zaHy (yHKILif0. BXigHi mani 1 BUKOHAHHS
ormeparii ropyrmHa BuunTye 3 KaHaimy. OOpoOneHHS
BximHO1 iH(poOpMarii BiZOyBaeThCS MTATHAM YHHOM
1 MOXe TPHBECTH SK JO JOCSATHEHHS YCIHIIIHOTO
pe3ynpTaTy, TaKk 1 CHOPUYMHUTH HOMMWIKY. Koiu

0oOpoOJIeHHS BUMOTH  3aBEpIICHE, LWKI TOPYTHHH
MTOBEPTAETHCS 10 CIIPOOH YUTATH 3 KaHATY Ta OJIOKYETHCS
JI0 HaJIXOJPKCHHS YeprOBOTO 3aBIaHHSI.

Y mpoMy pasi po3Mip KaHady, KUTbKICTH TOPYTHH,
(GYHKIIS, 110 BHKOHYBaTUME pPO3PAaXyHOK, a TaKOX
CTPYKTypa MJaHHMX M BUMOTH 33Jal0ThCS Ha eTai
KOoMIuIsILii 1 He MOXyTb OyTH 3MiHEHI B mpoleci
pobotu mporpamu. OpranizyBaTH HEOOXITHUI pexuM
CHHXpOHI3alii MK TOPyTHHaAMH Ta KaHaJlaMH J03BOJISE
IUpEKTUBa select, PoONb $KOI TOISATAaE B OpPKECTpPALii.
Yac BUKOHAHHS BUMOTH 3aJIC)KUTh BiJ (YHKII, 3a1aHOT
JUIsl BUKOHAHHS B TOPYTHHaX, i I1HXEHep Mae 3MOTy
BU3HAYUTHU I TAKUM YHHOM, IIO0 33JJOBOJILHUTH BUMOTY
JI0 eKCTIOHEHIIIIHHOTO BHUIIAJAKOBOTO PO3IIOILTY.

OTke, MOXEMO pO3INISHYTH 0a30BYy peaji3alliro
mporpamMHOTO 3abe3medeHHs it MonemoBanHs CMO
3 0OMEXKEHOIO Yeproro, 0e3 BiMMOB, HamUcaHy MOBOK Go.
[lepmoto xoMmoHeHTOIO Oyae (YHKIiA 3 Ha3BOWO feed,
3aBJaHHAM SIKOi € JIMIIE TOJAHHS 3asBOK O CHCTEMH

MacoBOT0 00cayroByBaHHs (puc. 1).
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Ko Bci 3amuTe HaficaaHO IO YEpPTH, 3aKPUBAEMO
KaHaJl 3asBOK, CUTHAJII3yIOYH IHIIMM KOMIIOHEHTaM Mpo
mo momnito. Jlpyroro omepamiero pozdepemMo (QYHKIIIO
service, 10 ONHUCY€ MOBEIIHKY KaHally O0OCIyroBYBaHHS
Ta BUKOHYE MPUMITHBHY JIOTiKy: IOBEPHYTH MOMUIKY,
SKIIO 3HAYEHH id PIBHAETHCS MO MOAYJIIO 3, a iHaKIIe —
noBepHyTH ycmix (puc. 2). @ynkuist newSMO 3armyckae

Puc. 2. OyHkiist 06cayroByBaHHs

Puc. 3. dynkuis ininiamizanii CMO

Puc. 4. OcHoBHa QyHKIIs BUKINKY Ta 00pOOIICHHS pe3yIbTaTiB

Pe3yabTaTH gocaigKeHHs

Mosa mporpamyBanHs Go Tepe3aBaHTaXKYE ITiIXif

IO TapalelbHOTO BHUKOHAHHA IIPOTpPaM  yHACIHiIOK

iHTerpamii MeTOHONorii KOHKapeHci y  dimocodiro

Ta IHCTpyYMeHTapiii MoBU. BoHa € mepmionpoxigHuIEro,

KaHaMH OOCITyTOBYBaHHS Ta BiAIOBiaJIbHA 3a 3aKPHUTTS
KaHally BIANOBiZEH micisi 3aBeplieHHs 0O0poOJIeHHs
maanx (puc. 3). Yci panime 3ragasi omepamii OyIoyTh
BUKJIMKaHI Yy QyHKUIT main y MOMEHT 3aIlyCKy Iporpamu
(puc. 4), TakoX y Hilf YATAEMO pe3yNbTaTH OOPOOICHHS
3a5BOK 3 KaHaly W BUBOJMMO iX y KOMaHIHHUU PSJIOK,
IIPOIOBIKYIOYH IIi Aii 10 3aKPHUTTS KaHAIY.

ockimekn came B Go Bhepme Oylno peaii3oBaHO
kourenmito CSP Ha piBHI 0a30BHX MEXaHI3MIB.
lopytnan nyxe noOpe BiITBOPIOIOTH ITOBEIIHKY
HE3aJICKHUX KaHaJIiB OOpOOJICHHS BHUMOTI, OCKUIBKH TaK
caM0O He TOJUIAIOTH MiX COOOI0 CTaH 1 HE BIUIMBAIOTH
HampsMy Ha B3a€MHE BHUKOHAHHS BHMOT. 3a MOTpeOun
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MOJKHa BKa3aTH KUIBKICTh TOPYTHH sIK OyAb-siKe IIiie
noaarHe yucio. OHaK BaXIMBO He 3a0yBaTH, 110 HAaBITh
ITy’Ke JIETKi MOTOKHA MOXKYTh CTaTH MPOOIEMOIO 32 YMOBHU

BIZICYTHOCTI KOHTPOJIIO 32 iX BHUKOHAHHSM Ta BYaCHUM

KOPEKTHHM  3aBEpIICHHSIM. BiAmoBigHO, HEOOXITHO
HACNIAyBaTH  TEBHI  MPAaKTUKA IS 3MEHIICHHS
HMOBIDHOCTI  HEOUIKyBaHOi TOBEIOIHKH, a TaKOX

3aCTOCOBYBaTH €()DEKTUBHI METOJMKH JJIs BHSBICHHS,
MOIIYKY JDKepella Ta YCYHEHHS IOMMJIOK, HOB’sS3aHHX
13 KOHKapeHci B mporpami [13].

Kanan y Go moBHicTIO BiAIIOBiZae poiii 4epru, BiH
HAaJIa€ MOCIIIOBHICTh O4iKyBaHHS BUMOT, CHHXPOHI3aIlif0
JIOCTYIy, a TaKOXX BHIIQAKOBICTh WiIOOPY TOPYTHHHU
JUls BUKOHaHHA. SIKImo mnorpiOHO, MoOXKHa mnpuOpaTu
Oydep y kaHamy, mo mpusBede 0 TpaHcopmamii Ha
cucTeMy 3 BiIMOBaMH Ta 0e3 4epru. Y pasi HeoOXiIHOCTi
3MOZETIOBAaTH CHCTeMy Oe3 BiIMOB y iHCTpyMeHTapii
po3po0OHUKA € Cciaiic, M0 € MAacUBOM i3 3JaTHICTIO
aBTOMATHYHO 30iMbIIyBaTH CBOIO €MHiCTh. OTxe, BiH
MOXe€ BiJlirpaBaTi pojib YMOBHO HEOOMEKEHOI YeprH.

OyHKIIi1, 10 BUKOHYBaTUMYTh PO3PaxXyHKH, € TyKe
THyYKUM MEXaHI3MOM 1 J03BOJISIFOTH 3aJ0BOJILHUTH
OyIb-Ki BUMOTH 10 4acy pO3B’S3aHHS 3aJadi 3aJIe)KHO
BiJl MOTPEO CKCIICPUMECHTY.

Opniero 3 mpoOiemM, IO MMOCTa€ MiA 4Yac AW3alHY
MOBH NIPOTPaMyBaHHs, € 3aJia4a Npo 0araTornoTOKOBICTS.
OCKiJBKH  JIOTiKa

BUKOHYBATUMETBCA Ha TIIOTOKax

orepaniifHoi CHCTeMH, MOMYJSIPHUM IiJIXOJIOM € TpsiMe

Puc. 5. KoMnoHeHTHa cxeMa I1aHyBaJlbHUKA

1. ¥V mpomeci BHUKOPHCTaHHS B IPOTPaMHOMY
Komi gupektHBH Go 13 TMOAAJbIIMM BH3HAYCHHSM,
gka (yHKLiS Mae BUKOHYBaTHCh, paHTaliM CTBOPIOE

MMOEJHAHHSA NPOTPaMHUX MOTOKIB i3 morokamu OC.
Cepen mepeBar TakKoro pillleHHS — HOro BiJHOCHA
npocrora. OpHaK MpOrpaMH  CTAIOTh  3ATCKHUMHU
BiJl TOTO, SKUM YHHOM OIEpalliiiHa CHUCTeMa BHUILISIE
iM mpomecopHuil 4yac. Y MoBi GO pO3pOOHMKH B3SIH
32 OCHOBY Iil€l0 TIpO JIerKi, MaJeHbKi IporpamMHi
MIOTOKH, SIKI HE MAalOTh IIPSIMOTO BHXOAY Ha piBEHb
omnepaniiiHoi cuctemu [14]. 3Ha4HOIO 0COOIHUBICTIO MOBH
nporpamyBaHas Go € ii ckemynep (IUIaHYBaJIbHHK) —
MexaHi3M apkecTpauii ropytuH. Cucrema IUIaHyBaHHS
0araTonoTOKOBOCTI Ma€ TaKi KOMITOHEHTH:

— noTik sapa mnpoiecopa (Core);

— TOTIK omepamiiiHoi cuctemu (M), MO B3aeMoie
3 IIOTOKOM IIPOIIecopa;

— mporpamMHHA TOTIK (P) — abcrpakmis piBHA
panTaiiMmy Go, 110 3a3BHYail BiANIOBiZa€ OJHOMY ITOTOKY
oTiepaniiHoOi CHCTEMU;

— ropytuHa (G) — MaJleHbKUI aBTOHOMHUI Tpoliec,
10 onucye Oi3HEC-JIOTIKY;

— JIONOMDKHI TIpoLleCH paHTaiiMy — oreparii,
o0 € TOpyTMHaMH caMi 1o cobi # 3abe3medyioTh
KUTTEASUILHICTD IPOTPAMH;

— ckenyiep (IIaHyBalIbHUK) — alTOPUTM, IO
o0upae, KOJM Ta SKi TOPYyTHHI JaTh 3MOTY BHKOHaHHS,
a TakoX fAKHA Tpen (TOTIK) OmepariifHoi cucTeMu
il oOcimyroByBaTHMe.

OmnurreMo B3aeMOIiT

poboty MeXaHI3MY

KOMIIOHEHTIB IUTaHyBaJIbHHUKA (pHUC. 5).

MaJICHbKY TOpYTHMHY 3 BJAaCHHUM CTCKOM IIaM ’aT1i

MIHIMaJIBHOTO PO3MIpY.
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2. IInaHyBaJIbHUK = BH3HAuYa€  JIOKAJIbHY

qepry
MPOrpaMHOro TOTOKY, /0 $IKOI MOTPalmuTh TOPYTHHA
Ha OYiKyBaHHS.

3. Konu notik Oyme roTOBHH B3STH Ha BUKOHAHHS
4eproBy TOPYTHHY, BiH Oepe ii B podoTy.

4. € mepernik yMOB, 32 SIKHX BHUKOHAaHHS TOPYTHHU
MoXe OyTH THMYacoBO TIPH3YNHHEHE 3 MipKyBaHb
HaJlaHHSA dYacy IHIIUM TOpyTHHaM. Y [bOMy pasi
ropytuHa, 1o Oyma momepenHs0 B 00poOIeHHI,
"mapkyeTbes” 10 HACTYITHOTO BIKHA MOXKJIMBOCTEH.

5. YV pasi 3aKkiH4eHHS OUIKYBaJIGHUX TOPYTHH
y JIOKaJbHIil 4ep3i MpOrpamMHOr0 TOTOKY BiH BHKOHAE
cpoOy 3a00py MOJIOBHHH YEprH TOPYTHH Yy IHIIOTO,
OLIBIII 3aBaHTAXKEHOT'O IPOTPAMHOTO TIOTOKY.

6. Pa3 3a meBHUi1 wac abo SKIIO BCi JOKaJIbHI Yeprh
mycTi, 3a0ip BinOyBa€eThCs 3 INI00AIBHOT YEepTH.
miaxony —
abcTpakmii  Jnasd  TIUTBHIIIOTO

OcHOBHA i€ TakKoro HaIaHHI

JIOZIATKOBOTO  PiBHSA
IUTaHYyBaHHSA pPOOOTH TIOTOKIB ONEpAIiifHOI CHCTEMH.
Lleit mexani3m 3abe3mneuye [if0 MigXOXy KOHKapeHCI,
HAaBITh 32 HASBHOCTI JIUIIIE OJHOTO sipa mporecopa [15].

HaiiBaxxnuBimoro  mepeBaroro B CyKYHHOCTI
(hakTOpiB € 3arajgpbHa IMPOCTOTA B3AEMOJII EJIEMEHTIB,
MOTEeHIIal 110

MaCHITaGyBaHHH Ta napaJjieJibHOTro

BUKOHAHHA Ha OaraTosiepHHX mpomecopax [16].
B ananoriymii  crmoci®  MOXXHa  PO3LIMPIOBATH
MOXIUBOCTI [17].

BucHoBku

MeXaHI3MaMHU B3a€MOJIii CKJIAIHHUKIB CUCTEMH. Y IHOMY
pa3i BUKOHAHHS MPOrPaMHOI peatizallii MOJesi 3HAYHOI0
MIpOl0 HaOMIMKAETBCA MO0 AOCHIIHKYBAHOTO IIPOIECY.
UYeproBoro mepeBaroro 3actocyBaHHs (o, TOpIBHSHO
3 IHIIMH TOMMPEHUMH MOBAMH TPOTPAMyBaHHSA, € 1l
MiJBUIIICHA IIBUIKOMIsA. BaXaMBYy 0COOJIHMBICTH TaKOXK
CTaHOBHUTH TPOCTOTA y BHUKOPHCTaHHI iHCTPYMEHTAPIO
Ta TMOJAJbIIA MIATPUMKAa TOTOBOTO MPOAYKTY, IO
0COOIIBO TIOMITHO B pOOOTI 3 0araTOMOTOKOBICTIO.
OTXe, BHKOPHCTAaHHSI MOBH IporpamyBaHHsI Go
€ JOITBPHUM 1 Jla€ 3MOTY HaOJM3UTH TMOBEIIHKY
nNporpaMH A0 MOJENILOBAHOIO TMPOIECY, CIPOCTUTH
IMIUIEMEHTAL[i}0 Ta 3MEHIIWTH Yac, HEOOXITHUN s

00pOOJICHHS JaHUX.

HayxoBa HOBM3Ha

Moga nporpamyBanHst Go — Ay’ke BJlaJla TEXHOJIOTis
JUIL MOJICNIOBAHHSI CHCTEM MacOBOTO OOCIyroBYBaHHSI.
fi ¢inocodis, crmoci6 pobotw, a Takox BOYHOBaHMIA
MOXITMBOCTI ISt

IHCTpYMEHTapiii ~ Mae  IIHPOKI

MOJICTIIOBaHHSI ~ PI3HOMaHITHUX  CHCTEM  MacOBOTO
00ciTyroByBaHHs. MeTomoJIOTisl KOHKapeHci, mo Oyia
B3iTa 3a OCHOBY sapa Go, € OCHOBHOIO BiIMIHHICTIO
BiJl IHIIMX MOB MpOrpaMyBaHHS. 3ampOIIOHOBaHA
Ta ornmcaHa B Mexax HaykoBoi mpani Y. E. P. Xoapa
"CSP", BoHa omuCye HOBHH miaxig a0 M00yI0BH
abCTpakIliii HAaBKOJIO B3a€EMOJii aCHHXPOHHHX IIPOIIECIB.

Ile myxe BOaso PO3IIMPIOE IHCTPYMEHTApidl iHKeHepa

Cnucok Jgitepatypu

Habys
JUIL KOMIT'IOTEPHOTO MOJICIIIOBAaHHS CHCTEM MAacOBOTO

MOJAJbIIOr0 PO3BUTKY IHCTpyMEHTapid
00CTyroByBaHHs. 3alpoOIOHOBAHO 3aCTOCYBAHHS MiIXOIIB
KOHKapeHCI, iX iMIieMeHTallii B MoBi nporpamyBasHs Go
JIO MOJEJIOBaHHS CHUCTEM MAacOBOI'O OOCIyrOBYBaHHSI.
Ile MaTuMe Taki HACIIIIKH:

— MiJBUIIUTH e()EKTHBHICTh PO3PaxXyHKIB;

— CIIPOCTUTH IPOTPaMHy pealtizallio;

— HaOJIU3UTh

MpOrpamMHy peanizarito JI0

MOZETBEOBAHOTO MPOLIECY.

IlepcniekTuBH
Oxpecnenuit HanpsaM PO3BHUTKY METO/IiB
NPOrpaMHOTO  MOJENIOBAaHHSA  CHCTEM  MAacOBOTO

oOCIyroByBaHHs Mae 3HayHM{ moTeHIjan. Hanmami
HEOOXiTHO CIIPOEKTYBAaTH Ta peajli3yBaTH IMPOTpaMHUAN
poxyKT MoBOK (Go, MO JaBaTHME 3MOTY MOJIETIOBATH
pizHOMaHITHI mporecn. Ha 6a3i Takoro mporpaMmHOTO
pimieHHss Oyne MOXIJIMBO TEPEBIPATH Ha MPaKTHI
PI3HOMaHITHI TilTOTE3W IIOIO OMNTHMi3amii B CHCTEMax
MacoBoro oOciyroByBaHHs. KIItOUOBOIO BHUMOTIOIO ISt
BOTO 3aBAAHHS OyJe yHIBEpCaJbHICTH i 3a0e3redeHHs
MOJJIUBOCTEH MIONO MOJIENIOBAHHS IIHPOKOTO CIIEKTpa

CHCTEM MacOBOTO OOCITyrOBYBaHHS.

1. JlurBunoB A.JI. Teopis cuctem MacoBoro obciyroByBanHs. Xapkis: XHYMI im. O.M. beketoa, 2018. 141 c.
2. Borovkov A. Stochastic Processes in Queueing Theory. Translate by K.Wickwire. New York: Springer-Verlag, 1976. 280 p.

DOTI: https://doi.org/10.1007/978-1-4612-9866-3



https://doi.org/10.1007/978-1-4612-9866-3

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2024. No. 2 (28)

3. Chabbi M., Ramanathan M.K. A study of real-world data races in Golang. PLDI 2022: Proceedings of the 43rd ACM SIGPLAN
International Conference on Programming Language Design and Implementation, San Diego, 13—17 June 2022 / Special Inter.
Group on Program. Lang. SIGPLAN. New York, 2022. P. 474-489. DOI: https://doi.org/10.1145/3519939.3523720

4.  Zeifman A.l. Quasi-Markov Processes and Description of Some Models of Queueing Theory. IFAC Proceedings Volumes.
1986. Vol. 19. No. 5. P. 445-449. DOI: https://doi.org/10.1016/S1474-6670(17)59840-7

5. Hoare A. Communicating sequential processes. New Jersey: Prentice Hall, 1985. 235 p. DOL: https://doi.org/10.1145/359576.359585

6.  Yunfei Liu EMSFEM based concurrent topology optimization method for hierarchical structure with multiple substructures/
Yunfei Liu et al. Computer Methods in Applied Mechanics and Engineering. 2024. Vol. 418. Part A. 116549. P. 1-26.
DOT: https://doi.org/10.1016/j.cma.2023.116549

7. C. A. R. Hoare. Communicating sequential processes. Communications of the ACM. 1978. Vol. 21. No 8. P. 666—677.
DOI: https://doi.org/10.1145/359576.359585

8. Sufyan bin U. Mastering GoLang: A Beginner's Guide. Boca Raton: CRC Press, 2022. 298 p.
DOTI: https://doi.org/10.1201/9781003310457

9.  Fava D., Steffen M. Ready, set, Go!: Data-race detection and the Go language. Science of Computer Programming. 2020.
Vol. 195. 102473. P.1-23. DOI: https://doi.org/10.1016/j.scic0.2020.102473

10. Sottile M., Mattson T., Rasmussen C. Introduction to Concurrency in Programming Languages. New York: Chapman and
Hall/CRC, 2009. 344 p. DOI: https://doi.org/10.1201/b17174

11.  Sufyan bin U. GoLang: The Ultimate Guide. Boca Raton: CRC Press, 2022. 366 p. DOLI: https://doi.org/10.1201/9781003309055

12.  Bowman H., Gomez R. Concurrency Theory: Calculi an Automata for Modelling Untimed and Timed Concurrent Systems.
London: Springer-Verlag, 2006. 422 p. DOI: https://doi.org/10.1007/1-84628-336-1

13.  Zhang D., Qi P., Zhang Y. GoDetector: Detecting Concurrent Bug in Go. IEEE Access. 2021. Vol. 9. P. 136302-136312.
DOI: https://doi.org/10.1109/ACCESS.2021.3116027

14. Donovan A. A. A., Kernighan B. W. The Go programming language. New York: Addison-Wesley Professional, 2015. 400 p.

15. Pontelli E., Gupta G. On the duality between or-parallelism and and-parallelism in logic programming. /st International
EURO-PAR Conference on Parallel Processing: EURO-PAR 199. Stockholm, 29-31 aug. 1995. Lecture Notes in Computer
Science. Vol 966. Springer, Berlin. 2005. P. 43—54. DOI: https://doi.org/10.1007/BFb0020454

16. Komendantskaya E., Schmidt M., Heras J. Exploiting Parallelism in Coalgebraic Logic Programming. Electronic Notes
in Theoretical Computer Science. 2014. Vol. 303. P. 121-148. DOI: https://doi.org/10.1016/j.entcs.2014.02.007

17.  Whitney J., Gifford C., Pantoja M. Distributed execution of communicating sequential process-style concurrency: Golang case
study. The Journal of Supercomputing. 2019. Vol. 75. No 3. P. 1396-1409. DOI: https://doi.org/10.1007/s11227-018-2649-2

References

1. Lytvynov, A. (2018), Queuing Theory System, [Teoriia system masovoho obsluhovuvanniaj, KhNUMH im. O.M. Beketova,
Kharkiv, 141 p.

2. Borovkov, A. (1976), Stochastic Processes in Queueing Theory. Translate by K. Wickwire, Springer-Verlag, New York, 280 p.
DOI: https://doi.org/10.1007/978-1-4612-9866-3

3. Chabbi, M., Ramanathan, M. (2022), "A study of real-world data races in Golang", PLDI 2022: Proceedings of the 43rd ACM
SIGPLAN International Conference on Programming Language Design and Implementation, 13—17 June 2022, San Diego.
Special Inter. Group on Program. Lang. SIGPLAN, New York, P. 474-489. DOI: https://doi.org/10.1145/3519939.3523720

4.  Zeifman, A. (1986), "Quasi-Markov Processes and Description of Some Models of Queueing Theory", IFAC Proceedings
Volumes, Vol. 19, No. 5, P. 445-449. DOI: https://doi.org/10.1016/S1474-6670(17)59840-7

5. Hoare, A. (1985), Communicating sequential processes, Prentice Hall, New Jersey. 235 p. DOI: https://doi.org/10.1145/359576.359585

6. Liu, Y. (2024), "EMSsFEM based concurrent topology optimization method for hierarchical structure with multiple
substructures"/ Liu, Y. et al., Computer Methods in Applied Mechanics and Engineering, Vol. 418, Part A, 116549, P. 1-26.
DOI: https://doi.org/10.1016/j.cma.2023.116549

7.  Hoare, A. (1978), "Communicating sequential processes", Communications of the ACM, Vol. 21, No 8, P. 666—677.
DOTI: https://doi.org/10.1145/359576.359585

8. Sufyan, bin U. (2022), Mastering GoLang: A Beginner's Guide, CRC Press, Boca Raton, 298 p.
DOI: https://doi.org/10.1201/9781003310457

9.  Fava, D., Steffen, M. (2020), "Ready, set, Go!: Data-race detection and the Go language", Science of Computer Programming,
Vol. 195, 102473, P.1-23. DOL: https://doi.org/10.1016/j.scico.2020.102473

10.  Sottile, M., Mattson, T., Rasmussen, C. (2009), Introduction to Concurrency in Programming Languages, Chapman and
Hall/CRC, New York, 344 p. DOI: https://doi.org/10.1201/b17174

11.  Sufyan, bin U. (2022), GoLang: The Ultimate Guide, CRC Press, Boca Raton, 366 p. DOI: https://doi.org/10.1201/9781003309055



https://doi.org/10.1145/359576.359585
https://doi.org/10.1201/9781003310457
https://doi.org/10.1016/j.scico.2020.102473
https://doi.org/10.1201/b17174
https://doi.org/10.1201/9781003309055
https://doi.org/10.1007/1-84628-336-1
https://doi.org/10.1016/j.entcs.2014.02.007
https://doi.org/10.1007/978-1-4612-9866-3
https://doi.org/10.1145/3519939.3523720
https://doi.org/10.1016/S1474-6670(17)59840-7
https://doi.org/10.1145/359576.359585
https://doi.org/10.1016/j.cma.2023.116549
https://doi.org/10.1145/359576.359585
https://doi.org/10.1201/9781003310457
https://doi.org/10.1016/j.scico.2020.102473
https://doi.org/10.1201/b17174
https://doi.org/10.1201/9781003309055

ISSN 2522-9818 (print)
Cyuacnuii cman HAYKOBUX 00CNiOHCeHb ma mexHonoziu 6 npomuciosocmi. 2024. No2 (28) ISSN 2524-2296 (online)

12. Bowman, H., Gomez, R. (2006), Concurrency Theory: Calculi an Automata for Modelling Untimed and Timed Concurrent
Systems, Springer-Verlag, London, 422 p. DOI: https://doi.org/10.1007/1-84628-336-1

13.  Zhang, D., Qi, P., Zhang, Y. (2021), "GoDetector: Detecting Concurrent Bug in Go", I[EEE Access, Vol. 9, P. 136302—-136312.
DOI: https://doi.org/10.1109/ACCESS.2021.3116027

14. Donovan, A., Kernighan, B. (2015), The Go programming language, Addison-Wesley Professional, New York, 400 p.

15. Pontelli, E., Gupta, G. (2005), "On the duality between or-parallelism and and-parallelism in logic programming",
1st International EURO-PAR Conference on Parallel Processing: EURO-PAR 199, Stockholm, 29-31 aug. 1995. Lecture Notes
in Computer Science, vol 966, Springer, Berlin, P. 43-54. DOLI: https://doi.org/10.1007/BFb0020454

16. Komendantskaya, E., Schmidt, M., Heras, J. (2014), "Exploiting Parallelism in Coalgebraic Logic Programming", Electronic
Notes in Theoretical Computer Science, Vol. 303, P. 121-148. DOLI: https://doi.org/10.1016/j.entcs.2014.02.007

17.  Whitney, J., Gifford, C., Pantoja, M. (2019), "Distributed execution of communicating sequential process-style concurrency:
Golang case study", The Journal of Supercomputing, Vol. 75, No 3, P. 1396-1409. DOI: https://doi.org/10.1007/s11227-018-2649-2

Haoitiuna (Received) 09.05.2024
Bioomocmi npo asmopis / About the Authors

Tonbainep Jdenuc IropoBuy — XapkiBCbKHi HAIllOHAJBHUN YHIBEPCHUTET paliOCIEKTPOHIKH, acmipaHT, XapkiB, YKpaiHa;
e-mail: denys.holdiner@nure.ua; ORCID ID: https://orcid.org/0000-0002-1456-1867

Goldiner Denys — Kharkiv National University of Radio Electronics, PhD Student, Kharkiv, Ukraine.

APPLICATION OF GO PROGRAMMING LANGUAGE
FOR SIMULATION OF MASS SERVICE PROCESSES

The subject matter of the article is methods and approaches to software modeling of System of Mass Services on the
example of a multi-channel system with a limited queue and failures in case of its overflow. The goal of the work is to
justify the feasibility of using modern computer information technologies, namely the Go programming language for
modeling System of Mass Services. The following tasks were solved in the article: formulation of the researched System
of Mass Services; determination of components, criteria of kinship of System of Mass Services with their software models;
general overview of concurrency as a mathematical model; a description of the approaches and tools of the Go programming
language. The following methods are used: Go programming language and its tools, concurrency, parallel execution. The following
results were obtained: the researched task of mass service was formulated; criteria for comparing the components of System
of Mass Services with the Go programming language toolkit were formed; an analysis of the feasibility of using the Go programming
language for modeling System of Mass Services was carried out; received further development of tools for computer
simulation of System of Mass Services; the application of concurrency approaches, their implementation in the Go programming
language, to the modeling of System of Mass Services is proposed. Conclusions: The Go programming language is a very successful
technology for modeling System of Mass Services. Its philosophy, way of working, as well as the built-in toolset provide
ample opportunities for modeling various System of Mass Services. The use of this language is appropriate and allows
to bring the behavior of the program closer to the simulated process, simplify implementation, and reduce the time required
for data processing. There are great prospects for the further implementation of a software product implemented in the Go language
in the field of mass service process modeling.
Keywords: computer simulation; System of Mass Services; Go programming language; concurrency.
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N. HULIIEV

CHOICE OF MACHINE LEARNING MODELS
FOR PREDICTING THE DEVELOPMENT OF PSYCHOLOGICAL DISORDERS
IN PEOPLE WITH HYPOTHIREOSIS AND HYPERTHIREOSIS

The subject of this article is endocrinological diseases, namely, the analysis of complications in people with hypothyroidism
and hyperthyroidism. It is known that these diseases occur asymptomatically or in a way that may indicate other possible
diseases, so people do not suspect what exactly they are suffering from. Later, the diseases develop to the point where complications
occur in the body, some of the most dangerous of which are psychological disorders: depression, mania, aggression, etc.
Therefore, the aim of this work is to develop methods for predicting the occurrence of neurological deterioration in people
who have already been diagnosed with endocrinological diseases. The article solves the problem of choosing the best models
for predicting the occurrence of psychological disorders in people with endocrinological problems. Machine learning methods
that are widespread in the medical field were analyzed and one of them was chosen that more optimally solves all the tasks of the task.
The selection of criteria took into account potential problems with medical and psychological data. The method used was linear
additive convolution, which is used to select the best alternatives according to the results, with the Pareto principle, which aims to
exclude less suitable alternatives because all the features have lower values than in other options. For the experiment,
all features were converted into quantitative ones to calculate convolution values. The evaluation criteria are given in the paper.
The following results were obtained: the forecasting model in further study of this problem will be a random forest. Conclusions:
the forecasting methods were studied and a more optimal model was chosen using linear additive convolution, namely,
the random forest algorithm, its advantages and disadvantages were considered. A more detailed analysis of its development
will be presented in the following articles. A mathematical description of the chosen forecasting method is provided, which includes
potential ways of implementation and steps for building an algorithm for one of these methods.

Keywords: hypothyroidism; hyperthyroidism; psychological disorders; forecasting; linear additive convolution; Pareto

principle; random forest; decision tree; Gini index.

Introduction

Hypothyroidism and hyperthyroidism are among
the most common endocrine diseases of the thyroid
gland, the factors of which are

— environment

— bad habits;

— genetics;

— unhealthy diet;

— allergies;

— iodine deficiency;

— stress.

According to the World Health Organization, they
rank second among endocrinopathies, and diabetes
mellitus ranks first.

According to research, the total number of people
who develop manifest hypothyroidism ranges from 3%
to 8%, and if we add cases of subclinical hypothyroidism,
it is 10% to 12%. The consequences of this disease
increase over time, as it has many effects on various
organs of the patient. Most often, the cardiovascular

and nervous systems are affected. The disease negatively
affects physical, sexual, cognitive, and intellectual
functioning, and therefore may have atypical symptoms
that force patients to see different doctors because
of concerns about the heart, nerves, stomach, and
reproductive function, without realizing that the problem
is different, and local treatment will not help overcome
a global disease.

A significant number of observations of endocrine
disorders are devoted to the study of patients'
psychological health, as it is known that deterioration
can range from passive or increased exhaustion to
unexpected aggressive and dangerous actions. And a long
course of the disease can cause parts of a person's
personality to be removed, such as states of affect
and memory impairment.

All patients develop complications that lead to
a deterioration in the psycho-emotional state, the nature
of which may vary depending on the severity of
the disease. M. Bleuler studied mental syndromes of
a narrow circle, namely deviant behavior that occurs

© N. Huliiev, 2024
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due to endocrine diseases. His systematization is that
the scientist combined them into one structure, which
includes the following components:

—mood deterioration;

— lack of motivation;

— decrease in activity;

— change in instincts;

— change in urges [1].

Hyperthyroidism is a disease in which the thyroid
gland produces excessive amounts of hormones, which
can cause thyrotoxicosis. The disease occurs due to the
following causes: toxic denoma, toxic multinodular
goiter, and Graves' syndrome. Diagnosis of the disease
involves the use of imaging methods, ultrasound,
monitoring of iodine absorption, and biochemical tests.
Thyroid dysfunction negatively affects the skin,
reproductive, cardiovascular, immune, and gastric
systems. Treatment options include antithyroid drugs,
surgery, and radioactive iodine.

The disease can occur suddenly or develop in the
body over time, go away on its own or in remission.
subtle:

arrhythmias, tachycardia. Dangerous signs are disorders

The following symptoms are ventricular
of the skin, eyes, musculoskeletal system, and neck.
Other signs of the disease include insomnia, anxiety,
irritability and depression, memory and attention
impairment, delirium, and apathy. One of the less
common complications is psychosis.

The relevance of the analysis of these two diseases
is that their rapid spread among the population,
asymptomatic or ambiguous development (i.e., the very
signs that may indicate abnormal endocrine behavior of
the body) make us believe that other problems have
arisen. After all, due to the many forms they can take, it is
very difficult to diagnose them in time, which causes
further complications, namely psychological disorders.
The patient's psycho-emotional state deteriorates,
ranging from various syndromes to severe disorders.
Therefore, after the diagnosis of hypothyroidism
and hyperthyroidism in a patient, it is necessary to
immediately analyze his or her mental health in order
to prevent its noticeable deterioration or the occurrence
of diseases associated with the nervous and mental

systems of the body in a timely manner.

Analysis of recent research and publications

Machine learning is becoming a widespread means
of prediction and diagnosis in medicine. There are many
methods aimed at determining the probability of certain

signs occurring given certain circumstances, which is the
most common purpose of their use in this area. Therefore,
the study of diseases using data mining methods is
currently appropriate and relevant [2, 3].

When discussing diseases that are common in the
world, endocrinological diseases are still the ones
that affect humanity. It is known that hypothyroidism
and hyperthyroidism, which are thyroid disorders that
cause abnormal regulation of thyroid hormones, can
develop asymptomatically or with signs that indicate
completely different diseases, becoming factors in other
complications due to late diagnosis [4, 5].

Some of these deteriorations are psychological
disorders, such as depression, mania, aggression, etc.
Neurological problems increase the damage to the entire
body, which makes it impossible to treat a patient with
hypothyroidism or hyperthyroidism normally [6].
Currently, many observations are aimed at analyzing
the course of endocrinological diseases or at options
for mitigating symptoms, so the problem of preventing
the development of psychological disorders due to
hypothyroidism and hyperthyroidism remains relevant.
This paper focuses on selecting one of the most optimal
machine learning methods for predicting whether
neurological problems may occur due to endocrinological
diseases [7].

Currently, a large number of models are used in the
medical field to improve diagnostic and preventive
treatment. Unfortunately, there are still cases when it is
extremely difficult to determine what exactly is affected
in the body, what are the causes of the disease,
neoplasms, complications, and even the patient's
condition. In these difficult tasks that doctors around
the world have to solve, it has become advisable to use
prognostic models in order to act in a timely manner
to find the appropriate and correct treatment for a person
as soon as possible, because it is easier to solve problems
before they occur.

One of the cases of building predictive models is
the development of a mathematical model to predict
intrauterine infection among newborns, as the obstetrics
and gynecology department warns of an increase in the
number of intrauterine infections that disrupt pregnancy
and increase the likelihood of prenatal death. A projective
and retrospective study was conducted among women
with viral, bacterial, and combined infections.
The analysis included clinical and obstetric examinations,
and the prediction was made on a two-point scale using
multivariate discriminant analysis using the Statistica

statistical environment based on 105 indicators that were
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the result of a medical examination. As a result, the most
likely and influential factors were identified by the factor
structure matrix of the discriminant analysis protocol.
Pregnancy is known for many unpredictable
problems, so this topic iS common among scientists.
Another study was aimed at creating a model for
predicting the course of pregnancy depending on
women's laboratory and instrumental parameters to
reduce the likelihood of preterm birth or antenatal fetal
death. Initially, all women underwent obstetric and
gynecological and somatic examinations to collect
materials for analysis. Means and standard deviations
were calculated using standard methods, but if there was
a significant discrepancy between the values, median
and quartile values were also calculated. Pearson and
Mann—Whitney's tests of agreement were used to
calculate the reliability of sample differences. Full
statistical analysis was performed using the Statistica 6.0
software package. The predictive model was developed
using fuzzy logic based on the Takagi-Sugeno fuzzy
framework. As a result, four models were built to predict
the term of labor, which is not likely to be preterm and
possible threats that, on the contrary, can cause it.
Hypothyroidism and hyperthyroidism are also being
studied
representatives of Kharkiv National Medical University

using machine learning. For example,
analyzed the course of primary hypothyroidism in
Ukrainians who were forced to leave their homes due to
the war, which became a factor in cognitive and anxiety
disorders. Changes in the life of internally displaced
persons are accompanied by a modification of social and
psychological relations, which negatively affects the
mental state of a person, exacerbating the development
of depression. IDPs and persons permanently residing
in the Kharkiv region with a diagnosis of primary
hypothyroidism participated in the study. After clinical-
neurological and clinical-psychopathological analyzes,
the results were processed using a mathematical and
statistical approach using Statistica 6.0 and Student's
t-test. As a result, the average values with a possible
obtained, and the
dependencies between the values were determined using

arithmetic mean error were
correlation analysis. It was found that among IDPs there
are more people with primary hypothyroidism manifested
in depression of varying degrees than in the second group
of people. Also, thyroid hormone deficiency caused
anxiety in all, but in those who did not change their
place of residence during the war, it was found to be the
most common [8—10].

It is worth mentioning studies on the treatment of
Medical
University considered the question of the greatest

hypothyroidism. The  Ivano-Frankivsk
effectiveness of alpha-lipoic acid Dialipon or the drug
Vitaxon. The medical parameters of 42 middle-aged
patients with primary hypothyroidism were studied:
clinical signs, neuropsychiatric disorders, organ damage.
Statistical processing was performed using the Statistica
package (StatSoft, Inc.) and nonparametric methods
of evaluating the results. Patients were divided into
two groups: the first group included people who were to
take Dialipone and Vitaxon as hormone therapy, and
the second group was prescribed L-thyroxine-randomly.
got better, but
a noticeable improvement was observed among people

Some patients from both groups
taking Dialipon and Vitaxon. In addition, the liver also
showed positive dynamics, because it is responsible for
controlling the body's metabolism. Therefore, given that
metabolic changes can provoke nervous system damage,
it is necessary to take additional medications [11, 12].

An interesting study of endocrinological disease was
conducted on 48 mice. During the observation, the effect
of stress and physical activity on the thyroid gland in the
setting of hypothyroidism was analyzed. We directly
studied how chronic stress and physical training can
change the morphology of the gland by means of
microscopy and statistical analysis based on the
Student's z-test method. As a result, it was found that
the effects of stress and exercise did not change the
number of iodine-containing hormones and thyroid TSH
in hypothyroidism.

Endocrinopathies also have an impact on the dental
health of patients. Studies show that hypothyroidism and
hyperthyroidism cause pathological processes in the
periodontium, caries, and non-carious formations.
These processes are caused by the fact that thyroid
diseases disrupt metabolism, which provokes enamel and
dentin erosion, enamel necrosis, and tooth abrasion.
In patients with thyroid dysfunction, there is a correlation
between the prevalence of periodontal disease
(generalized periodontitis) and the time of disease

development and the activity of the process [13—15].

Identification of previously unsolved parts of the
overall problem. Purpose of the work, tasks

Currently, observations of known endocrinopathies
are devoted to the study of the course, possible treatments
and features of further complications, but the problem
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of preventing one of the most common complications —
the development of psychological disorders among
people with hypothyroidism and hyperthyroidism — still
remains relevant. The purpose of this study is to select the
most optimal or optimal methods for predicting the
deterioration of patients' psychological health, which will
process (process) medical and psychological indicators
of patients. And the next step will be to analyze the
proposed ways to avoid these difficulties against the
background of endocrinological disease [7].

Methods and materials

The multi-criteria task of choosing the most optimal
forecasting method in the medical field is to determine
the best one among all the proposed ones. Two types of
methods are used for this purpose. The first set of
methods aims to remove the number of evaluation criteria
by making assumptions in the process of ranking the
values of characteristics, and the second removes possible
options before the comparison begins.

The most effective method for this observation is
still the method from the first set, which includes the
convolution method, boundary criteria, distance, and
the main criterion.

The convolution method summarizes all the criteria.
Such methods are divided into additive, multiplicative,
and maximin convolution.

Additive is calculated by the formula

K(x)=zl:ajKj (x). (D
=

where K (x) —general criterion for the alternative x € X ;
(Kl (x),...Kj(x),...Kn (x)) — a set of initial criteria;
n — number of initial criteria; a; — a normalization
factor indicating the weight of the alternative.

The best of all possible alternatives to the problem
is calculated using the following formula:

x = argn}ixl((x) . ®))

That is, the result is the largest value obtained by
the convolution method.
Multiplicative convolution is calculated using

the formula
K(x)=TI_ K7 (x). 3)
The maximin convolution is calculated by the
formula
K(x) =max ming;K, (x) @)

t J

The best results for the multiplicative and maximin
convolutions are calculated using formula (2).

The method of threshold criteria is used in design
and planning problems in which the threshold values of

the criteria take on the values k, (x)zk/_(,; i=l....n.

The calculation formula for this method is as follows:
K(x)zmjin(Kj(x)/Kjo(x)). ©)

The best result is selected by formula (2).
The distance method uses distance as an additional
metric. For example, the following information is enough

to select the ideal solution (K,, ...,K,, ). Let's calculate

the distance to the maximum value d(x) for each

alternative. Then the best alternative will be determined
by the formula

x =arg Iilell’ld (x) (6).

In working with the methods of the first group,
methods from the second group are used, namely,
the Pareto principle, when the best option is selected
from the list of alternatives remaining after this method
has eliminated the others by comparing their
characteristics and identifying the worst options because
their values had lower indicators.

The principle of equilibrium, or Nash's principle,
aims to reduce the number of alternatives and calculates
which one is inferior in terms of characteristics to the
others; it is closely related to the Pareto principle.

However, there are cases when uncontrollable
parameters complicate the solution of multi-criteria
problems, which can arise for various reasons. In such
cases, it is advisable to use the guaranteed outcome
method, which allows you to determine the worst case
response and a likely high and guaranteed value.

By considering the methods from the two groups,
you can choose the method that is most effective for the
study. It is not advisable not to analyze all the options,
so we will use the method from the first group and
convolution, because it is difficult to determine the
thresholds of the criteria.

The most common and simplest option is linear
additive convolution, so we will use it as a method
for determining the usefulness of models to select
the best one.

The first step is to identify all the criteria that will
be involved in the analysis of alternatives, and then
calculate their weighting values to describe the priority
in choosing the best option.
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The values of each criterion can be quantitative or
qualitative. This method operates with the former, so
if the alternatives have values of the latter type, it is
necessary to convert them to quantitative values.

When the
alternatives can be eliminated from the list using the

quantitative  values are known,
Pareto principle if the values of all criteria for a particular
alternative are lower than those of other options.
Next, the indicators are normalized if they are in different
ranges or measures of measurement, which can lead to
inaccurate and incorrect results, so it is better to
normalize the values of all criteria of all alternatives
with a range from 0 to 1.

In the case of maximization, you can normalize
by dividing the value of the criterion by the maximum,
while in the case of minimization, one is divided by it.

The next step is to rank the criteria for calculating
the weighting coefficients. We have n criteria, of which
the best one will have a value of »n divided by #n,
the least important one will have a value of n—1 divided
by n, and so on. Another way is to divide one by the
sum of all the criteria scores.

The last step is to calculate the convolution value
based on the alternatives: calculate the sum of the
products of the criteria values and their weighting
factors [16].

We have investigated forecasting methods for
selecting the best model for observation purposes.
To predict the development of mental disorders in
patients with hypothyroidism and hyperthyroidism, it is
necessary to apply methods that take into account the
medical and psychological indicators of patients. Further
research is aimed at analyzing the requirements for this
task and selecting the most optimal model among all
those described in the table.

The task is to solve a multi-criteria problem, namely,
to determine which machine learning method will better
predict the possible development of psychological
disorders in people with hypothyroidism and
hyperthyroidism to identify future ways to prevent them.

First, let's define a set of alternatives — these are
models that are more commonly used in the medical
field, among which we will choose an effective one
for the study.

Let's assume that we have

— linear regression;

— polynomial regression;

— logistic regression;

— decision trees;

— multilayer perceptron;

— k-nearest neighbors model;

— random forest;

— gradient boosting;

— Bayesian classification;

— ensemble of models;

- SVM.

Medical and psychological indicators of a patient
are determined by their unstable nature. They can have
abnormal, incomplete, empty, nonlinear values in a rather
significant amount, because psychological indicators will
be accurately taken by questionnaires, interviews, and
non-verbal tests. Therefore, the best option should not
neglect the peculiarities of these indicators. This means
that the model must process a large amount of input
information, which may be nonlinear, given that the model
must be able to handle missing indicators and respond to
noise. Therefore, the selection criteria were as follows:

— model complexity;

— type of training;

— ability to process nonlinear information;

— whether the error is taken into account;

— tendency to overlearn;

— working with large amounts of information;

— working with missing information;

— work with noise.

Create and fill in a table with all the alternatives and
the criteria that describe them (see Table 1).

Next, you need to convert the value of the criteria
into a numerical value. Let's consider each of them.

The complexity of the model lies in the training
method, the complexity and number of algorithms in
one forecasting method, and the number of layers in the
case of neural networks. Therefore, the values "simple",
"medium", and "complex" are given accordingly.

The type of training presented in the table means
"with a teacher" or "without a teacher". It is easier to
create a model that does not require time to learn and
search for information, but if learning is based on
previous information, the result may be more likely,
so if the value is "without a teacher", it is 1 point, and
if it is the other way around, it is 2 points.

The criterion "ability to process nonlinear
information" indicates whether the model is able to work
with indicators that are scattered nonlinearly, as they may
have unexpected values, which is likely to affect the
overall result. Therefore, this feature should be taken
into account in the study. If the model has this feature,
the value is 1 point, if not, it is 0.
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Table 1. Experimental results

Characteristics
. .. Ability Does they . . .
Types Simplicity Type to process take into | Tendency Working with \"Vork.mg Working
of the . . . large amounts | with missed | . .
of training | nonlinear account to relearn . . . . with noise
model . . of information |information
information | an error?
Linear regression Simple With No No Less tend Yes Can not Can not
a teacher
Polynomlal Simple With Has No Tend Works, but may Can not Can not
regression a teacher to relearn | be problems
LOngtl(.: Simple With No No Less tend Yes Can not Can not
regression a teacher
Decision trees Medium With Has No Tend Works, but may Can Can
a teacher to relearn | be problems
Multilayer Medium With Has No Tend Yes Can not Can not
perceptron a teacher to relearn
Mgdel k-nearest Simple Without Has No Tend to Small amount Can not Can not
neighbors a teacher relearn of information
. With Tend
Random Forest Medium Has Yes Yes Can Can
a teacher to relearn
Gradient boosting | Complex With Has Yes Less tend Works Can not Can
a teacher
Baye.s1an . Simple Without Has Yes Less tend Works Can not Can not
classification a teacher
Ensemble of Complex With Has Yes Tend Works Can Can
models a teacher to relearn
SVM Medium With Has No Less tend Wo'r ks', but with Can not Can not
a teacher limitations

Usually, a model cannot predict the exact percentage
of probability, so it is advisable to use a method that takes
into account the measurement error. If the model does,
the value is 1 point, otherwise it is 0 points.

Each model may be prone to overfitting, which is
possible under different conditions, or not at all, so if the
method is likely to have this problem, which is the worst,
the parameter value is 0, if it is likely to have it under
special conditions, it is 1, and if the probability of this is
low (which is the best), then it is 2 points.

then it is 1 point, otherwise - 0.

One of the main characteristics is working with
large amounts of information, so if this is natural for
the model, it is 2 points, if there are some restrictions,

If the model can work with missing information
or noise, then it gets 1 point, and otherwise 0 points.

Replace the values in the table with quantitative
indicators. Also, at this stage, some alternatives can be
eliminated according to the Pareto principle if they are
inferior to other options by the criteria (see Table 2).

Table 2. Modified table after changing the information with quantitative indicators and applying the Pareto principle

Characteristics
Ability Does they . . .
Types Simplicity | Type of | to process | take into | Tendency Working with \.Vork'lng Working
. . . large amounts with missed . .
of the model | training | nonlinear account | to relearn R . . . with noise
. . of information information
information | an error?
Linear 3 2 0 0 2 2 0 0
regression
Loglstlf: 3 2 0 0 ) 2 0 0
regression
Random Forest 2 2 1 1 1 2 1 1
Gradient 1 2 1 1 2 2 0 1
boosting
Bayesian 3 1 1 1 2 2 0 0
classification
SVM 2 2 1 0 2 1 0 0




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

Innovative technologies and scientific solutions for industries. 2024. No. 2 (28)

The last step is actually to calculate the values of the
linear additive convolution for each option, with the value
of the normalization factor calculated first for each
criterion (see Table 3).

Table 3. Convolution results

Model Convolution value
Linear regression 0,75974026
Logistic regression 0,75974026
Random Forest 2,680735931
Gradient boosting 1,70021645

Bayesian classification 1,252164502

As we can see, according to the convolution results,
the best model for this study is the random forest algorithm.

Research results and discussion

According to the results of the study, the best
machine learning method to be used to predict the
development of psychological disorders among people
with hypothyroidism and hyperthyroidism is Random
Forest [16].

Decision trees are known for their overfitting, which
causes an increase in the variance of predictions.
The Random Forest algorithm was developed to solve
the above problem, allowing to build ensemble forecasts,
but with a lower variance value, and it is similar to
backpropagation. Random forest is a modified decision
tree algorithm aimed at building not one but many trees,
each of which produces a certain result, and the final
one is the one that occurs most often. However, it differs
in that it has a second level of randomness: in the process
of optimizing node crushing, a random subset of features
is analyzed for subsequent decoration of the estimators,
and the random forest always determines the size
of the bootstrapped data set, according to the size of the
training sample [17].

Random forest significantly increases the accuracy
and efficiency of forecasting and classification.
The algorithm works as follows: first, during training,
a tree based on random information is built, and in
the process of dividing the nodes, a random subset of
characteristics is selected and the result that occurs most
often becomes the final one.

The advantages are:

—nonlinear information does not affect the
efficiency of the algorithm;

— support for parallel processing;

—simplicity of application is that the only
parameters of the method are the number of randomly

selected features and the number of trees to be built on
a randomly selected subset of the data sample;

— there is no need to reduce the tree;

— the algorithm estimates the importance of criteria
and out-of-band accuracy in programs with large amounts
of information, where estimates can be overestimated.

But like bagging, random forest is not defined by
a lower bias. If a significant amount of information
contains unequally distributed and mutually independent
examples, overfitting is used — the process of selecting many
identical decision trees by the random forest algorithm,
each of which is overfitted, which is a known drawback.

In addition, it is prone to overfitting under certain
conditions, namely, if there are too many trees in the
forest, high correlation between them, small sample size,
incorrect set of hyperparameters, and too complex
data. The following methods are used to reduce the
likelihood of overfitting:

— cross-validation;

— increasing the size of information;

— limiting the depth of trees;

— tree diversity.

Despite its drawbacks, the Random Forest algorithm
is a more optimal option that processes a significant
amount of information, is able to work with noise, and
processes nonlinear, missing data, including measurement
error. It has several implementation methods [18, 19].

The algorithm is used to evaluate the importance of
the characteristics that need to be trained based on the
average out-of-bag error for each subsample item. Next,
before and after shuffling, it is necessary to determine the
average value of the difference in out-of-bag errors on all
trees, normalized by the standard deviation.

The main thing in building decision trees is the
method of selecting the attribute by which the division
will take place and the nodes will be built. There are the
following methods:

— ID3 algorithm, which uses the Gini index or
incremental method;

— C4.5 algorithm, which is a better version of ID3,
which takes into account the normalized growth;

— CART algorithm;

— modifications of the CART algorithm — IndCART,
DB-CART.

All trees are built in the following independent steps:

— generate a subset of size n from the training data
set randomly;

—build a tree of m randomly selected features;

— continue the process without cutting off until the
amount of data is complete.
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In general, the algorithm for constructing a decision
tree is as follows: it is necessary to calculate the entropy
of the input set s,,if s,=0, then:

1) all sample objects are of the same class;
2) store this class as a leaf of the tree.
If 5,!=0, then:

1) determine the attribute that will divide the set in
such a way as to reduce the average entropy value;

2) the found attribute becomes a node of the
decision tree and is saved;

3) divide the sample into subsets depending on the
values of the selected attribute;

4) recursively continue
subset [20, 21].

Let's consider one of the tree building algorithms —
the CART algorithm. In it, each node has two subnodes.
At each step, the selected node attribute divides the set
into two parts: the right part, in which the rule is
executed, and the left part, in which the rule is not
executed. To select the optimal rule, the partitioning
quality evaluation function is applied. The evaluation
function, which uses the CART algorithm, is based on the
intuitive idea of reducing uncertainty in a node.
This means a partitioning that will result in a node having
as many examples of one class as possible and as few as
possible of all other classes. This concept is close to
entropy, but it uses a different measure of uncertainty,
for which the term "dirty node" is appropriate. In the
CART algorithm, the idea of a "dirty node" is formalized
in the Gini index. If a data set T contains data

the process for each

from n classes, then the Gini index is defined as
Gini(T)=1-)p} , (7)
i=1
where the parameter p, — is the probability of class i in 7T .
If the set 7 is split into two parts, 7, and 7, with

the number of examples in each N, and N, respectively,

then the quality index of the split is equal to
N, N.
Gini,,, (T) :Wl Gini(T)) +72 Gini(T,).  (8).

The best split is the one for which Gini,, (T) is

minimal. We denote the number of examples in a node
as N, where L and R are the number of examples in

the left and right descendants, respectively, /, and 7, are

the number of examples of the i -th class in the left/right
descendant. Then the quality of the partitioning is
estimated by the following formula:

Gmisp,it(T)=§[1—§(lzfj j+§[l—§(%j ]—)min. )

The peculiarity of this index is the most optimal
breakdown of data to build a better decision tree [22, 23].

Conclusions and prospects
for further development

Modern medicine is increasingly using machine
learning methods to diagnose and predict diseases, their
course, and types of treatment. Such methods are
becoming widespread in this field, as they increase the
chances of a safer, more desirable, and accurate outcome.
Specifically, endocrinopathies are known for being
extremely difficult to detect in time, which leads to
a significant number of unpredictable consequences.

The paper examined the psychological problems
arising from hypothyroidism and hyperthyroidism,
namely, analyzed machine learning methods that can
calculate the likelihood of developing neurological
complications in the setting of these diseases for timely
action to eliminate the problem before it occurs.

An analysis of publications describing the ways in
which machine learning methods are used has shown that
the endocrinological issue is being studied, has prospects
for research, and is accompanied by new theories, but
these observations try to solve problems that have
already arisen or find ways to alleviate the patient's
condition without completely eliminating the problem.
Therefore, the purpose of the article was to find
analytical methods that would predict the likelihood of
developing psychological disorders in order to avoid
deterioration of patients diagnosed with hypothyroidism
or hyperthyroidism.

The paper discusses the symptoms and
consequences of hypothyroidism and hyperthyroidism,
examples of the implementation of machine learning
methods for prognostic purposes in the medical field,
proposes the methods studied in this observation based
on their common and distinctive characteristics, and
analyzes their advantages and disadvantages.

Linear additive convolution was applied to select
a more optimal model based on the requirements needed
in the outlined task, according to the results of which
the "random forest" algorithm is more effective [24, 25].

In the future, selected prediction methods based
on medical and psychological indicators will be studied
to predict the occurrence of psychological problems
due to hypothyroidism and hyperthyroidism in order to
introduce certain preventive measures aimed at avoiding
neurological complications [26-28].
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BUBIP MOJIEJIEM MAIIIMHHOI'O HABYAHHS
JJIA ITPOI'HO3YBAHHSA PO3BUTKY IICUXOJOI'TYHUX PO3JIAAIB
VY JIIOJIEH I3 TIIOTUPEO30M TA I'IIEPTUPEO30M

ITpeamMeToM JOCTiX:KeHHS] B CTATTi € SHJOKPHHOJIOTIYHI 3aXBOPIOBAHHS, a caMe: aHal3 yCKJIAJHEHb Y JIIOJEH 3 TillOTHPeo30M
Ta TinepTHpeo3oM. Bimomo, mo 1i XBOpoOM BHHHKAIOTH OE3CHMNITOMHO ab0 MOXYTh OyTH HACHiIKaMH IHIINX 3aXBOPIOBaHb,
Yyepe3 IO JIIOAM HE MiJO03pIOI0Th, Ha IO caMe XBOpitoTh. [li3Hille XBOpoOW 3a3BHYAil CHIPUYMHSIOTH YCKJIAaJHEHHS B OpraHi3Mi,
HAHEOE3MEYHIIMMH 3 SIKUX € TCHXOJOTIYHI pO3Jamu: Jempecis, MaHiaKaIbHICTh, arpeCHBHICTh TOHO. TOMy MeETOI0 POOOTH
€ PO3pOOJICHHS METOJiB TPOTHO3YyBaHHS BHHHKHEHHS HEBPOJOTIYHMX MOTIPIICHb OPraHi3My B JIIOZCH, y SKHX B)KE BHSBICHO
€H/IOKPMHOJIOTIYHI 3aXBOPIOBAHHSA. Y CTAaTTi PO3B’s3yBajHCs 3aBAaHHSA BUOOpPY KpalIMX MoOJeNel MpPOTHO3yBaHHS BHHHUKHEHHS
IICUXOJIOTIYHMX PO3NAJIB Yy MAIi€HTIB 3 EHJOKPUHOJIOTIYHUMH NpoOieMaMH. AHai3yBajkCs METOIM MAIIMHHOTO HaBYaHHS,
MOIIMPEeHI B MeOWYHIN Tamy3i, Ta oOupaBcs OAWH i3 HUX, SKMH HAHOLIBII e(pEeKTUBHO BUpINIye BCi IMOCTABJICHI 3aBJaHHS.
YV BuOOpi KpHUTEPIiB y34TO O yBard MOTEHIHHI MpoOIeMH 3 MEAWYHHMH Ta INCHXOJOTIYHUMH ITOKa3HHUKaMH. YIIPOBAIKyBaBCs
MeTO/l JTIHIHHOT afUTUBHOI 3rOPTKU U BUOOPY HAWKpalux 3a pe3yibTaTaMH albTepHATHB, 13 npuHOunoM [lapero, cnpsMoBaHHM
Ha BWJIyYCHHs HEMIJXOXHX albTepHATHB 4Yepe3 Te, L0 BCi O3HAKM MAlOTh MEHIII MOKa3HWKH, HDK B IHIIMX BapiaHTax.
JIns excrieprMeHTY BCi O3HaKHM KOHBEPTYBAJIHCS B KUTBKICHI JUIS MiJpaxyHKy 3Ha4YeHb 3ropTku. Kpurepii olliHKK HaBeneHi B poOOTi.
JIOCATHYTO TaKUX pe3yJbTaTiB: MOJCIUII0 NMPOrHO3YBaHHS B MOJAIBIIOMY JOCITIIKEHHI OKPECICHOTo 3aBIaHHs Oy/e BHIAIKOBHI
jic. BUCHOBKM: JOCIIIPKEHO METOAW NMPOTHO3YBaHHSA Ta OOpaHO OUNBII ONTHMaJIbHY MOJENb 32 JONOMOTOIO JIHIHHOI aJXuTHBHOL
3rOPTKH, & caMe aJrOpUTM "BHUIMAAKOBHIl Jic", pO3IIISIHYTO MepeBard W HEeNONIKW 3a3Ha4deHoi Mopenmi. binpin neranbHuil aHami3z 1i
po3pobiyieHHsT Oyzae 3ampolOHOBAaHO B HACTYNHHX CTaTTsAX. HamaHo MmareMaTnyHui omuc oOpaHOTO METOAy HpPOTHO3YBaHHS,
IO MiCTHUTH IOTEHIIIiHI cIIoco0u pearizamii Ta KpOKH o0y IOBH alTOPUTMY OJHOTO 13 IUX CHOCOOIB.

KnrwouoBi cioBa: rimotupeos; rinepTupeos; NCUXOJIOTIYHI PO3NaaW; MPOTHO3YBAaHHS; JIiHIIiHA aJWTHBHA 3rOPTKA; MPUHIIUI
[Tapeto; anroput™ "BUNaaKOBHIA Jic"; nepeBo pilieHs; iHaekc Gini.
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A.XKVK, €. ITABEJIKO

JOCJIKEHHSA BIVIMBY I'NIOBAJIBHUX KATACTPO® HA ITOBEJAIHKY
HNOKYIIS IHTEPHET-MAT'ABUHIB YKPATHA

IIpeameTom mocaiaKeHHs B CTATTi € BIUIUB IIIo0aNbHUX KaTacTpod, 30kpema mangemii COVID-19 Tta pociiicekoi 30poiiHOi arpecii
npoTu YKpaiHu, Ha CIIOKMBYY MOBEAIHKY YKpaiHLIB y 1HTEpHET-MarasiMHax, 30KpeMa Ha 3MiHHU B MOTpe0ax CIOXKHMBAYIB 1 ajanTamis
MapKeTUHIOBHX CTpareriii mianpueMctB. MeTa poGoTH — aHaii3 3MiH CIIOXHBYOI MOBEIIHKM B YMOBaxX IIIOOAIBHHUX KaTacTpod
i po3poOieHHsT pekoMeHpamiii 1y Oi3Hecy Mmon0 e(eKTHBHOTO pearyBaHHS Ha HOBI BHUKIIMKH PHHKY. Y CTaTTi BUKOHYIOTHCS
Taki 3aBJaHHsA: JOCIiIKyeThes BIuUB maHaeMii COVID-19 ta pociiicekoi 30poitHoi arpecii mpoTu YKpaiHu Ha CHOKHUBYY TOBEAIHKY
B IHTEpHET-Mara3nHax; BU3HAYAIOThCS KJIIOYOBI YHHHHKH, 10 O3HAYAIOTHCA HA PILICHHAX CIOXHMBAYIB IiJl Yac KPHU30BUX CUTYAIIii;
AQHANI3YIOTBCS aKTyalbHI MapKeTHHIOBI cTparerii Ta IHCTPYMEHTH, IO 3aCTOCOBYIOThCS KOMIAHISIMA B YyMOBaX KpH3H.
VYIpoBa/uKYIOTECS Taki METOAM: MaTeMaTH4YHe 0OpOOICHHS TaHHUX I aHaJIi3y pe3yJIbTaTiB ONMTYBaHb i CTATUCTUYHUX JOCIIPKCHb;
KOMITapaTUBHUHN aHaNi3 Uil NOPIBHAHHS MOBEOIHKH CHOXXHMBAYiB O Ta IiJ Yac MaHAEeMii; eKCIePTHE OI[HIOBAHHS U1 BU3HAUCHHS
e(eKTHBHOCTI MapKETHHIOBUX CTpATeriid; KOHTCHT-aHANi3 s JOCHIDKCHHS TPCHIOIB y COLIAIBHHUX MEpeXax Ta IHIIUX
onmaitH-mwatpopmax. Jocsarayti pesyastatn. CopMysbOBaHO NPHHIMIH ajganTanil MapKeTHHTOBHX CTpaTeridi B yMoBax
nargemii COVID-19 ta BoeHHOTO cTany. BusHaueHo, 1m0 mpiopuTeTaMu ISl CHOKUBAYiB CTAIOTh 37I0POB’S, JOCTYIHICTH OCHOBHHUX
ToBapiB 1 Oe3meka, 30kpemMa U kibepOesmeka. BusBIeHO 3MiHM B CHOXHBYIM MOBEAIHII: JIOAM CTald OUIBII YBaXHUMH
0 LiHH, SIKOCTI TOBapiB Ta BiJNAIOTh MHepeBary MPOAYKTaM MiCIEBHX BHpOOHHKIB. [IpoBeZeHO MapKEeTHHTOBE IOCIiIKECHHS
cepen KiieHTIB Kommanii "['opranu", ske mokas3ajo, IO MONHT HAa TOBapH JUI1 aKTHBHOTO BIJIIOYMHKY 3aJIHIIAETHCS BHCOKHM,
HaBiTh y TMepiof BilfHW, 1 CIIOKMBadi BiJNAIOTh II€pEeBary SKICHUM 1 JOCTYIIHUM TOBapaMm BITYU3HSHOTO BHPOOHHUIITBA.
BuCHOBKH: 3aCTOCYBaHHS METOJYy aHAi3y 3MiH CHOXHMBYOI MOBEAIHKM AAjJ0 3MOTY BU3HAUUTH KIIOUOBI (PAKTOPH, IIO BILUIUBAIOTH
Ha pillleHHS PO MOKYNKYy B yMOBaxX IJIOOANbHUX KpH3, 3HAHHSA CIpUSE€ TOMY, L0 MiANPHEMCTBA BYACHO aJANTYIOTh CBOI
MapKeTHHTOBI cTpaTerii Ta 30epiraloTb KOHKYPEHTHI NepeBard; ONTHUMI3allisl acOPTUMEHTYy TOBapiB Ta BIOCKOHAJICHHS
(bpPOBOT MPUCYTHOCTI € KIIFOYOBMMHM (DaKTOpaMH YCIiXy Ha Cy4aCHOMY PHHKY; IIIIPUEMCTBA, SIKi IIBHAKO PEaryroTh Ha 3MiHH
CHOXMBYHX MPIOPUTETIB 1 BAKOPUCTOBYIOTH HOBITHI TEXHOJIOTIT 1711 KOMYHIKaIlii 3 KIIiEHTaMH, MalOTh OiJbIIe IIIAHCIB HA YCHIX.
KmwoudoBi  cioBa: rJ100aJIbHI KaTaKJIi3Mu; NoBEIHKA iHTepHET-Mara3uHu; BiliHa;

HOKYTILIiB; MaHIeMis;

€KOHOMIYHA HECTAOIILHICTE.

Beryn

VY cydacHOMY CBiTI, CTaBIIU CBiJKaMH TI00aTbHHUX
karactpod, Takux sk maameMis COVID-19 Ta pocificrka
30poiiHa arpecist mpoTH YKpaiHu, JIOJACTBO CTHKAETHCS 3
HECIIOIiBAHUMHU Ta HAJI3BHYANHO CKIIQJHUMU BHKJIAKAMH,
o Ge3MmocepeIHbO BIUIMBAIOTh HA Pi3HI aCMEKTH XKHUTTS,
30KpeMa CHOXXHBUY MOBeAiHKY. OcoOnMBO BaKIMBUMH
B [bOMY KOHTEKCTI € 3MiHM B CIIO)KHBYHMX 3BHYKaX,
IO BUSBISTIOTHCS B IHTEPHET-Mara3mHax.

COVID-19 Ta
BUKJIMKAIN CEpHO3HI 3MIHM B JKWTTI JIIOAEH 1 MPHU3BEIH

[Mannemis BilHa B  YKpaiHi
m0 TpaHchopMmarlii crnocobiB  TXHBOrO CIOXKHBAHHS.
OOMexyBaJbHI 3aX0/H, YIPOBAIKEHI U CTPUMYBaHHS
MOUIMPEHHS BipyCy, 3HAYHO 3MIHHMJIM 3BUYKH KIEHTIB,
3MYCHBIIM iX MEPEHECTH CBOi MOKYNKH 3 o¢uaiiH-
MaraszuHiB 10 iHTepHer-mardgopm. 3 iHIIOro OOKY,
BiliHa €KOHOMIYHOT

npusBena 1o HeCTaOILHOCTI,

3arpo3u Oe3NeKh Ta HEeBM3HAYEHOCTI Mai0yTHBOTO,

[0 BPa3IMBO TIO3HAYMJIOCA HA CIOXHBYMX 3BHUYKAX,
a TaKOXX Ha JIISUTBHOCTI eJIEKTPOHHO1 KoMepii [1].

OpHak Majo IO BIiIOMO TPO Te, SIK caMme Ii
riobanbHI  Karactpodu

BINIMBAKOTh Ha HOBC,IIiHKy

MOKYNLIB y IHTEpHEeT-Mara3uHax, SKi KOHKPETHI
YMHHAKYA BH3HAYAIOTH IXHI PIMICHHS I 9ac KPHU30BHX
CHUTYyalliif, Ta sIKi cTparerii MOXyTb OyTH e(heKTHBHUMHU
JUIA TATPUMKA W PO3BUTKY Oi3HECy B IIMX yMOBax.
Tomy BuHHMKae HEOOXiIHICTH B TJIMOOKOMY aHaii3i
OKpECJIEHUX MHUTaHb, 00 3pO3YMITH BIUTHB TIIOOATBHUX
KaracTpod Ha CHOXHMBYY TIOBEIIHKY B IHTEpHET-
MarasmHax Ta PO3POOUTH CTpaTerii, M0 AagyTh 3MOTY
Oi3Hecy ajanTyBaTHCSl JO HOBHMX peanid Ta 30epertu

CBOIO KOHKYPEHTOCTIPOMOXKHICTb.

AHaJi3 ocTaHHiX myOJikauii

ABTOpH  po3moYanM  PO3B’SA3aHHS  3a3HAUYCHOI

mpobjieMr Ta aHali3 CTaHAAPTHHUX MIXOMIB J0 Hel.

© A. XKy, €. ITaBenko, 2024
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BuBuenns BmumBy mnaHmemii COVID-19 Ha puHOK
1 3arajJbHUl EKOHOMIYHHMH CTaH OIKCaHO B PI3HUX
npansx
mociinuukis. Hampuxiazn, /1. JlonoHeBa 00rpyHTOBYBaIa

HAYKOBUX BITUM3HSAHAX 1  3aKOPIOHHHUX
Hacmiakn COVID-19 nns  cBiToBOi eKkoHOMIikH [2];
I. Baruep Ta 1. [lemko nocmimkysanmu BB COVID-19
HAa PO3BUTOK MaJOro Ta CEepelAHhOro  Oi3Hecy
B Ykpaiuni [3]; C. Kynuupkuii aHamizyBaB MepCrIeKTUBU
VKpaiHCPKOI ~ €KOHOMIKM B  yMOBax  MaHAEMIi
COVID-19 [4]. Takox uymMMano yBard NPUALISIOCS
BUBUYCHHIO 3MIH TIOBENIHKH CHOXHBa4iB. Hampukmarn,
B. Komipna ta O. Camxak po3Iisaaid peaji3alliio
PI3HUX TIAXOMIB MO aHAai3y MOBEIIHKH CHOXHBada [5];
CTPYKTYpH

MMOBEIIHKN CIIOKHMBAYiB 1 OmMcajga X OCHOBHE 3HAYEHHS

JI. BacuipkeBU4  TIpoBeNa  aHAIITHKY
B MeXaX ekoHOMiyHMX BimHocwH [6]; O. IllamaHchka
KOHKpeTu3yBajia (aKTOPH ¥ MOTHBH, IO BIUIMBAIOTH Ha
0COOJIMBOCTI CIIOKUBYOI ITOBEIIHKH JIOMOT'OCIIOAPCTB,
Ta YUHHUKH, 10 CIIOHYKAIOTh iX g0 il [7]. Tomy moxHa
CTBEP/UKYBaTH MpPO HAsSBHICTh IIMPOKOTO  CIEKTpa
JIOCTIiIKeHb MOBEeIIiHKN croXxuBadiB i BBy COVID-19

Ha pO3BHUTOK PUHKY Ta roCcriogapcCTBa.

Mera #i 3aBgaHHs po60OTH

1 TIOBeHiHII CIIOXWBAYiB; BHUKOPUCTAHHS iH(MOpMAIii
JOCJITHUIIBKUX areHTCTB, 30KpeMa Buzzfactory Ukraine
ta Factum Group Ukraine, yis BU3Ha4eHHS TII00ATBHUX

MapKETUHTOBHX TPCHIIIB i/ Yac MaHIeMil.

Pe3yabTaTn nociaigxeHHs

MeTo10 cTaTTi € BU3HAYCHHS BIUIMBY TJIOOAIBHHUX
karactpod, 3okpema mannemii COVID-19, Ha moBemiHKyY
MOKYIILIB IHTePHET-Mara3uHiB YKpaiHu Ta po3poOieHHs
peKoMeHmaNiil A amanTarii MapKeTHHTOBHX CTpaTeTii
JIO HOBHX YMOB.

3aBaraHHA JAOCHIXKeHHsl TIiepen0adaroTb aHali3
10710
COVID-19 Ha moOBemiHKY CIIOXHMBAYa;

HAyYKOBUX  IyOJtiKariiit BIUIMBY  MaHAeMIi
OI[IHFOBAHHS
3MiH y MOBEMIHII CITOKKUBAYIB I Yac MaHaeMil Ta micis
il 3aBepIICHHSA;, BUBYCHHS CyYaCHHX MAapKETHHTOBHX
TiANPHEMCTBAMU

cTparerid, 110 BIPOBAKYOTHCS

B yMOBax IJIOOANbHMUX KartacTpod; po3polieHHs
peKOMEHIAMIN [T IHTepHET-Mara3yuHiB MO0 aJanTarii

ix MAapKETHHI'OBUX CTpaTel"ifI J10 HOBUX YMOB.

Martepianau Ta MeToaAH

Y poGoti Oyno BUKOpPHCTaHO Taki MaTepiaau
Ta MeTOAM: aHaJi3 JITepaTypHUX KEped, OCHOBAHHA
Ha TPYHTOBHOMY BHMBYEHHI HAayKOBHX CTaTeH, 3BITiB
1 JOCHIIDKeHb MIOAO0 BIDIMBY NaHAEMil Ha TOBENIHKY
CHOXKMBA4YiB 1 MAapKETHHIOBI CTpaTerii; MpOBEAECHHS
MapKEeTHHTOBOTO ONMHUTYBaHHS cepen 186 oci0d mig dac
npiopureTax

maHaeMii  JUis  OI[iHIOBaHHA 3MiH Y

Pe3ysabTaTH J0CHiIAKeHHS TOKA3ald 3HAYHI 3MiHU
B HoBefiHmi croxusayiB mix 4vac nanpemii COVID-19.
IepeBaxkHa GinbmicTs ommTanux (89%) 30cepemxyBanu
yBary Ha  (izionoriyHux mOTpedax, TaKUX K
3a0e3MedeHHs JKUTTEBUX MOTped Ta Oe3meka. 3MiHMUINCS
MapKeTHHIOBI cTpaTerii KOMIIaHid, OO CHpsSMOBaHi
Ha 3aJ0BOJICHHS HOBHX IOTped CHOXXHBAdiB. ATEHIIS
Buzzfactory Ukraine BuW3Hauwia Taki TpeHOH, SK
3pOCTaHHSI MOIYJISIPHOCTI YeNEHIDKIB, MPsMI TpaHCIIALIl,
3MiHa HampsaMy TOMYJSPHOCTI cepest iH(IoeH CepiB.

HenmoctaTHbO BHMBYEHUMH € THTAaHHS MOBEAIHKU
cnoxuBada B ymoax COVID-19 3 ormsany Ha TpeHau
MapkeTuHry-2021, 10 3yMOBIIOE HEOOXIIHICTH OUIBII
IeTaIbHOro Horo BuBYeHHs. Brmus mangemii COVID-19
Ha CIOXHBYY IOBEHIHKY B)KE PO3MNIAOABCS B OaraTbox
JOCIIKCHHAX, 1€, 30KpeMa, 0OTOBOPIOBATMCS TMHUTAHHS
MOBEPHEHHS JI0 CTapuX 3BHYOK 200 (OpMyBaHHS HOBHX
CIIOKMBYHUX Mojenei [8].

VY nmepiog maHmemii cydacHi JIFOOM 3BEPTAIOTh
yBary Ha CBOE 3JI0pOB’s, Oe3neKky ONM3BKHX, IOCTYI
JI0 HeoOXiaHuX ToBapiB i (hinaHcOBHUi cTaH. Le 3aranbHe
XBHJIIOBAHHS BUSIBIISIETHCS TTO-PI3HOMY Ta INO3HAYAETHCS
Ha crHoxuBaudax. Jlns BIUIMBY Ha KIIEHTIB KOMIaHIil
pO3pOONAIOTE  HU3KY ~ MapKeTHMHTOBHX  CTpaTerii
Ta IHCTPYMEHTIB. 3Bakatoud Ha imei iepapxii morped
A. Macnoy (puc. 1), MOXXHa IOpIBHATH 33JO0BOJICHHS
moTped croXkuBaya 10 Mepiofy maHmemii 3 aiicOeprom,
€ Ha TIOBEpXHI MOXHA CIIOCTEPIraTH TBOPYICTH
Ta 3a/I0BOJICHHs] IEBHUX JyXOBHUX mnortped. Hampukian,
e MOXYTh OYyTH EKOJOTIYHI acmeKTH, sKi He MAaloTh
HETaTHBHOTO BIUIMBY HAa JOBKLLIA, abo colliajbHa

AKTUBHICT, BH3HAaHHA 3 OOKy CYCHIIBCTBA TOIIO.

Ilig vac COVID-19 cyyacHuii crioxuBay peopraHizyBaB
CBOi NpIOPUTETH Ta LIHHOCTI, II€PEOCMHUCIIHMBIIN
iX y KOHTEKCTI BIJIACHOTO J00po0OyTy Ta O€3MeKH.
BimmoBimHo 10 Teopii A. Macmoy mpo iepapxiro

norped srojel  cranu  OUTbII  YB&OXHUMH  JIO

(i310JI0TIYHNX YMHHHKIB — 37I0pOB’sl Ta Oe3meku. Y mer
mepiol CaMOBHPaXEHHS Ta OCOOMCTHH  PO3BHUTOK
BIJICTYIIAIOTh Ha JAPYIMH IUIaH, 30KpeMa s oci0,
110 nepe0yBaloTh Y BPa3IMBOMY CTaHi, SKi XBOPiOTh a00

Ti JIIOAH, K1 OUIbIIE TYpOYIOTHCS PO CBOE 3/J0POB’S.
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Puc. 1. Iepapxis motpe6 crioxkuBaviB A. Macinoy a0 ta mij yac naaaemii COVID-1

MapketuHroBe nociimkeHHs [9], mpoBeneHe cepen
186 oci0 mixm wac maHmemii, CBIIYUTH, IO TEpPEBaKHA
OLIBIIICTE

ommtanux (6mu3pko  89%) yBaxkHI 1O

(i3ioNOTiYHMX YMHHUKIB, TakUX 5K 3a0e3le4eHHs
KUTTeBUX mOTped 1 Oesmeka. Jlume 11% BigmaroTs
nepeBary NMUTaHHSIM Oe3MeKH, Toli K 7% 3BepTaloThCs

IO COIIaTbHUX aCTIEKTIB KUTTS (pHC. 2).

Puc. 2. [lutoma Bara nmotped CO>KHMBadiB 32 i€papxi€ro motTped
A. Macnoy B nepiog nangemii COVID-19

Ukraine

JIOCITI/PKEHHSIM TII00AIbHUX TPEHMIB y cepi MapKeTHHTY

AreHtis Buzzfactory JTUTBCS

BIUIMBY TMiJ 4Yac KpU3W, BHUKIHMKAHOI emigeMiero

COVID-19. 3okpema areHIis 30cepe/pKyBajna yBary
Ha KUJIBKOX TEHIEHIIAX.

1. Yenenoowe ax cnocib6 0Oopomvbu 3 HYO0b2OIO.

Y meil mepiog cmocTepiraeMo 3Ha4HY  KUIBKICTb
YeNeH/KIB Pi3HUX BHUIB, IMOYWHAIOYM BiJ COIiaIbHUX,
CIPSIMOBAaHMX Ha JOIOMOTY MEIUYHHM IIpaliBHUKaM
i XBOpHM, 1 3aBepIIyIOYH CHOPTUBHUMH, IO CIPHUSIIOTH
MoMyJIsipu3anii ~ 3J0pOBOTO  CHOCO0Y  KHTTS  cepen
HaCEeJICHHS.

2. Ipsimi mpancnayii. Bimomi 6iorepu po3noBiIaoTh
Mpo JOCBiA, SK BOHH MPOBOJSATh KapaHTHH, 3ipKU
OpraHi3OBYIOTb MBI  KOHIEPTH, (iTHEC-TpEeHEepH
BJIAIITOBYIOTH TpsiMi eiph 3 TPEHYBaHHSAMH, a TICHXOJIOTH
KOHCYJIBTYIOTb, SIK 3AJIMILIATHCS B TADMOHIT ITi/1 9ac KpU3H.

3. 3mina nanpsmy nonyisipHocmi cepeo iH@oeHcepis.
HaOysatoTs momymspHOCTi Karteropii OsorepiB y cdepi
XapuyBaHHs, OCKUJIbKHM JIFOMU T0Yald Oiiblle Yacy
MPOBOMUTH BAOMA, piAlie BigBIAyBaTH pPECTOPaHU
i xaB’sipHi [9].

Factum Group Ukraine pa3om i3 BceykpaiHcbkoro
PEKJIAaMHOIO KOAQJIII€I0 TaKoX MPOaHANi3yBajld BIUIUB
COVID-19 na mapkeTuHr B YKpaiHi. YHACTIOK IIbOTO
JOCITIHKEHHS OYJI0 BHOKPEMIICHO I1’ITh OCHOBHHX TPCHIIIB.
pecTpyKTypH3amis

KOMITaHi1 3MEHIYIOTh (DiHAHCYBaHHS MapKETHHTY.

1. Penykmiss  Ta OIOKETIB:

2. [IpumycoBa i305s1is, 1110 TPUBOAUTH IO TTOBHOI
uudposoi Tpanchopmarii. Ileir mnpomec mnependayae
nepexizi 10 IHTepHeT-peKJIaMH, €JIEKTPOHHOI TOpTriBiIi,
OHJIaHH-CEPBICIB, JOCIIKEHb Y MEpexi, eJIeKTPOHHOTO
0O0MiHYy JJOKyMEHTaMH Ta BipTyalbHHUX 3yCTpiuei.
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3. ®oKyc Ha CIIOKMBA4Ya: y CHTYaIii 3arOCTPEHHS

KOHKypeHLii  migmpuemcTBa Bce  Olnblie  yBaru
TMPUIULAIOTE TOTpedaM KIieHTiB. BOHM 3a3HaudaroTh, IO
1€ OXOILIIOE SIK PO3POOJICHHS HOBUX MPOIYKTIB / TIOCIYT,
TaK i iX pexnamy (IHAWBITYATBHAH TIXIT IO CIIUTKYBAHHS).
4. IligmpuemcTBa, CIpsSMOBaHI He Ha BIOCKOHAJICHHS
HasiBHHX IIPOJYKTIB, 8 Ha CTBOPESHHS HOBOTO THITY TOBapYy.
5. Kowmmawii, mo BOpOBaJXyIOTh CHUCTEMaTH4YHI
Ta TOCTifHI MOHITOPWHTH TOKa3HHKIB, MEPEXOAATH IO
CUTYaTUBHOTO MapKETHUHTY, KOPHUI'YIOTh MapKETHHTOBI
CTpaTerii Ta BUTOTOBJSIOTh HOBiI BiAUOBITHI MPOIYKTH
i xomyHikamii. Ile BUMarae migBHINEHOI KPEaTHBHOCTI
KOMaHI 1 IOBUAKOCTI B TIPUHHATTI YHpPaBIiHCEKHUX
cepen
HEOOXiTHO HAroJOCHUTH Ha 3pPOCTaHHI KOPIIOPaTHBHOI

pimrens. Kpim  Toro, OCTaHHIX TEHICHLIN
BiJIOBiAILHOCTI Oi3HECy, Ha IO 3BEPTAIOTH YBary
Cy4acHi CHOXKHBAaYi.

OTxe, 3 OTJISIly Ha OCTaHHI TEHJIEHIIIT B MAPKETHHTY
ta maggemiro COVID-19 mronu 3MiHIOIOTE CBOI MOTpedu
B TOBapax: BOHM YBaXHille OOMpAIOTh NPOAYKIiIO,
0 HalOinbIIe BiANOBigae IXHIM BUMOTaM, i 3BEPTAIOTh
miny. Illo
TO pO3CyMJHBINIE TpHilMaeThcs pimeHHI. Kpim TorO,

yBary Ha BUIIA LIHHICTH TOBapy,
nangemMiss COVID-19 nopyurye npoGnemu kibepbesneku,

OCKITBKM KpW30Bi CHTYyallil 3a3BHYail CTUMYIIOIOTh

rpyI.
CHPUSITH

JUSUTBHICTB  PI3HUX — XaKePChKHUX OcHOBHUMH

(hakTopamu, IO TOTEHIIWHO 3pOCTaHHIO
JICCTPYKTHBHOI KiOEPaKTHBHOCTI, €: 30UIBIICHHS KiTbKOCTI
MOTEHIIIHO BPa3UBUX 3 €IHAHB, SIKi MOXKYTh MIPHU3BECTH
JI0 KoMIpoMmertarii iHpopmarii abo camoi oprasisaiii,
abo 1i mpamiBHUKIB, IHTEHCH(]IKAIis eIeKTPOHHUX
TUIATEXIB, 1110 TPUBEPTAE OLIbIIY yBary KiOep3J0BMUCHHKIB
0 IMaxXpaichKol MisTBHOCTI; 3pPOCTaHHSA KUTBKOCTI
¢immHroBuX arak — 30UTbIIEHHS (DaNBIIMBUX JIMCTIB
(i3 malware-BxnafgeHHsIMHI) Ta (QaTbIINBUX BeOCAHTIB
(s 300py mepcoHabHOT Ta OaHKIBCHKOI iH(opMarii
TPOMaJIsfH); NONATKOBE ITOCHWJICHHS MaHIKM MOXxe OyTh
OJTHIEIO 3 IIiJIeH omepariil BIUIMBY 3 OOKY iHIIHMX JepiKaB,
II0 MOXYTh BHUKOPHUCTOBYBaTH CHUTYallil0 Yy BIACHHX
inTepecax [10].

Mangemis COVID-19 Takox CcyTTe€BO BIDIMHYJA
Ha pIi3HI CEKTOPHM CKOHOMIKH, 30KpeMa Ha I1HIYCTpIirO
TOCTHHHOCTI, sIKa 3a3Hajla 3HaYHWX 3MiH i BTpar [11].
IMepion kapaHTWHY BHSBUBCS HaWHOIIBLI CHPHATINBUM
JUIS  TIATNPHEMCTB Yy TPOBEACHHI OHJIAHH-B3a€EMOIi

3 HassBHUMH " MIOTEHLIHHUMU KJII€EHTaMHU.

e minTBepMKYEThCA TAaKOXK  CTATHCTHKOK  3MiH

y cmocobax cCroiuikyBaHHsS OpeHmiB. 3a iH(popMallien

MOCHimHUIBKOI areHmii Sprout Social, aKTUBHICTH

KOPUCTYBa4iB MNIONO ITyOJIiKaIii Cy4acHMX KOMIIaHii

y COIialbHUX Mepekax 3HAayHO 3pociia Tix dac

KapaHTHHY. [HIIMMH  cJOBaMu, CIOXHUBaul CTalH
aKTUBHIIIE pearyBaTH Ha KOHTEHT OpEeHiB, 30Kpema
CTaBJIATh yNONOOAaWKH, PETBITATH 1 KOMEHTYIOTb,
10 CTpUSE MBHUIIIOMY HOMUPEHH!O iHpopMaii [12].

Omxke, micas aHamizy BJIACHUX JOCTIDKCHb Ta
IHOIMX ~ YCTAHOB y3araJlbHUMO HANpPSIMH  PO3BHUTKY
MapKeTHHTy B yMOBax THaHaeMil Ta chOpMyIHEMO
pexoMeHaii a7 BUpOOHUKIB.

1. ITinBumieHHsT piBHS IHBECTHLIH Yy TNPHCYTHICTH
B IHTEpHETI.

2. 3abe3rneueHHs MaKCUMAaJIbHO1 3pYYHOCTI
Y 3BOpPOTHIl KOMYHIKaIlii BiJf KIIi€HTa J0 BUPOOHMKA.

3. 3ocepemKeHHs yBark Ha IiJABUINCHHI eMOLIIHOTO
3B’SI3KY 3 KIIIEHTOM.

4. YrpoBa/KeHHS THYYKHX BapiaHTIB OILIATH.

5. CnpsaMyBaHHS 3yCWIb Ha 30iIbIICHHI 00CSTYy
KOHTEHTY 32 KOPOTILIHH Tepios vacy.
COVID-19

CIIPUYMHWIIA CYTTEBI 3MiHM B Oi3Hec-Tporiecax i MeToax

Byno 3’scoBano, mo maHmemis
MIPOBEACHHS JOCIiIKEHb, 30KpeMa y cdepi ympaBiiHHI

pusukamu  [13]. B iHTepHeTI  CHOCTEpiraeTbes

MepeHacwueHicTh  iHpopmariero, TOMy  CIOXHBadi
30CepeKYIOThCS Ha KaHajlaX, JIe JIOCTYITHUIH MaKCHMaJIbHO
MOTpiOHWH,  aKTyanbHMH 1  KOPHCHMH  KOHTEHT.
[lignpueMcTBa BKIAAAOTh OIODKET y BUPOOHUIITBO
Bi/leO UIA IIBUAKOTO MOMMPEHHA MiHHOI iH(opMarii
cepel CBO€ET ayTuTopii. Y TakOMY CEpPEIIOBHII CIIOKUBAYI
moTpeOyIOTh yIEBHEHOCTI B OpeHIi, NpUBaOIMBOTO
KOHTEHTY, 0COOJIMBO Ha (hOHI HECTAOIITBHOCTI.

[lignpuemmi 3BepTaroTh yBary Ha OHJIaHH-TOPTIBIIL,
3aKpHBalOYM OQIIaifH-Mara3uHu sl 3aXUCTy IIePCOHAITY
Ta TpoMaChKOCTi. le BayKITMBUII BUCHOBOK, akKe B TakKi
mepiogn OpEeHOW CTaBJIATh CIUIBHI 1HTEPECH BUIIE
3a mpuOYTOK 1 BXHUBAIOTH 3aXO[iB, 100 MiATpHIMAaTH
3arajibHy 00pOThOY, 3 TKOIO 3ITKHYBCS BECh CBIT.

[Tpono3wuii s CTIoXXKUBaviB:

1) cnpusiHHS pO3BUTKY MiCLIEBHX Oi3HECIB;

2) onrmMizariis Ta e)eKTHBHE BUKOPHCTAHHS PECYpCiB;

3) 30cepe/DKEHHS yBard Ha 30UIBIICHHI BIACHUX
(hiHAaHCOBUX HAKOITUYECHB.

[TanneMist TakoX BUKJIMKaJa PI3HOMAHITHI peakil
cepel CIOKHMBAdYiB, SKi aJanTyBaliCS 0 HOBHX YMOB,
3MIHIOIOYM CBOi TPIOPUTETH Ta TOBEHIHKY [14].
B ymoBax eKOHOMIYHOI Ta COIiaIbHOI HECTaOITBHOCTI
nepiie Micue TNocilae MUTaHHsS 30epeKeHHsT BJIACHOTO
3I0pOB’s, IO TPUBEIO [0

3pOCTaHHS  TIOTIHTY

Ha OJHOpa30Bi MpEAMETH, SKi 3MEHIIYIOTh PH3HK

3apaxkeHHs Bipycom. Cepen TOBapiB, MOMYJSIPHICTH

SIKMX 3pociia B OHJIAHH-TOPriBii, HaWOLIBIIMK TONHT
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MalOTh MpeIMeTH TMepIIoi  HEeoOXiTHOCTi, 30KpeMa
NPOJXYKTU XapuyBaHHA / OakaiiliHi ToBapu, NoOyTOBa
ximiss Ta 3acobu ocobmcroi ririemn. IIpore nerka
MPOMHMCIIOBICTH HAWOUTBINE TOCTPpaXKAAIa Yepe3 3MEHIICHHS
o0csriB nmpogaxy. OTxe, MaeEMO MOJSIPU30BaHy KapTHHY:
Jiesiki TpyHH TOBapiB 3a3HAIOTh 3POCTaHHS IOMUTY
B HasABHUX KIIEHTCHKHUX 0Oa3ax, ToAl K IHIII
CIIOCTEPIraroTh 3HWKEHHS aKTUBHOCTI [15].
[omynsapHicTh TOBapiB AJI1 AKTUBHOTO BiIIIOYHHKY
(hopmyeThest i BIUIMBOM Pi3HHUX (pakTopiB, OCHOBHUM
3 AKHX € 3POCTaHHA TYpU3My BCEpeAuHi KpaiHH uepes
OoOMeXeHHsI BHUI3y 3a KOPAOH Yy 3B’SI3KYy 3 BOEHHUM
crtanoM. Takwii BWA BIONOYMHKY CTa€ He JuiIe X001
abo po3Barolo, ajge W MOXIMBICTIO JJIsi MOPAIBHOTO
BIHOBJIEHHS SIK [JI1 BIMCBHKOBMX, TaK 1 IS IIUBUILHOIO
HaceleHHs. 301IbIIeHHs KiJIbKOCTI TYPHUCTIB 1 TpOMaJIsH,
IO TONOPOXKYIOTh, IPHBOJUTH A0 3POCTAHHS IOIHTY
Ha TOBapu JUIS AaKTHBHOTO BiANOYMHKY: TYypHUCTHYHA
aMyHIIlisl, KEMIIIHTOBe OOJamHaHHA, PIOK3aK{, HAMETH,
cnanbHi Mimku Tomo [16]. TypucTHuHe criopsiKeHHs
CcTa€ HEOOXIAHMM SK IS BIMCBKOBHMX, TakK 1 i
IUBUILHOTO HACEeNICHHS IMiJ 4Yac BiHHM, B yMoOBax
6e3 cBiTia, Boam, abo B pa3i mepeOyBaHHS B YKPUTTSX,
abo U1 THX, XTO 3MYLICHUH 4YacTo IepeikInKaTH
BIITOBITHI Marasuan, 110

Ta  IIyKae TOBApH.

CHELiai3yIOThCSl Ha SIKICHOMY, JIETKOMY, MIIJHOMY,

KOMIIAKTHOMY Ta ()YHKIIIOHAJIFHOMY CHOPSKEHHI,
MIPUBEPTAIOTH YBAry CIOKUBAYiB i CTUMYJIIOIOTH ITOTIUT.

Sk Oyno 3a3HAYeHO BHIIE, Y CYYaCHHX YMOBAax
HecTaOLIbHOCTI Ta BOEHHOTO CTaHy B KpaiHi CIIOXHMBadi
cTamu  OOMEeXyBaTh CBOI  BHUTPaTH, IIEPEBAYKHO
3a0l0a/PKyIOYM Ha po3Barax, BIANOYMHKY Ta CIOPTI.
OpHak, KyImyloud TOBapH 3 IIi€i KaTeropii, BOHU Bce IIe
MAaIOTh MEBHI OYiKyBaHHs Bij OpeHmiB [17]:

e 55% KIi€HTIB OYIKYIOTh, 1100 OpeHIM 3Ba’Kalu
Ha €KOJIOT1YHICTD 1 BIUTMB Ha JOBKIJIIS;

® 54% X04yTh BIAHOBIICHHS aCOPTHMEHTY TOBapiB
1 OpeHpiB, 110 iCHYBaB 10 BilHH;

e 53% mparHyTh OauWTH MEHIIE PO3BaKAIBHOT
peksiamu;

e 53% OaxaroTh MaTH JOCTYIHINI ITPOTIO3HUIIi]
TOBapIB.

Bepyun 1o yBarm axTyanbHI TEHICHIIi Ha PHHKY
Ta 3MIHy CIOXHBYMX TPIOPHUTETIB, MiJIPHEMCTBA,
IO CHEMiali3yloThCcss Ha BHPOOHHITBI Ta MPOAAXKY
TOBapiB JUIs aKTHBHOTO BIANOYMHKY, MAlOTh IIBUJIKO
aaNTyBaTUCA [0 HOBUX PHHKOBUX YMOB 1 BHSBIATH
IHHOBaLIWHUK MiAXiA y CBOIM MapKeTHHIOBii cTparerii.

Pureiinepu 3MytmieHi Oynm onepaTHBHO TMPHUCTOCOBYBATHCS

mo HoBuUX oOcrtaBuH 1mix 4ac mnangemii COVID-19,
IO TPHUBEJIO A0 3HAYHUX 3MiH Yy KOHKYPEHTHOMY
cepenorui [ 18]. [IpoBeneHHS MapKETHHTOBHUX JOCITIIKEHB
PHHKY TOBAapiB JUIsi aKTUBHOT'O BIJIIIOYUHKY € KJIFOUOBUM
IHCTpYMEHTOM JUISI PO3YMIHHSA CIIO)KHBYMX TIOTped
1 BUMOT, BHSBJICHHS IepeBar i HEJONIKIB KOHKYPEHTIB,
a TaKOXX BU3HAYCHHS ONTHMAIBHUX CTpATeriii Mpoaaxy
Ta MPOCYBaHHS MPOAYKILI. Y 1IbOMY KOHTEKCTI MPOBEIECHO
MapKeTHHTOBE JOCIHIIKEHHS cepel KIIE€HTIB KOMITaHil
"T'opranu" — Mepexxi MarasuHiB, IO CIIEIIaTi3yIOThCs
Ha TMPOJAXY TOBApiB IS aKTHBHOTO BigmodmHKy [19].
s Mepexxa mpaiftoe Ha ykpaiHcbkoMy puHKY 3 2005 p.
i Hamiuye 12 (Gi3MYHMX Mara3uHiB, a TaKOX Mae
IHTEpPHET-NPUCYTHICTb. Y JIOCHIDKEHHI B3SUIM Y4acTb
cepen
1 49% XIHOK, 3 TIEPEBAXKHOIO KUTBKICTIO onuTaHux (47%)

774  pecrioHOEHTH, akux 51%  407I0BIKIB
y Bimi Bix 18 mo 30 poxkis.

3a pesyibraTamMu ONUTYBaHHS 82% pECIOHIEHTIB
BIJIBIAYIOTh MarasuH MOAIOHOTO THUILY, HAaBITH y mepiof

BOEHHOTO CTaHy (puc. 3).

Puc. 3. Pe3ynbTaTit OMUTYBaHHS [IO/I0 BiZIBilyBaHHs CIIOKHBA4iB
MarasuHiB 13 TOBapaMu [T aKTHBHOTO BiATIOYMHKY

Cepell TOBapHUX KaTEropii, Mo MarOTh HAHOIIBIINE
monuT y KiieHTiB kommanii "[‘opranm", mepeBakaroTh
CIIOPS/KEHHSI Ta MPOMYKTHU XapuyBaHHs, OCKUIBKU IIi
TOBapy HEOOXiIHI B 30HI OOWOBHMX [iil, TAKOX IIs TpyTa
TOBapiB Mae MPIOPUTET 1y BOJIOHTEPIB (puc. 4).

Puc. 4. ToBapHi kareropii, o HaifyacTimie KymyoTh
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Cepen BU3HAUAIBHUX YHHHUKIB, SKi HaiOiibIIe
BIUIMBAIOTh Ha PIiLLIEHHsI [IPO 3[iHCHEHHS IOKYITKH, SKICTh

mocigae Tepmie Micle, a Ha APYyroMy Michi — IIiHa.

[pwiiMaroun pimeHHs MPO TOKYIKY TOBapiB MEBHOI
KaTeropii, Crio)xuBa4i HacamIiepei, NparHyTh NpuaOaTé
SIKICHUH TIPOIYKT (pHC. 5).

Puc. 5. YuHHUKY, 110 BIUTMBAIOTH HA IPUNHHSATTS PilIEHHS PO MOKYTKY

[lono miaTpUMKH YKpaiHCHKMX BUPOOHUKIB TOBapiB
JUISL aKTUBHOTO BIIIIOYMHKY CHOCTEpIra€Thcsi MO3UTHBHA
TEHEHIIIS, OCKUTEKM 81% ONMTAaHMX BUSIBIIM CXUJIBHICTH
came 110 BITYM3HSHHX ToBapiB (puc. 6), 11% BigmatoTh
nepeBary 3akOpJOHHMM BHPOOHMKaM 4Yepe3 BHUILUH
piBeHB NTOBipW Ta IOCBiJ MOMEPEeNHBOI MOKYIKH. Maibke
MOJIOBMHA pecloHAeHTIB (47%) oO0upaioTh OHJANH-
IIOMIHT, TOMI SIK TPETWHA ONMTAHMX IIparHe MpuUadaTH
TOBapH y 3BUUAiHUX o(iaiiH-Mara3uHax (puc. 7).

Puc. 6. [TprXIbHICT OMUTAHKX A0 KPATHH-BUPOOHMKA MPOTYKLIT

Puc. 7. Micus kyniBii ToBapiB /Uil aKTHBHOTO BiIIOYMHKY

CrioxuBaui ~ HalOLTBII ~ 3pyYHMMH  KaHAJaMHu

KOMyHIKaiii 3  OpeHmZOM  Ha3Baau  OQiiiHHUN
BebOcaiit (33%), telegram-xanan (31%) Ta couianbHi
Mepexi (28%) (puc. 8). Came mi KaHaid KOMIMaHii
HeoOXisHO oOpaTu Uit PO3pOOJIEHHS KOMYHIKaliiHOT
cTparerii Ta miITPUMKH 3B’s13Ky 3 kiientamu [20].

SIK MOKa3yroTh pe3ysbTaTh HAIoro IOCIiKEHHS,
TOBapH JUIsl aKTUBHOTO BiIIIOYMHKY, 30KpeMa TypPUCTHYHE
CIIOPSIPKEHHS, HaBITbh

3AJIMIIAOTBCA  MMONYJIAPHUMU

y nepion Biiinu. Kpim TOro, Ha rpyiy nux TOBapiB MOMUT
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mpomoBXKye 3pocTatd. Jlo neskux KaTeropiii ToBapiB
MIiZBUIIY€ETHCSI IHTEPEC K 3 OOKY IUBIILHOTO HACEJICHHS,
Tak i cepex BificbkoBruX. OHAK 3MIHWINCS YNHHUKH, IO

BIUIMBAIOTh HA MPUHHATTS pIIEHHA MpO MOKYIIKY,

0COOJIMBO  IiHA, OCKUIBKM 3HIKEHHS  KYIIiBEJIbHO]

CIPOMOKHOCTI JIFOJICH CTa€ OUEBUIHOIO TCHACHITIETO.

Puc. 8. Haii6inb1m 3pyyHi Ui KITI€HTIB KaHAJIH KOMYyHiKauii 3 OpeHzom

MarasuHaMm, 1[I0 CHCINai3yIThCI Ha TOBapax
JUIss aKTUBHOTO BIIMOYHMHKY, BapTO MEPErJsIHYTH CBiil
MPOAYKIIIO
BITYM3HSIHAX BUPOOHUKIB 32 OUIBII JOCTYITHUMH I[IHAMH,

ACOPTUMCHT, J0JaBIIN a0 HBOTO

ane 31 30epekeHHSIM BHCOKOi sikocti. Komanna
"Topranu" axkTHBHO TpAIfO€ HAI HOBUMH iICAMH [T
30epeXCHHS CBOIX TMO3UIII HAa PHHKY, BUSIBIISIOUU
iHTepeC MO0 CHiBOpami 3 HOBUMH OpeHAaMH, SKi
MPONOHYIOTh TAKTUYHE CHOpS/UKeHHS. HesBaxarouu
Ha BiifHy, PO3IIMPIOETHECA MEpeka MAara3wHiB: BiTKPIITH
HOBWIA 3akian y bykosemi, a Ttakoxk y TpaBHi 2023 p.

MoYaB TIPAIIOBATH TepIInii MarasmH y M. Byxapecri,

Pymynis. BililHa cTajxa TOIITOBXOM [0 BHXOAY
yKpaiHChKHX (pipM Ha MiXKHAPOIHUIN PHHOK.
BucHoBku
3 MOMEHTy TOBHOMAcIITaOHOrO  BTOPTHEHHS

YKpaiHChKI CHOKMBadi MIBUAKO aJaNTyBalucs 10 YMOB

BOEHHOTO CTaHy, IIEPErVITHYBIIM CBOi IPIOPUTETH

Ta (aktopu, 1O BIUIMBAIOTh Ha IXHI pIlIEHHS LIOAO
MOKYIOK. BiImoBiZHO 10 IBOrO YKpaiHCBKUE Oi3HeC

TaKOX pearyBaB Ha Il 3MIHH, aJaNnTylO4Yd CBOIO

IISUTBHICTH ~ JUIS  TOBHOINHHOI  (DYHKIIIOHANBEHOCTI

Ta 3a70BOJICHHS MOTPeO KiIieHTiB. XO0dYa CIOXHBAHHS

NESIKUX ~ KaTeropii ToBapiB, TaKuUX SK TMPOLYKTH

XapuyBaHHS Ta JIKM, 3a3HAIM HE3HAYHUX 3MiH, pedi
IUIsl  AKTHBHOTO  BINIOYMHKY, 30KpeMa TypHCTHYHE
CIIOPSIPKEHHS, CTaJIlM KaTeropicio ToBapiB, Ha Ky MOMHT
3HaYHO 3HM3MBCS HA IOYATKy BiifHH. OIHAK pe3yibTaTH
JOCII/DKEHHSI Ta EHEpPreTMYHI yMOBH, WIO CKIJIAINCS
B3UMKY 2023 p., maTBepAWiHM, MmO Oe3 3a3HauYCHHUX
ToBapiB Oyino 6  Habararo

Baxkue.  Kareropii

DKa

n

"cropsmkeHHsa" Ta MamTh IOIXAT 13 CaMoro
1oYaTKy BOEHHOTO KOH(MIIKTY SK cepel LUBLIBHOTO
HACeNleHHs, TaK 1 cepex BIHCBKOBHX. 3 oMMy Ha
MiJBUIIEHY TpPUXWIBHICTD JI0 YKpaiHCBKHX OpeHIiB
MarasuHaM TOBapiB Ul aKTHBHOTO BIIIOYMHKY BapTo
PO3LIMPHUTH CBiif aCOPTUMEHT BITUYM3HSIHUMH TOBapamu 3
YCTaHOBJICHHSM JOCTYIHUX LIiH.

JlocHiiKeHHST IEMOHCTPYE, IO MiJ Yac TI00aTbHIX
KaTacTpod 3pocTac IOMUT Ha TOBapd  IepIol
HEeoOXiHOCTI Ta mpenMmerd poskomri. [lignpremcrsa,
SAKi MOXYTb BYAaCHO pearyBaTH Ha 3MiHH CHOXXHBYMX
MPIOPUTETIB 1 BUKOPHCTOBYBAaTH HOBI  TEXHOJIOTI]
JUIA KOMYHIKaIlil 3 KIIi€HTaMH, MaloTh OiJblle IIaHCIB
Ha ycmix. Takox BaxiauBo 3a3HaunTH, mo COVID-19
CTaB JDKEpelIoM He JHIe npobieMm, aine H HOBHX
MOJJIMBOCTEH 7151 Oi3HECy, 110 CYMPOBOKYBAIN Hepion
moTpsiciap. [lepcriekTHBaMH TOJANBIINX  IOCIHIKEHB
€ oOIpYHTYBaHHs piBHsI BTpaT Ha PUHKY TOBapiB MepIuoi

HeobxigHocTi yepes COVID-19.
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IMPACT OF GLOBAL CATASTROPHES
ON ONLINE SHOPPERS’ BEHAVIOR

The article's subject matter is the impact of global catastrophes such as the COVID-19 pandemic and Russia's military aggression
against Ukraine on consumer behavior in online stores, including changes in consumer purchasing habits and the adaptation
of business marketing strategies. The work aims to develop methods for analyzing changes in consumer behavior in the face
of global catastrophes and to develop recommendations for businesses to effectively respond to new market challenges. The following
tasks were solved in the article: Investigating the impact of the COVID-19 pandemic and war in Ukraine on consumer behavior in
online stores. Identifying key factors influencing consumer decisions during crises. Analyzing current marketing strategies and tools
used by companies in crisis conditions. Developing recommendations for businesses to adapt to new realities and maintain
competitiveness. The following methods are used: Mathematical data processing for analyzing survey results and statistical studies.
Comparative analysis to compare consumer behavior before and during the pandemic. Expert assessments to determine the
effectiveness of marketing strategies. Content analysis to study trends on social media and other online platforms. The following
results were obtained - formulated principles for adapting marketing strategies in the context of the COVID-19 pandemic and
wartime, identified that priorities for consumers include safety, health, availability of essential goods, and cybersecurity; changes
in consumer behavior were identified, with consumers becoming more price-conscious and preferring products from local
manufacturers; recommendations for businesses were developed regarding effective communication with customers, increased
investments in online presence, ensuring convenience of feedback, enhancing emotional connection with customers, and offering
flexible payment options; methods for supporting local businesses and optimizing resource utilization by consumers were
proposed, emphasizing the importance of environmental responsibility and financial resource savings; a marketing study
among the clients of the company "Gorgany" was conducted, which showed that the demand for outdoor recreation products
remains high even during wartime, and that consumers prefer high-quality and affordable products from domestic manufacturers.
Conclusions: the application of the method of analyzing changes in consumer behavior allowed to identify key factors influencing
purchasing decisions in times of global crises, this gives businesses the opportunity to timely adapt their marketing strategies
and maintain competitive advantages; the use of developed recommendations contributes to increasing business efficiency in times
of pandemic and wartime, thanks to these recommendations, companies can better meet the needs of consumers, improve service
quality, and increase customer loyalty; optimization of product range and improvement of digital presence are key success factors
in the modern market, companies that quickly respond to changes in consumer priorities and use advanced technologies to
communicate with customers have more chances for success.
Keywords: global cataclysms; consumer behavior; online shopping; pandemic; war; economic instability.
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1. HEBJIIOJI0B, P. CTPUIELLD, JI. BJIM3HIOK

3ABE3NIEYEHHS SKICHUX IOKA3HUKIB ®OTOMOJIMEPHOI'O 3D-JIPYKY
3A IOMOMOI'OXO MATEMATHYHOI'O MOJEJIOBAHHSI
I TECTOBUX MOJIEJIEA

IIpeameToM nociigKeHHs1 B CTATTi € aHaJi3 BIUIMBY TEXHOJOTIYHHX IapaMeTpiB ()OTOIMOIIMEPHOTO NIPYKY Ha MOSABY NC(EKTiB
y mporeci IpyKy i3 BHKOPUCTaHHSIM TECTOBUX MOJAENEH, IO MICTATh €JIEMEHTH, Ha SKHUX IO3HAYAETHCS 3MiHA TEXHOJOTIYHUX
napaMerpiB. MeTa po0oTH — BH3HAUCHHS 3QJIS)KHOCTI MK TEXHOJIOTIYHUMH MapaMeTpaMu (oTOMONIMEpHOro APYKy Ta nedeKTaMH,
II0 BUHUKAIOTh YHACIOK APYKY 3 BHKOPHCTaHHAM MOJeNeH Ui TeCTyBaHHSA. Y CTaTTi BHKOHYIOTBCS TaKi 3aBJAaHHSI:
aHAJ3 HAasBHUX TECTOBUX Mojedeil 1 BH3HA4YCHHS CJICMCHTIB MOJAENI Ta BIUIMBY Ha HHX TEXHOJOTIYHHUX HapaMeTpiB.
Metoau, 10 BHPOBAIKYIOTHCS: MAaTEMaTUYHUHA aHANi3 y BUIJIAAI OXHOGAKTOpHOI JiHiMHOI perpecii Ta eMImipudHUl MeTO,
IO TOJArae B TOPIBHAHHI Ta BHUMIPIOBAaHHI pI3HHUII MK OKPEMHMH TECTOBHMH 3pa3KaMH [UII OTPHMaHHS 3HAYCHb,
SAKi B IOJQJBLIOMY BHKOPHCTOBYBaTHMYThCS B perpeciiiHoMy aHamizi. JOCATrHYTi pe3yJbTaTH: BH3HAYCHO 3aJICHKHICTbH
TEXHOJIOT1YHHUX (PaKTOpiB Ta IX BIUIMB Ha €JIEMEHTH TECTOBOi MOJENi, IO MOJIrae B 3MiHi (i3MYHUX PO3MIpPiB TECTOBUX MOJEINEH,
JIe 32 YMOBH HEIOCTATHBOTI'O Yacy eKCIIOHYBaHHS PO3MIpH MOJIEIi 3MEHIIYIOThCS Ta YTBOPIOIOThCA JiedekTH. Y mporeci 30iIbIeHHs
4acy eKCIIOHYBaHHS PO3MIpH MOJIE JITHIHHO 3pOCTaloTh, BUHUKAIOTH 1e(EKTH y BUTIIA/l 3HHKHEHHS OTBOPIB a00 3MIiHHM iX pO3MipiB.
BucnoBku. Y mociikeHHi, o nepeadadano IpyK TECTOBUX MOJETIeH Ta iX aHaJi3 3a JOMOMOTOIO JIiHiHOT otHO(haKTOpHOI perpecii,
BU3HAYEHO Ta MiATBEP/KEHO 3aJEXKHICTh MK YacoM eKCIIOHYBaHHsA Ta (i3M4HMUMHU po3MmipamMu Mojerni. OmucaHo Merof
JOCITI/DKEHHST BIMOBIMHOCTI PO3MIpiB 3aJIS)KHO BiJ Yacy €KCIIOHYBaHHS 3 BHKOPHCTaHHSIM TECTOBHX MOJENEil i MaTeMaTHYHOTIO
MOZENIOBaHHS y BHIJLIII perpeciiHoro onHodakTopHOro anamizy. Hamami 3amponoHOBaHO BU3HAYMTH BIUIMB BHCOTH IIapy
Ha Yac eKCIIOHYBaHHS Ta 3HAYYIICTh OKPEMHX TEXHOJOTIYHNUX (aKTOpiB, 8 TAKOXK YCTAHOBHUTH iX BIUIUB Ha Ie(EKTH, 1[0 BHHUKAIOTh
yHacmigok Apyky. [1oOynoBaHO Mopmenb perpeciiHOro aHamily, BU3HAYEHO KOpENslii TEeXHOJOTIYHHWX MapaMeTpiB Ta IX BIUIUB
Ha TIOKa3HUKH SKOCTi. Y CTAaHOBJICHO KOe(illieHT AeTepMiHaLil mo0y10BaHOT MOAETI.

Knrouosi cmoBa: 3D-mpuHTep; aguTHBHE BHPOOHHITBO; (OTOMOJNIMEPHUH IpPYK; perpeciiHMil aHami3; TECTOBI MOJENi;
MaTeMaTHYHHUIH aHaIli3; TOCIIIKEHHS.

Beryn 3 eKCTPY3iMHUM, K HaWOUIBII MOMUPEHUM, TO IO OCi Z
dorononiMepHuii  Ipyk MiHiMaabHO Mae 30  MKM,
Huni 3D-apyk cTae Bce OiNbII  MOMIMPEHHM Tomi sk TexHoJorii FDM — 50 mxm. Po3ninbpHa 31aTHICTE
i B gmesxux cdepax s3amiHIOe iHmi TexHomorii. MO OcaXx XY y oTOmosiMepHOMY ApyuUi CTaHOBHTh
Ile mMOSCHIOETHCA HU3KOK IepeBar, sKi Mae I MiHiMaTBHO 25 MKM, 1IN0 BiJNOBigac PO3ALIbHIM
TEXHOJIOTiSl TIepell KJIACHYHUMH. BTkl HU3BKI BUMOTH 3/IaTHOCTI TPaapeTHOTO EKPaHa, KPi3b KU MPOXOMUTH
0 KBamidikarii mepcoHaly W JCHmICBE Ta JIOCTYIIHE ynbTpadioneroBe BHIIPOMiHIOBaHHS. Y TexHomorii FDM
oOnagHaHHs 3abesneumnu 3D-Apyky —HOMyIsSpHICTH pO3MdiabHA 3MATHICTH CTAHOBHUTH MiHIMaIbHO 100 MKM
y cBiti. be3symoBHO, TexHosorii 3D-mpyky iCHYIOTH o ocsx XY, Mo BiANOBiae po3Mipy coILla, Kpi3b sKe
JIy’Ke JaBHO, 1 BOHH BIZPI3HSIOTHCS OJIHA BiJl OJHOI, ane NPOXOAUTL  posirpituii  dimament. ToOTo, AKIIO
BOJIHOYAC 1€ PI3HOMAHITTS J]a€ 3MOTY BHKOpHCTOBYBaTi  HOpiBHIOBaTH 3 FDM-TexHonoriero, —(orononiMepHa
X Yy LIUPOKOMY CHGKTpi HaHpHMiB — BII BI/IpO6HI/ILITBa TEXHOJIOTIA 336631'[6‘{}/6 pO3)1iJ'IBHy 30aTHICTE OLIBII HIX
MAIIIFH JI0 JTUBAPHOI MIPOMHKCIOBOCTI. yaBidi, Matoun 50 MKM pO3AUTBEHY 3aTHICTB IO OCAX X7,
Opmiero 3 Garathbox TexHomorii 3D-apyky e IO pOOHUTH IO TEXHONOTIEI0 OJHICI0 13 HalOibII
¢doronomimepuunit apyk [1]. Bin mae 3Mory apykyBatu BHCOKOTOYHHX TEXHOJOTIH 3D-1pyKy.
pisikuM oTOMONTIMEPOM, 11O T/ Ji€l0 yIbTpadioneToBoro Onmak it oTpuMaHHs GakaHoi SKOCTi BHPOOIB,
BUIPOMIHIOBAaHHs IOJIMEPU3YETHCS 3 PIAKOrO CTaHy HAJIPyKOBAaHKX 32 JOTIOMOTOI0 (DOTOMONIIMEPHOT TEXHOJIOTIT,
y TBepmuii. OcoOGIMBICTIO (OTONONIMEPHOTO APYKY HEOOXiZHO BCTaHOBUTH TEXHOJOTIYHI MapaMeTpH, 3a
€ BHCOKa p03)1i_]1],Ha 3JIaTHiCTb, SAKIIO l'[OpiBHlOBaTI/I SAKUX 6yzLe JA0CATHYTa MaKCHUMaJlbHa skicTb. OCHOBHUMH
3 OUTBIIICTIO IHIIMX TEXHOJOTiH, 30KkpemMa FDM, LOM, apaMeTpaMu  TEXHOJIOTi  (OTONONIMEPHOTO  APYKY,
3DP, EBF. SIxmo nopiBHioBaTH (OTONONIMEpHHE ApyK  Bil AKAX 3AIEKHUTh SKICTh HAAPYKOBaHOi J€Tali,

© 1. HeBironos, P. Crpineus, . biusaiok, 2024
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€ BHCOTa Imapy ¥ dYac moiiMepizamii. 3a yMOBH

301IBIIEHHST BUCOTH LIApy JeTajb HaOyBa€ IIOPCTKOCTI

mapy,
EKCTIOHYBaHHSl CTa€ TpPUBATIIIUM. 30uLIbLIyIoud abo

BIAMOBIAHO IO TOBIIWHH BOJHOYAC dYac
3MEHIIYIOYH Yac EKCIOHYBaHHS, JETalb 3MIHIOE CBOI
TE€OMETPHYHI PO3MIpH, 3TJIaHKYIOUH [TUM TOHKI €JIeMEHTH
B Tporeci 30UTBIICHHS 4Yacy eKCIOHYBaHHA a0o
BTpayvaroyy iX y pasi 3MeHIIeHHs. [HIMMu napamerpamu,
10 BIUIMBAIOTh HA BHUXIAHY SIKICTB, € 4aC €KCIIOHYBAHHS
0a30BUX IIapiB, BUCOTA MEPEMIIIyBaHHS Ta HIBHIKICTB.
Orxe, moctae mpoOieMa y BH3HAUEHHI 3aJISKHOCTI
MDK TEXHOJIOTIYHMMH I1apaMeTpaMu Ta BCTaHOBJICHHS

X BIUIMBY Ha KiHIIEBY AKiCTh HaJ[pyKOBaHHX JETAJICH.

AHaJi3 ocTaHHIX JocaifKeHb i myoaikamiit

3 aHamizy craTeil MOXKHa 3pOOHTH BHCHOBOK, IO
TeMa (HOTOMONIMEPHOTO APYKY HE € TONIMPEHOI0, HAsBHI
JIOCITI/DKEHHS Jal0Th JIMIIe 3aranbHuil ornsia 3D-apyky,
HE MPOINOHYIOYH METOMIB 1 3ac00iB yIOCKOHAJICHHS
i€l TexHoorii.

ITocTanoBKa 3aBAaHb i MeTa TOCTiIIKEeHHS

doTomoNmiMepHUl  IPYK TOMHPEHUH y PI3HUX

chepax
IO BUPOOHMIITBA 3yOHIX MPOTE3iB Y METUIIMHI. PO3BUTOK

NPOMHUCIIOBOCTI — BiJJ MAalIMHOOYyBaHHS

TEXHOJOTIH  BHPOOHHMIITBA  EJIEKTPOHHHX  3aco0iB
MPUBOAUTE 10 TOsABU HOBUX LCD-ekpaHiB, MO 3MIHIOE
napametpu ¢oromnoaiMepHoro 3D-npyky. Expanu matoth
OUITBIIY PO3MUTBHY 3IaTHICTh, MEpeXifl BiJ KOJbOPOBHX
MKCETIB JI0 MOHOXPOMHHX [aB 3MOTY CKOPOTHTH dYac
JIPYKY Ta TIOJIOBKHTH TEPMiH eKCIUTyaTallii caMuX eKpaHiB.
3aBISIKM  [IbOMY 30LIBLIYETHCS SIKICTH  OTPUMYBAHHX
BUpOOIB 1 3MEHIIYEThCS Yac Ha iX JApyk. Bemmke
pi3HOMaHITTS (OTONONIMEPiB, IO BHKOPHUCTOBYIOTHCS
y Apyui,
3aCTOCYBaHHSI.

BIIKPUBAa€ HOBI MEPCIEKTHBH JUIA  IX

OCHOBHMM  HampsIMOM  JIOCIIJKCHb
y ¢dorononimepaomy 3D-apyni € posumpenHs chep
YIPOBA/DKCHHSI Ta BJIOCKOHAJICHHS HAsSBHUX METOJIB
1 3ac00iB ApyKy (oTomoaiMmepHuMu cMoaMu. HaitOinbin
BIZIOMMM JUIS BU3HAYCHHS TEXHOJIOTIYHUX I1apaMeTpiB
€ eMITIPUYHUN METOJ 13 BUMIPIOBAHHIM, LIO JO3BOJISIE
BCTaHOBHUTH HEOOXI/ZHI TEXHOJOTIYHI Mapamerpu s
NOCATHEHHS SKICHUX IOKa3HUKiB. HemomikoM 1bOro
ApyKy
TECTOBUX MOJICJICH, 3HAYHI BUTPATH MaTepiay i yacy.

METOAY € HEOOXiIHICTh BHCOKOI KITBKOCTI

Puc. 1. Texnosorist porononimeproro apyky SLA

MerTo10 JOCHIIKEHHSI € aHali3 HasBHUX TECTOBHUX
MoOzenel Ta €JIEeMEHTIB KOHTPOJIIO, SIKi BOHH MICTATB,
JUIS. BU3HAYEHHsI [TOKA3HUKIB SIKOCTI Ta BIUIMBY Ha HHUX
TEXHOJIOTTYHMX TapameTpiB (oromomimepHoro 3D-mpyky.
J1n1s1 BUKOHaHHSI OKpECJICHO METH HEOOX1THO:

— BH3HAYUTH OCHOBHI TEXHOJIOTiYHI ITapaMeTph
(hoTOMONMIMEPHOTO IPYKY;

— JOCHIIUTH BIUIMB TEXHOJOTIYHHUX IapaMeTpiB
HA TOSBY Ne(EKTiB JPYKY;

—moOyayBaTH  perpeciiHy  MOJAeNb  BIUIUBY
TEXHOJIOTTYHUX TTApaMeTPiB Ha AKICTh PYKOBAaHUX BUPOOIB.

KiHIeBUM pe3ynbTaToOM € JOCSATHEHHS eMITIPUYHUX
MTOKa3HUKIB, HA OCHOBI SKHX OYAYETHCS KOPEIALiHHO-
perpeciiiHa MoJeNib BIUIMBY TEXHOJOTIYHUX HapaMeTpiB
IpYKy (4acy eKCIIOHYBaHHS) Ha MOKAa3HHUKH SKOCTI, TaKi

SIK BIIMIOBIHICTh T€OMETPIl Ta BIAXHICHHS PO3MIpiB.

JocaigkeHHs Ta aHAJII3 JOCTHYTHX pe3yJbTATiB

TexHomorist (HoTOmONMIMEPHOTO APYKY OCHOBaHAa Ha
TIOIIIAPOBOMY €KCITOHYBaHHI CBITJIOUYTIIHBOIO (hOTOIONIMEDY,
o0 Mo i€l yaeTpadioleTOBOTO BUIPOMIHIOBAHHS
MOJIIMEPH3YETHCA 3 PIAKOTO CTaHy y TBEpAUHL.

®dorormoniMepHa TEXHOJOTiSI Ma€ TPH OCHOBHI
[T ITHIIH, 4 (0) BiJIPI3HSIOTHCS KOHCTPYKTUBHUMHU
ocobmmBocTsMu TipuHTepiB. Ilepmmit minTum SLA [7]
JokepenioM  yneTpadioneroBoro (Y®) BUNPOMiHIOBaHHS
BUKOPHCTOBYE J1asep,
hopmye
MOJIeNi 3a JOMOMOTOI0 CHCTEMH BiIXWJICHHS JIa3€PHOTO

o0 OJHOYACHO TIOJIMEpH3ye

¢doromomimep i TOPU3OHTAIBHUIA  TIepepi3

npoMeHst — ckanatopa (puc. 1).
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Hpyruit miatun  GoTomoiiMepHOi TeXHONOTil —
DLP [8] — s oTorosiMmepu3aliii 3aCTOCOBYE MPOEKTOP
3 DLP-matpuiero, IO 3aTEMHIOE OKpeMi eIIeMEHTH,

Puc. 2. Texnomnoris ¢goromonimepHoro npyxy DLP

OcranHiM miaTumnoM (oTornojaiMepHoi TeXHOJIOTIi €
LCD [5], mo mictuth Y@ CBITIOHIOAHY MATPHIIO Ta
MacKyBaJlbHUIl €KpaH, SIKUH CTBOPIOE TOPHU30HTAIbHUU
nepepi3 moxeni. Leit mepepis, sk i B TexHomorii DLP, mae
MPO30pi Ta HEMpo30pi eneMeHTH. [Ipo3opi mikceni 3naTHI
NPOITyCKaTH Kpisb cebe VYD-BUNPOMIHIOBAHHA, IO
YTBOPEHO CBITJIOAIOAHO MaTpuiiero. Hempo3zopi mikcerti
HE TNPOIYCKAIOTh L€ BUIPOMIHIOBAHHS, 3aBISKH YOMY
nepepiz  3AaTHHH

YOpHO-OUIMH  TOPU3OHTAILHHUIA

dopmyBatu mapu Mojei (puc. 3).

Puc. 3. Texuosoria ¢porononimMeproro apyky LCD

LCD
Y®-BUnpomiHIOBaHHS ~ —

doTormomiMepHIiA 3D-npuHTep  MICTHTH

JDKEPETIO CBITJIO/IIO/THY
MaTPHIIIO, SKpaH, BaHHY 3 MPO30PHM 1 THYYKHM JHOM
i ardopmy, 0 PyXaeThest Mo oci Z.

3a BepTUKaNBbHY pPO3IUIBHY 3JaTHICTH TpPUHTEpA
BiZMOBiae Bich Z, Ha SKy KpilUTbCS IU1atdopma.
3ara;oM po3AibHA 3ATHICTH IO BEPTHUKANII CTAaHOBUTH
Bim 30 MxkM. 3a po3diibHY 3AaTHICTH O ocsix XV
BimnoBimae expaH. MiHIMaTbHO MOXJIMBE 3HAYCHHS
BIAMOBIJa€  pO3MIpY  MIKCeNs

PO3IIIBHOT  3aTHOCTI

Kpi3b sKi He TpoxoauTh Y D-BUIpOMiHIOBaHHS, (hopMmye
Ta TOJIMEpPH3Yy€E Iap OJHOYACHO IO BChOMY IIepepizy
Mozeni (puc. 2).

eKpaHa. 3a YMOBM pO3IUIBHOI 3JaTHOCTI eKpaHa
1620x2560 po3mip mikcenst cTaHOBATH 40 MKM.
Omxe, OymoBa MPHUHTEpPAa BHU3HAYAE TEXHOJIOTIUHI
napaMeTpy, BiJI SIKHX 3aJISKUTh HAIPYKOBaHA MOJIEIb.
[lepminM  TEXHOJIOTIYHMM MapaMeTpoM € 4ac
eKCIoHyBaHHs. el mapameTp NOAUIAETBCS Ha dYac
3a0e3MeuyoTh

eKCIIOHYBaHHS 0a30BHX IIapiB, IO

HafmiiiHe 3’€QHAHHA TEpImIMX IMapiB  Mozenmi 3
IaTGoOpMOI0, Ta Yac EKCIOHYBAaHHS 3BHYAWHUX IIApiB.
3a3HaveHi mapaMeTpH 3aJIeKaTh BiJl TPbOX (AKTOPIB:
¢doromnoniMep, cHcTeMa EKCIOHYBaHHS NpPUHTEpa Ta
expad. doTononiMep — piinHA, B OCHOBI KO MICTATBCA
pi3HI XiMiYHI PEYOBUHH, SKi MAlOTh Di3HY YYTJHBICTh
710 Y®-BUNPOMIHIOBAaHHSA, & TaKOX MOXKE MICTUTH pi3Hi
pI3HHX  BJIACTUBOCTEH

JIOMIIIKKM, IO  JOJAI0Th

¢doromomiMepy Ta 3MIHIOIOTH BIUIMB Ha  HBOTO
Y®-punpomintoBanHs. Cepelnl TaKUX TOMIIIKIB MOXYTb
OyTH  peYoBHMHHM, IO  JOJAIOTh  €JacTHYHOCTI
HAAPYKOBaHI Mojeii, ab0o MOMIIIKH, IO 3pO0JAThH ii
MilHImow. BapBHUKM TakoX 37aTHI BIUIMBATH HAa Yac
€KCIIOHYBaHHS, 10 TOTpeOye BU3HAYEHHS ILIHOTO 4Yacy
JUISL KOYKHOTO (QOTOTIONIMEPY OKPEMO.

CucteMH 3acBITJICHHS B HPUHTEPAX BiJpPi3HSIIOTHCS
MDK CcO0OI0 32 THIIOM BHMKOPHCTAHOI MaTpHIll Ta
CHCTEMOIO BUIPSMJICHHS, $Ka HeoOXimHa s Toro,
mo6 VY®-BUNpOMiHIOBaHHS MOTPAIUIUIO Ha  eKpaH

piBHOMipHO. Marpuiii MOXYThb MICTHTH ab0o OAWH
cBiTIIONiON, O Mae miH3y DpiHens A PiIBHOMIPHOTO
3aCBITJICHHS BCi€l IUIOMI eKpaHa, abo CBITIOHIOOHY
MaTpUII0 3 BHUKOPHCTAHHSAM CBITIOHIOZIB 13 MaluM
KyTOM PO3CilOBaHHS CBITJIa, a00 i Te, i Te — CBITIOMIOTHY
MaTpuio Ta JiH3y @piHens, 3a0e3nedyrou MOTYXHE

i piBHOMIpHE 3acBiTacHHS (puc. 4).
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Puc. 4. Ceitnoniogna Matpui 3 JiHzamMu OpeHens

OcTaHHIM 4YHHHMKOM, IO BIUIMBA€ Ha dYac
eKCTIOHyBaHHS, € ekpaH. Expanu y QoTtonomiMepHii
TEXHOJIOTIT THIIIB.

PO3pI3HAIOTE  BOX [epmmmii

TUII Ma€ KOJNBOPOBI  IIKCETi, YHACHiZOK YOro

YO-BUNIPOMIHIOBAaHHS ~ 3aTPUMY€ETHCS Ha  MOBEPXHI
eKpaHa U He npoxoauTh pami. [lpyruil THO ekpaHa
MOHOXPOMHOI CTPYKTYpH, 1 IIIKCelTb Ma€ IHWIIe IBa
KOJIbOpH — OUIMi 1 4opHUA. Takox iCHye MOXXJIMBICTBH
CTBOpPEHHS Tpafi€HTa ciporo. 3a3HadeHWH THUI eKpaHa
MeHIIe 3atpumye Y D-BUIIPOMIHIOBAHHS, 3aBASKH YOMY
yac CEKCIIOHYBaHHA MOJXKE 3MEHIIYBaTHUCS BYETBEPO-
y’sitepo. s mpuknamy  Mo)XKHa  HaBeCTH  4ac
eKCTIOHYBaHHS ISl 3BUYAHHMX €KpaHiB, 110 CTAHOBUTH
12 ¢, Toni SIK MpUHTEp, 110 Ma€ AHAIOTIYHY CHCTEMY
3aCBITJICHHS Ta BHKOPHCTOBYE TOW caMuil (hoTomoximMep
i3 MOHOXPOMHHM €KpaHOM, Ma€ 4ac eKCIIOHYBaHHS 3 C.
HactymamM mapameTrpoM € BHCOTa mIapy, IO
pEryJIloe  OTPUMAHy MIOPCTKICTh Moxaeni (puc. 95).
Le#t mapameTrp TakoX TOHINSETBCSI HA BUCOTY INapy
0a30BUX IIApiB 1 Ha BUCOTY INapy 3BHYAHHUX IIapiB.
o Gimpmvii po3mip mapy, To OUTBIIIOK OyIe MOPCTKICTD.

VY npoMy pasi yac eKCHOHYBaHHS 301IbLIYEThCS.

Puc. 5. Mogenni i3 mapamu 25 MM, 50 Mxm ta 100 MkM

[HmME mapamerpaMu, o 3a0e3nedyroTh MPOLec
MepexoAy MK IIapaMd, € BHCOTa Ta IIBHJIKICTh

nepeminryBannsi. Lleii  npouec  3abe3meuye  pyx
(oromoiMepy Ha JHI BaHHHM, IO HE JA€ OCAJHKYBATHUCS

mirmMeHTam y QoTornoniMepi Ha JHO. 32 HU3BKUX PIBHIB

¢doromomiMepy y BaHHIH 3a0€3MEUYEThCS ITOKPUTTS
Bciei miomi 1aHa emHOCTi (oromoiiMepoM. [HIHMM
MIPU3HAYCHHSAM IIEPEMINIyBaHHS € BIAPHMB MOJEINi Bif
IUTIBKK JTHAa BaHHHU. Uepe3 BUCOKY €NaCTUYHICTh ILTIBKH
Ta HEMOBHY BIACYTHICTh aAre3ii M0 HEi MK MOJEITIO
Ta TUTIBKOIO BHMHHMKAa€ BakyyM, LIO YCKJIAJHIOE BiJpHB
Mojeni. 3a BIACYTHOCTI TepeMillyBaHHS Nepexix Ha
HACTYIHUN IIAap MOXXE HE 3IIHCHIOBATHUCSH, OCKIIBKH
MOJIEINTb 3AJHIINTECA Y 3YETUICHHI 3 TUTIBKOIO.

OcTaHHIM TapaMeTpoM € IIBUAKICTh JPYKY, IO
31 CBOr0 OOKY MOJIIAEThCA HA MIBUAKICTE APYKY 0a30BHX
nrapie 1 3BuYaiHuX. L{uM mapameTpoM peryiroeMo
IIBUKICTE MEPEMIITyBaHHS, MiTHOM MICIIA Mapy Ta HOoro
NOBEpHEHHs1 Ha HacTtynHud map. IIBunkwii Bixpus
MOZeN BiJ IUTIBKA MOXE CIHPUYMHUTH PO3IIapyBaHHSA,
KOJIM YacThHa Mojeni abo TOHKI eNeMEHTH MoJemi
3JIMIIAIOTHCS Ha TIIIBIII.

KepyBanns BiJIOyBa€eTHCS 3
G-code,
JUIsl CTBOpPEHHs fKOi 3acTtocoByeThcsi CAM-cucrema —

IPUHTEPOM
BUKOPHCTaHHSAM CIEWiaNbHOI TporpaMm —

cmaficep [9]. Lle mporpama mepeTBOpIOE MOZAETH

Ha CYKYIHICTh TpadivHUX 300pa’keHh TOPH30HTAIBHIX

(puc.  6),
BHUKOHYEThCS 32 JONOMOroto komanz G-code.

mepepi3iB  Mozeni mepexin MK SKAMHU

Puc. 6. ['opyu3oHTaIBHUI 1Tepepi3 Moedi,
110 BUBOAUTHCS HA €KpaH

Ils mporpama HajmalmTOBYE BCI TEXHOJOTIYHI
rapameTpu, 3a3HaueHi Buie (puc. 7).

KpimM Toro, nae 3Mory MaHimmyJoBaTu MOJEIUIIO,
i po3MipaMH Ta Opi€HTAII€I0, a TaKOXX 3aCTOCOBYBATH
MATPUMKH — JPYKOBaHi €JIEMEHTH, 110 BCTAHOBIIOIOTHCS
ITi7] HABUCIII YaCTHHH MoJeli (puc. 8).

Jlnst BU3HAUeHHsT BIUIMBY TEXHOJIOTTYHHX IApamMeTpiB
HA BHUXIJHI TIOKa3HWKH SIKOCTI JPYKOBaHOI MOZETi
y ¢doronomiMepaomy 3D-apyli BHKOPHCTOBYIOTHCS
TECTOBI MOJENi, IO JAlOTh 3MOTY MOOyIyBaTH MOIENb
KepyBaHHS SKICHUMHU MTOKa3HUKaMH. YHACIiJOK aHalizy
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HaJpyKOBaHUX TECTOBUX MOJENEH MOXHA BCTAHOBHUTH BIUIMB HA TIOKa3HUKH SAKOCTI, IO BH3HAYAIOTHCS
3aJIOKHICTh MK TEXHOJIOTIYHUMH IapamMerpamMu Ta ix BUHHUKHEHHSIM JIe(EKTiB.

Puc. 7. BikHo mapameTpiB craiicepa

Huni icHye 3HaYHa KUTBKICTH TECTOBHX MOJCICH,
MPU3HAYCHUX /ISl BU3HAYCHHS. OCHOBHHX TEXHOJIOTTUHHX
MapaMeTpiB: Yacy CKCIIOHYBaHHS, BHUCOTH MIapy, 4acy
eKCIIOHYBaHHS 0a30BHX IIapiB, BHCOTH IiTHOMY
Ta MBUIKOCTI.

Po3poOHHKM TECTOBHMX MOJENell HaMararThCs
OpaTH 10 yBard MOKJIMBICTh BUHUKHCHHS PI3HOMAHITHUX
nedexTiB, mo0 CTBOPUTH MOZEIH, sika Oyne OdYikyBaHO
3MIHIOBaTUCS B pa3i 3MiHM TEXHOJOTIYHUX IapaMeTpiB
IpyKy. B omuiii mMozmeni 3a3BM4ail MICTATHCS JEKiIbKa
OKpeMHUX TeCTiB, IO TIOKa3ylTb OKpeMi jaedeKxTH
Ta BiAXWICHHS TEXHOJIOTIYHUX MapaMeTpiB.

Puc. 8. HanarmroBana Mo/ielTb i3 BUKOPUCTAHHSIM T ATPUMOK Tecrtosi Mozeni 300paxeHi Ha puc. 9.

Puc. 9. Tectosi Mozerni, 3a SKUMH BH3HAYaOTHCS TEXHOJIOTIUHI apaMeTpu (pOTOMOTIMEPHOTO APYKY
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Z[JI}I BCTAaHOBJICHHA BIUIMBY TEXHOJIOTTYHUX

napameTpiB  Ha pe3yJbTaTh JpyKy oOpaHo OaHy
TECTOBY MOJIENb, II0 MOXKE OYiKYBaHO 3MIHUTH SIKiCHI
MOKAa3HUKHK, Ha OCHOBI 4oro Oyae moOyaoBaHO MOECIhb
perpeciiHOTo aHali3y.

TecroBoto Oyna mozens Big Syraya Tech, 1mo
MICTUTh II'SITh TECTOBHMX €JEMEHTIB, SKI 3MIHIOIOTHCS

yHacIiI0K 3aaaHoi BiacTaHi (puc. 10).

Puc. 10. Tecrosa mozens Syraya Tech

TecroBa mozens 3 po3mipamu 48,72x34,41x5,24
Ma€ CciM HWIHAPIB 1 CiM OTBOPIB, IO 3MIHIOIOTH CBOI
po3mipu Bixg 0,15 MM g0 2 mm. HactymHuM eineMeHTOM
€ HabIp CeMH XPECTOMOMIOHMX EJICMEHTIB 31 CTIHKAMHU
3aBroBmkH Bix 0,15 MM g0 2 MM Ta HaOip cdep
3aumka  Big 0,15 MM g0 2 wmMm. JlogaTKOBHMH
€JIEMCHTAMU € apKa 3aBBUIIKH 5 MM.

Puc. 12. [Tapamerpu ApyKy TECTOBUX MOJENIEH

TecToBi 3pa3ku ApyKyBalucs Ha MOAH(iKOBaHOMY

npuHtepi Anycubic Photon, Ha SKWUil BCTaHOBHIH
MOHOXPOMHHH €KpaH i KW Ma€ CHCTEMY 3acCBITIICHHS
3 OJIHIEIO CBITJOTIOJHOIO MATPHUIICI0O Ta PO3TPYOOM

(puc. 13).

3aCTOCOBYIOYM  II0  MOJi€lb, MOXHA TOYHO
BU3HAYMTH TaKi TEXHOJIOTIYHI [TApaMETPH:

— Yac eKCIOHYBaHHS 0a30BUX IIapiB;

—  Yac eKCIIOHYBaHHS 3BMYAHHUX IIapiB;

— TOBIIMHY 0a30BHX IIAPiB;

— TOBIIUHY 3BHYalHHX LIAPiB;

— BHCOTY MEpPEeMIilllyBaHHS;

— IIBHIKICTH MEPEMIIICHHS OCi Z.

Jiist moOyI0BM MaTeMaTUYHOI MOJIEINi HAJPYKOBAHO

CIM TECTOBMX MOjeNell i3 Pi3HUM YacOoM EKCIOHYBaHHs
(puc. 11).

Puc. 11. HagpykoBaHa TecToBa MOJIENb

Yac eKCroHyBaHHs IIapiB 3MIHIOETBCS 3 KPOKOM
0,25 ¢, Big 1,5 ¢ mo 3 c¢. Yac 6a30BuX MIapiB CTaaMid i
craHoBuTh 33 c. [limifoMm mepemimyBaHHI — 5 MM,
HIBUAKICTH TIepeMintyBanHsa — 80 MM/xB (puc. 12).

YHacnigok IpyKy OTpUMaHO CiM TECTOBHX MOJENEH
3 PpI3HUM YacoM CKCIOHyBaHHsS. /[l BH3HAYCHHS

pe3yibTaTiB BHKOPHCTOBY€ETHCS IITAaHTCHIUPKYITh

i3 TounicTio + 30 MkMm. Pesynbrati monmani B Tabi. 1.

Ha macrymHOoMy erami JOCHI[DKEHHS BCTaHOBIICHO,
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0 BU3HAYHATH TOYHHH pO3MIp MEHIIUX EJIEMEHTIB
HEMOXXJIMBO, TOMY JUIi YTOYHEHHS JaHUX 13 CeMH
TECTOBUX €JEeMEHTIB (IHMJIHIpPIB, OTBOPIB) Oyno B3STO
JBA HaWOLIBIIMX 3a pO3MIPOM TECTOBHUX E€JIEMEHTH
po3mipom 2 MM Ta 1,5 MM.

3 ormsay Ha MOKAa3HUKKM — TaONMUI[l  MOJXKHA
BCTAaHOBHTH, IO B pa3l 3MIHM dYacy eKCIIOHyBaHHSI
3MIHIOIOThCSI TEOMETPUYHI PO3MIpH MoJeli. Y TECTOBHX
MOJENSIX 13 HAWKOPOTIIMM YacoOM  EKCIIOHYBaHHS
BI3yaIbHO MOXHa 100aunTH JedeKTH Ha MOJeI,
0  MalTh  BHUNIAA  BIACYTHOCTI  HaWMEHIIHNX

eneMeHTiB (puc. 14). Puc. 13. ®orononimMepuuii npunrep Anycubic Photon

Ta6auus 1. Pesynvmamu ekchepumeHmansHux 00CaioxHceHsb

TecroBuii enement: TecroBuii enemMeHT: TecTOBHIl €IEMEHT:

. Yac TectoBuii enemMeHT: . . . [

TectoBui . XpecTonoaioH1 LUTIHAPUYHI XpecTonoAioHi
eKCHOHyBaHHﬂ LII/IJ'I].H}lpl/I, MM

3pasok . CJIEMEHTH, MM OTBOPH, MM OTBOPHU, MM
mapis, CeKyHH

2 MM 1.5 mm 2 MM 1.5 mm 2vMm 1.5 MM 2 MM 1.5 mm

1 1,50 1,87 1,40 1,84 1,41 1,73 1,55 2,12 1,67

2 1,75 1,95 1,45 1,90 1,47 1,80 1,53 1,95 1,54

3 2,00 2,00 1,48 2,07 1,55 1,81 1,54 1,98 1,55

4 2,25 2,10 1,61 2,23 1,63 1,70 1,31 1,93 1,44

5 2,50 2,19 1,63 2,20 1,78 1,26 0,50 1,85 1,30

6 2,75 2,11 1,66 2,18 1,80 1,47 0,69 1,87 1,41

7 3,00 2,30 1,73 2,39 1,77 1,61 1,16 1,72 1,35

Jns miATBepIKEHHS Bi3yalbHHUX — CIIOCTEPEKCHb
HEOOXITHO MPOBECTH MAaTEMaTHUYHWHA aHAIi3 y BHIJISAII
JHIKHOTO 0JJHO(AKTOPHOTO perpeciitnoro anamizy [10] 3
METOI0  BHU3HAYCHHS  3QJEKHOCTI  MDK  4acoMm
eKCIIOHYBaHHS Ta pO3MipaMH €JIeMeHTIB. PiBHAHHA
JIHIKHOT perpecii Mae Takuid BUTIISA:

Y=bl-X +c. (1)

PospaxyHok  Mojenmi  perpeciiiHoro  aHami3y
npoBeaeHo B EXCEL, yHAaCTiIOK 9OTO TOCATHYTO TEBHIX
pe3yJbTaTiB JUIS TECTOBHX LWIIHIpPIB 13 JiaMeTpaMu

Puc. 14. TectoBa MozIeNs i3 JedeKTOM 2mmTa 1,5 MM (1uB. Ta0IL. 2).

Tabauus 2. Pe3ynvmam pezpecitinozo ananizy 3aneicHocmi po3mipy mecmosux yuiiHopis 6i0 4acy eKCnoHy8aHHs

SUMMARY OUTPUT RESIDUAL OUTPUT
Regression Statistics Observation Predicted Y idual:
Multiple R 0,98186815 1 1,530753 -0,03075
R Square 0,96406506 2 1,751107 -0,00111
Adjusted R Square 0,94609758 3 1,883683 0,116317
Standard Error 0,12538556 4  2,43696 -0,18696
Observations 7 5 2,535651 -0,03565
6 2,644582 0,105418
ANOVA 7 2,967265 0,032735
df SS MS F Significance F
Regression 2 1,687113849 0,843557 53,65613  0,00129132
Residual 4 0,062886151 0,015722
Total 6 1,75

Coefficients Standard Error  t Stat P-value  Lower95% Upper 95% Lower 95,0% Upper 95,0%
Intercept -4,5718651 0,741585605 -6,16499 0,003514 -6,630836798 -2,512893 -6,6308368 -2,5128934
X Variable 1(trectosuit umninap 2.0 mm) 0,18188817 1,261614613 0,144171 0,892337 -3,320915544 3,6846919 -3,3209155 3,68469189
X Variable 2(trectosuii unningp 1.5 mm) 4,11606198 1,508825415 2,727991 0,052552 -0,07310896 8,3052329 -0,073109 8,30523291
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3a pe3ynbTaTaMu perpeciiHoro anamilzy kKoedimieHT
JieTepMiHallii CTaHOBUTB 96%, 1110 MiATBEPAXKYE 3aJI€KHICTh
OTPUMAaHHX PO3MIpIiB Bi dacy ekcrioHyBanH:s. KoedirieHT
X Variable 1 HUTHAPY
3 miameTtpoM 2 MM, X Variable 2 BimnoBigae TeCTOBOMY

BiJIIIOBiTa€ TECTOBOMY

Puc. 15. I'padiku ninbopy Ta rpadiky 3aIHIIKiB

mwnHApy 3 miamerpom 1,5 MMm. Takox oTpumano
rpadiku nindopy Ta rpadiku 3anuuikis (puc. 15).
Hami

eKCIIOHYBaHHS Ta XPECTONOAIOHMMH eJeMEeHTaMH 3i

MMPOAHATII30BAaHO 3alSKHICTh MDK YacoM

CTIHKaMH 3aBTOBIIKK 2 MM Ta 1,5 MM (auB. TaoI. 3).

Ta6uauus 3. Pesynvmam pezpeciiinozo ananisy 3a1ei#CHOCmi pO3Mipy XpecmonooioHux elemeHmia

i3 cminkamu 3a6moewiku 2 Mm ma 1,5 mm 6io uacy eKxcnonyeanHs

SUMMARY OUTPUT RESIDUAL OUTPUT
Regression Statistics Observation Predicted Y Residuals
Multiple R 0,9780182 1 1,485568 0,0144317
R Square 0,9565196 2 1676426 0,0735741
Adjusted R Square  0,9347795 3 2,03529 -0,03529
Standard Error 0,1379226 4 2,382555 -0,132555
Observations 7 5 2,650925 -0,150925
6  2,66815 0,0818499
ANOVA 7 2,851086 0,1489138
df SS MS F Significance F
Regression 2 1,673909384 0,836955 43,997788 0,001890541
Residual 4 0,076090616 0,019023
Total 6 1,75
Coefficients Standard Error  t Stat P-value Lower 95% Upper 95% Lower 95,0% Upper 95,0%
Intercept -3,4983227 0,623878319 -5,60738 0,0049684 -5,23048665 -1,766159 -5,23048665 -1,7661588
X Variable
1(xpecTonoai6Hu
1 enemeHT 2.0
mm) 1,1598539 0,596917767 1,943072 0,1239393 -0,49745547 2,817163 -0,49745547 2,8171634
X Variable
2(xpectonoaibHu
" enemenT 1.5
MM) 2,0211062 0,726342904 2,782579 0,0496873 0,004455049 4,037757 0,00445505 4,0377574

VYHacmigoKk aHalizy JOCATHYTO IOKa3HHKIB, IO
TaKOX MITBEPIKYIOTh 3aJISKHICTh PO3MIpiB Bif Hacy

CKCIIOHYBaHHs, KOe(IIliEHT JeTepMiHAIlil CTAaHOBUTh
95,6%, 10 TOBTOPIOE pE3ynabTaT  IONEPEIHBOTO
perpeciiHoro  aHamizy. Y  I[bOMY  MOJIC/IIOBaHHI

koediuient X Variable 1 Binnosizae XpecTomnoaioOHOMy
€IIEMEHTY 31 CTiHKOIO 3aBTOBIIKK 2 MM, X Variable 2
BIJINIOBIJIA€ XPECTOMOAIOHOMY €JIEMEHTY 31 CTIHKOIO
3aproBmkH 1,5 mM. KpiMm Toro, orpumani Tpadixu

3aJMIIKIB 1 mindopy (puc. 16).
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Puc. 16. I'padixu minbopy Ta rpadiku 3aIHIIKIB 1T XPECTOMOIOHUX SICMEHTIB

BucnoBku pe3yabTaToM,  SKIIO  TOPiBHIOBAaTH 3 iHIIUMHU
TECTOBUMH 3pa3KaMH.
IMix yac pocmigkeHb BCTAHOBJIEHO Ta MiATBEPIKEHO, Omke, 13 3aCTOCYBaHHAM  MaTeMaTHYHOIO

OI0 4Yac CEKCIOHYBaHHS Yy (bOTOHOHiMCpHOMy prui MOZIEITIOBaHHs B MOEAHAHHI 3 JIPYKOM TE€CTOBUX MojieNen

€ KIIIOYOBHM TEXHOJIOTIYHUM MapaMeTpoM, IO BIUIMBAE Ha (QorononiMepHoMy 3D-IpuHTEpI MOXKHA OTpPUMATH

Ha OCHOBHI TIOKa3HUKH SKOCTiI OTPHMaHOi MoJieni, TOOTO OpOTHO30BaH1 TCOMCTPHUYH1 PO3MIPH 3 MIHIMAJIIbHUM

Ha TEOMETPHYHI PO3MipH. 3a YMOBH CKOpOUYEHHS Yacy, BiIXWICHHSM BiJ 3aJaHuX, WO JacTh 3MOTY B KiHII

HEOOXiTHOTO Ha eKCIIOHYBaHHA IIapy, I'€OMETPHYHI

pO3MipI/I SMCHINYIOTBCSA, CIPUYUHAIOTHCA )le(i)eKTI/I,

3a SIKUX TOHKI €JIeMEHTH BiICYTHI. Y pa3i 3pocTaHHS dacy

CKCIIOHYBAaHHSA CICMCHTHU 36iJ'II>HIyIOTLC$[, 10 TaKoOX

MOXXE TPHU3BOOUTH OO0 [Je(eKTiB, KOIH OTBOPH,

mo € B MOAEN, 3alUIMBaOTh (HOTOIMOJIIMEPHOIO

CMOJIOIO Ta 3HUKAIOTb.

YHacHmiIoK JpPyKy CEMH TECTOBHX CJICMCHTIB
i3 wacom Bix 1,5 ¢ 1o 3 ¢ BU3HAYCHO Yac KCIIOHYBaHHS,
mo 3a0e3nedye HalOiIblIe 30epe’KeHHS] BCTAHOBIICHUX

TEOMETPUYHUX PO3MipiB Ha 2 ¢, 1€ BiIXHWJICHHA

JIPYKy JOCSATTH HAHOUIBII TOYHOTO pe3yibTary Ta
MIHIMI3yBaTH BUHHUKHEHHS PI3HOMAHITHHX Je(eKTiB,
Ha SIKi BIUTHBAE BCTAHOBJICHUH Yac eKCIIOHYBAHHS IIapiB.

Hanani icHye HeoOXiqHICTE TIPOBEICHHS MOIIOHOTO
MaTeMaTH4yHOrO aHali3y 3 BUKOPHCTaHHSIM TECTOBHX
Mojienie Il BCTAQHOBJICHHS — 3QJIEKHOCTI  BHCOTH
mapy, 4Yacy eKCIIOHYBaHHS Ta IIOKa3HHKIB SKOCTI.
[IpoananizyBaBIIM 3aJeKHICTh MDK TEXHOJOTTYHHMH
MOKA3HUKAMH  SIKOCTI,

napamMeTpamu  Ta MOXKHA

BU3HAYUTH METOJI orrrumizarii TEXHOJIOTTYHUX

napameTpiB 31 CKOpPOUYEHHSM BUTpAaT MaTepiajiB, 4acy

BiJ po3MipiB CTaHOBUTL 110 50 MKM. ]_Ie € Kpaium Ta JOCATHCHHS Kpallux MOKa3HUKIB SIKOCTI.
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ENSURING QUALITY INDICATORS OF PHOTOPOLYMER 3D PRINTING
BY USING MATHEMATICAL MODELING AND TEST MODELS

The subject of the research in the article is the analysis of the influence of technological parameters of photopolymer printing
on the appearance of defects in the printing process. Test models for analysis are used, which contain elements that are
affected by changes in technological parameters. The purpose of the work is to determine the dependence between the
technological parameters of photopolymer printing and the defects that arise because of printing using models for testing.
The article addresses the following tasks: analysis of existing test models and determination of model elements and the
influence of technological parameters on them. The methods used for the research are mathematical analysis in the form of
univariate linear regression and the empirical method. This method consists in comparing and measuring the difference
between individual test samples to obtain values that will later be used in regression analysis. The following results were obtained:
the dependence of technological factors and their influence on the elements of the test model was determined, which
consists in changing the physical dimensions of the test models. With insufficient exposure time, the dimensions
of the model are reduced, and defects are created. When the exposure time increases, the dimensions of the model increase
linearly, defects appear in the form of holes disappearing or their sizes changing. Conclusions: because of an experimental study,
which consists in printing test models and their analysis with the help of linear one-factor regression, the dependence
between the exposure time and the physical dimensions of the model was determined and confirmed. Then a method of
studying the correspondence of dimensions depending on the exposure time using test models was proposed and
mathematical modeling in the form of regression univariate analysis. In the following, it is proposed to determine the influence
of the layer height on the exposure time. Further, it is proposed to determine the significance of individual technological
factors among themselves and their influence on the defects obtained because of printing. Building a regression
analysis model, determining the correlation of technological parameters and their influence on quality indicators. Determination
of the coefficient of determination of the constructed model.

Keywords: 3D printer; additive manufacturing; photopolymer printing; regression analysis; test models; mathematical
analysis; research.
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A.HOBAKOBCBKHIA, 1. SINIOBETA

YIOPOBAKEHHSA TEXHOJIOT' T TEHEPATUBHOTI'O IITYYHOI'O IHTEJIEKTY
B TBOPUY AIAJIBHICTb:
PO3POBJIEHHA CTPYKTYPHOI MOJEJI IU3AMH-MUCJIEHHA

I[IpenmeToM noCTiNAKEHHSI € CHCTEMHI 3MIHH B METOMOJIOTIl JM3aiH-MUCICHHS, IO BiAOyBAarOTHCS Il BIUTUBOM
PO3BHTKY Ta MOIIMPEHHS TEXHOJIOTiH reHepaTuBHOro mry4Horo iHtenekty (ILI) B ausaiiHi Ta iHIIMX KpeaTUBHUX iHIYCTPIifX.
MeTto10 po6oTH €: aHai3 CyYyaCHHX IOCTIKEHb MIONO BIUIMBY TeXHoJorii reHepatuBHoro LI Ha kpeaTwBHI 1HAYCTpii, An3aiiH,
30KpeMa, Ha JU3aiiH-MUCIECHHS; PO3pPOONEHHs CTPYKTYPHOI MOAENI IU3aifH-MHCIEHHS OISl TOJABLIOTO JOCHIAXKEHHS EBOJOLIT
Merofosiorii. Y crarTi BU3HAYeHiI TaKi 3aBJaHHS: INPOAHANI3yBaTH Cy4yacHI HAayKOBi MyOJiKamil IIOJO CYTHOCTI, CTPYKTYpH
Ta 3MiCTOBHOT'O HAIIOBHEHHS AW3aifH-MUCICHHS; PO3TIITHYTH JOCTIDKEHHS MO0 MepeBar Ta BUKJIHMKIB 3aCTOCYBaHHS T€HEPAaTUBHOTO
I y mpomecax ou3aifHy; po3pOOUTH MOAENb, IO AACTh 3MOTY iA€HTH(IKYBaTH Ta OMHCATH 3MIHM B KIIOUOBHX KOMIIOHEHTaX
METOJOJIOTI] TU3ailH-MHCIICHHS, SKi BHHMKAIOTh IIiJ] BIUIMBOM IIHMPOKOTO BIPOBA/DKEHHS TEXHOJOTiH renepatusHoro III.
ITix yac mocimifKeHHsT BUKOPHUCTaHI TaKi METOAM: aHAJI3 i CHHTE3 3MICTy TeXHIYHHX, €KOHOMIUHHX, (PiT0COPCHKUX, JIHTBICTHYHAX,
ICTOPHYHHIX Ta METOAWYIHUX MOCIKEHb IIOA0 MHpobieM (opMyBaHHS NOHATIHHOTO amapaTy METOROJIOTIl JH3aiH-MHCICHHS
Ta 3acrocyBaHHs reHepatuBHoro I y mpomecax nu3aiiHy; MOpPIBHAIBHO-ICTOPUYHHUM, PETPOCHEKTHBHUM METOIH; CTPYKTYpHO-
JOTiYHUHA aHai3. JIoCATHYTO TakuX pe3yJbTaTiB: aKTyalizoBaHa MOTpe6a B KOMIUIEKCHOMY JOCIITHHUIIBKOMY IiIXOi Ul aHawi3y
GararorpaHHoro BuBY TexHoioriii 11l Ha nu3aiiH; BH3HaYeHO KIIIOUOBI IlepeBarW Ta BHKJIMKH, ITOB’si3aHi 3 iHTerpamiero 11
B KpeaTUBHI IPOIECH; pPO3POOICHO CTIPYKTypHYy MOJETh MOAAHHSA METOMOJNOTIl AU3alH-MHCIEHHS Y BHIVIAI YOTHPHOX
B3a€MOIOB’SI3aHUX CTPYKTYpHHX IIapiB 13 IOJANBIIOI JEKOMIIO3UIIE€I0 KOXHOTO 3 HHMX HA CKIaTHUKH. Y BHCHOBKax
HArOJIONIYETHCS HAa TIIHOWHI Ta 6araTorpaHHOCTI 3MiH, 10 BiIOYBArOTHCA B AM3aiHI Ta IHIMHUX KPEATHBHHUX IHAYCTPISX Mifl BIUIMBOM
reHeparuBHoro IIII Ta nOTpeOyIOTH MOJANBIIMX TIPYHTOBHHMX JOCHIKEHb. Po3po0ieHa CTpPyKTypHa MOJENb MeETOJOJIOTil
JM3aiiH-MHCIICHHS J]a€ 3MOTY JI0 IIEBHOI MipH JEKOMITO3yBaTH CKJIQIAHHWH TBOPUYHMH IIPOIEC, 3aKJIaJAlodd OCHOBY JUIS BCEOIYHOTO
aHaJIi3y eBOJIIOLIi METOIOJIOT] Ta CHCTEMHOTO BIIPOBAKEHHS TEXHOJIOT1H T€HEPATUBHOTO LITYYHOT'O 1HTENEKTY B IIPOIECH TU3AHHY.

KirodoBi ciioBa: Merozmosoris An3aliH-MHCIEHHS; T'€HEPaTUBHMN INTY4YHMH IHTENEKT; iHHOBauii B au3aiiHi; CTPyKTypHa
MO/IEITh; TBOPYA JisUTBHICTb.

Beryn 3HAYCHHS 1/Iell CTaJloro pO3BUTKY Ta COIIadbHOT
BI/IOBITAIGHOCTI, ~ TOIIMpPEHHS  HOBHX  (hopmaTiB
Ju3aiiH-MHCNEHHS —  iTepaTMBHA EBPHCTHYHA JMUCTaHIIHOT Ta riOpuaHOI mpami. AHATITHYHUN 3BIT

METO/I0NIOTis po3pobsieHHs pinleHb cknaauux npobiem 2023 p. Bix McKinsey & Company — MDXKHapOAHOL

KOHCAJITHHIOBOT KOMIIaHil, IO CHEI[ali3yeThcs Ha

B YMOBax BHCOKOI HEBHM3HAUEHHOCTI 3 OpIEHTALIE0

pO3B’s3aHHI 3aBIaHb, IIOB’SI3aHUX 13 CTPATETiYHUM

Ha moTpebm mronuHM. Metozosoris HaOyiaa 3HaYHOTO

praBJ’IiHHHM, — HaroJjouye Ha 3HAYHOMY

MOUIMPEHHs Ta BU3HAHHS K Y KOMEpIHHii cdepi, Tak

1 B HayKOBOMY CEpEIOBHIIi, 30KpeMa SK e(eKTHBHUH
IHCTPYMEHT JJIsi CTBOPEHHs iHHOBawiil. EBpucTuuHumii
MiAXiA 0 PO3pOOJICHHS pillleHb, BIACTUBUH IHM3aifH-
MHUCIICHHIO, POOUTH HOr0 TMOTYXKHHUM IHCTPYMEHTOM
JUTS. PO3B’sI3aHHS MPOOJIEM, IO BHHUKAIOTh B CKJIATHIX
OpraHizaniiHNuX, CKOHOMIYHHX 1 COILIaJbHUX CHCTEMaX.
HesBaxaroun Ha 3HA4Hy KUTBKICTB TOCHiIXKeHb [1-5],
METOJIOJIOTisSE BCe Ile TepedyBae B IPOIECi PO3BUTKY,
OocMHCIIeHHS Ta (opmaitizaii.

I'Hydka, iTepaTBHA Ta BIJKpUTA JI0 HOBOTO IPHUpPOJA
MU3aH-MUCIICHHST 3HAXOIUTh, 30KpPEMa, BUPAKCHHS
B MOCTIHHIN eBoronii METOMOJIOrIT i BIUIMBOM HHU3KHU

TpGH,HiB, TaKUX SK TEXHOJOTIYHHUI nporpec, 3pOCTaHHA

TparcopMaIifHOMy BIUIMBI Ha KpeaTWBHI iHIYCTpIii
Ta JU3aiH, [0 BHUKIUKAHWUH OYPXJIMBUM pPO3BUTKOM
TEXHOJIOTil TEHEPATHBHOTO IITYYHOTO iHTEIEKTY [6].
Xoda cyyacHa  KOHICHINS JW3alH-MUCICHHS
chopmyBanacs BIZHOCHO HEIABHO, BOHA € TIPUPOIHUM
HACJIITKOM TPUBAJIOro  (piIoCOYCHKOTO  OCMHUCICHHS
CyTHOCTI TBOpYoCTi Ta ii pesymbraTiB (apredakris),
sKe 3amodaTKyBanu muciureni Ilmaton, Apicrorens
i Hemoxpit [7]. I. Snoera Ta C. 3y0 HaodHO
MIPOJIEMOHCTPYBAJIM, IO CHPOOHM 3PO3YyMITH IPUPOAY
TBOPYOCTI CIIOCTEpirainmucs mie B TIHOOKY JaBHUHY
B Tpausix Bigomux ¢inocodiB, y4eHUX Ta IHXKEHEpiB

pizHUX ramy3eit [1, 2].

© A. HoBaxoBcwkuii, 1. SInosera, 2024
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AHani3 pocaimkens i myoaixaui

MeTta podoTu

Sk mokazaHo B poboTax V. I7onchc0H—H_Ienbz[6epr [3]
ta JIx. Jlientka [4], MO)XKHA BHOKPEMHUTH /IBa CY9aCHHX
JIICKYpCH, B SIKHX OOTOBOPIOETHCS TU3alH-MHUCIICHHS:
nu3aitH 1 MeHemkMeHT. Konnenmisa moyana gpopMyBaTucs
B MeKaxX Cy4acHOi JMCKYCIi PO TEOpito JTU3aiHy, II0YaToK
SKOi TpamuIliifHO mpunanae Ha KiHenb 1960-x pp., komn
Oyna omyOmikoBana pobora [epbepra A. Caiimona
"Hayka mpo mryune". Ympomosx 2000-x pp. an3aiiH-
MHCJICHHS [0Yajio TIOIIMPIOBaTUCS B  JITeparypi,
MPUCBAYCHIA MEHEIKMEHTY Ta IHHOBAIiSIM, 3aBISKU
BIUIUBY Takux Muciurenis, sk T. Bpayn i P. Maprin.
OTxe, cydacHa KOHIICTIIiS OU3aifH-MHUCIECHHS MPOUIIIA
EBOIIIOIII0 B MIAXOXy, OpPI€EHTOBAaHOTO Ha MAM3aliH,
JI0O MeTo/oJIorii BHpillleHHs1 Oi3Hec- Ta opraHizamiiHuX
mpobuem [3-5].

1106

MOB’3aH0i 3

YHUKHYTH MOTeHLIHHOT  TUIyTaHWHH,

Ha3BOIO, HEOOXIJHO  HAroJOCHTH

Ha PI3HUII MK METOOJIOTiE0 "au3aiH-MHUCICHHS"
Ta "MmMucneHHs am3aniHepa'. Xoda ocobimBHI croci
MHCIICHHS, TpUTaMaHHUW JOu3aiiHepaM, € BaXJIUBUM
Ul TPaKTUKU "MU3allH-MUCIEHHA", 1€ JIMIle OIUH
3 eneMeHTiB Metozosiorii. KpiM TOoro, HuHi nu3aiiH-
MHUCIICHHSI IMUPOKO  BIIPOBAIDKYETHCS 32  MEKaMU
npodeciiftHOro au3aiiHy Ta 3apeKOMEHIyBaio cebe
SK e(QeKTUBHUI METOJ TMOIIYyKy pIlICHh CKIAJIHUX
0i3HeC-1TPO0JIEM 3 OPIEHTAITIEO HA TIOTPEOH JFOAUHU.
Kommr’totepHi TexHooOrii 3Ha4YHO TpaHC(HOPMYIOTH
MU3afiH TPOTSIrOM OCTaHHIX AeCATHIITh. Y 1960-x pp.
MMOYUHAETBCSI  PO3BUTOK Ta 3aCTOCYBaHHS CHCTEM
aBToMaTn3oBaHoro npoektyBaHHs (CAIIP) [10]. [Iporsrom
1980-x pp.

3a0e3MeyeHHs] Ul KOMIT'IOTEpHOT BEPCTKH, IO AaJo

3’SBJISETBCS TIPOTpaMHE Ta arapaTHe
3MOTY CYTTEBO ONTHUMI3yBaTH PECYpCOMICTKI BHJIaBHHUYI
npouecu [11]. CydvacHi IHCTpyMEHTH T€HEPaTUBHOTO
JW3aiHy, Hanpuknan Autodesk Fusion 360, BHKOPUCTOBYIOTh
KOMIT'FOT€PHI alTOPUTMHU Ui IIBUAKOTO CTBOPEHHS
MHOXXHMHH DPillIeHb, 110 BiJINOBIAAIOTH HAMEpel 3aJaHOMY
JIu3aiiHepoM HaOopy mapamerpiB Ta oOMexeHb [14].
POKy
nyomikamid [10-13], B sIKMX JOCHIKYIOTBCS NepeBaru

[MpotsiroM  ocTaHHBOTO 3’SBUJIacs ~ HH3Ka
Ta HEMOJIIKM BHKOPUCTAHHSA B IIpoIieci An3aiiHy HOBOI
IPYIH  KOMIT'FOTEPHUX TEXHOJOTIH — TeHEepaTUBHOTO
IITy4YHOTO IHTENeKTy, 30KpeMa 3aco0iB Ha KIITalIT
ChatGPT un DALL-E. JIOCIigHUKH HaroJIOIIyIOTh
Ha TpaHcopMmaliiHOMy TOTEHLiaNi Te€HEPaTUBHOTO
IITYYHOTO IHTEJEKTY, a TaKOoX Ha 3HAYHHUX CYIYTHIX

Bukinkax [10-13].

Meroro pobotu €:

— aHaJi3 CydYacHHX IOCIHi/KEHb IIOAO BILUINBY
TexHojorii reHeparusHoro 11 Ha kpeaTwBHi iHIYyCTpIi,
JM3aiiH Ta, 30KpeMa, Ha JU3aliH-MHUCIICHHS;

— PO3pOOJICHHS CTPYKTYPHOT MOJIENI JU3aliH-MUCITICHHS
IUTSL TIOTAJIBIIIOTO JOCIIKEHHS €BOJIIOIIT METOLOIOTT.

Pe3ysabTaTH A0C/TiKeHb Ta iX 00r0BOpPEHHS

Oznao cyvacnux nioxooie
00 eénposadrcennus LLM y eupoonuui npoyecu

KirouoBa 0cOOJMBICTE TEXHOJIOTIH T'€HEPATHBHOTO
IITYYHOTO IHTENEKTY IOJATAE B 3IaTHOCTI CTBOPIOBATH
HOBUI KOHTEHT, TaKHi SIK TEKCT, 300pakeHHsI 4M ayJio.
Benmki moBHI mopneni (Large Language Model, LLM),
taxi ik GPT, LLAMA, Gemini, neMOHCTPYIOTb Bpa)karoui
MOXJIHBOCTI B 00po0eHHi Ta reHepartii Tekery. Kpim toro,

BOHM MAalOTh TakKi EMEpJPKEHTHI BIACTHBOCTI Ta
3JaTHOCTI, SK:
— BEACHHSA TPHUBAIOTO OCMHUCIICHOTO JIaJiory

3 OTJIIy Ha KOHTEKCT;
— JIEKOMIIO3UIIisI CKJIaJHUX TBEPIUKEHb Ta 33j1ay;
— IUTAaHYBaHHS Jifl Ta Y3TODKEHHS 1X MK C00010;
— TeHepyBaHHs MPOIO3UIIiT;
— OLIHIOBAaHH OMIii, 00paHHS Ta OOTPYHTYBaHHS.
Xoua mepenmivueHi  MOXJIHMBOCTI  IepeOyBarTh
y Tporieci po3BUTKY ¥ Hapas3i MarOTh IeBHI OOMEKEHHS,
smory LLM

KOMYHIKAaTHUBHI, KpEaTWBHI Ta IHTENEeKTyalbHi (QYHKIII,

BOHHU Jar0Th BUKOHYBAaTU CKJ'IaZ[Hi

oo J0 TOsSBU TexHojorii reneparuBHoro LI Oyna
3IaTHA BUKOHYBaTH TUTBKH JIOAWHA. Benwmki MOBHI
MOJIENI BXKE 3apa3 JONOMAararoTh BUKOHYBATU IIMPOKHN
CHEKTp pOOOYHMX 3aBIaHb — BiJ MPOCTHX, TAKUX SK
MOUIYK CHHOHIMIB  4H

kinacudikalis KOMEHTapiB,

oo Olmpml  CKIAOHWX  JOi:  HANHMCaHHSA  iCTOpIH,

penaryBaHHsI TEKCTIiB, TeHepallist Ta opraHizauis ineit [8].

B ocuoBi Texnomori#i reHepatmaoro LI nexarts
MiAXOAW Ta METOAW TIMOOKOrO MAIIMHHOTO HaBYaHHS
(deep learning) OararomapoBUX HEHPOHHHX MEpPEK
OesrocepesHbO 13 3HAYHOI  KUTBKOCTI  iH(oOpMaIii.
HaBuanHus He moTpeOye NonepeaHbp01 PO3MITKH JaHUX YU
3BOPOTHOTO 3B’513KY 3 OOKY JIFOJMHU. AHATI3yI0YU 3HAYHI
oOcsrn  iHQoOpMarii, HEeHpoHHa Mepexka CaMOCTIHHO
cneuudivni 3aKOHOMIPHOCTI

BUOKPEMIIIOE naTepHH,

Ta XapakTepUCTHKH, MpPUTAMaHHI MEBHOMY THILY

iHpopMmaii (HanpuKiIaz, TeKCT, 300paKeHHsT Y1 MY3HKa).
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[Ticns 3aBepreHHs HABYaHHS HEHpPOHHA MepeXa 37aTHa

ineHTH(diKyBaTH BHMBYEHI NaTepHH, 3aKOHOMIPHOCTI,

XapaKTEePUCTHKH Ta/ab0 CTBOPIOBATH HOBI MacHBHU
JaHUX Ha 1X OCHOBIi. BaXkIMBO HArOJOCHUTH, IO HOBHI
KOHTEHT,  3TCHEPOBAHMH  HEHPOHHOI0  Mepexero,
HE 3aBXIU MOXe OyTH YHIKalbHHM a00 HOBaTOPCHKUM
VHACTIIOK TOTO, INO BiH 3TeHCPOBAaHWH HAa OCHOBI
3aKOHOMIPHOCTEH, BHBUEHHX 3 YK€ HasBHHX JaHUX.
BomHouac 30aTHICTE TEXHOJOTII CTBOPIOBATH pPeEaliCTHIHI
300payKeHHs, TEKCT, MYy3WKYy Ta TE€HepyBaTH HOBI inel
Ta Ju3aiiH  poOuTh 1i TMOTY)KHAM IHCTPYMEHTOM
Y TBOPUMX 1 TU3alHEPCHKHX ITpOIIecax.

Xoya pPO3BUTOK 1 BIPOBA/KEHHS T'€HEPATHBHOTO
IITYYHOTO IHTENEKTY 3HAa4YHO BIUIMHE Ha OUIBIIICTH
raiy3ei Ta 6i3Hec-(QyHKIi1, HaHOLIBIII 3MiHH OYiKyIOTHCS B
IHTENIEKTyaIbHUX po0O0Tax y Takux cdepax, sk MPUAHSTTS
pileHb, KOOpAMHAILIS Ta KOMYHIKAIlist, TBOPUICT Ta [IH3aiiH,
IO paHillle BBAKAIHUCS "BUKIIOYHO JTIOACEKIMHA" [6].

Bzaemonmis wMix miogmHOIO Ta IT-mpomykramm,
noOynoBaHMMH Ha 0a3l BEJMKUX MOBHUX MOJIENEH,
BimOyBa€eThCs 3a3BHYai y popmarti mianory "mpupogHo0"
MOBOIO, HAaIlpUKJIaJ] aHDIHCBKOI0 YH YKpaiHCBKOIO.
KopucrtyBaui komyHikyroTb 3 LLM 3a JOIOMOTOIO
NPOMIITIB (prompts) — IHCTPYKILiH abo 3anuTaHb, Ha SKi
BEJIMKI MOBHI MOJIEIi TeHEePYIOTh BIMIOBINI (completions).
[MpoMnTi MOXyTh OyTH SIK IPOCTHMH (OJIHE CJOBO YH
(paza), Tak 1 CKIamgHUMH, 3 OCOOIMBOIO CTPYKTYpPOIO
Ta (GopmaryBaHHsAM. KopucryBaui MOXKYTh OTpHUMYBAaTH
pizHi (dopmaTtHu BignoBinei (completions) 3ameXHO Bix
NPU3HAYEHHS MPOTpaMy Ta CHElU(IKU 3aIUTy, HAIIPUKIIa]
(hakTH, MOsICHEHHS, i7ei, pe3tome, TaONHnIli, KApTHHKH.

Jnst po3B’si3aHHS CKJIQJHUX 3aBJaHb 32 JIOTIOMOTOI0
LLM cy4acHi iHXEHEpH Ta IOCTiTHUKHA BUKOPHUCTOBYIOTh
TEXHIKHM JIAHIIOTOBUX BHKIUKIB (chain of prompts),
y SKHAX CKJIQTHE 3aBIaHHS PO3OMBAETHCS HA TIOCIIIOBHICTD
OlmbII MPOCTUX 3aBJaHb Ta BIJIOBIIHUX IHCTPYKIIH
st LLM. JIo Toro X pe3ynbTaT BUKOHAHHS 1HCTPYKIi
Ha TIEBHOMY KpOIli BIUIMBa€ Ha BXIigHY iH(OpPMAIIIO
IHCTPYKIi Ha HacTymHHX Kpokax [12]. Ile omaum
MEPCIIEKTUBHAM MIJXOJOM JI0 BIPOBAPKEHHS BEJIHKHX
MOBHHX MOJeNiell y BHPOOHHYI MPOIECH € PO3POOICHHS
"areHTiB"  (agents) —  aBTOHOMHHMX  (4YacTKOBO)
IHTENIEKTyalbHUX CHCTEM, 3[IaTHUX CaMOCTIHHO (BiHOCHO)
obuparu  crparterii poouTu

BUKOHaHHs  3aBJIaHHA,

JNEKOMITO3UINI CKIAJHUX 3aBIaHb, CTBOPIOBATH Ta

[8, 9]
CydJacHi WIiAXOOM B3a€MOil 3 BEIHMKAMH MOBHUMH

KOHTPOJIIOBATH IUJIAH BHUKOHAHHSA 3a3HaueHi

MOJICIISIMU BIIKDHBAIOTh LIMPOKI MOTEHIIHHI MOMKJIMBOCTI

JUIE BUKOHAHHS CKIQJAHWAX 3aBJaHbh JAHW3aliHy 3a

noromoroxo LLM.

Cxoxe, M[IO JIIOACTBO BCTyIla€ B HOBY epy
BIPOBaKEHHSI TEXHOJIOTii B IHTEJIEKTYaJIbHY Ta KpEaTHBHY
npatto. 3apas [ie BaKKO YSBHTH, SKHH BUIIISL MATHMYTh
"inTenekryanbHi (abpukn" Mail0yTHHOTO, Ha SKUX
nmronuHa OyJe CHIBIpAlIOBaTH 3 MAaNIMHOI. AJle BXe
3apa3 0OauMMo, 10 BEIMKI MOBHI MOJENi 34aTHI
BUKOHYBATH IIEBHY YacTHHY OAa30BHX IHTENICKTyalbHUX

oliepariiii i TeXHOJIOTisl MPOAOBKYE CTPIMKO PO3BUBATHUCS.

Tpaucgpopmauia ouzaiiny
nio 6n1U60OM KOMN IOMEPHUX MEXHO10211

PO3BUTOK TEXHOJOTiH T'€HEPATHBHOIO IITYYHOTO
IHTEJICKTY He TUIbKHU BILIMBA€E HA MPOLEC MU3aiiHy, ane i
BHMAarae IepeoCMHUCIeHHs 0araTboxX KOHILENTIB y cdepi
KpeaTuBHOCTI, 30kpema poui LI y TBOpuoMy mporeci.
Y mpakTHUHI IJIOMMHI MAallWHAa CTa€  3JaTHOIO
BUKOHYBAaTH IHTENCKTYalbHI 3aBJaHHS, SKi IO I[OTO
BBOKAINCSH "BUKIIOYHO JIOACBKAMH'. 3  TOTISAAY
STHKH II¢ CTaBUTh HOBI IHTaHHS IIOJ0 MaHOyTHBOTO
CHIBICHYBaHHS Ta CIIBTBOPYOCTI JIONWHH I MAaIlIWHU.
BuHMKaIOTE Ta pO3BHBAKOTBCA TaKi KOHICHTH, SIK

MTOCTAHTPOTIONICHTPUIHHUN U3aiiH, CHIBTBOPYICTh
(oAMHM Ta MAaIMHHW), AareHTHICTh MAallMHKM TOLIO.
CraBiATbCS TUTAHHS TIOIIYKY CHHEPTil MiIX CHIIBHUMH
aCMeKTaMHu JIFOJICBKOTO Ta MAalIMHHOTO I1HTENEKTY JUIs
CTBOPCHHS MalOyTHROTO AnM3aliHy Ta iHHOoBami# [10].

JIx. Tonaunep ta M. [xxoncon [10] mocmimkyoTh
0COONMBOCTI TIpoIlecy TeHepamii imed Ta ecki3iB i3
3actocyBaHHsM ChatGPT ta DALL-E. CrioctepesxeHHs Ta
BHCHOBKHM, HaBe/IeHI B IyOuikamii, HoOpe BiAlmOBiIAIOTH
0COOMCTOMY TPaKTHUYHOMY JOCBIly = BHKOPHUCTaHHS
incTpymenTiB reaeparuBHoro LI B mporeci nu3aiiny.

1. IIBuakicTh reHeparii, pi3HOMaHITHICTH ixed
cepen
IHCTPYMEHTIB Ha  KIITalT

i apredaxTiB  BHOKPEMIIOIOTHCS repeBar

ChatGPT
ta DALL-E. OpHak TinuMOWHA Ta HOBU3HA MaTepialis,

BUKOPUCTAHHSA

CTBOPEHHMX LITYYHUM IHTEJIEKTOM, MOXe OYyTH HeCTaOLTHHOO
Ta 3a SKICTIO YacTO IOCTYIIATUCS JIFOACHKIH Tparti.

2. Bzaemomis  nu3ailiHepiB 3  IHCTpyMEHTaMu
reaeparuBHoro Il Ha moTtoyHOMy erami iX PO3BHTKY
BUMAarac cCHoeniajli3oBaHUX HABUYOK 1 JIOJATKOBHUX
3yCHIIb, IO MOXKE YCKJIAJHIOBAaTH Ta MOPYLIYBAaTH IUIMH
TBOPYOTO MPOIIECY.

3. ABTOpPHM JOJAaTKOBO 3BEpTAIOTh yBary Ha
obmexeHHs 1mono nepenayi monensim 11 koHTekcTy.
i oOMmexxeHHS MAalOTh IOABIHHY MPHUPOLY: 3 OIHOTO
00Ky, BOHM BUIUTMBAIOTh 3 TEXHIYHUX OOMEXEHb 00CsTry
"BikHa KOHTeKcTy" cydacHmx moneneit III; 3 iHmoro —
BUHUKAIOTh TPYAHOINI 3

y Au3aiiHepiB TOYHUM
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BU3HAYCHHSM Ta OITMCOM KIIIOUOBHX ACHEKTiB KOHTEKCTY,
K1 Tpeba rmepeaaT MoJedi.

4. Xouya reHeparlis izel Ta eckiziB 3a JOIIOMOTOIO
I e mBuakUM Ta €(QEKTUBHUM pIIICHHSIM, € MOXE
MIPU3BOJUTH JI0 3MEHILICHHS PiBHA 3aHypEHHS Ju3aiiHepa
B Ipo0JieMy. 3HHUKa€e a00 CYTTEBO 3MCHIITYETHCS KOTHITUBHHUIMA
1 TaKTWIBHWH CKIAJHUK Y TPOIECi CTBOPEHHS €CKi3iB,
10 JU3aiHepH 1HOII MeTaQOPUYHO OIMHCYIOTH SIK ""MHCIICHHS
pykamu". KpiM TOrO, aBTOpH BHCYBalOTh TilOTE3Y,
110 HaJIMipHA JETaJIbHICTh 1/1eil Ta ecKi3iB, 3reHepOBaHKX
3a gomomoror LI, 3Byxye OadeHHs mu3aitHepa, IIO
Moxe OyTH HeOa)KaHUM Ha PaHIIIHIX eTarnax.

Baxnuo 3asznHaumty, mo xoda JIx. Tomanmep Tta
M. JI>KOHCOH MTPOBOAMIIN JOCIIDKEHHS 13 3aCTOCYBaHHIM
morrepenHix Bepciit ChatGPT ta DALL-E, HaBeneHi
CIIOCTEPEXEHHS € aKTyalbHUMH U Ui OLIBbII HOBHX
BepCiif IHCTPYMEHTIB.

C. Bamr Tta xonerm [12] BHBYAKOTH 3JaTHICTh
ChatGPT BUKOHYBaTH pi3HI THUIH 3aBJaHb, MOB’SI3aHUX
3 ONEepYBaHHSAM 3HAHHSAMH, Y BHUPOOHMYMX IIpolecax
Ta, 30KpeMa, BiHAyCTpialbHOMY IH3aiiHi, a came:

— KOPEKTHO PO3PI3HATH KOHICNTU  BiJIOBITHO
JI0 KOHTEKCTY Ta HaJaBaTH iM IOSICHEHHS;

— BUKOPUCTOBYBAaTM  3arajilbHi ~ 3HaHHSI  JUIA
PO3B’sI3aHHS KOHKPETHHX 3aB/IaHb;

— aHaji3yBaTd I1H(POPMAIIi0, BHOKPEMIIIOBATU i
KOMIIOHEHTH Ta 3MiCTOBHI XapaKTEPUCTUKH;

— CHHTE3yBaTH HOBI 3HaHHS;

— IIEpeHOCUTH 3HaHHS, HAOyTi B OAHIA MpeIMeTHIN

rajys3i, B iHII.

Hocmimankyn  GOPMYIIOIOTE  YOTHPH  OCHOBHHX
BHCHOBKH.
1. ChatGPT 30amuuii  po3pizuamu  Oinbuicms

3a2aNbHOGIOOMUX KOHYenmié [ HA0asamu noe si3any 3
HUMU iHopmayiro 8i0nN08IOHO 0o 3anumy Kopucmysaud,
Xoua He 3a8xcOu pobumv ye MOYHO MaA aKYpAmHo.
Omna i3 3a3HAa4eHHWX MPOOJIEeM TIONSITaE B  TOMY,
mo BignoBiai ChatGPT He 3aBXIu € peleBaHTHUMH
o crenudigHoro KoHTeKCTy. "Hampukmax, komnm mu
3alUTald  [PO TMPOIEC PO3POOJICHHS —crerudikarii
MPOAYKTY, HOro BiAmoBinp Oyma OUTBII aKTYaIbHOIO
JUTS.  PO3POOJICHHS TPOTPAMHOTO 3a0C3MCUCHHS, HIK
JUT TIPOMHUCIIOBHX TPOAYKTIB", — 3a3HAYAIOTH aBTOPH.
Takox Tpamisitorecst Bunaaku, koiu ChatGPT nanaBas
SIBHO HETIPAaBIUBY iHPOPMAIIiIO.

2. [Hupexmushe ¢hopmynioeanis incmpykyiti mooce
0dodamxkoso cnonwykamu ChatGPT ¢abpuxysamu ¢haxmu
0ns  moeo, wob GUKOHAMU NOCMAGIEHE 3AB0AHHS.
3a cBoero cytHicTIO ChatGPT € AMOBiIpHICHOIO MOBHOIO

MOJIEIJIIO, sIKa TeHepye 3B’SI3HUM TEKCT CcrIocobom

migdopy KOXKHOTO HACTYIIHOTO CJIOBA BiIMOBITHO MO
3MICTY ITOTIEPEAHBOTO TEKCTY Ta Ha OCHOBI CTATHCTHYHHUX
3B’S3KIB MIXK CJIOBaMH, II0 BOHA BH3HAYIJIA, OOPOOIISIOUN
HaBuaybHY iH(opMmarito. Tak, Mozens TeHepye HalKparuit
MOXJIMBHK (HAaHIMOBIpHIIIMIT) BapiaHT TEKCTy, IO
BI/ITIOBIIa€ 3aMUTy KOpHCTYyBada. JIOCTIIHUKY 3a3HA4AI0Th,
o0 HE3Ha4YHi 3MIiHH B TOHAJIBHOCTI (OPMYIIOBAHHS
IHCTPYKII{ CYTTEBO BIUIMBAIOTh Ha PE3yJbTaT. 3 OTJIILY
Ha pe3yJbTaTH EKCIICPHUMEHTIB aBTOPH POOJIATH BHCHOBOK,
0 B JESIKMX BHIIQJKaX Ui TOTO, MO0 YHUKHYTH
¢dabpuxarii maHWX, OUIBII JOIUIEHO (OPMYIIOBATH
iHCTpYyKLil y opMi 3anurtanp (Hanpuknaa, "Yn MOXyTh
CIIOCTEPEKEHHS 33 3MISMH HAJUXHYTH 10 PO3POOICHHS
(YHKLIIOHAILHOTO JM3aliHy KaBoMaliHu?"), HDK y BULVISII
koMmaHn (Hampukian, "Po3pobu (yHKIOHANBHUI AW3aiH
KaBOMAlllMHY, HAJAWXAIOYHCh CHOCTEPEXEHHSIMU 32
smistmu"). Takuiit migxig Ja€ 3MOTy 3HHU3UTH KUTBKICTB
BUNAJKIB, KOJIM Mojenb (abpukye HempaBIuBi abo
HepeneBaHTHI fmaHi. KpiM TOro, y JocmimKeHHI
HarojomIeHO Ha BAaXJIMBOCTI YITKOCTI Ta JIETaIbHOCTI
IHCTPYKIIH AJIS TOCATHEHHS SIKICHOTO pe3yNbTary.

3. ChatGPT

Kpeamu6ni 3a80aHHs, ane OOCASHYMI pe3yibmamu He

30amHuil  BUKOHYSAMU  CKAAOHI
nepesuwyoms pieeHb pobomu 00CEIOUEHUX [HICEHePIE.
JloCnmiAHUKK  TpOBETM TECTYBaHHS 3a  JOMOMOTIO0
BIIKPUTHX 3amuTaHb. J[7s BigmoBijed HEOOXimHO OyIo
CMOYaTKy JCKOMIIO3YBaTH 3aBJaHHS HAa CKIAJHHUKU
W Hajmami reHepyBaTH ifeil pilleHHS Uit KOXKHOTO
31 ckimamHuKiB. Pesympraté mokasyworh, mo ChatGPT
MOXKE TBOPYO CHHTE3YBaTH KOHIICIIII Pi3HOMAaHITHUMHU
HETpUBIANEHUMH crniocobamu. KpiM TOro, BasKIHBOIO
OCOOJIMBICTIO TEXHOJIOTII € 3IaTHICTh TCHEPYBATH 3HAYHY
KUTBKICTh omIiit "6e3 BroMu", siKa MpUTaMaHHA JIFOZMHI.
3 iHmoro OOKy, JOCHITHUKH pPOOJSTh BUCHOBKH, IO,
3B)KAIOYM Ha OOMEXKEHHS  TEXHOJIOTI],
ChatGPT,

CEpEeIHIO SKICTh PIMICHb JOCBITYCHUX 1HKEHEPIB.

pileHHs,

po3pobneHi HaBpsI YU TEPEBHIIYIOTH

4. Ha momenm nposedeHHs OOCHIONCEHHsL 30AMmHICb
ChatGPT posg’azysamu 3a60aHHA, WO NOMpeOyIOmb
CKIAOHUX QHANIMUYHUX 30i0HOCmel, 6y1a po36uHyma
3 26

KpuTH4HOTO aHanizy, ChatGPT KOpeKTHO BiJIIOBIB JIMILE

HeooCamHubo. 3aMTadb, M0 TOTpedyBaIH
Ha 46%. JIOCHIOHWKH 3a3HA4YalOTh, IO CKJIAJHOIII
BHHHMKAIIA K 3 SKICHMM, TaK 1 3 KiIbKICHUM aHai30M,
HAroJIOUIYFOYH Ha TPhOX KIFOYOBHX OOMEKCHHSIX:

1) TexHOJIOTiSI ~ JIEMOHCTPYE  CXHIBHICTH 10
HEJOCTaTHBO OOIPYHTOBAaHMX IHAYKTUBHHUX y3arajbHEHb
Ha OCHOBI JIGKIJIBKOX CIIOCTEPEKEHb;

2) mpiopuret, Ha OcHOBiI skux ChatGPT pobuth

SIKICHI BUCHOBKH, HE 3aBXK/JU € OUEBHIHUMHU;
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3) 3Ha4YHA KUTBKICTh (OpPMYyN, 0OpaHa TEXHOIOTIEIO

JUIsl pO3B’si3aHHS 33/1a4, OyJIM HeNpPaBUIbHUMHU.

[lincymoBytoun, 3a3HA4UMO, IO  PO3TILIHYTI
nyOnikamii OpuALISIOTE  yBary —TpanchopMariifHoMy
NOTEHLIAy TeHEPAaTUBHOTO IITYYHOTO  IHTENEKTY,

a TaKOX 3HAYHHMM CYMyTHIM BUKiukam. J[ns toro, mo6
OureIr MOBHO ocATHyTH OararorpanHmii Brome 11 Ha

nr3aiid, HeOOXITHMH KOMIUIEKCHUM JOCIITHUILKIH ITiaXis.

Konuyenm-nioxio ona cucmemmnozo po3yminnsa
€60.1I0UIT Mem0o00102ii OU3AUH-MUCTIEHHA
nio 6N1UEOM 2eHEPAMUBHOZ0 WIMYUHO20 IHMeNeKmy

Xoua mporec AU3alHYy € CKJIAIHUM 1 HEJIIHIHHUM,
JM3aiH-MHCIICHHS TIPOIIOHYE CTPYKTYPOBAaHY METOLOJIOTII0
JuIsl Horo po30MTTS Ha Cepilo iTepaTUBHHUX KPOKIB, IIO
CIpPAMOBYIOTH POOOTY nu3aiiHepa Bin (opMyBaHHI
JIN3aifHEpCHKOTO 3aBJIAaHHS J0 CTBOPEHHS Ta NEepeBipKU
Buxonsun 13 3aranpHOI

pimIeHHs. TpaekTopii, mI0

3a[Ja€TbCsl METOJOJIOTIE0, NU3aifHep Ha KOKHOMY KpOIT
miz0upae TEXHIKM BIAMOBIAHO 10 moTped. Y mporeci
BUKOHAHHA TEXHIK CTBOPIOIOTbCA Ta 30aradyroThCs
apredakTH, y SKAX HAKONUYYIOThCS HAOYTI 3HAHHS
Ta 3reHepoBaHi ifel.

Sk BupHO 3 aHamizy myOiikauidi, pi3Hi aBTOpH
J3aliH-MUCIICHHS PO3TIISIAIOTH K MOHATTS " MUCIIUIDTIHA",
"migxin", "BigHOIICHHS / TpUHIMOK", "CIOCIO MECITCHH:'",
"mportec”, "3acTocyBaHHs MeTomiB" Ta "meromomoria” [5].
BBa)kxaemo, 10 TOMJISAA Ha AU3aiiH-MHCIIEHHS caMe 5K
Ha METOAOJIOTiI0, TOOTO CHCTEMY METOJIB, OCHOBAaHY
Ha TICBHUX NPHUHIMIAX, I[HHOCTIX 1 TEOPETUUHUX
KOHIIETITAaX, Ja€ 3MOTY OCATHYTH HOro OaraTorpaHHY
CYTHICTb Ta Jia€ MiJCTaBy JUIl KOMIUIEKCHOTO PO3YMiHHS
oro TpaHchopMmamii A BIJIMBOM TEHEPATHBHOTO

WTy4yHOTO  iHTEeNekTy. JUis momanbmioro — asanmizy

BBKAEMO, MO JOMUIBHO PpO3TJAATH METOJIOJIOTII0
JIM3aliH-MUCIICHHS Y BUTJISI YOTHPHOX B3a€MOIIOB’SI3aHUX

CTPYKTYpHHUX IapiB (puc. 1).

Puc. 1. CtpykTypHa MOZEIb METOJIONOTI] qU3aifH-MUCIIeHHS (pO3po0Ka aBTOPIiB CTATTI)

JeTanbHe MOCTIMKEHHS CKJIaIHHAKIB KOKHOTO i3
MIapiB JacTh 3MOTY 3aKJIACTH OCHOBY JUISl TOAAJBIIOTO
BCEOIYHOTO aHali3y BIUIMBY TEXHOJIOTIH TeHEepaTUBHOTO
I Ha aU3aiH-MHUCICHHS.

1. IlpyHuunu, WiHHOCTI Ta eTUYHI HOPMH
AU3aHH-MHUCICHHS

THpunyunu ousaiin-wucnenns — ne QyHAaMEHTAIBHI
iziel, 0 BU3HAYAIOTh CYTHICTh METOOJIOTII, CIIPSIMOBYIOTh
IiSUTBHICTP KOMAHI 1 Hajzam pPO3KPUBAIOTHCS OiIbII
KOHKpETHO B TIIpolecax, TexXHiKaX, MeTojax Ta
IHCTpyMEHTaX.

[puHIMI JIFOMMHONEHTPUYHOCTI BU3HAYAE MOCTIHE
30CepeIDKEHHS YBark 3 OOKy JM3alH-KOMAaHIH Ha TIHOOKY
eMIIaTiio JIoAeH, /Uil SKMX Komanzaa npaimtoe. OnuH i3
HaBa)KJIMBIIINX

apredakTiB  AM3aWH-MHCICHHA  —

Ilepcona (Persona) — 30ipHHA 00pa3, IO YOCOOIIOE

pHcHu, 3BHYKH, NMPOOJIEMH Ta MOTPeOH peabHOI Ipynu
Jo/IeH, IS SIKMX KOMaH/1a po3pooiisie pimeHHs. ['mboke
eMIaTHYHE 3aHYPEHHS B KOHTEKCT, Y SKOMY XKHBE Ta Jii€
[epcona, mopomxye iHcalTH — TIIMOOKI, HETPHBiaJIbHI,
€MOIIIHO-3a0apBIICHHI PO3YMIHHS, [0 € KaTali3aTopamMu
JUIsl TeHepalii KpeaTMBHUX pilleHb. [lu3aifH-MUCICHHS
MpOMOHy€e OaraTy mNamiTpy pI3HOMaHITHUX TEXHIK
1 MeTOoAiB emraTii 17151 3aHypeHHs B KOHTEeKCT [lepconu.

ITEepaTUBHOCTI

[TpuHuun CTBEPIIKYE, 110

pO3poOJICHHST pIMIEHHS Ma€ TIPOCYBATHCSA  BIEpeEN

(ra 1iHOmi, SIKIIO HEOOXiJHO, Ha3aa) HEBEIUYKUMH

IIBUJKUMH  ITEPaTUBHUMH KpokamMH. Ha KoxHOMY

3 KpPOKIB KOMaHJga OTPHUMY€ IEBHUH IHKPEMEHT
Ta TepeBips€, YA pPOOWUTH BiH TO3UTHBHUN BHECOK
y 3arajbHe pillleHHs 32 TPbOMa KPUTEPIsSIMU:

1) Oaxanicte (desirability) —

OTPHUMaHU IHKPEMEHT MOTpeOam 1 OaXkaHHSIM KOPHCTYBaUiB;

4y  BiAmOBigae
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2) okurTe3matHicTh (viability) — uWm € BiH
E€KOHOMIYHO Ta OpraHi3aliifHO XUTTE3JaTHUM;

3) peani3oBaHicTh (feasibility) — 4M 1e TEXHIYHO
Ta MaTepiaJbHO JOCSIKHO.

Ormxe, peamizyeTbcsi € ONMH BAXIUBHA JUIS
JIM3aH-MHUCIICHHS. TIPHHIMIT — BIANOBIAHICTH AM3aiHY
TPHOM KPHUTEPISM.

[IpyHIIMO CHCTEMHOTO MIAXOMY 3aJa€ OpIEHTAIlI0
HA TIOCTiiHe 3ariau0JIeHHS B IeTalli KOHTEKCTY IpoOiIeMHu,
HaJl SIKOIO TIPALIOE KOMaHJa, 3 MPOSICHEHHSIM CKJIaJHUX
B32€MO3B’S3KiB TIOTPEO 1 MpoOIeM 3aliKaBIeHUX CTOPIH,
a TaKOX 1HIINX BOXKIMBUX (HaKTOPIB.

[lpuHIMIT ~ eBPUCTHYHOTO  IAXOXYy  BH3HAYAE
OpIEHTALlII0 KOMaHIM Ha TOIIYK JI€BOTO MpPaKTHYHO-
JIOCTATHBOTO pIIIEHHS I BU3HAUEHOI MpoOIeMH,
HaBiTh SKIOIO BOHO HE € iJ€albHUM YU TEOPETUYHO
00T pYHTOBaHHM.

Llinnocmi  Ouzaiin-mucienHs BUPaXarTh OCHOBHI
MEepeKOHaHHS Mpo Te, KO0 Mae OyTh aTrMmocdepa
pobOTH KOMaHAM Ta OYIKyBaHHS IIOAO BiJHOCHH
1 HOBEIHKY YYaCHHUKIB.

Xoya MOXIMBE ¥ IHIAMBigyaJbHE 3aCTOCYBaHHS
TU3aiH-MHUCIIEHHSI, OUTBIIICTE aBTOPIB 3BEPTAIOTH YBary
HA TakKi I[IHHOCTI METOJOJIOTIi, SIK KOMaHJHA poOoTa,
JOCBITy,
BIIKPHUTICTh 1O pI3HUX TOIJSAAIB Ta imed. Jlu3aiiH-

pi3HOMaHITHICTH KpeaTHBHa CHHEprisi Ta
MHCIICHHS 320X04y€ 3aJTyYeHHS KOPUCTYBAdiB y IPOLEC

CTBOPCHHS  pillicHb, M0  YMOXJIHMBIIOE  aKTHBHY
B3a€EMOJIII0 MK AW3aiHEpaMH Ta KOPUCTYBadaMHu.
HeocynnuBe CTaBiCHHS, ONTUMI3M, BIJIKPHUTICTH,
HECTaHIAPTHE MHUCICHHA Ta 3JaTHICTh CTaBUTH IIif
CYMHIB HasiBHI HOPMHU € BRXXJIUBHUMH MEPEIYMOBAMU JIJIS
CTBOpEHHS aTMOoc(epH, B AKiif MOKYTb OyTH 3reHepOBaHi
IHHOBAIIi}iH1 CKeTu”uHI Ta

HeTpHBiaNbHI pimeHHs.

MIBHKE TIPOTOTHITYBaHHA JalOTh 3MOTYy JHU3aiHEpam

3a0IIAUTH Yac i 3yCHIUIL, CIPOCTOBYIOUH TillOTE3W Ha
paHHIX eTamnax, Ta J0IoMaraloTh HaBYaTHCs Ha MPAKTULI.

Emuuni  Hopmu  Ousaiin-mucienuss BU3HAYAKOTh
3acajii B3aeMOJi Ju3aiiHepa i3 CyCIHJIbCTBOM, CTBOPIOIOYH
MOpaJbHY KOMIIOHEHTY, IO MAa€ JONOBHIOBATH Ta
BPIBHOB&)KYBATH 1HIIII MOTHBAILl Ta IHTEPECH B TPUIHATTI
PIIIeHB Y TIpoIIeci AU3alHy.

[IparHyun 10 MIBUAKUX 1 ACHICBUX CKCIICPHUMEHTIB,
Ju3aifHepy BOJHOYAC HE MAlOTh ITH Ha KOMIIPOMICH
B CTUYHHMX MUTAaHHIX. BaXkiIMBO 4YecHO Ta BiABEPTO
iHpopMyBaTH TIOAEH MO LTI JOCTIIKEHb, Y TIOBHOMY
o0cs31  BiAMOBiZaTH  Ha  JOJATKOBI  3aIHTaHHS,
3a0e3nevyBaTH IPO30PiCTh WOAO AU3aifH-TIpoLecy.

Xoua mepuri MPOTOTHIN MOXYTh MICTHTH HH3KY
0OMeXeHb 1 HeIONIKiB, BaYKJIMBO HE WTH HA KOMIIPOMICH
B MUTAHHAX OC3MEKM Ta BXKUTH BCIX HEOOXIiTHUX
3axo0fiB, mo0 He 3aBHaTH mKomu. JluW3aliHepu MaioTh
YCBIIOMITIOBATH BJIACHY BiJIOBIJAILHICTh 32 MOTCHIIHHI
HACJIIIKA BUKOPUCTAHHSA iX pilIeHb, 30KpeMa 3BaXKarouu
Ha TOTEHLIWHWH BIUIMB Ha COIiaJbHI, €KOJOTIYHi,
€KOHOMIYHI, IIOJITHYHI CUCTEMHU.

3HayHa YacTMHA Cy4YacHOi KPUTHKH JAW3aiiH-
MUCIIEHHS TIOB’S13aHa 3 THUM, IO METOJOJOTis (OKycye
KOMaH/ly Ha MoTpedax JIANHH Ta NPUALISE HEJOCTaTHBO
YBaru MUTAaHHAM CTaJoro po3BUTKy. Toni sk mepxaBHi
peryJsiTopu Ta MDKHApOJAHI I1HCTHTYLIi CTHMYJIOIOTh
BHUPOOHMKIB 1 MPOEKTYBAJIBHUKIB OyTH OLIBII €KOJIOTTIHUMUA
3a JIOTIOMOTOI0 €KOHOMIYHHX 3aXO0JIiB, AM3aiHEPH MaIOTh
B34TH Ha cebe 0coOHCTi 3000B’s3aHHS MO0 PO3POOICHHS
pileHsb, sKi BiNOBIAAIOTH TPUHIMIIAM CTaJIOTO PO3BUTKY.
Huzaifn, opieHTOBaHWI Ha MIONCTBO (humanity-centered
design), J1. HopmaHa € 4yJ0BUM TPUKIAIOM PO3BUTKY
"senennx" imedt y Au3alHepChKil cimpHOTI [15].

VY Tabn. 1 HaBegeHO Mepesik OCHOBHUX NPHHIMIIIB,

LIHHOCTEH Ta €TUIHUX HOPM JH3aifH-MHUCIICHHS.

Ta6auus 1. [lpunyunu, yinnocmi ma emudri HOPMU OUAH-MUCTICHHS,

IpuHUMIH

HinnocTi

ETn4ni HopMu

1) JTFOTMHOTIEHTPUYHICTB;

2) iTepaTUBHICTB;

3) NpUHIUT BiMOBITHOCTI TU3aifHy
TPbOM KPHUTEPisiM;

4) cUCTEMHUH MiAXisT;

5) eBpUCTUYHHUH TiIXi/T

1) komanHA poOOTa;
i7iell Ta TOCBiy;
B3aEMOIIS;

6) ONTUMI3M;

7) BIOKPUTICTE;

HOpMU;

2) BIIKPUTICTB JI0 Pi3HUX MOTILIIIB,

3) KpeaTHBHA CHHEPTIs;
4) 3aymy4eHHs] KOPUCTYBayiB Ta aKTHBHA

5) HeoCyUTHBE CTaBIICHHS;
8) HecTaHAapTHE MUCIICHHS;
9) 37aTHICTh CTABUTH I1iJl CYMHIB YHHHI

10) CKeTYHHT i LIBUAKE POTOTUITYBAHHS;
11) HaBYaHHS HAa MPAKTHUIIL

1) gecHicTh;

2) Ipo30picCTk;

3) Oesmeka;

4) BiIMOBINANBHICTS;

5) BiAMOBIAHICTH MPHUHIKIIAM CTAJIOTO
PO3BUTKY
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2. ITpouec Ta eTanu AU3alH-MHUCIEHHS

VY Tabn. 2 noxaHo mepekian Tabnuii 3 myOmikanii
H. Promr Tta iHmmx [5]. ABTOpM ommcamu KiTbKa
mpoIiecy,
JIO0 IIECTH eTamiB. Y IbOMY pa3i TPhOXETAIHUH TpoIlec,

TUIIB CTPYKTYP IO MICTATh BiJl TPHOX

3ampornionoBanuit J[x. Jlientka (2015), moxe Oytu

"HaliMECHITNM CIUTEHAM 3HAMEHHHKOM .
BukopucroByroun pi3Hi TiIX0AM 10 PO3OUTTS

HAa TIOCTIMOBHI €Tamy TIPOIeCy NHU3aifH-MHCICHHS

y BIAcHIM mpodecidHii Ta OCBITHIH MisTIBHOCTSIX

Ta AaNTyIO4Yd X Wi MOTpeOn KOHKPETHHX IPOEKTIB,
JIOCIIIIHUKY BU3HAIM TPHOXTAIHY MOJENb SK HaHOLIbLI
orntuMansHO0. Ha pric. 2 3amponoHOBaHO TPhOXETAITHUH
npoliec Iu3aiiH-MUCIIeHHs (po3po0OKa aBTOPIB CTAaTTi) 3
BU3HAUYEHNUMH BiIMOBIIHUMHN KIIIOYOBHMUM TiSUTBHOCTSIMA
Ha KOXHOMY 3 eTamiB. BaxiuBo 3ayBaKHTH, IO

MOCJIIOBHICTG  MTISUIBHOCTEM 3a  AU3aH-MHCIECHHIM
€ 1TepaTHBHOIO Ta HENIHIHHOI — OTXKE, PO3MEKYBaHHS

MiX eTanaMy MOXe OYTH HEUiTKHM.

Tabauus 2. Emanu ouzaiin-mucienus, 3anponoHosani pisHumu oocrionuxamu (nepexnao 3 nyoaikayii [5])

ABTOp(H) Etanu npouecy
JlienTka (2015) | 36ip qaHUX PO MOTPeOH KOPUCTYBAdiB T'eneparnis TectyBanHs
ineit
Bexkman i Croctepirat it nomigatu dopmyBatu VYaBnaTu PobutH Ta eKcriepruMEeHTYBaTH
Bappu (2007) 1 IOKpaIIyBaTu i IU3aiiHUTH
BeBepaena ta | JlecraGinmizamis Busnauaru i po3po6nsatu Tpancdopmarrist
inmi (2015)
Bpayn (2008) Harxnenns Ineamis Peanizarnis
I'nen Ta inmi 3naxomxkeHHs | CrocTepexeHHs Bizyanizaist / Inearnis [Ipototumysanus | IlepeBipka Ha
(2015) npobiemMu (dopmyBaHHS 1 TeCTyBaHHS JKUTTE3AATHICT
3HAUCHHS
[Ja CinBa ta Pozyminns CroctepexeHHs Busnauenns Ineamis IIpororumyBanns | Tect
inmi (2020)
Hlamipa Ta Jocnimxenss InTepnperanis Ineamis ExcnepumeHt EBouronist
inmi (2017)
Puc. 2. TproxeranHuii npouec Tu3aifH-MHUCIEHHS (pOo3po0Ka aBTOPIB CTATTi)
PosrisHemMo JOKJIajHile eTanu 3anpornoHOBAHOT CTOpOHHM, iXHI TOTpeOM Ta BHUKIMKH; BHUSBICHHIO

MIOCTITOBHOCTI il poriecy An3aifH-MUCICHHS.
Eman 1. Jlocnioocenns (Exploration)
Ieit

iHpopMmarii

eTam TPHUCBSAYEHWA 300py Ta aHami3zy

PO KOHTEKCT MpoOJeMH, 3alliKaBJCHI

3B’S3KiB Ta BIDIMBOBUX (akTopiB. MeTa — peTenpHO
MpoaHai3yBaTH HAasBHI 3HAHHs, 310paTd HOBI JaHi
(mepeBaxkHO ~ yepes

eMIaTil0) Ta  BHOKPEMHTH

MIPaKTHYHI IHCAHTH.
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Eman 2. Ioeayis (Ideation)

Ha ppyromy erani am3aiiH-MuCINTENl T€HEPYIOTb,
(hOpMYITIOIOTE Ta AETANI3YIOTh MOTSHIIHHI PIIIEHHS IS
BU3HAYCHUX MpoOyieM. MeTa — CIOYATKy 3TreHEpyBaTH
IIUPOKUIl CIEKTp imedd, a TOTIM 30CepemuThCs Ha
HaWOUIBII MEePCHEKTUBHUX, MOKPALIUTH Ta YTOYHHUTH iX
3a HEOOX1IHOCTI.

Eman 3. Excnepumenm (Experiment)

Ha mnpoMy eram peTenbHO TeCTyrOThes —ifel,
iIeHTH(DIKYIOTECS PU3UKH, CTBOPIOIOTHCS IPOTOTHUITH
Ta NPOBOMATHCS CSKCHEPUMEHTH IS Bayijalii pilieHb
B YMOBaX, MaKCUMaJIbHO HAaOJIM)KEHHX JI0 peaIbHOCTI.

Xoda 11e He 3aBXKIH SBHO 3a3HA4YCHO B JIiTEpaTypi,
TapHOK MPAKTHKOI Ui KOMaHA, M0 IPaLioloTh
3a IU3aidH-MHUCIIEHHSIM, Oyne cmpoba chopMyToBaTH
JU3aifHepChbKy MpoOJeMy Tepe] I0YaTKOM IIepIIOro
etarry. SIKImo BU3HaYeHHA MPOOIeMH He JiTKe, JOCTaTHBO
Hamucatd HOro y BUINIAAI YEPHETKH, SKy MOXKHA
ITepaTUBHO YTOYHIOBATH Mix 4ac poOOTH, KOIM KOMaHIa
36epe OinbIne iHpopMarii.

VYBara KOMaHI¥, L0 IPAlIOE 32 METOHOJIOTIEI0
JT3aifH-MHUCIICHHS], KOJIMBAETHCS MK JIBOMA PEKUMaMH —
KOHBep2eHMHUM 1 OusepeeHmuuM. JIABEPTeHTHE MHUCICHHS
NoJIsiTa€ B PO3LIMPEHHI YBary JUIsl MOUIYKY Ta JIOJTy4YEHHS
sKkoMora Oinpmioi KinmekocTi iHpopMamii abo imew.

Ilefi pexuM BUMara€ HEOCYMJIUBOIO  CTaBJICHHS
Ta HACNiAyBaHHS NPUHOWIY 'mo Oijbime, To Kpamre'.
KoHBepreHTHE  MHCJICHHS, HAaBIaKW, TOJSITa€ B
30CepeKeHHI yBaru [Uid BH3HAYCHHA Ta Bigdopy
BIAIOBiAHOT

HaNO1IbII inpopmamii Ta igei, ix

YIOCKOHAJIEHHS. Y [BOMY pPEKHMI 3a0XOUYETHCS

KOHCTPYKTHBHAa KPHUTHKa, Opi€HTalil Ha JeTani Ta
npuHiun  "Menme kpame". s au3aifH-MHCITHTETIB
KPUTUYHO BAaXIUBO PO3YMITH  0COONMBOCTI 000X
PEXUMIB, BITi3HABATH MOMEHTH IS TIEPEXOY MK HUMH
Ta BMITH €()EKTHBHO MPALIOBAaTH B KOXKHOMY 3 HHX.

3. TexHikm, iHCcTpyMeHTH, 1a6JI0H! 71
apTedakTH AU3aliH-MHCJICHHS

Ju3aliH-MUCIICHHSI TPOMOHYE HIMPOKY HaiTpy
TEXHiK, IHCTPYMEHTIB 1 mabioHiB (canvas) gns podotn
Ha KOXHOMY 3 €TamiB Tpolecy — BiJ BH3HAYECHHS
npoOJeMH 10 MPOTOTUITYBAaHHS W TECTYBaHHS DIlICHHS.
BIIKPUTY  JIO pupoay

Habip IHCTPYMEHTIB IU3aifH-MHUCIICHHS

Bino6paxaroun HOBOT'O
METO0JIOTI],
€ JMHAMIYHUM 1 TOCTIHHO IHTErpye HOBI JOCSTHEHHS
Ta IHCAaWTH 3 pI3HOMAHITHUX Taly3ed, HaMpPUKIA,
3 TaKWX SIK TU3aiiH, Oi3Hec, IHKeHepis Ta HayKa.

Texuiku Ou3aiiH-MucieHHs CUPSIMOBYIOTH pPOOOTY
BKa3iBKM I[0JI0

KOMaHJIM Ta HaJdakTb HpaKTl/I'-IHi

BHUKOHAHHS KOHKPETHHX 3aBIaHb (K TO 3i0paTw BiOMOCTI

PO KOpUCTyBaua, MpPUAYMaTH i1ei, NpoTecTyBaTH
MIPOTOTHITH) B TIporieci poOoTH Hax mpobdaemoro. [Ipukmaan
TeXHIK TependadaloTh IHTEPB’lI0 3 KOPUCTyBayamw,
MO3KOBHIT IITypM, A/B Tect.

Incmpymenmu — e ¢GiznyHi npeagmerd abo mudposi
3aCTOCYHKH, III0 BHKOPHUCTOBYIOTHCS MJISI BHKOHAHHS
TexHik. [lpuknaan (I3MYHUX IHCTPYMEHTIB MICTATh
CTIKepH, MapKepH, IOIIKU JUI MAChMa Tormo. CKItaaHimmi
nuQpoBi IHCTPYMEHTH MOXKHA MPOUTIOCTPYBATH TaKUMH
npuknagamu, sk Miro, Figma, Adobe Creative Cloud,
Sketch Ta 1HII OHNAWH-TUIATGOPMU IS CITIBIPALIi.

Llabronu (canvas) nu3aliH-MUCICHHS JIOIIOMAraloTh
KOMaH/li BI3yaJlbHO CTPYKTYpyBaTH Ta OpraHi3yBaTH
iHpopmamiro, inei abo mporecu. BoHH CHpsAMOBYIOTH
poOoTy nans BUKOHAHHS KOHKPETHHX TEXHIK IiJ[ dYac
IU3aifH-MUCIIEHHS, CTPYKTYpYIOUH CIJIBHY poOOTy Ta
peduexciro. Jlexinpka MpUKIIaAiB HOMYIIPHUX MIA0JIOHIB!
kaHBac OizHec-mozeni (business model canvas), KaHBac
iHHICHOT Tponio3utii (value proposition canvas), XapTu
emnarii (empathy map). Ilim wac poboTHm KomaHOa
3alOBHIOE I Ta iHmMI  01aimoHuW,  30epirarouu
B CTPYKTYpOBAaHOMY BHUITJISMAI Taki HaAOaHHA, K 3HAHHSA,
i1€i, KapTu mporeciB, Moei TOLIO.

Apmegpaxkmu — 1e wMatepiampHi Ta IHQPPOBI
pe3yapTaTé poOOTH KOMaHIU, CTBOPCHI IiJ] Yac TU3aiiH-
MUCIICHHS, 30KpeMa 3allicH iHTepB’ro, omucu llepcon
(Persona), ecki3u, MPOTOTUIIH, TU3AHHHU, TPOJYKTH Ta iX
¢parmentu. B apredaxrax 30epiraroTbes 3HaHHS, ifei Ta
iHII HamOaHHA KOMaHIU. Takox apTedakTu BUKOHYIOTH
KOMYHIKallifHy (QYHKLi0, Tepeaaryd iH(QOpMaIliio
MDK WIEHaMH KOMaHIM Ta IHIIMMHU CTEHKXOJIAEpaMu
B CKOMITPECOBAHOMY Ta CTPYKTYpPOBAHOMY BHIJISAI.

Ili YoTUpM KOMIOHEHTH 3 IHCTPYMEHTApitO
IM3aiH-MUCIEHHS IUIBHO B3aemornoB’s3ani. [llabmonun
CTPYKTYPYIOTb Ta CHPSIMOBYIOTH pO0OTY TmiA 4Yac
BUKOHAHHA TIEBHHX TEXHIK 3a JOMOMOTOIO (Di3mIHIX
abo 1mdpoBux IHCTPYMEHTIB. JIOCATHYTI pPE3yibTaTH
BTLTIOIOTBCA, 30€piraroThCsl Ta MEPEeHaroTbes Y BUTILAIL
apredakTis.

JeranpHuil aHaNi3 1HCTPYMEHTapir0 METOMOJIOTIi
Mexi i€l crarrti, ane

BUXOOUTh 34 BBaXXa€eMo

HEOOXiTHUM HaBECTH [EKUTbKa TPHUKIALIB TEXHIK
i apredakTiB, SIKI 4aCTO BHKOPUCTOBYIOTHCS B IHM3aiiH-
MHCIeHH] (Tadir. 3).

[Tpouec po3B’si3aHHsT KOXKHOI MPOOJIEMH € TBOPUYUM
Ta HeNiHIHAM, BOJHOYAC TPUKIAIN TEXHIK i apTedakTiB
3 pi3HUX eTamniB An3aiiH-MHCIeHHs (Talil. 3) LIIOCTPYIOTh
MiIXig A0 TOTO, SK MOXKHA JEKOMIIO3YBaTH CKIIAJTHUHN

TBOPYMIA IPOLIEC HA HEJNIHIIHY ITEpaTUBHY IIOCIIIIOBHICTh
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KPOKiB, Ha KOXHOMY 3 SIKUX Ju3ailHEp BHKOHYE
cneuudiuHi TexHIKH. Pe3ynpTaTd KOXHOIO 3 KpOKIB
30epiraroThcss y BUTJLAAI  BIAMOBIMHUX —apTedakxTis,
30arayyroud OOCST 1 SIKICTh HAKOIHYEHHX 3HAHb OO

npobnemu Ta ifew il po3B’s3aHHA. Ha KoKHOMY KpoIli

Iu3aifHep BM3HAYa€ HACTYIHHH, 3aJ€KHO Bix oOcAry Ta
JIETAILHOCTI HAaKOMMWYeHUX apTedakTiB. Y Takuii criocio
METOJIOJIOTisI CIIPSIMOBY€E POOOTY IH3aifHEpiB HA HUIAXY
BiJl BU3HAYCHHS TU3aHHEPCHKOI MPOOIEMH 10 CTBOPEHHS
1 TeCTyBaHHS pIilIICHHS.

Ta6auus 3. [Ipuknaou mexuik i apmepaxmie OU3aUH-MUCTEHHS

Ertan Hocaixkenns Ineanis Excnepument
npouecy (Exploration) (Ideation) (Experimentation)
Mpuxaagn | [Turanns: "Sx 6u Mu Morumm..." BpeitacTOpMiHT [[IBuaKe NPOTOTUILYBaHHS
TeXHik IT’s1 3anuTans "Yomy?" BpeiinpaiiTunr A/B TecTyBaHHs
Orsip mitepatypu / 3BiTiB / Kelic-cTazi SCAMPER TectyBaHH: Ha 3py4HICTH
AHaii3 puHKY / TPEH[IB / KOHKYPEHTIB MeHTanbHi KapTH KOPUCTYBaHHS
Marnu kopucTyBadiB / 3amikaBiaeHux ctopid | [IBugke romocyBaHHs "YapiBHuK 3 kpainu 03" /
[HTepB’10, eTHOTpadis, criocTepeKeHHAS VYsBHI iHBeCTHIIIT "®anpmmsi gBepi” / "Koncrepxk"
"OauH IeHb y B3yTTi KOpUcTyBaya" CKeT4nHT TecT
CrisibHI BOPKIIONH 3 KOPHCTYBayaMu IIpoToTHryBaHHS HU3BKOL Po3po6ieHHs MiHIMAIBEHO
JIeTAJIBHOCTI KHUTTE3aTHOTO Ipoaykry (MVP)
Mpuxaagun | DopmynoBaHHs AU3aiiH-IpoGIeMU Kapra / nomka inei [pororumu (namneposi, uQpoBi,
apredaxriB | [lepcona kopucryBaua / KiieHTa Marpuus npiopureTiB GbiznyHi)
Mara 3a1ikaBjIeHUX CTOPiH Ecki3m, cuenapii, mity-npesenranii | [lnmanu TectyBaHHA
Marma emmatii [IpoToTunu HU3BKOI AETATBHOCTI 3BiTH PO EKCIIEPUMEHTH Ta
Mamna muixy KOpucTyBada / KIi€HTa 3BOPOTHUIT 3B’ 530K
Touxa 30py (PoV) MiHiMaNbHO KUTTE3NATHUI
DopmyIroBaHHS IHCAKNTIB npoaykt (MVP)
4. TeopeTuyHi Ta KOHUENTYaJbHi OCHOBH WOro  HEJiHIHHOI  ITepaTHBHOI MPHPOTU, MO0 €

AM3AHH-MUCJIEHHS

Ju3aliH-MUCIIEHHS € HEBiI €MHHM CKJIaJHAKOM
mOA0 TPUPOIU
TBOPYOCTi. MEeTOAOIOTISI MICTUTh KOHLIETIIIi Ta TEOPETHYHI

TpuBayoi (¢inocodcrkoi  pedurekcii

OCHOBM IIMPOKOTO CIIEKTPa IMCUUIUTIH, TaKHX SK
€BPHCTHKA, CUCTEMHHUI aHalli3, Teopis MPUHHATTS PillleHb,
¢inocodis,
MCHEJKMCHT, CKOHOMIKa, COIIIOJIOTIs, aHTPOIOJIOTIS.

IMKEHEpHI HaYKH, IICUXOJIOTIsA, JgU3aiiH,
e BinTBOpIOE CKIIAAHY OaraTorpaHHy Ta MiKAUCIMILTIHAPHY
NpUpPONy JU3aliH-MHUCICHHS. METOMO0Moris  TMOCTiiHO
CBOJIIOI[IOHYE Ta aaNnTyeThCs Yy BIAMOBiAP HA HOBI
BUKITUKH, TEXHOJIOTIYHI JIOCSTHCHHS Ta CyCILIbHI 3MiHH,
mo migkpectoe ii IUHAMIYHY TNPHUPOAY, THYHYKICTh,
AKTYaJIbHICTh Ta 3yMOBIIIOE €(EKTUBHICTh Y PO3B’s3aHHI
HEMPOCTHX MPOOIIEM.

CrHC0 pO3MIIIHEMO KOHIIETITYallbHI Ta TEOPETHYHI

BUTOKH METOJIOJIOTII 3 TEOPiH qu3aiiHy Ta MCHEPKMEHTY.

Bnaue meopii ousainy Ha KOHYenmyauvHi ma
meopemuuHi OCHOGU OU3ANUH-MUCTEHHS

k. Jlientka [4] mociipkye KOHIENTYalbHI BUTOKA
JM3aiiH-MUCIICHHS, aHaNli3yloun JiTeparypy 3 Teopil
JM3aiiHy, JaroBaHy i3 cepeamHu XX CT., KOJM IIiJ
BIUIMBOM PO3BUTKY MaTe€MaTHKH Ta HayKH PO CHCTEMH
MOYMHAETECS (OPMYBAaHHS CydacHOi Teopil Iu3aiHy.
BinOyBaeTbcss MIBHIKA €BOJIOLIS HAYyKOBOI JAYMKH BiJ
OaueHHs Au3aiiHy SIK JIHIHHOTO TpoLecy 10 BH3HAHHS

HEOOXiTHOIO U BUpIMIeHHS "3amryTaHux" mpobiem B
YMOBaX BHCOKOI HEBU3HAYCHOCTI, 3 SKHMMH MA€ CIPaBY
mm3aita. JIx. JlienTtka BHOKpEeMIIIOE 1€ OAWH BaXKINBUH
aCMeKT au3aiHy (m[0 poOUTh HOro CHIOPITHEHUM 3
METOJIOM) —  TillOTe30-

KIIaCUYHUM HaYKOBUM

OpIEHTOBaHMM TWIAXiA 3 BaroMUM Mi3HABAJIHLHUM
CKIaAHUKOM. QDOpMYIIOIOYM Ta TECTYIOUHM TillOTE3H,
Ju3aliHepy HaOyBalOTh HOBUX 3HaHb NpO mnpobiemy, ii
KOHTEKCT Ta MOXUJIMBI pimeHHa. KpiM TOro, KIIFOYOBOIO
PO3ODKHICTIO MIXK JTISUTBHICTIO TM3aifHEPiB Ta HAYKOBIIIB €
Te, 10 JU3aiiHepH ""IIyKaIOTh CIOCiO BTUIUTH T, YOTO I
He icHye", Toli K "HayKOBIli IIyKarOTh MOSCHEHHS TOTO,
10 BKe €.

JIx. JlienTka BU3HAYa€e Taki CHUTbHI XapaKTEPHCTUKU
JIM3aiiHy Ta JU3aiH-MUCIICHHS: TyaJjbHICTh 30CEpPEIKEHHS
yBard OJHOYACHO Ha IpoOieMi Ta Ha IMOTEHHIHHOMY
pillIeHHI;  TINOTE30-OpIEHTOBAaHMN  ITEpaTMBHUH  Ta
eKCTIEPUMEHTAIBHAN MIJXiA; TOIIYK MOMINBOCTEH Y
MeXaX HasBHHX OOMEXEHb; e()EKTUBHICTh y PO3B’sA3aHHI
KOMIIJIEKCHUX NPOOJIEM B YMOBaX BHCOKOI HEBU3HAUEHOCTI,;
pO3po0NeHHsT pillIeHHS KOHKpeTHOi mpoOiemu (6e3
HEOOXimHOCTI y3arajbHeHHs). Bommowac JDk. Jlienrka
BHOKPEMJIFOE TPH OCHOBHI PO30DKHOCTI MK IHM3aifH-
MHCJICHHSIM 1 TpajuLiiHUM JAW3aifHOM: BUKOPHCTaHHS
MU3AiH-MHUCICHHS ~ HempoeCiiHUMH  Jau3aliHepaMu;
BUpilIaJbHA POJb €MIaTii Ta KIF0YOBA POJb IIBUAKOTO

TIPOTOTUITYBAHHS B IlI/ISafIH—MI/ICHeHHi.
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Po3risimaroun KOHIENITYa IbHI Ta TEOPETHUYHI BHTOKU
nusaiin-muciienns, Y. Moxanccon-llenpabepr [3]

pO3pi3HsA€ TATh CYOOUCKYpCiB Yy Teopil Hau3aiiHy,
Yy KOKHOMY 3 SIKUX MOXXHa BHU3HAuUTH (DyHIaMEHTaNbHI
po6oTH, aKageMiYHMX MOCIITOBHHKIB Ta KOXKEH 3 SKHX
KOHLIENTYyaTi3y€e JU3alH IiJ IEBHUM KyTOM:

1) crBopenns apredakris (Caitmon, 1969);

2) pednexcuBHa npaktuka (Illen, 1983);

3) misTBHICTB, CHPSMOBAaHA HA BUPIIICHHS MPOOIIeM
(b’rokenen, 1992);

4) croci6 mipkyBaHHsA / ocMuUCIeHHS pedeit (JIoycoH,
2006; Kpoc, 2006);

5) crBoperns cenciB (Kpimmernopdd, 2006).

Huzaiin-mucnenus 8 KOHMeKCmi
MeHeONHCMeHmy

V KoHTeKcTi Teopii MenemkmenTy Y. MoxaHccon-
enpnbepr [3] BHOKpEMIIIOE TpW Pi3HI JTUCKYPCH,
B SIKHX AW3aiH-MHCIICHHS PO3TIIAETHCS SIK:

1) croci6 poboTH B Tamysi nu3aiiHy Ta iHHOBalid
(Kemni, 2001, 2005; bpayn, 2008, 2009);

2) miaxix a0 opraHi3alifHUX IHTaHb i3 BHCOKOIO
JIOJIEF0 HEBU3HAYEHOCTI Ta HEOOXiJMHA HaBHUYKa IS
MeHepKepiB-npakTukiB (Janu i Maprin, 2006);

3) KOMIOHEHT Teopil
i Komnomi, 2004).

Ik, Jlientka [4] mpocTexxye PpO3BUTOK OadeHHS

MeHemxMmeHTy  (bomann

JIM3alHy SIK CKJIaJHMKa Oi3HEC-NPaKTHKU Ta MEHE/PKMEHTY
Bix 1969 p., komu I'epbept A. CaliMOH BHCIIOBHB iJ€IO
npo Te, 10 AW3aliH Mae OyTH eJIeMEHTOM IpodeciiiHuX
TPEHIHTiB, ampke Oi3HeC NPUHIMIIOBO 3alliKaBICHHUN

"He THM, SIKUMH P€Yi €, a THUM, SKHUMH BOHU MOXYTb

OyTtu".
BUKIMKanu pobotu P. Maprina (2007, 2009), y skux

3HayHMl pe3oHaHC y  Oi3Hec-cepemroBHII
BiH TMPONOHY€ KOHIIETIIii IHTETPaTUBHOTO MHCICHHS —
3[aTHICTh CHHTE3YBaTH IPOTWIEKHI iaei, 3HaXOAsI4H
pIlIEHHS BHINOTO MOPAAKY, Ta IM3AHH-MUCICHHA —
MOXJIHBICTh

NepeMUKaTHCs MDK  IHTYITHBHUM i

AQHANITHYHUM  pEeXKUMaMH  MHCICHHA. CIHparodnch

Ha pobotm P. Maprina, [Ix.Jlienrka naromomye
Ha CTpaTeriuHid, IHTErpaTWBHIA Ta IHHOBAIiMHIA POl
JM3aiiH-MUCIICHHS. B TMPaKTHII MEHEKMEHTY. BoHa
BHU3HA€ BAXJIHMBICTH TiOTE30-OPIEHTOBAHOTO ITiIXOIY
JI0 BUpilIeHHA Oi3Hec-mpobieM, sKuii 30aJaHCOBYe
IHTYiTHUBHI Ta aHAWTH4YHI CHOCOOM  MipKyBaHHS
i3 HeaOWsSKUM IpPIOPUTETOM aOIyKTUBHOTO MUCIICHHS,
cmiBmpari Ta  CIIBTBOPYOCTI 3  KOPHCTYBadaMH.
Take "gusaiiHepcbke" MHCICHHS € aJbTepHATHBHUM
MiAXOIOM MIOJ0 "TpaAWIiifHOTO" aHATITHYHOTO Oi3Hec-

MUCJICHHS, 3 OIJISily Ha YHIKalbHY 3JaTHICTh JH3aiiH-

MUCIICHHS PO3B’S3YBaTH CKJIATHI MPOOIeMH 31 3HAYHUM

piBHEM HEBU3HAYEHOCTI.

BucHoBKkM Ta HaNPSAMU Mal0YyTHIX JOCTiKeHb

meopii

3acrocyBanna reHepatmBHOoro LI y mpomecax
JM3aliHy JJIsi BHUKOHaHHS KPEaTHMBHUX 3aBAaHb Mae
SK YUCIICHHI IepeBard, Tak 1 CyTTEBI OOMEKEHHS, IO
MOTpeOyIOTh MONAJIBIINX JIOCHIPKeHb. Taki IHCTpYMEHTH,
sk ChatGPT ta DALL-E, 31aTHI IIBUAKO Te€HEpyBaTh
3HA4YHY KUIBKICTh QJIBTEPHATHBHUX i1eil 1 apredaxTis
"0e3 BTOMH', sKa MpHUTAMaHHA IIOJMHI. Bennki MOBHi
MO/IeJTi BXKe Ha TIOTOYHOMY €Talli PO3BUTKY PO3PI3HAIOTH
OUIBIIICTE, 3araJIbHOBIIOMHUX KOHIIENTIB Ta BIIBLHO
OIIEPYIOTh HUMH, & TAKOXK 37aTHI BHKOHYBaTH CKJIaJHi
KpeaTHBHI 3aBJaHHs. BoJgHouac criocrepiraerbes i HU3Ka
00MEXeHb: pe3yJbTaTh POOOTH MOJENIeH TeHepaTHBHOTO
IIII He 3aBXAM € TOYHUMH Ta aKypaTHHUMH, B OKPEMMX
BHIIAJIKAX 1IEThCS PO HANAHHS HEIOCTOBIPHUX (DaKTiB;
no0yTi apTedakTH HE MEePEBHIIYIOTH 3a SKICTIO poOOTH
JNOCBIMUCHUX JHM3aifHEpiB Ta IHXKEHEPIB; 3OaTHICTh
TEXHOJIOTii PO3B’sI3yBaTH 3aBIaHHs, MIO MOTPeOYyIOTh
CKIAAHUX aHAMTUYHUX 3a10HOCTEM, Ha Ieli MOMEHT
PO3BHHYTA HEHAOCTATHHO, BHUKOPUCTAHHS TEXHOJIOTIT
BHMArae CIIeIiai30BaHNX HABHYOK 1 TOJATKOBUX 3YCHIIb,
10 MOXKE€ YCKJIJHIOBATH Ta MOPYIIYBATH IJIMH TBOPYOTO
Mpollecy; y HAW3aifHepiB MOXYTh BHHHUKATH TPYAHOLII
3 nepenadeto mojensm 111 KoHTEKCTy; iICHYIOTh PU3UKH
3MEHILECHHS PIBHS 3aHYpEHHs Iu3aliHepa B HpoOiiemy.
KpiMm TOro, poO3BHUTOK TEXHOJIOTIH TE€HEpaTUBHOTO
IITyYHOTO IHTENEKTY HE TIIbKM BIUIMBAE HA MPOILEC
IU3aliHy, ane W BUMarae TIEPeOCMHCIECHHS O0araTtbox
KOHIIETITIB y cdepi KpeaTuBHOCTI, 30kpema poii LI
Y TBOpPYill IiSUTBHOCTI.

CuHHTEe3yI0UYH 3MICT Cy4aCHUX HAayKOBHX IyOJiKaiii
II0/I0 CYTHOCTI, CTPYKTYPH Ta 3MICTOBHOTO HAIIOBHEHHS
JIM3aliH-MUCJICHHSI, aBTOPU HPOMOHYIOTh KOHIIENT-MTIX1/I,
O pO3IJIAJa€ METOJNOJOTII0 Yy BHUINISAAL YOTHPHOX
B3a€MOIIOB’I3aHUX CTPYKTYPHHUX HIAPiB:

1) mpUHIWIY, HIHHOCTI Ta ETHYHI HOPMU;

2) mporiec i eranu;

3) TexHiKH, IHCTPYMEHTH, Ma0IOHN Ta apTeaKTH;

4) TeopeTHUYHI Ta KOHIETITYallbHi OCHOBH.

Y po0oTi TakoX MOJAHO CTUCIHUI OMHUC EJICMEHTIB
KOXKHOTO 13 mmx mapiB. Taka CTpyKTypHa MOZIETb
METOMOJIOTI] U3alH-MHUCICHHS Ja€ 3MOTy JIO0 IEBHOI
CKJIQIHUH

Mipd  JEKOMIIO3yBaTH TBOpYHHA TIpOIIEC,

3aKjlaJjaroud  OCHOBY /Ui [OAAJIbLIIOTO BCEOIYHOIO

aHanizy BruMBy reHeparuBHoro I Ha nu3aiin-
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MHCJICHHS, a TaKOX [UIi CHCTEMHOTO BIIPOBAKECHHS TBOpYOi areHTHOCTi MamwmHH? Jle mpoxoauTuMe Meka
TEXHOJIOTIT B M3aliHEPChKY JiSUIbHICTB. B CIIIBTBOPYOCTI JIIOJAMHM Ta MAIIMHU, 3yMOBJICHA

IpyHTYIOUHCh Ha pe3ylbTaraX pobOTH, MOKHA BIACHUMH OOMEKCHHSMHM TEXHOJIOTil Te€HEepaTHBHOTO
chopMyITIOBaTH  JIeKiIbKa TMPOOJEMHUX IHUTaHb JUIs HII? Yu maroTh OyTH MPOBEAEHI 0JaTKOBI PETYJIATOPHI
MONANBIINX JOCTIDKeHb. SIK Mae eBOJIOIIOHYBAaTH MeXi, 3yMOBJICHI €TUYHHMH Ta IHIIUMHU CYyCIiIbHIMH
METO/IOJIOTIsl TM3aiiH-MUCIIeHHSI, [0 MICTUTh BHHHKHEHHS (baxropamu?
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design and on design thinking; development of a structural model of design thinking to further explore the evolution
of the methodology. The following tasks are set in the article: to analyze modern scientific publications regarding the essence,
structure and content of design thinking; review research on the benefits and challenges of using generative Al in design processes;
to develop a model that allows identifying and describing changes in key components of the design thinking methodology arising
under the influence of widespread adoption of generative Al technologies. During the research, the following methods were used:
analysis and synthesis of the content of technical, economic, philosophical, linguistic, historical scientific and methodical
research on the problems of forming the conceptual apparatus of the design-thinking methodology and the use of generative Al
in design processes; comparative-historical, retrospective methods; structural and logical analysis. The following results
were achieved: the actualized need for a comprehensive research approach to analyze the multifaceted impact of Al technologies
on design; the key advantages and challenges associated with the integration of Al into creative processes are identified;
a structural model of presentation of the design-thinking methodology was developed in the form of four interconnected
structural layers with subsequent decomposition of each of the layers into constituent elements. The conclusions highlight
the depth and multifaceted nature of the changes taking place in design and other creative industries under the influence of
generative Al and need further in-depth research. The developed structural model of the design-thinking methodology
allows to decompose the complex creative process to a certain extent, laying the foundation for a comprehensive analysis of the
evolution of the methodology and the systematic introduction of generative artificial intelligence technologies into design processes.
Keywords: design-thinking methodology; generative artificial intelligence; innovations in design; structural model;

creative process.
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M. IIEPETSTA

METO/IA BUSAABJIEHHS AHOMAJIIA Y MIKPOCEPBICAX
I3 BUKOPUCTAHHAM CTATUCTUYHOTI'O AHAJII3Y

IIpeameroM focaif:KeHHSI € METOOU BHSBICHHS AaHOMAJiH y MiIKpocepBicaX i3 BHKOPHUCTAHHSIM CTaTUCTUYHOTO aHAJIi3y.
MikpocepBicH € MOMyJSPHOIO apXITEKTyporo Uil PO3pOOIEHHS MPOrpamMHOro 3a0e3MedeHHs, L0 Ja€ 3MOTYy CTBOPIOBAaTH T'HYYKI
Ta MacimTaboBaHi cuctemu. OIHAK yepe3 CBOKO CKJIAJHICTh TaKi CHCTEMH MOXYTh OyTH BPa3IMBHMH IO Pi3HOTO pOAY aHOMAJIii,
IO 37aTHI BIUIMBATH Ha IX NPOAYKTHBHICTH 1 HajniifHiCTe. MeTa po00OTH mNojsrae B aHANITHYHOMY OIVISII CyYacHHX MeETOIIB
BUSIBIICHHSI aHOMAJI Yy MIKpPOCEPBICHHX CHCTEMaX i3 BIIPOBAPKCHHSIM METOJIB CTaTHCTHYHOTO aHANi3y. BusBieHHS aHOMAamiil €
KPUTUYHO BXXJIMBUM Ui CTAOUIBHOI POOOTH CHCTEMH Ta LIBHIKOTO pearyBaHHS Ha MOXJIHUBI mpoOnemu. (s ZOCSATHEHHS METH
chopMyIbOBAaHO TaKi 3aBAAHHS: OIJIA] METOJIB BHSBICHHS aHOMAJii y MiKpocepBicax; ONKC NPHUHLUIIB PErpeciiHOro aHanisy,
KIACTEPHOTO aHaji3y Ta METOAy TOJOBHHX KOMIIOHEHT; IOPIBHAHHA METOJIB 32 KPHUTEPIAMH e(EeKTUBHOCTI, OOUMCIIOBAIBHOI
CKJIaJHOCTI, CTIKOCTI 0 IIyMy Ta aJalTHBHOCTI; peKOMEHAalii o0 BHOOPY METOLY Ta MOXIIMBICTh iX KOMOIHYBaHHS; MigOUTTA
BHCHOBKIB Ta BH3HAUCHHs HANpsMiB U1 MalOyTHIX JOCITIPKeHb. PO3IISHYTO MeTOJ A BHSBICHHS aHOMAIiil y MikpocepBicax,
mo mnependavae perpeciiHui aHami3, KIACTEpHUH aHami3 Ta MeToX TrojoBHuX KoMmnoHeHT (PCA). PesyabTaTm mociaimkeHHS
HiATBEPIIIIN, III0 KOXKEH METOJ] Ma€ IepeBaru Ta ooMexxeHHs1. Perpeciiinuii anaii3 eeKTUBHHHN y cUcTeMax 3 SIBHUMHU TPEHIaMH, aje
MeHII e(eKTUBHUI y CKIagHUX 1 JUHAMIYHHX cucTeMax. KiactepHuii aHami3 CTIHKHi O IIyMy Ta 3JaTHUH BUSIBISITH SIK OKpeMi
aHoMaJlii, Tak i TPYIU aHOMAJbHUX IMOJiH, ajie BUMarae 3Ha4YHUX OOYHCIIOBAIbHUX pecypciB. Meron ronoBaux koMnoHeHT (PCA) e
MOTY)XKHUM IHCTPYMEHTOM [UIsl aHaNi3y BHCOKOPO3MIDHHMX JaHHMX, aje Mae OOMEXEHHS Yy BHCOKiH CKJIagHOCTI OOdYHCIEeHb
Ta iHTeprpeTanii pe3ynbTaTiB. KoxXeH i3 po3mIIIHyTHX METOMAIB Ma€ CBOI MepeBard i HEJOMIKH, TOMY B JIOCIIKEHHI 3aIIPOIIOHOBAHO
HOBHUH MeETON, IO  MOJAraTiMe B IX KOMOiIHyBaHHI. BHCHOBKM HAarojomyrTh Ha BaKIMBOCTI CTaTUCTUYHOIO aHAJI3y
JUISL MOHITOPHUHTY MIKpOCEpBICHUX cHucTeM. [IpaBuibHO mimiOpaHi MeToau aHamidy iHgopmarii moJjeruyoTs BUSBICHHS aHOMAJil
Y CKJIaJHUX CepelOBUINAX, TAKUX SIK MIKpOocepBiCH. BHKOpHCTaHHS perpeciiHOro aHamizy, KIacTepHOTO aHali3y Ta METOMY IOJIOBHHX
KOMIIOHEHT Jla€ 3MOTY OTPMMATH TINIMOOKMH 1HCAaHT momo poOoTH cucTeMu. [IpoTe s HalKpamux pe3yibTaTiB PeKOMEHIY€EThCS
KOMOiHYBaTH pi3HI METOIM Ta aHANI3yBaTH iX 3aCTOCYBaHHS B KOHTEKCTI KOHKPETHOI cucTeMH. Takwil miaxix 3abe3medye OibLIy
CTIHKICTB /10 aHOMaJIiii Ta MBHIIIE pearyBaHHs Ha HUX Y MiKPOCEPBICHHUX apXiTeKTypax.
Knwuogi ci10Ba: BUSBICHHS aHOMANIN; MIKPOCEPBICH; CTATUCTUYHHUI aHAI3; perpeciiHuii aHai3; KiacTepu3arlis.

Beryn METO/M MOHITOPUHTY YacTO HE MOXYTh BIIOPATUCS

3 MM 3aBAAHHSAM dYepe3 CKIAmHICTh 1 JWHAMIYHICTH

Y cy4yacHoMy cBiTi iH(OpMAIiiiHI TEXHONOTIT MiKkpocepBicHuxX cepenoBuil. OTke, BUHMKae norpeba

IIBUJIKO PO3BUBAIOTHCS 1 MIKpPOCEPBICHA apXiTEKTypa CTae y BUKOPUCTaHHI OUIbII CKIaJHMUX 1 /[alTUBHUX METO/B

BCe OLIBII MOMYJIAPHOIO 3aBASKH CBOIH CIIPOMOKHOCTI

3abe3rnedyBaTd  THYYKICTb,  MAaclITaO0OBaHICTb  Ta
HE3aJIeKHICTh KOMITIOHEHTIB ITPOrPaMHOTo 3a0e3neueHHs .
MikpocepBicH al0Th 3MOTY PO3pOOHHKAM CTBOPIOBATH
aBTOHOMHI CEPBICH, II[0 MOXYTh JIETKO B3aEMOIISTH OJUH
3 OIHUM 32 JOTIOMOTO0 CTAaH/IapTH30BaHMX iHTep(eHciB.
OpHak 1S apXiTeKTypa TaKoXX BHCYBAa€ HOBI BUKIIMKH,
0co0mBo y cdepi ynpasiiHHS Ta MOHITOPHHTY CHCTEMH,
Jie BRXJIMBUM 3aBJaHHSIM € BUSIBICHHS Ta pearyBaHHS
Ha aHoOMaJIii, 110 MOXYTb BHHUKAaTH B POOOTI CHCTEMH.
Anomanii B MikpocepBicax OyBarOTh pPi3HOMaHITHI,
MOYMHAIOYH BiJ 3001B y poOOTI OKpeMHX KOMIIOHEHTIB
no0 npobieM y B3aemonii Mk cepsicamu [1]. Buache
BUSIBJICHHSI TAKMX aHOMAJIH € KIIFOYOBHUM ISt 3a0e31eYeHHs

CTabLIBbHOI Ta Oe3nepepBHOi PoOOTH cHUcTeMH. TpamuitiiHi

aHaNizy, TaKWX SIK cTaTUCTUYHUK aHami3 [2]. Leit meTon
MIPOTIOHY€ INMUPOKWH HaOip IHCTPYMEHTIB ISl aHAIi3y
iHpopMarii, BUSBIEHHS 3aKOHOMIPHOCTEH Ta BiIXHJICHb
BiJl HOPMaJbHOTO (PYHKI[IOHYBaHHS. 3a3HA4Y€HI METOIU
MOXYTb OyTH JyXe KOPUCHUMH JUIS MOHITOPHHTY
MIKpOCEpBICiB Ta BHABJICHHS aHOMAJiil y iX poOoTi.
Cepex METOZIB CTAaTHCTHYHOIO aHalli3y, IO MOXYTb
3aCTOCOBYBATHCS JUIA I[i€i METH, BapTO BHOKPEMHTH
perpeciiiHuii aHaji3, KOHTPOJNBHI KapTH Ta METOAU
knmacrepm3arii [3]. Kpim Toro, cydacHi MmeToan Ha OCHOBI
MAIlMHHOTO HaBYaHHS JaloTh 3MOIY CTBOPIOBaTH
TOYHINI Ta OIIBII aXanTHBHI MOENl IUIS BHUABJICHHSI
aHoMautiii [4]. BaxJIMBUM acreKToM I[bOr0O JOCIIIPKECHHS
€ IHTerpamis CTaTUCTUIHUX
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pPO3pOOIEHHST METOMIB, aje W CTBOPEHHS IHCTPYMEHTIB,
IO JaI0Th 3MOTY aBTOMAaTH3yBaTH IPOLEC MOHITOPHHTY
Ta BHUSBICHHA aHOMaNii. Taka iHTerpamis Mo)ke 3HaYHO
MOKPALIUTH 3/IaTHICTh CUCTEM pearyBaTH Ha MOTCHLIHHI
npoOJIeMH B PEXKUMI PEATBHOTO Yacy, 3HIKYIOUH PH3UKH
Ta MiZIBUIIYIOYH 3arajibHy e()eKTUBHICTh poOOTH [5].

e nmocmiyukeHHS NPHUCBSIYCHE PO3POOJICHHIO Ta
OIIIHIOBAHHIO ©()EKTUBHOCTI METOMIB CTATUCTUIHOTO
aHamizy 1 BHUABICHHA aHOMANIN y MIKpOCEPBICHHX
cucTeMax. Y CTarTi OyIyTh MPOAHATI30BaHI HASBHI ITiIXOJIH,
iX apmamTamis O OCOONMBHX MOTPeOd MIKpOCEepBiCHOI
apxiTEeKTypH, a TaKoX BHUKOHAHA EKCIEepHUMEHTAIbHA
mepeBipka eEeKTHBHOCTI  3allpOIIOHOBAHHUX  METOIIB
Ha OCHOBI peaJibHUX JaHHuX. OYIKYEThCS, IO Pe3yIbTaTH
ObOTO  JOCTIDKEHHS  CHPHATHMYTh  IiJABHILEHHIO
HaJiHOCTI Ta MPOIYKTUBHOCTI MIKPOCEPBICHHX CHCTEM.
Buseneni anomanii MOXXyTb OyTH BYacHO BHIIPABIICHI,
IO JacTh 3MOTY YHUKHYTH 300iB 1 3a0e3meuyutd
cTabinbHy pPOOOTY CHCTEMH. 3ampOIOHOBaHI METOIU
MOXXHa BIIPOBQJDKYBAaTH B TIPAKTUKY, L0 CHPHUATHME
MOKpAIIeHHI0 e(QEeKTHBHOCTI POOOTH MIKpOCEpBiciB Ta

3HW)KEHHIO PU3HKIB, OB’ SI3aHUX 3 IMOBIPHUMH 3005IMH.

AHaJIi3 0CTaHHIX J0CaiIKeHb i myOJikanii

Y cy4acHMX yMOBax pPO3BUTKY iH(pOpMaIiifHUX
TEXHOJIOTI MIKpOCEpBICHAa apXiTeKTypa HaOyBae Bce

OinbIIOT  MOMYNSIPHOCTI, 1[I0 3YMOBIIOE 3POCTAHHS

iHTepecy 1O NUTaHb BUWSBJICHHA AHOMANIl y TakHX
JOCHIDKeHHsT  Ta  myOuikanii

cucreMax. OcraHHi

B OKpECIICHIH Tajy3i 30Cepe/KyIOThCSI Ha PO3poOJIeHHI

eheKTUBHMX METOMIB 1 MIAXOMIB JUIsI BHUSBJICHHS
aHoManmii, 1o OepyTs JO yBarm OCOOJIMBOCTI
MIKpPOCEPBICHUX  apXiTeKTyp, iX  CKIagHICTh Ta

IMHAMIYHICTD.

OpHuM 13 HaWaKTyaabHININX HAMPSAMIB AOCIIIHKECHb
€ 3aCTOCYBaHHS METOJIB MAIIMHHOTO HAaBYAHHS IS
BUSIBJICHHST aHOMalid y MikpocepBicax. Tak, HH3Ka
JOCTI/DKCHp TPHUCBSYCHA BUKOPUCTAHHIO HEHPOHHUX
MEpex UIsl aHali3y MOBeAIHKU MikpocepsiciB. HelipoHHi
Mepexi MOXyTh HaBYaTHCS Ha BEIUKUX 00csATrax
iHpopMallii Ta BUSBISATH CKJIaHI MATEPHH, 110 BKa3YIOTh
Ha aHoMmautii. Hanpuknazx, y poboTi KOJNIEKTHBY aBTODIB
X. Jiang, C. Chen, Y. Zhou, J. Zhang, X. Liu (2021)
3alPOMOHOBAHO 3aCTOCYBAHHS PEKYPCHTHUX HEUPOHHHX
Mepex IS aHali3y YacOBUX PAMIB AAHUX, OTPUMAHHUX
BiJl MikpocepBiciB [6]. Llei miaxin mae 3MOry BHUSIBIIATH
agoMajii, I10

BHHHKAIOTH yHaCJ’Ii,I[OK THUMYaCOBUX

3aJIeXKHOCTEH MK cepBicamMH.

[HIMEA miaxix 10 BUABJIECHHS aHOMATIA OCHOBAHWMA
Ha ajroput™Max kiacudikauii Ta  KIacTepuzaii.
Hocnimanku Z. Li, W. Zhang, Z. Li, M. Zhao (2020)
PO3MIIAAAIOTh BUKOPUCTAHHS METOAY A-CepeiHiX Juis
KIacTepu3alii JaHWX MIKPOCEpBICIB Ta BUSIBJICHHS
aHoMmaibHUX KiactepiB [7]. Lleit meron nomomarae
iIeHTUQIKYBaTH TPYIH TOMIA, SKi BigPI3HAIOTHCA Bif
HOPMaJIbHOI ~TMOBEJIHKHM, IO MOXE€ CBIJUUTH TIPO
HASBHICTh aHOMAJTiH.

AnanTuBHI METOAW BHABIIEHHSA aHOMAIid TaKOX
NPUBEPTAIOTh 3HAYHY yBary BUCHHX. BoHH opieHTOBaHi
Ha PO3POOJICHHS AJTOPUTMIB, II0 MOXKYTh aBTOMATHYHO
MTiJIAIITOBYBATHCA 110 3MiH Y CEPEIOBHILI MIKPOCEPBICIB.
Y mocmimxkenni S. He, H. Jin, W. Dai, X. Hu (2018)
3aIIPONIOHOBAHO ANANTHBHUHA METOJ, II0 BHKOPHCTOBYE
€BOJIIOLIIMHI aNTOPUTMH ISl HAJIAIITYBaHHS MapaMeTpiB
Mozen B pexumi peanmpHoro uacy [8]. Lle mae 3mory
CHCTEMI aJanTyBaTHCsA 1O 3MiH y HaBaHTaKeHHI abo
KOH(iryparii
BUSIBJICHHSI aHOMaTIH.

MIKpOCepBiciB, 3a0e3meuyloun TOYHE

Oxkpemuid HampsAM [OCTI/DKEHb IIOB’SI3aHUHA 3
IHTErpari€ero CTaTUCTUYIHNX METOJIB Y CHCTEMH MOHITOPHHTY
MikpocepsiciB. Tpanumiiiai CTaTUCTHYHI METOAH, TaKi SIK
KOHTPOJIbHI KapTH Ta perpeciiHui aHaii3, MOXYTb OyTH
BUKOPHCTaHI JJs BUSABJICHHSA BIIXWJICHb Y TIIOBEIIHII
cucremu. Y poboti F. Liu, K. Ting, Z.Zhou (2012)
OIMCAaHO 3aCTOCYBaHHS KOHTpPONbHHX KapT Llyxapra
JUIL  MOHITOPHHTY  TIOKa3HHMKIB  NPOAYKTHBHOCTI
MikpocepsiciB [9]. Le#t minxim mae 3Mory po3pi3sHHTH
3HAYHI BIAXWJICHHS Ta HOPMaJbHY IOBEAIHKY 1 BYACHO
pearyBaTy Ha IOTEHIIiHHI TIPoOIeMH.

CyuacHi JOCHI/KEHHs TaKOX HaroJIOmyloTh Ha
BUIMBOCTI Bi3yamizamii JaHUX Ta B3a€MOIii 3 HHUMH.
[HTEepakTHBHI IHCTPYMEHTH Ui Bidyaji3amii MOXYTb
3HaYHO TMOJIETIIMTH NPOIEC aHali3y Ta BHUSIBICHHA
aHoMmanid. Y poboti aBtopiB J. Luo, J. Wu, Y. Zhang,
L. Sun, Y. Liu (2022) 3amporioHOBaHO IHCTPYMEHT s
Bisyasizamii JaHUX MIKpOCEpBICiB, SKMIl Jae 3Mory
orepaTopaM CHCTEMH IIBHIKO i1eHTH(]iKyBaTH aHOMAil
Ha OCHOBI Bi3yaJIbHUX iHaUKaTopis [10].

3HayHy yBary IOCHiTHHKIB IPHBEpPTae IMpodiiema
MacmTaboOBaHOCTI  METOMIB  BUSBIICHHS  aHOMAiH.
MikpocepBicHI apXiTeKTypH dYacTO MICTITh YHMAaIy
KIUJIBKICTh KOMITOHEHTIB, IO T'€HEpYIOTh BEJMKI 00Csru
inpopmamii. Ile BmMarae po3poOIIEHHS METOMIB, IO
MOXYTh €(EKTHBHO IpalIOBaTH 3 BEJIMKHMHU JaHUMHU.
Y mpaui P. He, R. Ranjan, J. Nogueira, L. Veiga,
W. Zhao (2021) po3risiHyTO BUKOPUCTAHHS PO3IMOLUICHUX
OOYHCITIOBAIBHUX  METOMIB  JUIS

aHaizy  JOaHWuX

MikpocepBiciB [11]. VYmpoBajkeHHs Takux MiAXOIIB
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Iae 3Mory oOpoOnsatm 3HauHi oOcsarm iH(opmarii
B PEXKHMI pPEaJbHOr0 Yacy, 3a0e3ledyroud BYacHE
BUSIBJICHHS aHOMAJIil.
Y Oararbox myOJiKalisX HAroJOIIYeThCsS Ha
BaXXIIMBOCTI 3MCHIICHHS KUTHKOCTI XHOHHX CHpAIlfOBaHBb
YHACIHIIZIOK BUSIBIICHHS aHOMajii. XHuOHI cCITpalfoBaHHs
MOXYTh TPHU3BOIAMTH JO MapHOTO BHKOPUCTAHHS
pecypciB Ta 3HWKEHHS €(PEeKTHBHOCTI POOOTH CHUCTEMHU.
VY nocmimxenni A. Pimentel, L. Clifton, L. Clifton, Y. Lee,
A. Kang (2014) 3ampornoHOBaHO MeTOJ KOMOIHOBaHOTO
aHamizy, 10 OJHOYACHO  3aCTOCOBYE  JEKiIbKa
CTATUCTUYHMX 1 MAIIMHHUX METOMIB UIS IIiABUILECHHSA
TOYHOCTI BHUSIBJICHHSI aHOMAJIili Ta 3MEHIIEHHS KiJIbKOCT1
XHOHUX CrpalfoBassb [12].
OCIIIKEHHS BHCBITIIIOIOTH

OcTtanHi TaKOX

BaXITUBICTh BUKOPUCTAHHS ICTOPUYHUX JIaHUX IS
MIPOTHO3YBAHHS MOJIIMBHX aHOMAJill y MalOyTHbOMY.
[TporHo3yBaHHs Ha OCHOBI aHAII3y ICTOPUYHUX JAHUX
Ja€ 3MOTY aKTHBHO KepyBaTH MiKpocepBicamMu Ta
3armo0iraTi MOXIUBUM Mpobiemam. Y poboti Y. Jiang,
K. Tan, S. Lam, P. Chen (2017) po3risHyTO 3aCTOCYBaHHS
METO/IiB NPOTHO3YBaHHS HA OCHOBI YacOBUX DPSIIB IS
BUSIBJIICHHSI aHOMaNii y Mikpocepsicax [13]. Ller mingxixg
JIOTIOMarae BUSBJIATHA MOTCHIINAHI mpobiemMu 10 IX
BUHUKHEHHS, IO 3HAYHO WiABHIIY€ HAMIHHICTH Ta
e(heKTUBHICTH CHCTEMHU.

OTxe, aHaNi3 OCTaHHIX JOCIIKEHb 1 IMyOiKaIii 3
BUSIBJICHHSI aHOMaJIIH y MiKpocepBicax i3 BUKOPHCTaHHIM
CTaTHCTHUYHOTO aHANI3y CBITYHTH MPO 3HAYHHUU MPOTpPec
y it cdepi. CydacHi X0/, OCHOBaHI Ha 3aCTOCYBaHHI
MAIIMHHOTO HAaBYAaHHS, aJalTUBHUX METOMIB, iHTErparii
CTaTUCTUYHMX  IHCTPYMEHTIB,  Bidyamizawii  JaHuX
Ta aHaNi3y BEJNMKHUX OO0CATIB iH(pOpMarii, Jar0Th 3MOTY
3HAYHO  MIiJABHIIUTH  TOYHICTP Ta  C(EKTHBHICTh
BUSBIICHHS aHOMaiiil. [loganpiii MOCTiIKEHHS B IBOMY
HATPsAMi MAlOTh MOTEHINAN I PO3POOJICHHS e OLTBIIT
TOYHHX Ta e(EeKTHBHUX METoAiB, Mo 3abe3rnedars
cTablnpHy ¥ HaJiliHYy POOOTY MIKPOCEPBICHHX CHCTEM Yy

JIOBTOCTPOKOBIH MEPCIEeKTHBI.

BusHauyeHHs1 He PO3B’A3aHUX paHilIe
YACTHH 3arajibHoi npod;aemu. Mera po6oTu, 3aBJaHHSA

Hes3Baxxatoun Ha 3Ha4YHUI Mporpec y po3poOiieHHi
METOJIiB BUSBIICHHSI aHOMAJIH y MIKpOcepBicax, YMMaJIo
aCIeKTIB 1€l MPOOJEeMH 3ajIMINAIOThCS HEIOCTATHHO
BUBYEHNMH Ta BHpimleHMMH. OIHUM i3 KIIOYOBHX
MUTaHb, MO MOTpeOye pO3B’s3aHHA, € 3a0e3MeueHHs
BUCOKOI TOYHOCTI BUSIBJICHHSI aHOMAJIH 32 OJTHOYAaCHOTO

Xubni

CIIpallfOBaHHA CHOPUYUHAIOTH HCETPABUJIBHE pearyBaHHSA

3HIDKCHHS KUIBKOCTI XHOHHMX CIpAIlOBaHb.
Ha CHTyalii, MO 31 CBOro OOKy MOXE BHKJIAKATH
HepalioHAIbHE BUKOPHCTAaHHS PECypciB 1 3HWKEHHs
3araibHOi €(heKTUBHOCTI CHCTEMH. BinbmIicTh cydacHHX
METOMIB CTHUKAIOThCS 3 BHKIHKAMH, IIOB’S3aHUMH 3
0aaHCOM MiX Yy TJIHBICTIO Ta CeU(DigHICTIO MOIEITEH.

[HIIMM BaXXJIMBUM aclEKTOM € aJalTUBHICTh METOLIB
BHSBIICHHS aHOMalliil. MiKpoCepBiCHI apXiTeKTypH 4acTo
BHU3HAYAIOTHCS BHUCOKOIO JUHAMIYHICTIO — KOMITOHEHTH
MOXYTh 3MIHIOBATHCS, J0JaBaTUCS a0 BHIIy4aTHC,
HABaHTAXXCHHSA MOXE 3HAYHO BapilOBaTHCS B dacl.
Y Takux yMOBaX METOAW, HE 3IaTHI aJanTyBaTHCS
J0 3MiH, BTpa4yaloTh CBOIO e(ekTuBHIiCTh [14]. IcHye
morpeba B po3pobIeHHI

ANTOPUTMIB, SKi MOXYTh

ABTOMATHYHO  IUIAIITOBYBaTH  CBOI  THapaMeTpHu
BiJIIOBITHO J0 3MiH Y CEPEIOBHIITI.

Ille omHMM HEpO3B’SI3aHUM TIUTAHHSIM € 0OPOOJIEHHS
3HaYHUX OOcsTiB iH(opMmamii B peaspHOMY daci.
MikpocepBiCHI CHCTEMH T'eHEpYIOTh BEIHYE3HI OOCSTH
JaHWX, [0 CTBOPIOE 3HAYHI BHUKJIWKMA UIA aHANi3y Ta
BUSIBJICHHSI aHOMaJil y peabHOMY 4Yaci. barato cywacHux
METOJiB  TOTPeOYIOTh YUMaINX  OOYHCIIOBAIBHUX
PECYPCIB 1 HE 3aBXK]U 31aTHI 3a0€3MEYUTH OIICPATUBHICTH
o0pobnenns iH(opMmarllii, mo HeoOXiTHO IS BYACHOTO
BUSBIICHHS aHOMaUTiH [15].

IIpoGmema iHTErpamii pi3HAX METOIIB TaKOXK
3aTUIIAETECSA AKTYaJIbHOW. BUKOpUCTaHHS KOMOiHAIIi1
CTATUCTHYHUX METOMIIB 1 MAIIMHHOTO HABYaHHS MOXeE
3HAYHO MiJBUIIUTH TOYHICTH 1 HAAIWHICTH BUSBJICHHS
agoMmanid. OgHak eQeKTHBHA IHTETpallis TaKUX METOJIB
BUMAara€ JOJaTKOBHUX JIOCTIDKCHb JUIS  BUSBJICHHS
ONTUMANIFHUX CTpaTerii 00 €XHaHHSA NaHWUX 13 PI3HUX
JOKEpEIT 1 aITOPUTMIB.

Hapemri, mpoGiiemMa mporHO3yBaHHS aHOMAJiil Ha
OCHOBI iICTOPHUYHHUX JaHUX TaKOX MOTPEOy€e MOANBIIOTO
BUBYCHHA. XO4Ya ICHYIOTh MAEAKl YCIIIIHI TpUKIaId
BUKOPDHCTaHHS YaCOBHX pPAMIB Ui MPOTHO3YBaHHS
OUIBIINICTE METOHIB BCE IIE

aHOMAJTIH, motpelye

MOJIMIIEHHS B YacTHHI TOYHOCTI Ta HAaAilHOCTI
MPOTHO3iB. 3aCTOCYBAaHHS TTHUOOKMX HEHPOHHHUX MEPEK
Ta IHIIUX TEPEJOBUX METOJIB MAIIMHHOTO HABYAHHS
JUIA aHaJi3y ICTOPUYHHX JaHWX MOXKE BIIKPHUTH HOBI
MOJKJIMBOCTI y il cdepi.

MeTtot0 pobOTH € aHANITHYHHAN OTJIAL CyYacHHX
METO/IB BHSBJICHHS aHOMalid y MIKpOCEPBICHHX
CUCTeMaX i3 BUKOPHUCTAHHSIM CTATHCTHYHHUX IIiIXOMIB
JUI PO3pOOJICHHS HOBOTO, KOMOIHOBaHOTO. BusiBieHHs

aHOMAJNIl € KIIIOYOBHMM JUIS 3a0e3rneyeHHs CcTaOlIbHOT
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pobOTH CHCTEMH Ta BYAaCHOIO pearyBaHHS  Ha
MOJKJIMBI ITPOOICMH.

3aBmaHHAMH pOOOTH € MHOCHIIDKEHHS HasBHUX
METOJIB CTATHCTUYHOTO aHAIi3y, IO 3aCTOCOBYIOTHCS
JUIS BUSABICHHS aHOMAaJiii, a TaKOX aHalli3 aJalTHBHUX
METO/IB aHOMaUTiH, K1

BHUABJICHHA MOXYTb

MiATAIITOBYBAaTHCA 10 3MiH Yy  MIiKPOCEPBICHHX
apxiTeKTypax, Oepyuu 10 yBard 3MiHHI HABAHTA)KCHHS Ta
IUHAMIYHI 3MIHM KOMIIOHEHTIB. BaXXJIMBHM € Takox
OLIIHIOBaHHS Cy4YacHMX IMIiAXOAIB A0 00OpoOIeHHs
BEJIMKHNX 00CATIB iHPOpMALl B pekKUMi PeabHOTO dacy
Ta BU3HAYEHHA iX €()EeKTUBHOCTI B KOHTEKCTI BHSBICHHS
aHoMamii y wMikpocepBicax. Ha ocHOBI mpoBemeHOTro
aHajizy poOoTa cIpsMOBaHa Ha MPOMO3UIII0 METOIY
3HIDKEHHA  KUIBKOCTI ~ XMOHHX  CIIpamioBaHb  abo
[MIBUILEHHS aJallTUBHOCTI HasBHUX METOIB HA OCHOBI

KOMOiIHYBaHHS BHUIIE BiJl 3a3HAYCHUX METOIIB.

Martepianm it MmeToau

Pezpecitinun ananiz

Y KOHTEKCTi BHSIBJICHHSI aHOMaJIiii y MIKpOCEpBICHUX
CHCTEMaX pEerpecifHhil aHalli3 € ONHUM i3 KIIFOUYOBHX
CTaTUCTUYHHUX METO/IB, L0 Ja€ 3MOTY MOJEITIOBATH
B33a€EMO3B’SI3KM MK DI3HUMH 3MiHHUMH. lle BakimBo
IUTE  PO3YMIHHS  HOPMAJbHOI TMOBEHIHKH  CHCTEMHU
Ta imeHTH]IKamii BiIXWJICHb, SKi MOXYTh BKa3yBaTd

Ha aHomauii [17].

OcHosu pezpeciiino2o ananizy

Perpeciiinuii anamiz — 1¢ Halip CTAaTUCTUYHHUX
MpOIeCiB  JJI  OIIHIOBAaHHS  B3a€EMO3B’S3KIB  MiX
3minanMu. OCHOBHa MeTa pErpeciiiHoro aHamizy —
BU3HAYMTH, SIK HE3AJIS)KH] 3MiHHI BIUTMBAIOTH HA 3AJICKHY
3MiHHY. Y KOHTEKCTI MIKpPOCEpPBICHUX apXiTeKTyp
perpeciifHuil aHai3 1ormoMarae MOAETIOBATH HOPMAJIbHY
MOBE/IHKY CEpBICiB, 3BaXkalouu Ha pi3Hi (akTopw,
30KkpeMa o0csar Tpadiky, Yac BiIIIOBiNi, 3aBaHTaKECHHS

peCypciB TOIIO.

Tunu peepeciinozo ananisy

1. JliniiHa perpecis

— OpHodakTopHa JiHIHHA perpecis: MOJEIIOe

B3a€MO3B’SI30K MK OJHIEI0 HE3AJIEKHOK 3MIHHOK Ta

OIHIE€I0  3aleXHOK  3MiHHOIO. OcHOBHa  MOJEJb

onHO(aKTOPHOT JTiHIHHOT perpecii Mae TaKUi BUTIIS;
y=pB+px+e, (1

e y — 3ajie)kKHa 3MiHHa;

X — He3alle)KHa 3MiHHA;

f, — BiJIbHHH 4lieH (IHTepLenTop);
S, — KoedilieHT perpecii (Haxu JiiHii);
£ — BUIIQ/IKOBA OXHOKa.

— MuoxwuHHa TiHiItHa perpecis: Oepe 10 yBaru
KilbKa  He3aJNie)kHHX  3MiHHMX. OCHOBHa  MOJeib
MHOKMHHOI JIiHIIHOT perpecii Mae Taknil BUTIIAL:

y=p0+Bx+Bx,+...+ B x, +¢, 2)
JIe y — 3ajJeKHa 3MiHHA,

X,,X,,...,X, —HE3aJEKHI 3MIHHI;

n

B, — BIJIbHUH 4IIeH;

B Bs,..., B, —koediuienTH perpecii;

& — BUIIAJKOBA MIOXHUOKA.

2. [NoniHOMiambHA perpecis

BukopHucTOBy€eTbCS, KOJNHM  B3a€MO3B’SI30K  MIX

3MIHHUMH He €  miHiiagM. OcHOBHa  MOJEJb
HOJIHOMIQJILHOT ~ perpecii  Jpyroro Mopsaky  Mae
TaKUW BUTIIAI:
2
y=pFtpx+px +e¢, (3)

Je y — 3ajJekHa 3MiHHA,
X — He3alle)KHa 3MiHHa;
[, — BLIbHHIT 4ieH;
S, — KoedilieHT pH JiHIITHOMY YJIeHI;
S, — KoedillieHT pH KBaIpaTHOMY YJICHI;

& — BHIIAAKOBaA IMOXHOKA.

3. JloricruuHa perpecis

BuKOpHCTOBYETBCS [UII MOJENIOBAaHHS OiHApHHUX
3aJIEKHOCTEH, TOOTO KONM 3alIeKHA 3MiHHA MOXKE
MpUHMATH TUTBKH JBa 3HAYEHHS (HAIPUKIA, aHOMAIis /
Hemae aHoMmaltil). OCHOBHA MOJIeNb JIOTICTUYHOI perpecii

Ma€ TaKUuH BUTTISAL:
. 4
logit(p)=1In E =B, +Bx, +Box, +...+ Bx,, (4)
Je p — WMOBIPHICTD HacTaHHS MOAi1 (aHOMAaTIi);
[, — BLIbHHIL WieH;
B, By, B, — KoediuieHTH perpecii;

X,,X,,...,X, —HE3aJEXKHI 3MIHHI.

n

IIporiec ~ BUKOHAHHS  pErpeciiHOrO  aHaJI3y
pO3MOYHMHAETECA 31 300py  BINNOBIGHMX  JaHUX
3  MIKPOCEPBICHUX CHCTEM, TaKuX SK IKypHaIH

3alUTiB, METPUKH MPOAYKTUBHOCTI Ta BiJOMOCTiI PO
HaBaHTaxeHHs. [licis 300py JaHMX BOHM IONEPEIHBO
00pOOIISIOTHCSI: OUNIIAIOTHCS, 3AIIOBHIOIOTHCS MPOIYCKH,

MIPOBOIUTHCS HOPMAJTi3allis Ta MacITa0yBaHHS 3MIHHHX.
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[ToTiM BH3HAYAETHCS THIT PETPECIHHOTO aHANI3Y, IO
Haix'leauJ,e HiIlXO[ll/ITI) IJId BUBYCHHA NPUPOJAX JaHUX Ta
JOCTIKYBaHUX B3a€MO3B’s13KiB. JlaHI pO3MOMiIAIOTHCS
Ha HaBYAIbHI Ta TECTOBI BHOIPKM JUIsS OI[IHIOBAaHHS
TOYHOCTI MOJIENI.

OLIHIOETHCA.

Hami  monenb Bukopucranns

CTaTUCTUYHUX KpI/ITepi'l.B JJI OL[iH}OBaHHSI TOYHOCTI
MOACI1, TaKHuX K KOe(i)lHlCHT JACTEpMIHAIlll (R )

(muB. popmyiy 5), cepennbokBaaparnuna nomuka (MSE),
cepenss abcomotHa ommika (MAE).

Rzzl_w, (5)

> (s -u)
ne vy, — GakTuuHI 3HAaYEeHHS 3aJIeKHOI 3MiHHOT;
4; —nepenbadeHi 3HaUCHHS;
7, — CEpeIHE 3HAUCHHS 3aJIe)KHOI 3MiHHOT;

1 — KUIBKICTh CIIOCTEPEXKEHb.

HacTtymHuM KpokoM € iHTepmpeTamis pe3yibTaTiB.
Amnarni3 koedillieHTIB perpecii 111 BCTAHOBJICHHS BILIMBY
KO>KHOT He3aJIe)KHOI 3MIHHOI Ha 3aJIe)KHY 3MIHHY.

Bu3HaueHHs MOPOTOBHUX 3HAYEHB IS 1ACHTU(IKAITT
aHOMaJTiii Ha OCHOBI BiIXIJICHB BiJI Iepe0aueHnX 3HaYCHb.

Buxopucmanus peepeciiinozo ananizy

O/ 8UAGNEHHS AHOMAI

Perpeciitnuii aHaimi3 ga€ 3MOry CTBOPHTH 0a30BY
JIHII0 HOPMAJBHOI MTOBEAIHKN MiKpocepBiciB. BusBneHHs
CIOCOOOM  TOPIBHSIHHS

aHoMajlii  3iHCHIOETHCS

(akTHYHMX 3HA4YeHb 3MIHHMX 13 mepeadadueHuMHU
MOJICJUII0 3HAYEHHSAMM. 3HAYHI BIAXWIJIEHHA Bij Mozeni
MOXYTb yKa3yBaTh Ha HasBHICTh aHOMaJTiH.

Hanpuknan, skmio perpeciitna Mozens nepeabauae,
1110 Yac BiIMoOBii cepBicy Mae Oytu B Mexkax 100-200 mc
3a MeBHOroO o0cary Tpadiky, a GpakTHUHHUN yac BiAMOBII
nepesumrye 500 Mc, me MOXe BKa3yBaTH Ha aHOMAIIIIO.

BaxxBHM acIieKToM € HaTallITyBaHHA TOPOT 1B BUSIBJICHHS

aHoOMamii A MiHIMIZamii  XMOHMX  CHpaIlOBaHb
Ta MiABUIIEHHS TOYHOCTI BUSBJICHHS.
Knacmepnuii ananiz

Knacreprmit aHamiz — 1IIe¢ METON MAIIUHHOTO

HABYAHHS, MO0 3aCTOCOBYETBCS JUISI  TPYIyBaHHS

mofift a6o 00’ekTiB y Habopi HaHWX Yy pi3HI KIIACTEpH
Yd TIpynd B Takud cnocid, mo0 00’eKTH BcepenuHi
OJHOTO  KJacrepa OynM MaKCHMaJbHO  CXOXXKHMH
MiX €00010, a 00’€KTH 3 pI3HUX KJIACTEPiB SIKOMOTa

Oinpre Bigpizaswcs [18].

Hexaii maemo Habip maHUX:
X:{xl,xz,...,xn} , (6)
Je X, — IIe BEKTOp, 10 € 00’ ekTOM abo moziero. Metoro

KJIACTEPHOTO aHali3y € PpO3MUICHHSA [UX 00 €KTIiB
Ha k KiacTepiB TaKMM YHMHOM, 100 00’€KTH BCEpeIuHI
OHOTO  KJacTepa Oyld MaKCHMAIbHO  CXOXHMH
MDK c000r0, a 00’€KTH 3 PI3HHX KJIacTepiB sSKOMOra
OiNTBIIIe BiAPi3HSIIHCS.

Ilepmie, 1o nNOTPIOHO 3pOOWUTH, — BHU3HAYUTH
¢yHKmifo BigcraHi Mk o0’ekrtamm. lle Moxke Oyt

€BKJIZIOBa BIZICTaHb, MAHXETTEHChKA BiJICTaHb, KOCHHYCHA

cxoxicte Tomo. Ilo3Haummo d(x,.,xj) SIK BIACTaHb

MiX 00’€KTamMH X; Ta x; .

OyHKIisT BUOOPY LEHTPOINiB BHU3HAUAE, K 00paTH
HIOYaTKOBI LEHTpoiaM KiactepiB. Lle Moxke OyTH BUIagKoBe
o0OpaHHs 3 HAOOpY HaHUX a00 Oy/Ib-sIKa iHIIA EBPUCTHUKA.

IIporec kmactepu3aiiii PO3MOYUHAETHCS 3 BHOOPY
MOYaTKOBUX IIGHTPOIAiB Ta TPHU3HAYECHHS KOXKHOTO
00’exTa MO HAWOMIDKYOro KiacTepa Ha OCHOBI (yHKii
BiJICTaHI. IMoTiMm  meHTpoizm  TeEpepaxoBYIOTHCS
K CepelHE 3HAYCHHS OO0 €KTIB Yy KOXHOMY KJIacTepi.
Le# mpomec MpOROBXKYETHCS AOTH, OKH IIEHTPOIOW Ta
HAJICXKHICTh 00’ €KTIB 70 KJIACTEPIB HE CTAOLTI3yIOTHCA.

ITicns 3aBepuIeHHS KiacTepu3alii MOXKHA BUSBUTH
aHomaJiii, aHamizyroun po3mip 1 ¢GopMmy KiacTepis.
AnomanbHi Tomii 34aTHI BHUSBIATHCSA SK OXMHOYHI
00’eKTH, IO HE HaleXaTh >JKOIHOMY 3 TOJIOBHUX
KJ1acTepiB, abo SK MaJli, BIIMiHHI KJIacTepH.

Hexaii mMaemMo Ha0ip METPHK MpPO BHUKOPHCTAHHS
pecypciB
BIPOBA/PKYBaTH KJIACTEPHUN aHai3 Jjsi TpYMyBaHHS

MiKpocepBicHOI CUCTEMU. Moskemo

mHIB a00 TOIWH, KONHM CIIOCTEpIiranucs He3BUYalHI

MaTepHd BUKOPHCTaHHS peCypciB y  BIAMOBITHHX
knacrepax. lle mae 3Mory imeHTH(iKyBaTH 4YacoBi
aHoMaiii y 3acTOCyBaHHI pecypciB Ta pearyBaTH

Ha HUX JUIS TiITPUMKH HOPMAJIBHOT pOOOTH CHCTEMH.

OTxe, KINacTepHHI aHaIli3 € MOTY>KHUM IHCTPYMEHTOM
JUISl BUSIBJICHHSI aHOMAIill y MIKPOCEPBICHHX CHCTEMax,
JIAl0YM 3MOTY 1eHTU(IKYBaTH BIAXHJICHHS B MOBEAIHII
CHCTEMH Ta pearyBaTd Ha HHX JUId 3a0e3ledeHHS
HAJIHHOCTI Ta €()CKTHBHOCTI.

Memoo zonoenux Komnornenm

Meton romoBanx kommoHeHT (PCA) e moryxHUM
ctepi indopmarii, 10
BIIPOBA/DKYEThCS JUISl 3MEHIICHHSI PO3MIPHOCTI JaHHX
CTPYKTYP.

IHCTpyMEHTOM Y aHayizy

Ta BUABJICHHSA B HUX CKJIaJHUX
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PCA posrmamaerbes sk TexHika Oe3 3aBaHTaKEHHS,

OCKUIbKM HE BHMMara€ MapKyBaHHS JaHux abo
3a3[ajeriib BH3HAYEHUX KiaciB. 3amicTh mporo, PCA
HIykae JiHidHI KOMOIiHaIii O3HaK, sSKi MaKCHUMIi3YIOTbh
JCIIEPCII0 TaHWX, a TaKOX 3MEHIIYIOTh KOPEISAIio
Mk o3Hakamu [19]. PosrisHemo kpoku PCA Ta iioro
MaTeMaTH4Hi acCIeKTH.

[ToynemMo 3 OOYHMCIIEHHS CEPEOHBOTO 3HAYEHHS
JUId KOKHOI O3HaKu B Habopi maHux. Hexaili maemo
n O3HaK Ta m CHOCTepeXxeHb. ToJi cepenHe 3HAYECHHS

X, mm KO>KHOI O3HaKH | OOYHCIIOETHCS SIK

1 <—m
X; :;Zizlxif > (M

e x,.,. — 3HAYCHHA O3HAKH ] JJIA CIIOCTCPEIKCHHSL i.

[ToTiM MPOBOAWTHECS IEHTPYBaHHA IaHHUX, TOOTO

BiZ[HiMa(ZTBCH CCpeAHE  3HAYCHHIA KOXXHOI ~ O3HaKH

BIJI BIAIOBITHOTO 3HAYEHHS TAHUX: My =X, =X,

[licns meHTpyBaHHS OOYHCIIOETHCS KOBapiamiliHa
MaTpHIL, 10 MICTHTH KOBapiallii MiX yciMa mapamMy O3Hak.

Kogapiairist Mi>k 03HakKaMu | Ta k OOYHCIIOETHCS 5K

cov(x, ) =2 37 () ®)

T'on0BHI KOMITIOHEHTH OOYHMCIIOIOTBCSI SK BJIACHI

BEKTOpM KoBapialwiiHOi MaTpuni. BoHHM BKa3yloTh

HamnpsSMKA MaKCHMalbHOi amcrepcii  maHmx. Hexait
Vi,V,,...,V, — lIe BJIaCHI BEKTOPH KOBapialiiiHoi MaTpuii,
BiJICOPTOBAHI 33 MPUHIUIIOM CIIAJIaHHS BJIACHUX 3HAUCHb.

l'onOBHI KOMIIOHEHTH OOHMPAIOTHCS 3aJICKHO Bif
BJIACHHX 3Ha4eHb. THUITOBO OOMPAIOTHCS MepIili A TOJOBHUX
KOMIIOHEHT, SKi MOSCHIOIOTh 3HAYHY YaCTHUHY IUCHEpCil
JAHWX, e kK — KUTBKICTh 03HAK, M0 Ma€ OyTH 30epexcHa.

Komu  romoBHi  KOMIOHEHTH  O0OpaHi, JaHi
MPOEKTYIOTBCS HAa HOBHHA MPOCTIP O3HAK, YTBOPEHUI
KOMIIOHEHTaMH. [To3naunmo

TUMH MaTpHUIIO

TOJIOBHUX KOMIIOHEHT:
v, :[vl,vz,...,vk] . )

Toni mpoekmis maHUX Xi Ha TIPOCTIP TOJIOBHHUX

KOMITOHEHT O0UYHCITIOETHCS SIK
vi=Viu, (10)

JIe ¥, — BEKTOp MPOEKIIi ST CIOCTEPEXKEHHS | .

PCA € Bax/IMBUM IHCTPYMEHTOM JUIsl aHANI3Y JaHUX
Ta BUSBICHHS CKJIQJHUX 3aleXHOCTeH. Bukopucranus
IIbOTO METOAY Ja€ 3MOTY 3MEHIUUTH PO3MIPHICTh AaHHX
1 BoIHOYAc 30eperTd BaXIMBY iH(GOpMAIIO, a TaKOX
MOJIETIIYE BHSBJICHHS aHOMaiii abo po30ixHOCTEH
y Habopi nanux [20].

Hoeuii 3anpononosanuii memoo

3anpornoHOBaHKi METO]| NOJISIraTUMe Y BUKOPUCTaHHI
TPHOX OCHOBHHMX CTaTUCTHYHHUX METOMIB: PErpeciiHoro
aHali3y, KJIACTEPHOIO aHali3y Ta METOIy TOJIOBHUX
3raJjlaHuX METONIB

komnoneHT (PCA). Koxen i3

3aCTOCOBYEThCS ~ JUIA  BUSIBICHHS ~ aHOMAlid  y
MIKPOCEpBICHHX CHCTeMaX, MiCIs 4Ooro iX pe3yibTaTH
iHTErpaniiHoro

00’€MHYIOTBCS 32 JIOTIOMOTOIO

moka3Huka anomadniit (IPA).

Inumezpayianuii nokasnuk anomanii (IPA)

Mertoro Oyne 00’eaHaHHS pPE3yJIbTATIB YCIX TPHOX
METOMIB JUIS KOMIUIEKCHOIO OIIHIOBAaHHS aHOMAJIiil.
IuTerpaniiiauii  MOKa3HUK aHOMAJIH  OOYHCIIOETHCS
3a (hopMyII010

IP4, = ad, +a,d. +a,d,, , an

ae a,,a,,a, BaroBi KoeQIiIlieHTH, IO BHU3HAYAIOTh

BHECOK KOXHOI'O METOY.

VY mpomeci BCTaHOBJIEHHS IOPOry  aHOMalii
3’SICOBYEThCSI TOPOTOBE 3HAUeHHA [PA, TepeBUIICHHS
SIKOTO CBIAYUTH TIPO aHOMAJIIIO.

Jlyist HOBOTO METO/Y BJIACTHBI KLIbKa OCOOIMBOCTEH
METOHOJIOTI].

e KoMm0iHOBaHWI MiaXiZ: BUKOPHCTaHHS TPBHOX
PI3HUX METOJIB J1a€ 3MOTy OpaTH IO yBard pi3Hi acIeKTH
AQHOMaJIIH Y MIKpPOCEpPBICHHUX CHCTEMaX.

e AJanTUBHICTb: BaroBi KkoedilieHTH a,,a,,a,

MOXYyTh OyTH HaNamITOBaHi AN PI3HUX CHCTEM, IO
3a0e3neuye THy4KICTh METOAY.
o EdekTuBHICTE: iHTETpaifHNI TTOKa3HUK aHOMAITii

IPA) 3aGe3neuye OUIBII TOYHE BUABJICHHS aHOMAai
y )

MOPIBHSHO 3 BUKOPUCTAHHAM OKPEMHX METO/IIB.
Ilopienanna anzopummis

Y umiif poOOTi TMOPIBHIOIOTBCS ~aNTOPUTMH 32

JOTIOMOTOI0 METOJy JIHIMHOT aIWTHBHOI 3TOPTKH.
Leit migxix nae 3MOry iHTErpyBaTd pe3yJbTaTH KUTBKOX
METOJIIB B OJIMH 3araJlbHUH MOKa3HUK 3 OTJISIIy Ha Barosi
KoehiIlieHTH, TPU3HAYCHI T KOXKHOTO 3 METOiB. Takuit
TITX1]T CIIpHSiE OTPHMAHHEO OUTHII TOYHOTO Ta KOMITIEKCHOTO
OLIIHIOBAHHS €()eKTHBHOCTI KOXKHOTO aJITOPUTMY.

AJIMTHBHA 3rOpTKa O0YHCITIOETHCS 32 (POpMYIIOr0
C(x)=>a,C,(x), (12)
j=1

ne C(x) — 3arajibHU# KpUTEpii 4J1s1 albTepHAaTHBU X € X
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(Cl(x),...,C.(x),...,C (x)) — Hablp BUXITHHX

Jj n
KpHUTEPiiB;
n — KUIBKICTh BUXIAHUX KPUTEPIiB;

a, — HOPMYHOYMH MHOXHHK, II0 BH3HAYa€ Bary

KO>KHOTO KpUTEPIIO.
Haiikpama ampTepHaTHBa cepel YCiX MOMIMBHX
BapiaHTIB 3a/adi BHU3HAYAETHCS 3a JOIIOMOTOI0 TaKOl

hopmymm:
x" =argmax C(x) .

xXex

(13)

[HmMMU  crioBaMM, pe3yJbTaTOM € allbTepPHATHBA,
10 Ma€ HaWBHUINUI MMOKa3HUK, HOOYTHH 3a JOIIOMOTOIO
AJINTUBHOI 3TOPTKH.

Merta 3aBmaHHA MONSATaeE B TOMY, IOO BHPIIIATH
OararokpuTepiaJibHy  NpoOJeMy: BU3HAYUTH,  SIKHH
3 METOMIB CTAaTHYHOTO aHali3y HaWKpamie MPOTrHO3ye

MOXIIMBICTh BHUSIBIIEHHS aHOMANIH y MIKpOCepBicHIH

apXITeKTypi TS 3HAXOMKEHHS croco0iB X
TIOTIepEeIKEHHSL.

CrouaTKy BH3HaYUMO Ha0ip aJbTepHATHB —
Mojeneld, 10 HaifyacTilie BUKOPHCTOBYIOTHCS B

MIKpPOCEpBICHIN apXiTeKTypi, cepex SKUX 0OMpaTUMEMO
HaWOUIBII BiAMOBIHY JUISt IBOTO TOCIIJKEHHS.

Hami moneni:

— KJIACTEPHUI aHai3;

— perpeciiiHHUif aHaJi3;

— METOJ] TOJIOBHUX KOMIIOHEHT;

— IHTerpaniiHui TOKa3HUK aHOMAIiH.

Hamni,

aHOMANI y MIKpOCEPBICHIH apXiTeKTypi, MOXYTb OyTH

10 BUKOPUCTOBYIOTHCA Jid BUABJICHHA

HecTaOlTbHUMH. BOHM YacTo MiCTSTh aHOMaJIbHI, HETIOBHI,
MPOMYIICHI a00 HEIHIMHI 3HAYSHHS Y BEJIUKIHA KiJTbKOCTI,

Ta6auus 1. [loxasnuxu 01 nopieHAHHA

amke iH(opMAaIlil TMPO MIKPOCEPBICH OTPUMYETHCS
3 pPI3HOMAaHITHUX JIOTiB, METPUK 1 TpacyBaHb. Tomy
ONTUMANIFHUH TiAXix Mae OpaTH OO yBard OCOOIUBICTH
IIUX JaHUX, TOOTO MOJENb Ma€e OyTH 3IaTHOI 00OPOOIIATH
3HaYHUNA oOcsAT BXigHOI iHQOpMaIii, ska Moxe OyTH
HEJHIHHOI0, 3BaKaTW Ha NpOIYILIeHI JaHi Ta OyTH
CTiiiKOI0 70 mryMy. ToMy KpuTepissMu BUOOPY CTaH TaKi:

— BHMOTH JO JaHUX: MOJCIb Mae 0oOpoOJsITH
MIPOMYIICHI Ta HeNiHIHHI TaHi, OyTH CTIHKOIO 10 MIyMY;

— CKIIQJIHICTh: BHCOKA, OCKUIBKH OOpPOOISIOTHCS
3Ha4Hi 00csATH iHpOopMaIii pi3HOI CTPYKTYpH;

— QJanTUBHICTB: MOJAEAh Ma€ aJanTyBaTHCS
JIO 3MiH JJaHHX 1 CHCTEMHU,
— CTIHKICTh /O LIyMy: BHCOKa  CTIHKICTh

JI0 OIyMOBUX JaHUX;

— iHTepmpeTawis pe3yJbTaTiB: BOHU MalTh OyTH
3pO3YMUTMMU JIJIS aHANI3Y Ta MPUAHATTS PillicHb;

— Oo0uHCIIOBaJIbHA CKJIAIHICTh: MOJENb Mae OyTH
e(eKTHBHOIO OO0 OOYMCITIOBAJIBFHUX pecypciB, MI00
00po0IsATH 3HaUHI 00CsTH iH(pOpMAaLii y pealbHOMY 4aci;

— HaOIMHICTB: CTIMKICTH AITOPUTMY A0 Pi3HHUX THUIIIB
aHOMAJIiH 1 3/1aTHICTh NPABIIBHO iX iNeHTH(]IKyBaTH;

— MacmTaboBaHICTh: 3IaTHICTH ANTOPUTMY
e()CKTHUBHO TMpAIFOBATH B YMOBAax 30LUIbIICHHS OOCSTIB
iHpopMarii Ta KiTBKOCTiI MiKPOCEPBiCiB;

— dyacoBa e(EeKTHUBHICTh: HIBHJKICTh BHKOHaHHS
AITOPUTMY B PEeaTbHOMY Yaci;

— JIETKICTh Y BIPOBAPKCHHI: CKJIAJHICTh IHTErparii
ANITOPUTMY B YK€ HasBHY CUCTEMY

— BHTpaTH Ha OOCIyrOBYBaHHS: PeCypcH, HeoOXisiHi
JUTSL IIITPUMKH T4 OHOBJICHHSI QJITOPHTMY .

VY tabn. 1 moxaHi Mojei, a TaKOX Har KpUTepii.

. R . . . Mertoa ros1oBHuX InTerpaniiiHuii nokasHuK
Kpurepiii Perpeciiinmii ananiz | Knacrepuuii ananis .o
komnoHeHT (PCA) anomauiii (IPA)
Bumoru 10 nanux O6pobieHHs O06pobeHHs O6pobneHHs OO6poO6IIeHHS POy IEeHHX
NPOIYIIEHUX JaHUX | MPONYNIEHHX TaHUX MIPONYIIEHHX JaHHUX JIAHUX
CKI1aHIiCTh BHCOKa BHCOKa BHCOKa BHCOKa
AJIanITUBHICTH HHU3bKa CepeliHs HU3bKa BHCOKa
CTifiKiCTh 0 mIyMy cepenHs BHCOKa cepenHs BHCOKa
[HTepmperaist
) cepeHs BHCOKa cepenHs BHCOKa

pe3yJIbTaTiB
OO6uncnroBanbHa

. cepenHs BHCOKa BHCOKa BHCOKa
CKJIaJJHICTh
Haniiigicts cepeHs BHCOKa cepenHs BHCOKa
MacniraboBaHiCTh cepenHs BHCOKa BHCOKa BHCOKa
YacoBa eeKTHBHICTh BHCOKa cepenHs cepeHs cepenHs
Jlerkicth

. BHCOKa ceperHs cepenHs HU3bKa
Y BIIPOBaDKEHHI
Burparu nHa . . . .
HH3bKI cepenHi cepenHi BUCOKI

00CITyrOByBaHHS




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

Innovative technologies and scientific solutions for industries. 2024. No. 2 (28)

Jis momanpmioro aHamizy HEOOXiTHO IepeBeCTH
3HA4YeHHs KPUTEPiiB y YMCIIOBI TMOKa3HUKU. Po3risHemo
KOKEH 3 HUX JETaJIbHIIIE.

1. CkiagHiCTh MOJIENI OLIHIOETHCS 32 CKIIAIHICTIO
ANTOPUTMIB, KUTBKICTIO METOJIB i CTPYKTYPOIO MOJIEII.
BignosigHo, 3HaueHHs "HHU3bKA", "cepenHsa" Ta "BucCOKa"
OTPUMYIOTH 1, 2 Ta 3 Gamu BiOBITHO.

2. AnanTuUBHICTP  MOJENI  BU3HAYAEThCA 11
3MATHICTIO AJaNTyBaTUCS IO 3MIiH JIaHUX Ta CHCTEMH.
Mopeni 3 BUCOKOIO aJaNTHBHICTIO OTPUMYIOTH 2 Oaiy,
cepenHporo — 1 6an, Hu3bKoI0 — 0 OaiB.

3. CrilikicTh 40 UIyMy BiATBOPIOE 3/aTHICTh
MOJIEIT MPAIIOBATH 13 IIYMOBUMH JaHUMU. SIKIIIO MOJIETH
cTilika 0 mymy — 2 0anm, cepenHs CTilkicTh — 1 Oau,
Hu3bpka — 0 Gais.

4. Tatepmnperamis pe3yibTATiB  BaJUBa  JIISA
pPO3yMiHHS Ta aHaNi3y. Mozei 3 IErKoko iHTepIpeTaIi€elo
OTPUMYIOTh 2 Oany, cepeiHbol0 — 1 0aj, BaXKKOKWO —
0 Gaumis.

5. HapniliHiCTh BU3HAYAETHCS CTIHKICTIO O PI3HUX
TUIIB aHoOMaiii. Bucoka HamiiiHicTe oTpuMmye 2 Oanm,
cepennst — 1 6a, HU3bKa — 0 OaiB.

6. MacmraboBaHICTE  OIIHIOETHCS  3aTHICTIO
MOJIeJIi TIpalioBaTH 3 BEIMKUMHU o0csramu iHdopmarii.
Bucoka macmraboBaHicTs — 2 Oamm, cepenns — 1 Oau,
Hu3bKa — 0 OasiB.

7. YacoBa e(eKTHBHICTh BiITBOPIOE IIBHIKICTh
BUKOHAHHS arOpUTMY. Bucoka edekTtuBHicTh — 2 Oainwy,
cepennst — 1 6am, HI3pKa — 0 OaiB.

8. JlerkicTh y BIPOBaKCHHI MOKA3y€, HACKUIBKH
MPOCTO IHTErpyBaTH alrOpUTM Yy CHCTeMy. Bucoka
JIeTKiCcTh — 2 Oanu, cepeans — 1 6an, Hu3bka — 0 OaiB.

9. Burpatu Ha 00CIyroByBaHHS BH3HAYAIOTHCS
pecypcamMu, HEOOXiTHUMHU JJIsl TMIITPUMKA Ta OHOBJICHHS
anroputMmy. Husbki Butpatn — 2 Oamu, cepemi — 1 Oar,
BUCOKi — O OaniB.

10. Bumorn mo maHux mependadaroTb 0OpOOIICHHS
MPONYIICHUX 1 HETIHIMHUX JmaHux. Mojeni, 3aaTHi
o0pobnsaT;  Taki [maHi, OTpuMyTh 2 Oamm, Ti,
mo o0poOysitoTh 3 oOMexeHHsMu, — 1 Oam, a Ti,
o He 00pobIsIoTh, — 0 OamiB.
CKJIQJIHICTh

11. O6uucroBaasLHa BU3HAYAETHCS

e(heKTUBHICTIO BUKOPHCTAHHS 00YHCITIOBATBHUX
pecypciB. Husbka cknannicTs — 2 0anu, cepeqns — 1 0an,
Brcoka — ( OaiB.

[Ticns nepeBeneHHs! 3HAYEHb KPUTEPIIB Y KUIbKICHI
MOKa3HUKH MOXKHA BWIYYMTH JesKi albTepPHATHBU 3a
npuHounoMm [lapeto, SKIIO BOHU MOCTYNAIOTHCS IHIIUM

BapiaHTaM 3a BciMa KpHUTEPisMH (IUB. Tabm. 2).

Ta6uuuns 2. Onosnena mabauysa 3a npunyunom Ilapemo

. InTerpanilinuii
Kpurepiii KnaCTep.HHH MOKA3HUK
aHaJi3 .o
anomauiii (IPA)
Bumornu no nanux 1 1
CKIIagHICTh 3
AanTUBHICTH 1 2
CTIHKICTh 5 )
JI0 TIIyMY
InTepnperanis ) )
pe3yJIbTaTiB
OO6uncaoBaabHa 0 0
CKJIAJIHICTD
Haniitaicts 2 2
MacmtaboBaHICTh 2 2
Yacosa 1 1
e(EKTHBHICTh
Jlerkicthb 1 0
Y BOPOBAKCHHI
Burpatu na 1 1
00CIIyTOBYBaHHS

diHaapHUM €TarnoM € O0YKCIIEHHS 3HaYeHb TIHIHHOT

AIUTUBHOI 3TFOPTKH Ul KOXHOTO  BapiaHTa i3

nonepeIHbO0  BU3HAYCHUM  3HAYCHHSAM  HOPMYIOYOI'O

MHOXKHHKa JJIs1 BCIX KpUTEpiiB (AuB. Tabm. 3).

Ta6uauus 3. Pe3yrvmamu 3eopmku

Mogaean IMMoka3Huk
Knacrepumii anami3 4.5
[HTerpaniiamii MTOKa3HUK 75
anomaiiii (IPA) )

BignoBigHO 10 pe3y/bTaTiB, HABEACHHX BHIIIE,

6aunMoO, M0 Kpamlol0 MOJEIUII0 €  IHTerpamiiHun

MOKa3HUK aHOMAJIii.

PesynbTaTn nociaigxkeHs Ta ix 00roBopeHHs

PosrasiHeMO ~ pe3ynbTaTd  JOCHIKEHb, IO
MOPIBHIOIOTh €(DEKTUBHICTh PI3HUX METOMIB BUSBJICHHS
agoMamid y  MiKpocepBicax i3  BHUKOPHCTaHHIM
CTaTUCTHYHOTO aHamizy. OCHOBHY yBary OyJio MPHIIICHO
TPHOM METOJaM: pEerpeciifHOMy aHami3y, KIaCTePHOMY
aHai3y Ta METOAY roJIOBHUX KoMIToHEeHT (PCA).
Perpeciitauii aHamiz Mmoka3aB CBOIO €(QEKTHBHICTh
y TPOTHO3YBaHHI 3HAYeHb METPHK MIKpPOCEPBICIB
Ha OCHOBI icTropmuyHmx nmaHux. Lleit meronm nae 3mory
BUSBJLSITH AHOMAJii 3 JIOTMIOMOTOI0 aHAJli3y BiAXHICHb
(akTHYHUX 3HAYCHb BiJ TPOTHO30BaHMX. Perpeciiiai
MOJieNi, OCOOJMBO JIiHINHI, BiAPI3HSIOTHCA BIJHOCHO
HU3BKOIO OOYMCITIOBAJIBHOIO CKIAIHICTIO Ta MPOCTOIO

iHTepIpeTani€ero pe3yiprariB. OnHaK perpeciiiHuii anai3
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moTpeOye HAsSBHOCTI SBHUX TpPEHAIB abo 3alekHOCTEH
y JaHuX, O[0 MOXE OYTH OOMEKEHHSIM Yy CKJIaTHHX
1 OUHAMIYHAX CHCTEMax MIKpOCepBiCiB. 3aleXHO Bif
CKJIAIHOCTI MO aJaNTHBHICTh 3a3HAYCHOI'O METOMY
Moxe OyTu 3abe3reueHa 3aBIIKH OHOBJICHHIO MOJENi
3 HOBUMH JaHHUMH, 10 Ja€ 3MOTY e(peKTHBHO pearyBaTu
Ha 3MiHH B CUCTEMI.

Knacrepuuii aHamiz BUSBHBCS JAyX€ KOPHCHHM
UIs  igeHTHdiKamii Tpyn momid ado 00’exTiB, MmO
JIEMOHCTPYIOTh CXOXI MaTepHH HOoBeiHKH. llei meron
0COOJIMBO MTKOBHX

G(I)GKTI/IBHI/Iﬁ JIISL BUSABJICHHSA

HaBaHTAXXCHb 1 KjacTepu3amii MOAIH 3a CXOXKHUMHU
XapaKTePUCTHKaMH. AJNTOPUTMH KJIaCTEpHOTO aHANi3Yy,
30kpemMa k-cepennix Ta DBSCAN, mokasand BHCOKY
CTIMKICTP HO WIyMy Ta JOMOMOTJIHM Yy BHSBICHHI SK
OKpEMHX aHOMAJIbHHX 00’€KTiB, TaK 1 BIAXMJIEHUX TPYII.
BopmHouac o0umncmioBambHAa CKIQAHICTH ITHOTO METOAY
MOXe OyTH BHCOKOIO, OCOOJMBO IJISl BEJMKHX HaOOpiB
maaux. Kpim Toro, it 3abe3medeHHS aganTHBHOCTI
NOTpiOHE TepeHaBYaHHS KJacTepiB 32 YMOBH 3MIiHH
JIAHUX, [0 MOXKE BUMaraTH 3HaYHHUX PECYpPCIB.

Merton ronoBHux komrnoHeHT (PCA) mpoaeMoHCTpyBaB
CBOIO €(EeKTHBHICT y 3MEHIICHHI PO3MIPHOCTI JaHWX
Ta BUSIBIICHHI OCHOBHHX CTPYKTYp 1 BiaxuieHs. PCA nae
3MOTY BUOKPEMHUTH OCHOBHI HAIIPSMKH Bapiallil B TaHUX,
0 JloroMarae igeHTH(IKyBaTH aHOMallil, SKi MOXYTb
OyTH HEOYCBHIHHMH B OPHUTIHAIIEHOMY MPOCTOPI O3HAK.
Lleit MeTon € 0COONMBO KOPUCHUM JUIS aHAIi3y JaHUX
3 BHCOKOIO PO3MIPHICTIO, JIeé MOXKIIMBA KOPEJAIisT MiX
o3Hakamu. He3Bakaroum Ha BHCOKY OOYHCIIOBAaJIbHY
manux, PCA

3a0e3neyvye iHTYITUBHO 3p0O3yMuli Pe3yNbTaTH y BHUIIISAIL

CKIAMHICTh Ui BENUKHX HabopiB

TOJIOBHUX KOMIIOHEHT. ATAaNTUBHICTE METOAY MOXe OyTh

J0CATHYTa CIIOCOOOM NMEPCBU3HAYCHHA TOJIOBHUX

o  J1a€e
e(heKTUBHO pearyBaTH Ha 3MiHH B CHCTEMI.

KOMIIOHEHT 13 HOBUMH JaHUMU, 3MOry

3anponoHOBaHWN HOBUM KOMOIHOBaHHI MeETOJ

00’emHye TepeBard TPhOX PO3MIISTHYTHX  METO/IIB:

perpeciiiHoro amamily, kimactepHoro amamizy Ta PCA.
MOKpAIIy€e
3aBIAKM IHTETpalii pi3HUX AacleKTiB aHallizy JaHuX.

Takmit  migxing BUSIBJICHHS  aHOMaJiit
Kom6inoBaHuit MeToz 3abe3mnedye BUCOKY aJanTHBHICTH
i CTIHKICTHP IO IIyMy, OO0 €IHYIOUM pe3yIbTaTH BCIX
TPHOX METOJIB, IO Ja€ 3MOry e()EKTUBHO pearyBaTu
Ha 3MIiHH B CHCTEMi Ta 3a0e3euyBaTH HaIiHICTb.
[opiBHSHHS KJIaCTEPHOTO aHali3y Ta IHTErpauiifHOro
moka3Huka aHoManii (IPA) mokasye, mo o0uxBa MEeTOIH
MAalOTh OJJHAKOBI BUMOTH JIO JaHUX, BUCOKY CKJIAIHICTh,
arymy,
OOUKCITIOBATBHY CKJIAJHICTh, HA/IIHHICTh, MACIIITAOOBAHICTb,

CTIMKICTh 1O IHTepIpeTalilo  pe3yJbTaTiB,

4acoBy €(EKTHBHICTH Ta BHTPATH Ha OOCIYrOBYBaHHS.
Knacrepuuii ananiz € OUIBII JIETKMM Y BIPOBJIXKEHHI
mopiBHSHO 3 IPA Ta moTpebye iHTerpamii pe3ynbTaTiB
pi3HUX MeTofiB, Tomi sk IPA Mae BuIly aganTHBHICTB,
IO € KIFOYOBOIO TMEPEBAror0 y JMHAMIYHHX CepeIOBHILAX.
OOuaBa METOIU MAarOTh BHCOKY CTIHKICThH IO IIyMY, IO
J1a€ 3MOTY €(pEKTHBHO IPAIIOBATH 3 TAHUMH, IO MICTAThH
myM. [HTepmperalis pe3yibTaTiB 000X METOIIB €
3pO3yMIJIOI0, IO JOTIOMAra€e JIETKO aHai3yBaTH OTpPHMaHi
naHi. OOYMCIIOBAJIbHA CKJIAJHICTh PO3IIISIHYTHX METOJIB
€ BHCOKOIO, BIMara€ 3Ha4HHX PECypCiB Ui BUKOHAHHS
ananizy. OOuaBa MeTolM € HagiifHUMH, 3a0e3MedyIoTh
BHCOKY CTIHKICTh O PpI3HHMX THUMIB aHOMAaIid i JoOpe
MacmTaOyrThCsA, 3IaTHI

nmpagroBaT 3  BCJIIMKHUMHU

obOcsramu  iHpopmarii. YacoBa edexkTUBHICTE 000X
METOJIIB € CEepPeAHBbOI0 Ta IOTpedye 3HAUHOIO 4Yacy A
aHamizy. Bwutpatm Ha 0O0CIyroByBaHHS MOpPIBHSIHHUX
METO/IIB € CepeJHIMU I BUMAaraloTh MEBHUX PECYPCIiB s
MATPUMKH Ta OHOBIEHHSA. OTXe, OCHOBHI p0301KHOCTI
MDK KiacTepHuM aHamizoM Ta IPA  momsraiors
y 1IX aJanTHBHOCTI Ta JIETKOCTI y BIIPOBA/KCHHI,
mo poOUTH KOXXEH METOA MpUBAOIMBUM JUIS Pi3HUX

CIICHapiiB BUKOPHCTAHHS.

BucHoBknm it NEePCHEeKTUBU NMOAAJIBIIOI0 PO3BUTKY

3BaXkalouM Ha TPOBEJIEHE JOCII/DKEHHsS, MOXHa
3poOMTH KiTbKa BaXIMBUX BHCHOBKIB. Hacammepen
BUSIBJICHHS aHOMAaJid Yy MIKPOCEPBICHHX CHCTEMax €
KPUTHYHO BAXKJIMBUM JUIA 3a0e3MeUeHHS iX CTaOiIbHOI
pobotu Ta HamiftHOCTI. JIOCHIPKEHHS MiATBEPIUIO, IO
ICHYIOTh Di3HI METOAM BUSIBICHHS aHOMAliii, 30Kpema
perpeciiHuii  aHaii3, KJIACTCpHUM aHali3 Ta METOX
TOJIOBHUX KOMIIOHEHT, KOXKEH 3 SKMX Ma€ CBOI IepeBaru
Ta 0OMEKEeHHSI.

Perpeciitanii  amami3, Hampukiaa, eQEKTHBHUH
y BUSIBJIICHHI aHOMaJil y cUCTeMax 3 SIBHUMH TPEHIaMH,
ale Moke OyTH MeEHII e(QEeKTHBHAM Yy CKIAQJIHUX
i TUHaMIYHKUX cucTeMax. KiactepHuil aHasi3 TOBIB CBOIO
CTIMKICTD O IIyMy Ta 3[JaTHICTh BHSBIATH SIK OKpeMi
aHoMaiii, Tak 1 Tpynud aHOMAaIbHUX TOAIH, aje
moTpeOye 3HAYHUX OOYHMCIIOBANBHUX pecypciB. Meron
TOJIOBHUX KOMIIOHEHT € TIOTY)XHHUM IHCTPYMEHTOM
JUTA aHai3y BHCOKOPO3MIPHUX MaHWX, ale MOXe OyTH
OOMEXEHUM IIOA0 OOYUCICHb BHUCOKOI CKJIaJHOCTI
Ta iHTepIpeTarii pe3ynbTaTiB.

Sk OTOBHEHHS 110 BXKE HAsSBHUX METOMIB OyJo
3alpOMIOHOBAHO HOBHWH KOMOIHOBaHWH IIXif, IO
nependavae aHaizy,

BIIPOBA/DKEHHSI  perpeciiiHoro

KJIACTEPHOTO aHali3y Ta METOJy TOJIOBHUX KOMIIOHEHT
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(PCA). Le#t migxig nae 3Mory 00’€IHYBaTH pe3yiIbTaTH

TPpOX  METOIIB 33  JOINOMOIOK  IHTerpauiiHOro
moka3Huka BigxwieHb (IPA), mo 3abesmedye Oimbmn
TOYHE BUSIBIICHHS aHOMalliil. BukopucTaHHS BaroBux
KOCQIIIEHTIB a;, a, a; Jae 3MOTY aJanTyBaTH METOT ITiJ
pi3Hi cucTeMH, 3a0e3MeyI0Ud THYUKICTh 1 €pEeKTHBHICTb.

O1xe, KOMOIHOBAHMH IMiJIXi[ Ma€ KiIbKa KIFOUOBHUX
nepeBar:

— KOMOIHOBaHMH TWiAXiA: 3aCTOCYBaHHS TpPHOX
PI3HUX METOJIB Ja€ 3MOTY B3SITH /IO YBaru pi3Hi aclieKTH
aHOMAaJTii y MIKPOCEPBICHHUX CHCTEMAX;

— aJanTHBHICTH: Barosi koedilieHTH a,, a,, a,

MOXYTh OyTH HaJalITOBaHI Al PI3HUX CHCTEM, IO
3a0e3medye THy4KiCTh METOY;

—  e(eKTUBHICTB: IHTETPAIIMHINA TOKa3HUK aHOMAJTIH
(IPA) 3abe3sneuye OuIbII TOYHE BHUSIBICHHS aHOMaUIii,
TTOPIBHSHO 3 BUKOPUCTAHHSIM OKPEMHUX METOJIIB.

3 orsiny Ha nepeniueHi (pakToOpH pPEeKOMEHIYEThCS
o0upaTH METON BHABICHHA aHOMAJTIH 3alle)kKHO Bif
KOHKPETHHUX  XapaKTepUCTHK CHUCTEMH Ta MOTped
KopHcTyBadya. Takox BaXJIMBO 3Ba)KaTH Ha MOXJIUBICTH
KOMOIHYBaHHS PI3HUX METOMIB JJIS JOCATHEHHS OUIbII
TOYHHUX PE3YJIBTATIB.

Haperuri, po3BUTOK METO/IIB BUSBJICHHS aHOMAIN y
MIKpOCEpBiCHUX

CUCTEMAxX € AKTYyaJIbHOO Ta

MEPCICKTUBHOI  CPeporo  JOCHIHKEeHb, M0  MOXE
CIIPHUATH TIOJAIBIIOMY BIOCKOHAICHHIO Ta PO3IIHPEHHIO

MOJKJIUBOCTEH Y I[bOMY HAmpsMi.
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METHODS FOR DETECTING ANOMALIES
IN MICROSERVICES USING STATISTICAL ANALYSIS

The subject of the study is methods of detecting anomalies in microservices using statistical analysis. Microservices is
a popular software development architecture that allows for flexible and scalable systems. However, due to their complexity,
such systems can be vulnerable to various types of anomalies that can affect their performance and reliability. The goal of the work is
an analytical review of existing methods of detecting anomalies in microservice systems using statistical analysis methods.
Detection of anomalies is critical to ensure stable system operation and quick response to possible problems. To achieve the purpose,
the following tasks are defined: review of methods for detecting anomalies in microservices; description of the principles
of regression analysis, cluster analysis and the method of principal components; comparison of methods according to the
criteria of efficiency, computational complexity, resistance to noise and adaptability; recommendations for choosing a method
and the possibility of combining them; summary of results and identification of directions for future research. A method for
detecting anomalies in microservices is considered, which includes regression analysis, cluster analysis, and the method of principal
components (PCA). The results of the study confirmed that each method has its advantages and limitations. Regression
analysis is effective in systems with clear trends, but less effective in complex and dynamic systems. Cluster analysis has proven
to be robust to noise and capable of detecting both individual anomalies and groups of anomalous events but requires
significant computational resources. The method of principal components (PCA) is a powerful tool for the analysis of
high-dimensional data, but it has limitations in the high complexity of calculations and interpretation of results. Each of
the considered methods has its pros and cons, so the study proposed a new method that would consist in combining them.
The conclusions emphasize the importance of statistical analysis for monitoring microservice systems. Well-chosen data
analysis techniques facilitate the detection of anomalies in complex environments such as microservices. The use of regression
analysis, cluster analysis and the method of principal components allows you to get a deep insight into the operation of the system.
However, for best results, it is recommended to combine different methods and analyze their results in the context of a specific
system. This approach provides greater resistance to anomalies and faster response to them in microservice architectures.
Keywords: anomaly detection; microservices; statistical analysis; regression analysis; clustering.
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10. ITonvnAH, O. MAJIEEBA

CUCTEMHA MOJEJIb PU3UKIB TA TIEPEBA AJIbTEPHATUBHUX PIIEHDb
3 YAOCKOHAJIEHHSA JIOT'ICTUYHOI'O JIAHIIOT'A
BUPOBHHNYOI'O IMIAITPUEMCTBA

IIpeamMeToM JOCHiGKEHHsI CTaTTi € TPOLECH HPHUHHATTS pIlICHb 3 YIOCKOHAJICHHS EJIEMEHTIB JIOTICTHYHOTO JIAHIIOra
(npoueciB mocrauyaHHs Ta 30yTy) BUPOOHMYOIO MiANPUEMCTBA B yMOBaX HEBU3HAYEHOCTI Ta pU3MKiB. MeTa po6oTH — 3MCHIIICHHS
4yacy i BapTocTi IOCTauyaHHS Ta 30yTy HPOAYKMii BHPOOHHYOTO MiJNPHEMCTBA 3 OMIAY HAa MOMJIMBI PHU3UKH 3a JOIIOMOTOIO
NPUHHATTS PALiOHAIBHUX YHOPABIiHCHKUX pIMIeHb. Y CTAaTTi pPO3B’SA3YIOTBCS Taki 3aBAAaHHA: pO3IIAL  0coOIMBOCTEH
€JIEMEHTIB JIOTiICTHYHOTO JIAHIIOTa; TOCHIiIKEHHs OCHOBHHUX NMpoOJieM MOocTadyaHHs Ta 30yTy W BH3HA4YeHHs CIOCOOIB iX BHPILICHHS;
PO3pPOOJICHHS. CHCTEMHOI MOJENTi JIOTICTUYHMX pPHU3HKIB BHPOOHHYOro MiANPHEMCTBA; (DOPMyBaHHS JepeB albTEPHATHBHHX
pillleHb y cTpaTeriyHOMY YHpaBIiHHI JIAHIIOTOM IOCTayaHHS Ha BUPOOHMYMX MiANPHUEMCTBAX. YTPOBAIKYIOThCA TaKi MeTOdHU:
CHCTEeMHHMH IIXil, METOIM CTPYKTYPHOi JEKOMIO3MLIi, PH3MUK-OPi€HTOBaHWH miaXig. JlOCATHYTO TakuxX pe3yJbTaTiB:
PO3IIITHYTO OCOOJIMBOCTI Ta BHOKPEMJICHO MPOOJIEMH €IEMEHTIB JIOTICTUYHOTO JIaHIfora (MocTayaHHs, BAPOOHUIITBO, CKJIaJyBaHHS
Ta 30yT); MAOCHIMKEHO OCHOBHI 3aBHAaHHS YIPaBIiHHSA JAHIIOTOM IIOCTQUYaHHSA Ta BH3HAYEHO CHOCOOM IX BHMKOHAHHS,
OKpECIIEHO IPOOJIeMH CKJIAACBKOTO YIPABIIHHS; 1NeHTH(IKOBAaHO BHYTPIIIHI Ta 30BHINIHI PH3MKU IOCTa4aHHS; C(HOPMOBAHO
CHCTEMHY MOJIe/b JIOTICTHYHUX PH3UKIB BHPOOHHYOTO IiIIPUEMCTBA, OCHOBHHMH CKJIAJHUKAMH SKOi € JIOTiCTHYHI mpoOiemH,
YaCTKOBI PHU3MKHM, IX HACHIOKH Ta MOXJIHMBI YIpPaBIIHCHKI pIMICHHA 3 MapuUpyBaHHS PH3UKIB, MOOYJOBaHO JAepeBa pillleHb
JUIT BH3HAYCHHUX TIPOOJIEeM HecTaOUIPHOCTI IIOCTayaHHS CHPOBMHM H TPAHCIIOPTHHX 3aTOpiB 1 3aTpHMaHb;, I00YZOBaHO

giarpaMy — anbTepHAaTUBHHMX  pilleHb I UTIOCTPAaTHBHOTO  HpHKiIaxy. BucHoBkm. Jlns  mojomaHHS — mpoGiemu
HecTaOlIBbHOCTI IOCTa4YaHHS CHPOBHHU PEKOMEHIYETHCS PO3BUBATH JUBEpCU(DIKaIlo JpKepea IocTadyaHHs, pe3epBYBaHHSI
3amaciB  Ta BUKOPUCTAHHS alNbTEPHATHBHUX TPAaHCIOPTHHX MapmpyTiB. [loOymoBa anbTepHaTMBHUX JIepeB  pIllIeHb

Yy CTpaTeriYHOMY YHpaBliHHI € e(QEeKTUBHHM iHCTPYMEHTOM NPHUHHATTA PALiOHAIPHUX pilleHb BHPOOHHYUM IIiJIPHEMCTBOM
y CKJIaJHUX YMOBaxX HEBH3HAUEHOCTI Ta PU3MKIB. BOHM JomomaraloTh aHamidyBaTH aJbTEPHATHBM Ta iX HACHiIkH, 100 obpatn
Croci6 onTUMi3anil JOriCTHYHOTO JIaHIIOTa.

Knio4oBi ci10Ba: 10TiCTHYHUIA JTaHIIOT; TOCTa4aHHST;, 30yT; BUPOOHMYE MMiAIPUEMCTBO; PU3UKH; aTbTEPHATHBHI PilICHHS.

Beryn e(EeKTUBHICT,  YNPABNIHHS  JIQHIIOTOM  ITOCTa4aHb

1 3a0€3neYnTh yCmiX MisUTBHOCTI IiIPHEMCTBA.

B ymoBax cywacHoro cBiTy, Je Trio0amizamis
Ta IUBUAKICTH I[IOCTAYaHHA BAXIMBI Ui 0ararbox
rary3eif, po3BUTOK C(PCKTHBHUX JIOTiCTUYHUX IIPOIICCIB
€ KPUTUYHO BKIUBUM IS 3a0€3MCUYCHHST BUPOOHMIITBA
MPOAYKIIii.
BHCOKOTEXHOJIOTIYHUX

H TOCTayaHHS 3pOCTaHHH CKJ'Ia,HHOCTi

BUpOOIB 1 1X BHPOOHUIITBA
BUMara€e Cy4acHHX METOJIB YIIPABIiHHS JIOTICTUKOIO
Ta iH(OPMAIIHHMX TEXHOJIOTIH I ONTHMI3allil IPOIIECIB.
JlorictTuka  BHPOOHMYOrOo  IJANPHEMCTBA €
B)XJIMBUM aCIIEKTOM YIPABIIHHS JIAHIIOTOM IOCTAa4aHb
1 mepenbavae Taki eramu: IOCTayaHHS, BUPOOHHIITBO,
nepesiueHi

ckiaamyBanHs Ta 30yt [1]. Vei eTanu

HEoOXimHI 1y HOpManbHOrO  (PYHKLIOHYBaHHS

JIOTICTHYHOI CHCTEMH IIAMPHEMCTBA Ta CIPHSIOTH il

KOHKYPEHTOCIIPOMOXKHOCTI ~ Ha  pHHKY. [IpuiiHATTS
ONTHUMAaIbHUX pINIEHb 3  YNOPaBIiHHSI  MpOLEcaMu
HA KOXHOMY 13 3a3HAYCHHWX CTamiB  ITi[BUIIATH

BaknMBO HAroMOCUTH Ha HEBH3HAYCHOCTI Ta PH3HKax
y JIOTICTHYHUX TPOIIECaX, M0 3yMOBJICHO HECTAOUIBHICTIO
SIK €KOHOMIYHHX, TaK i TOMTHYHHUX (DAKTOPIB CHOTOMCHHS.
HecripoMOXXHICTh BUSIBIICHHSI PU3UKIB Ta €(EKTUBHOTO
YOpaBIiHHA HUMH € CEpHO3HHUM OOMEXEHHIM Ui
yCminrHOTO  ()YHKIIIOHYBAaHHS JIAHIIOTa  [MOCTAYaHHS
mignmpueMcTBa. HemocratHs yBara A0 igeHTHdiKarii
MIOTEHLIMHUX PU3UKIB MOYKE TIPU3BECTH JI0 HeTlepea0ayeHuX
mpobiieM, sIKi HaJaji CYyTTEBO BIUIMHYTHh HA BHPOOHUYMI
MpoIeC i KOHKYPEHTOCIIPOMOXKHICTh. TOMY aKkTyajJIbHUM
€ 3aBmaHHI (HOpPMYBAaHHS Ta aHANI3y AIbTEPHATHBHUX
JIOTICTUYHMM  JIQHI[IOTOM

pilleHb 3  yHpaBJiHHA

Cy4acHOTO  BHPOOHHYOTO  IJIPUEMCTBA.  3aBIAKH

MPUAHATTIO pallioHAJIBHUX PillIeHb OyzAe JOCSATHYTO METy
JOCTIDKSHHS — 3HIDKEHHS Yacy Ta BapTOCTi IOCTaYyaHHs
MiANPHEMCTRA,

tTa 30yTy TpOAYKUil BHUPOOHHUUYOTO

3Ba)KAIOUM HAa MOYKJIUBI PU3HUKH.

© IO. Ilonymnan, O. Maneesa, 2024
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AHaJni3 ocTaHHiX 1ocaigKeHb i myoaikamiit

Amnaniz mnyOmikanmiii 3 TemMH cTarTi BKasye Ha
3HAYHHUH 1HTEpeC A0 Ii€l MpoOIeMaTHKH B aKaJIeMITHOMY
Ta mpodeciiHoMy cepenoBuIiax. JOCIiTHUKN aKTHBHO
BHBYAIOTH Pi3HI aCHEKTH MPUHHATTA PIllIeHb y JOTiCTHII
Ta X BIUIMB HAa BUPOOHMYI MiANPUEMCTBA, OCOOJIHBO
B yMOBaX HEBH3HAYCHOCTI Ta PU3UKIB.

VY poborti [2] 3anpomnoHoBaHO Kiacudikarii, Mo
Jal0Th 3MOT'Y BU3HAYUTH OCHOBHI €JIEMEHTH JIOTICTUYHHX
BuTpar. Kpim Toro, ommcaHo iHCTPYMEHTH, SIKi MOXYTb
MOJIETIIINTH YTIPABIIiHHSA BUTpaTaMu. ABTOpH CTartTi [3]
pO3IIISAAIOTh  IPOLECH  JIOTICTUYHOTO  YIPaBJIiHHS
BHUPOOHHNYO-TOCTIOAPCHKO0 OPTaHi3aIier0. 3apOnoOHOBAHO
MiAXiA [0 TPOEKTYBAaHHS JOTiCTUYHOI CHCTEMH, IO
nependayae (GopMyBaHHsS OpraHi3aliiiHOI CTPYKTypH
HIIIPUEMCTBA 33 IMPOIECHO-MATPHYHUM IPHHIMIIOM
JIOTICTUYHOT ~ CITy)KOH

Ta CTBOPEHHS  e(EeKTHBHOI

HIIIPUEMCTBA, sSKa BHKOHYE pOJb KOOPIHHATOPA
Ta IHTErpaToOpa HOro Oi3HEC-CHCTEM.

[paus [4] mpucBsdeHa pPO3POOIICHHIO HAYKOBO-
METOIUYHOTO MiXOIYy A0 YIPaBIiHHS CTIMKICTIO KaHAIB
3B’513Ky B YMOBaX PO3BUTKY MPOMHCIIOBOTO ITiIPHEMCTBA.
TyT BU3Ha4€HO OCOONMBOCTI PI3HUX THIIB BHYTPILIHIX
1 30BHINIHIX KaHAJIB 3B 513Ky Ta PO3POOJICHO METOIUKH
OIL[IHIOBaHHS TX CTIHKOCTI.

Y crarti  [5]

BIMB mpakTuk SSCM Ha IuHaMIiuHI

EMIIPUYHO  JTOCTIIKYETHCS
MOXKJIMBOCTI
JAHIIOTa TOCTA4YaHh 1 MPOAYKTHUBHICTH IiIIPUEMCTBA.
ABTOpHM nOCHIKEHHST [6] MpoaHai3yBajdd BaKJIHMBICTh
TPOTHEIIIEMITHOTO JTAHITFOTa TIOCTAYaHHA TTiJ] Yac MaHIeMii
Ta BIUIMB TEXHOJIOTTYHHMX IHHOBAILIM Ha [IEH Mporiec.

Y  myOmikamii  [7]

3alIpoOIrnoOHOBAHO CUCTCMY

yIpaBiiHHSA OprasizaiiiHumu pusukamu. HaBeneno
OCHOBM YINPABIIiHHS pPH3MKaMH JIAHIIOTa I10CTA4aHb
i crparerii nmom’sikiieHns. Cratts [8] po3risjgae BIUIMB
BIfHM Ha JIOTICTWYHI JIAHIIOTH ITOCTaYaHHS Ta MPOTIOHYE
cTparerii  BJOCKOHQJICHHsT  yNpaBlIiHHI B  yMOBax
HEBM3HAYEHOCTI Ta PU3HKIB.

Metoay OLHIOBaHHS Ta YIPAaBIiHHSI pPU3UKaMHU
KOMYHIKaIliil B TPaHCIIOPTHUX IPOEKTAX 3aIIPOITIOHOBAHO
B pobotri [9]. CuCTeMaTH30BaHO PH3MKH Y BHIJIAMII
BIJTHOCHH MDK YYacHHKaMH IIPOEKTY, (HOpPMaizoBaHO
MOJAHO KOMYHIKaIlii 3aIliKaBJICHUX CTOPIH 3 OISy
Ha TMpPUYMHM Ta MOXJIIHMBE IAapUPYBaHHS PHU3HKIB,
PO3pO0IEHO MOAEIh KIIBKICHOIO OIIHIOBAHHS BapTOCTI
PH3HKIB ITPOEKTY.

3 mpOBEOCHOTO OIJISAY MOXHA 3POOHTH BHCHOBOK

npo aKTyaJ’ILHiCTL BHBUCHHS JIOTICTHYHHX pI/IBI/IKiB

BUPOOHMYMX MiANpUeMCTB. Hemomikamu mpoaHaTi30BaHUX
METOJIB Ta MiXO/IB € oOMexeHa cdepa JOoCIiIKEeHHS,
30CEpeIDKCHHS] yBard Ha CKOHOMIYHMX ITOKa3HHKaX
JISUTBHOCTI MiIPHEMCTBA, BIICYTHICTD JleTajizalil Mojenei
JIOTICTUYHUX TIPOIECiB 1 Opak KOHKPETHHX PEKOMEHIAIIIH
JUIs TIPAKTUYHOI peaiizanii pe3ysiprariB. OQHaK BOHH
Ba)KJIMBI [T pO3YMIHHS BIDIUBY (DAKTOPIB PH3UKY (30KpeMa
BOEHHUX KOH(IIIKTIB, emiziemiil) Ta CTpareridyHuX pilleHb
Ha JIOTICTUYHI Ta €KOHOMIYHI IPOLIECH, SIKi 1 € IPUINHAMHA
HecTablILHOCTI Ta PU3HKIB Y JIOTICTHYHOMY JIAHIIIOTY.

Mera ii 3aBgaHHA po6oTH

OT)Xe, METOIO IOCIIIKEHHS € IMJABUILEHHS SIKOCTI
JIOTICTHYHHUX TMPOIECIB 3 OIISIAY HAa MOMIIMBI PU3HKH
B IIOCTAQ4aHHI Ta 30yTi NpPOAYKLil Ha BHPOOHUYMX
HiIIPHEMCTBAX 3aBIASKA NPUHHATTIO PalliOHATBHHX
YIPaBIIHCHKUX PillIeHb.

V¥ crarti nepenbaueHO BUKOHAHHSA TaKUX 3aBIAHb:

1) posrmsin 0co0NMMBOCTEN €IEMEHTIB JIOTICTUYHOTO
JIaHIIIOTa;

2) MOCHiIKEHHS OCHOBHHMX IPOOJIEM IMOCTAYaHHs;
Ta 30yTy i BU3HaYCHHS CIIOCO0IB X PO3B’sI3aHHS;

3) po3poOJCHHS CHUCTEMHOI MOJENI JIOTICTHYHHX
PH3HKIB BUPOOHMYOTO MiANIPHEMCTBA;

4) QopmyBaHHS JepeB aIbTEPHATHBHUX pIllICHb
Yy CTpaTeriyHOMY YMpPaBIiHHI JIAHIIOTOM ITOCTadaHHs

Ha BUPOOHMYMX MiJPHEMCTBAX.

Martepiaim Ta MeTOIHM

PosrastHeMo 0cOOIMBOCTI €IEMEHTIB JIOTICTHYHOTO
JIAHIIOTA JJIsl BUSIBJICHHS MOMJIMBHX INPOOJIEM, PU3UKIB
Ta IX HACJIAKIB.

BaxnuBUM MOMEHTOM eTamy MOoCTa4yaHHS € BHOIp
MOCTAYAIIbHUKA, YKIAJCHHS KOHTPAKTY, KOHTPOJb SKOCTI
MarepiaixiB i ByacHe pompaeieHHs. OpraHizamis Ta
KOHTPOJIb PO3MOiTy 3a0e3medye Oe3mepebiifHe mocTadaHHs
MarepiaiiB Ha MiJIPUEMCTBO. Y CHIIIHE 3aBEPIICHHS [[bOTO
eTarry 3abe3redye CTaOUIbHICTh BHPOOHUIITBA, 3HUKYE
BUTpATH Ta IiJBHUIIYE 3370BOJIEHICTH CIIOKHBAYiB [4].

Ha erami 30epiranHs wMatepiamm abo TOTOBa
MIPOMYKIIisl yTPUMYIOTbCS BIAMOBITHO J0 BCTAHOBJICHHX
BHMOT 1 CTAaHIAPTIB JJIS ITOJANBIIOTO BUKOPHCTAHHS a00
peanizauii. 3 MeTOl0 onTHMI3alii CKIaJCHKHX IPOLIECIB
i MiHIMI3amii BTpaT Ba)XJIMBO €(PEKTHBHO OpPTaHi3yBaTH
CHCTEMH YIpaBIliHHS CKJIaJIoM 1 3anacami [10].

Ha erami 30yTy mpoaykté abo mociayru (i3WIHO
nepefaoTbess  abo

MpOaAar0OThCA CIIOKMBa4YaM 3a
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JIOTIOMOTOI0 PI3HUX KaHANIB PO3MOAUTy. Bupimyrotbcs
3aBJaHHsl ITUIAHYBaHHS Ta peaji3alii MapKeTHHTOBHX
CTpaTeriii, BCTAHOBJICHHA MOJITHKH IIHOYTBOPEHHS,
oprasizanii po3ApiOHUX orepalliif Ta ynpaBIiHHSI HUMH,
KepyBaHHS 3allacaMy Ta JIOTICTHKOK JUIs 3a0e3NeueHHs
BIJIMIOBITHUX 3aI1aciB 1 JOMpPaBJICHHS MPOAYKIIi, a TAKOK
migTpuMKa Ta OOCIYroByBaHHs CHOXHBa4iB. OCHOBHa
MeTa [bOro eramy —  3a0e3leYuTH  yCIilIHe
BIPOBA/DKEHHS TPOAYKTY YH MOCIYTH Ta 3aJOBOJBHHUTH
notpedu croxxupadis [11].

VYci mepenideHi eTany BaXUIWBI TSI HOPMAaJIbHOTO
(hyHKIIOHYBaHHS JIOTICTUYHOI CUCTEMH MiAIPHEMCTBA Ta
3a0e3nedyeHHs HOro KOHKYPEHTOCHPOMOXXHOCTI — Ha

puHKy. OnTHMizailis KOXXHOTO 3 HHX IIiBUIIUTH

e(peKTUBHICTD  YIpPaBIIHHA  JIAHIIOTOM  [IOCTa4yaHb
1 3a0€3MeYnTh YCIiX AiSUTbHOCTI MiIPHEMCTBA.

PosristHEMO TIpOGIIEMH, 1110 BHHUKAIOTH B YIIPABIiHHI
JIOTICTUYHUMH TIPOLECaMK MIANPHEMCTBA, BHUKIHKAIOTh
MIEBHI PU3WKH Ta BAMAararoTh BiAMOBIIHUX CTPaTETIdIHUX
pileHs.

1. Hecmabinbnicmb nocmauauua cuUpoGUHU
€ 3HAYyIIOI0 MPOOJIEMOIO IS BAPOOHWYMX TTiIPHEMCTB
1 Moe OyTH BHKJIMKaHa PI3HUMH (pakTOpamMu, HAIPUKIaT
TCOTOTITHYHUMU 200 eKOHOMIuHMMHY 3MiHamu. L{i acrexTn
nependavyaoTh TONITHYHI  KOH(IIKTH, TOPTOBENBHI
OoOMeXeHHs, 3MIHM B 3aKOHOJABCTBI Ta EHEpPreTHYHI
koHGumikTH. OKpecieHi (akTOpH MOXYTb HPU3BOAUTH
0 OOMEXeHb y BHBE3€HHI CHPOBHHHM Ta BIUIMBATH
Ha yMOBH nocTadaHus [12].

[ToroaHi yMOBM € TakoX Ba)KIMBUM YWHHHUKOM, IO
CYTTEBO BIUTHUBAE HA CTAOUIBHICTD TOCTAYaHHS CHPOBUHU
JUIs BUPOOHMYMX MianpuemcTB. Lle Moxe BHKIMKAaTH
HEJOCTaTHICTh CHPOBHHH Ta CIIPUYUHUTHU 3POCTAHHS LiH
a00 HAaBITh BIJCYTHICTh HEOOXINHOI CHUPOBUHH IS
BHPOOHUIITBA.

31 cBOro OOKy TPaHCHOPTHI MUTaHHS € BaXIMBUM
aCTIEeKTOM CTa0UIBHOCTI TIOCTa4YaHHS CHPOBHHHU IS
mignpuemcts. [Ipobiaemu 3 TpaHCIOPTOM MOXKYTh BUHHKATH
Ha PI3HUX eTamax JaHIIora IIOCTadaHHsS, 30KpeMa:
NepEeBE3CHH] CUPOBUHHU BiJ TIOCTa4YaJbHUKIB, BUBE3CHHS
CHPOBUHH i3 30HM JOOYBaHH!, a TAKOXK BHYTPIIITHBOICPKaBHI
Ta MDKHapOJHI NepeBe3eHHs JI0 i IPHEMCTBA.

Hwuspka cTabuTBHICTD Y MOCTaYaBHAIIBKOMY JIAHITIOTY
€ CEepHO3HOI0 MPOOJIEMOI0 Uil BUPOOHUUMX ITiAPHEMCTB.
Le moxe nependavaTi HU3BKY HaHIHHICTD TTOCTaYaIbHUKIB,
3MIHHM Y BJIACHOCTI YM YNpaBiiHHI, (IHAHCOBI TPyAHOLI
Ta 1HIN YMHHUKHA, [0 BIUIMBAIOTh HA HAIIHHICTh
Ta e(h)eKTHBHICTD NIOCTaYaHHs CUPOBUHH.

[Manmemii Ta rHOOaNBPHI KPH3H € CEPHO3HUMH
BUKJIMKAMU JJIs1

BUPOOHMYMX  MIJNPHEMCTB, IIO

TI03HAYAFOTHCS Ha TPOIIECcaX IMOCTAdaHHs Ta 30yTY POYKIIil.
Manpemii, sk, Hampukiang, COVID-19, cnpu4uHSIOTH
oOMeXeHHS  BHUPOOHWIITBA, TIEPEPBH B  JIAHIIOTY
MIOCTAYaHHsI, & TAKOX MPOOJIEMH 3 TISIBHICTIO TIEPCOHAITY
Yyepe3 BBEACHHs KaPaHTHHHHX 3aXO0JiB Ta OOMEXXEHb.

[MoniTnyHi  YMHHMKH, Taki SK  OJIOKyBaHHS
Ha KOPJOHI Ta OTOJIOIIEHHS BOEHHOTO CTaHy, MOXYTb
CYTTEBO YCKJIATHUTH CTaOUIbHICTH MOCTAYaHHS CHPOBHHU
Ta MaTH CEpHO3HHWU BIUIMB Ha BUPOOHWYHN IpoOIleC.
BrokyBaHHS Ha KOPIOHI, 30KpeMa, BUHHKAE BHACIIIOK
PI3HHUX TONITHYHAX KOH(QIIKTIB abo pIlleHb YpPSIy.
Le MosKe MPU3BECTH JI0 NEpepB Y NOCTayaHHi, 3aTPUMaHb
Yy JOTpaBJICHHI CHPOBUHU Ta OOMEKEHb y BHBE3CHHI
TOTOBOI IPOJYKIIT HA 30BHIIIHI PUHKH.

JliT BOEHHOTO CTaHy TaKOX MOXE CepHO3HO
BIUIMHYTH Ha IIOCTa4daHHS CHUPOBHHH. BiiiHa, 30kpema,
TIPU3BOAWTH JI0 3HUIIEHHS 1H(PPACTPYKTYpPH, HEPEIIKOKae
HOPMAaJIFHOMY (DYHKIIIOHYBaHHIO TPAaHCTIOPTHUX MapIIpyTiB
1 mopymrye 3B’S3KM 3 TOcCTadaibHUKamu. Kpim ToOTO,
BOEHHMH CTaH MOXKE CIIPUYMHHTH €BaKyallilo IPAaI[iBHUKIB
MiATPHEMCTBA Ta TIEPEPBU Y BUPOOHHUIITBI.

Jlnst BUpILIEHHS. OKpECIIeHUX POOJIeM ITiIIPUEMCTBA
MOJKYTb yIIPOBAKyBATH Pi3HI METOH:

— nmuBepcudikallis JKepel IoCTadyaHHS;

— pe3epBYBaHHS 3aIlaciB;

— BUKOPHCTAaHHS albTEPHATUBHHUX TPAHCIIOPTHUX
MapIIpyTiB;

— po3poOiieHHs Oi3HEC-TUIaHIB 3 OIJIALY Ha PU3HKY;

— YCTaHOBIICHHS TAPTHEPCHKUX BITHOCHH i3
MocTavaIbHUKaMH;

—  YIPOBaHKEHHS IIEPEIOBHX TEXHOJOTIH Y JIOTICTHIII.

JuBepcudikamis pKepes MmocTayaHHs € KIIOYOBOIO
CTpaTeri€ro, MO Ja€ 3MOTY PO3MOIIIATH PH3UKH MiX
PI3HMMHU MOCTaYaIbHUKaMH Ta PEriOHaAMH.

TexHoMNOTil TPOTHO3YBAaHHS IIOMHUTY JO3BOJISIOTH
aHai3yBaTW Ta mependavyaTH KOJMBaHHI B MNOTpedi
Ha PUHKY. PO3BUTOK anbTepHATUBHUX JXKEPEN CHPOBHHH
W BuKOpHUCTaHHS (PiHAHCOBHMX IHCTPYMEHTIB, 30Kpema

(ikcOBaHMX KOHTPAKTIB UM CTpPaxyBaHHS I[iH, TaKOX

CIPOMOXHI 3MEHIIUTH PHU3MKH BiJ] HeCcTaOUILHOCTI
MOCTAYaHHSL.
3arajnpHe  YNPaBiHHS  PHU3MKAaMH, CIUIBHO 3

MMOCTaYaJIbHUKAMH, MOXKE CTaTH e(QEeKTHBHHM 3acCO00M

MiHiMi3anii  HEraTMBHMX  BIUIMBIB  HeCTaOUILHOCTI
moctayanHs. OIiHIOBaHHS PU3UKIB 1 BUOIp BiMNOBiTHIX
CTpaTeriii BUPIMICHHS € BAYKJIMBUM CKJIAJJHUKOM YCITIIIIHOTO
YOpaBIiHHS OKPECICHOI MPOOJIEMOI0 il 3a0€3IeUeHHS
MPOAYKILT

B YMOBaX MIiHJIMBOTO cepenoBuina 6i3uecy [13].

HENEPEPBHOTO  BUPOOHHUIITBA Ta 30yTy
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Takox HEOOXiTHO pO3TIAAATH BHYTPIIITHI PU3UKH,
0 MOXYTh CEPHO3HO TMO3HAYUTHCS HA CTAOUILHOCTI
MOCTa4aHHs CHPOBUHU a00 ii 30epiraHHs 4u 00poOIeHHS.
30Kpema HaeThCsl PO TaKi BUIU PH3HKIB:

— TexHIuHi (301i 00JaTHAHHS);

—  3HIDKCHHS SKOCTI POIYKIIIT;

— HecTaya a0o HHU3bKa KBaNi(ikaiis nepcoHaty;

— Hee(eKTHBHE yIPaBIiHHS 3allacaMu;

— HesKicHe 30epiraHss.

Texniuyni mpobiemu abo 3001 oOnagHaHHI MOXKYTh
Cepio3HO BIUTMBATH Ha BUPOOHHYMIA MPOIIEC 1 IOTICTHYHI
oreparii mianpuemMcTsa. BakanBo MaTH 3amacHi YaCTHHH
Ta MaTepiand JUIS IIBUAKOTO BiIHOBIEHHA po0OOTH
o0JagHaHHS.

Pu3ukm, mOB’s3aHI 3 AKICTIO TMPOAYKIii, TaKOX
MOXYTh HETaTHBHO IO3HAYUTUCS Ha  JiSUIBHOCTI
BHPOOHHMYOTO mignpuemMcTBa. Huspka sKicTh MaTepiaiiB
Ta CHPOBUHM CHPUYUHSIOTH Ae()EKTH MPOAYKLii Ta, SIK
HACIIZOK, YTPaTy JOBIpH KIIIEHTIB 1 pPUHKOBOI TO3HUIIiI.

Henocraras kBaidikarist mepcoHary MoXke IPHU3BECTH
JI0 TIOMIJIOK B 0OpOOJIEHHI 3aMOBIICHb, IO CIIPHYUHHUTH
3aTpUMaHHs TOBapy Ta HE3a/I0BOJICHHS KJIIEHTIB.

VYci mi pU3MKH € CepHO3HUMH TEepPEerKOIaMy s
IISUTBHOCTI  mimmpueMmctBa. [IpoTe 3a  TOMOMOroro
PETEeNBHOTO IUIaHYBaHHS, aHAI3Yy Ta NPUHHATTS PillleHb
3 e()eKTHBHOI'O YIpPaBJIiHHSI MOXXHA 3MEHIIUTH iX BILIHMB

1 3abe3neunTr Ge3nepediifHy poOOTy JOTICTUYHOTO JaHITOTA.

2. Heehexmuene KepigHUYmeEo JAHUIOZOM
nocmauanha € CEpHO3HOI0 NPOOJIEMOIO, M0 MOXE
BIUIMHYTH Ha €(QEKTUBHICTh 1 KOHKYPEHTOCIPOMOXKHICTh
MiANPUEMCTBA. 3a3HaueHa TmpobiemMa Moxe OyTH
HACIIIAKOM HEIOJNIKIB B Oprafizamii Ta YIIpaBIiHHI
JIAHIIOTOM TIOCTa4aHHs.

HepnoomintoBanHs a00 TEpEOIiHIOBaHHSA IOIHUTY,
HemnpaBWiIbHE Tepen0avyeHHs TEHJISHLIH pHUHKY W
HEJOCTaTHS yBara J0 PU3UKIB MOXYTh CHPHYMHHUTH
cepiiozHi Haciinku. Henane)xHe TIaHyBaHHS 37aTHE
TIPU3BECTH /10 HAAMIpPHUX 3amaciB a0, HaBMaKH, Oe(iMTy
TOBapiB; OOMIBI CcHUTyalii HEraTMBHO BIUTUBAIOTh
Ha (iHAHCOBI pe3ynbTaTH mimmpuemctBa. Kpim Toro,
HEJIOOIIHIOBaHHS PH3MKIB, MOB’S3aHUX 13 JIAHILIOI'OM
TIOCTaYaHHs, MOJKE COPHINHUTH HeTlepe0adeHi IePerIKo/Im,
30KpeMa NPHUIMHEHHS! TOCTa4YaHHsl CHPOBUHH, KaTacTpo(iyHi
MPUPOIHI Mmoii 200 TEOMOMITHYHI TPYIHOIIII.

HemoctatHs KOMyHIKallii Ta B3aEMOMIS  MiXk
BHPOOHHUKAMH, TIOCTadaIbHUKAMH Ta TUCTPHO IOTOpaMH,
IMOBIpHO,  BHKIIMYE 3aTpUMaHHS B  MOCTa4YaHHI,
HemepenOadeHi MepepBH B IOCTadaHHI CHPOBHHH abo

JeTaliel JUisi KOMIUICKTYBaHHS, a TaKOXX Hee(eKTHBHE

BUKOPHCTaHHA pecypciB. BinCyTHICTP UYITKHX JaHOK
CHIBIpAIli MOXE MPHU3BECTH JO IMPOCTOK OOJaIHAHHS
Ta BTPaTH MPHOYTKOBOCTI.

Husbka THydYKiCTh 1 HEHaJe)XHa pEaKTUBHICTh
YOpaBIiHHA JAHIIOTOM TIIOCTa4aHHS € BAXIUBUM Ta
MOTEHI[IHHO IIKIIJIMBUM AaCIEKTOM Ui MiJIPHEMCTBA.
['Hy4KICTh € KITFOY0BOIO [UIS YCIIITHOTO MPHUCTOCYBAHHS
CepEeIOBHINA, 110 IIBHIKO 3MIHIOETHCS, & PEAKTUBHICTH
BH3HAYa€ 3IaTHICTH ONEPATHBHO pearyBaTH Ha BHKIUKU
Ta 3MIHH B JIAHIIOTY TIOCTayaHHs [14].

BincyTHICTh CHCTEMaTHYHOTO aHAII3Y € MPUIHHOIO
130JIbOBAHOTO YIIPaBJIiHHS OKPEMHMHM ACTEKTaMH JIAHIIFOTa
MTOCTAYaHHS Ta HEJOCTATHOCTI 3arallbHOTO CTPATETi9HOTO
oMy PU3UKIB. Bpak CHCTEMHOCTI Y BHSBICHHI PU3HKIB
MOJKE€ YCKJIATHUTH IX B3a€EMO3AICKHICTh Ta MOTESHITIMHII
Kacka/iHui epeKT Ha pi3Hi eTany MocTavanbHOTO JIAHIIOTa.

3. Ilpobnemu 3i cknadcekum ynpaeninuam. bpax
YITKOTO YSBJICHHS HpPO PiBHI Ta MicLs pO3TallyBaHHS
3a11aciB MOXKe MPU3BECTH O HU3KU HETaTUBHUX HACII/IKIB:

1) HeMOOIIHIOBAHHS YH TEPEOI[iHIOBAaHHS OOCSTiIB
MOTPiOHMX 3aIlacis;

2) yCKIaJHEHHsl BHSBJIEHHS TPOOJeM 1 PpHU3HUKIB
y JaHLIOTY NOCTAYaHHS,;

3) 30inblIeHHS PU3UKY MTOMWJIOK 1 HENpaBUIIBHUX
PpiIIEHB.

HenoouinroBanHs a00 MepeoIliHIOBAaHHS 3aracis,
IMOBIpHO, CHPWYHHUTH HEBIAMOBIAHICTP MK ITOIHTOM
1 Tpomno3uWIli€o, MO TPHU3BOAWTH JO BTpaT uepe3
HEJOCTATHICTh TOBapiB ab0 TMEpenoBHEHHS CKIAfIiB.
Jnst 6opoTh0H 3 MM HEOOX1THO BIPOBAIXKYBaTH €PEKTUBHI
CHCTEMH YIpPAaBIiHHS 3allacaMH, BHKOPHCTOBYBATH
TIepeIOBi TEXHOJIOTIi POTHO3YBAHHSI TIOUTY 1 3a0e3Me4eHHs
pecypcamu, a TakoXX IMiATPAMYBATH MOCTIHHNI MOHITOPHHT
Ta aHaJI3 3amacis.

HecmpoMoxHICTH €peKTHBHOTO YIIPaBIIiHHS 3arlacaMu
MOXK€E TIPU3BECTH JI0 HECTaOUILHOCTI B  JIAHIIOTY
MMOCTA4aHHS, MO0 31 CBOro OOKy BHKIMYE IIPOOIEMH
3 BUKOHAHHSM 3aMOBJIEHb, 3aTPHUMaHHS B IOCTa4aHHi
Ta BTpaTy pemyTarii mgnpuemcrsa [15].

Henmoniku B opranizamii mpocTopy Ha CKIafi
€ 3HAYYIIUM BUKJIIKOM UL e(eKTHBHOTO
(YHKIIIOHYBaHHS JIQHIIOTA MMOCTaYaHHS Ta ONTUMI3allil
BUPOOHMYMX TpomeciB. BiACyTHICTP  ONTHUMAaIBHOI
opraHizauii IpPOCTOPY MOXKE CHPHUUUHUTH 3aTPUMaHHS
Ta HeeeKTUBHICTh Y BHOOpI Ta KOMIUIEKTAIlil TOBapiB.
MPOAYKIIT
IO TPYAHOIIIB y BHUSBJICHHI Ta BiJICTe)KCHHI 3aIlacis,

He3pyuyne  po3rannyBaHHsS PU3BOJIUTH
YCKJIAIHIOE e()EKTUBHICTh BUPOOHUYMX 1 MOCTAYaIbHIX

mporecis [16].
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[Ipobmemu 3 Oe3mexor0 Ta BTpaTaMH Ha CKIAIl €
BOKIIMBUM acCIEKTOM YIIPaBIIHHS JIAHIFOTOM IIOCTAyaHHsI.
HenmocrartHiii koHTponms Ham O€3MEKOI0 MOXE CTaTH
NPUYMHOIO DI3HOMAHITHUX TPOOJieM, IO BIUIMBAIOTH
Ha sKiCTb OOCIyroByBaHHA Ta (PIHAHCOBHH CTaH
mianpuemctBa [17]. Kpim Toro, mopymeHHs Oe3neku
MO3HAYAETHCS Ha 310pOB’T NPaLiBHUKIB, MOXXE TPU3BECTH
JIO TPaBM 1 BTpaT pobO4oro vacy.

HenocratHiii koHTpomb i HeeeKTHBHI TpormecH
YIpaBIiHHA TOBEPHEHHSMH 3JIaTHI CIPUYMHUTH TaKi
HeraTHBHI Haciaku [18]:

1) 3HIKYBaTH (hiHAHCOBI MOKA3HUKH MiANPHEMCTBA;

2) BIUIMBATH Ha 3aJ0BOJICHHS KIIE€HTIB Ta IXHIO
JIOSUTBHICTB;

3) mopomKyBaTy IpoOIEMHA B JIAHITIOTY ITOCTaYaHHS,
30KpeMa 301IIbIIIEHHS KUIBKOCTI TOBEPHEHHUX TOBAPIB.

Pe3yabTaTn nociaigxeHHs

Ha ocHOBHI BHBYEHHS OCHOBHHX IIPOOIIeM

JIOTICTUYHOTO JlaHIIrora, 3 orjigay Ha MOKJIHBI HaCJ'IiZ[KI/I

Ta YOPaBIIHCBKI pIimIeHHA, CPOPMOBAHO CHCTEMHY

MOJEIb JIOTICTUYHHUX PH3UKIB BUPOOHUYOTO

migmpueMcTsa (puc. 1).

HepoctaTHa HaginHicTb
nocTavanbHULBKOro
naHutora

TpaHcnopTHi 3aTopu Ta
3aTPUMKM

HectabinbHicTb
NOCTa4aHHs CUPOBUH

MpoGnemun

30BHiLLHI

[eononiTnyHi ineHTudikauis

KOHMIKTN

EKOHOMIYHI Kpuan

MorogHi
KkaTacTpodu
MonitnyHi
0BMexXeHHs Ha
KOPAOHiI

f

Pu3unkum

BHyTpiWwHi /

3601 o6nagHaHHsA

Mepepsun y
nocravaHHi

Hecraua
nepcoHany

nepenbaveHHs

Puauku 36epiraHHs
Hacnigkm

HeedekTtnBHe
ynpaBsniHHA
3anacamu

36inbLUeHHs
BUTpaT

BukopucTaHHs
anbTepHaTUBHUX
PaHCMOPTHMX MapLUPYTi

YCYHEHHS!

Possutok
napTHEpPCbKUX BiAHOCUH
nocravanbHukam

PiweHHsa

PesepByBaHHs
3anacis

Hneepcudikauis

Mpo6nemmn
BOEHHOrO CTaHy

BukopucTaHHs
nepeaoBMX TEXHOMOTIN y

BtpaTa nosipu
KMieHTIB

3aTpumkmn y
BUPOBHMUTBI

norictuui

Puc. 1. CucremMHa Mo/iesb YIpaBIIiHH JOTICTHYHUMH PU3UKaMH BUPOOHUYOTO MiIIPHEMCTBA

CrniocoOu BupilIeHHS TpoOJieM, HaBEAECHHX BHIIE,
MO’KHa TOZIaTH 3a JOIIOMOIOI0 JiepeBa ajbTepHATHBHHX
pimienb. JlepeBo pillleHb po3risigae  aabTepHATHBHI
croco0u, siKi BUPOOHHYE MIAMPHEMCTBO MOXKE 00paTh

JUTS. BUPINICHHS IUTaHb HECTAOUTPHOCTI ITOCTaYaHHS

cupoBuHd (puc. 2). [louaTkoBHH By30Jl [O3HAYAE
camy mpoOiemy — HecTaOUIbHICTh TocTadyaHHs. [loTiM
3’SIBIISIIOTHCS Pi3HI AIBTEPHATHBY PIllIeHb: JTUBEpCcHiKaltis
JDKEepell OCTavYaHHsI, Pe3epBYBaHHsI 3aI1aciB, BUKOPUCTAHHS

IBTEPHATHBHUX TPAHCIOPTHHUX MapLIPYTiB, PO3POOIICHHS




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

Innovative technologies and scientific solutions for industries. 2024. No. 2 (28)

Oi3Hec-TUTaHIB 3 OMIALYy Ha pPHU3UKH, BCTAHOBICHHS

MApTHEPCHKUX  BIJHOCHH 13 TOCTaYyaJIbHUKAMH Ta
BIIPOBAKEHHS MIEPEIOBUX TEXHOJIOTIH y JOTiCTHII.
KoxHe anbTepHAaTUBHE PIIICHHS Ma€ CBOT HACIIIKH,

SIKi TTOJJaHi Ha TUTKax jaepesa. s KOKHOI abTepHATHBU

IuBepcudiKallii mKepe MocTadyaHHs MOXe 301UTBITHTHCS

BapTICTh  3aKYIIBJIi, aji¢ MOKPAIIUTHECA HAIIHHICTh

MTOCTAYaHHS 3aBISKH PO3IOAUTY PHU3HUKIB MK pPi3HHUMH

rnmoctavajgbHUKaMu. OTKe, MCIsA OI[IHIOBAaHHS BCIX

MOXIIMBUX aJIbTCPHATUB Ta ix HaCJ'IiZ[KiB Hi,E[HpI/I€MCTBO

pIlIEHHS1 PO3IJSNAIOTHCS JIBa MapameTpu: BapTiCTh MoXke oOpaTH HaWOUIbIl e(eKTHBHE pillleHHS s
1 HamidHICTP TmoOcTadaHHsA. Hampukmax, 3a yMOBH PpO3B’si3aHHS TPo0IeMH HecTabITFHOCTI TOCTaYaHHS.
HecTaBinbHICTE NocTa4aHHA CUPOBUHK
BUPOBHUYOTO NiANPUEMCTEA
v A 4 h h h 4 h J
. BuKopucTaHHA Po3poBneHHs GiaHec- BcTaHoBNEHHA BuUKOpWUCTaHHA
Aweepcudikauina PeaepeysaHHA . . .
. ankTepHaTHBHWUK nnaHie 3 ornAagy Ha NapTHERCEKAX BIOHOCHH NepPeaoBnK TeXHONOMNW
Axepen nocTadaHHA 3anacie . . "
TPAHCNOPTHUX MapLpYTIB PHINKA 3 nocTavansHWKaMn ¥ norictaul
h 4 v h 4 v h 4 4
sopicn | [ T capren, | [ i aeprn | [Fesics o
ipHa " OMipHa OMi
(nomipha) | | inouverbes) (nomipha) (aanexTs sin (nowmipHa) crabinbHocTi
oBpaHoro MapwpyTy) napTHepcTea)
‘ HagiiHicte BapTicTs HagiiHicTe i — _¢
(B;EI;T(;;’ OCTAYAHHS (Hlfabl(a} nOCTaYAHHS Bapricrs HagiiuicTte I'IOCTaI'-IElHHﬂ
(nokpawyeTsea) (3anexuTb B AKOCTI (sncoka) (sanewurs sin
nnaHyBaHHs) ecpexTmeHoCT
BNPOBaIKEHHA)
Puc. 2. lepeBo aibTepHATUBHUX PIllIeHD AT TPOoOIeMH HECTaOlIbHOCTI IOCTaYaHHs CHPOBHHHU
Kpim mepmioi riiky, mo omnucye AuBepcudikaiito Takok MoxHa m1oOyayBaTH JEpeBO  pillleHb

JUKEepen IOCTAa4aHHS, ICHYIOTh Ie KUTbKa 1HIIHX
aNbTepHATUBHUX pillleHb. Pe3epByBaHHS 3amaciB Moxe
3MEHIIINTH PH3UK HECTAaOIMBPHOCTI MOCTadaHHS, aje
BOJHOYAC 3OUTBIINTH BapTICTh YTPUMAaHHS 3aIlaciB
i MOXXe BHUKJIHKATH TpoOJIEeMH 3 OOIrOBHMH KOIITaMH.
BuxoprucranHst anbTepHaTUBHUX TPAHCIIOPTHHUX MapLIPyTiB
CKOPOTHUTBH Yac IOCTayaHH:d, ane MoXe OyTH JOPOKYUM
ab0 MeHII HaJlMHUM TOPIBHSAHO 31 3BUYAHHUM
MapmpyToM. Po3pobnerHs Oi3Hec-IUTaHiB 3 OTIIAMy Ha
PU3MKH MOXE JIONIOMOITH ieHTH(IKyBaTH MOTEHIIHHI
mpobiemMu i 3a0e3neUnTH CTpaTeriuHe IUIAHYBaHHS IS
iX ynpaBiiHHSA. YCTaHOBJICHHS MapTHEPCHKHUX BiJHOCHH
i3 TMocTadaJbHUKAMH MiABHIY€E HAMIAHICTD MOCTA4aHHSI
3aBISIKM  TIOKpalIeHIH

KOMyHIKallii Ta CHUIBHOMY

BHpPIMIECHHIO TpobieM. YTpOBaHKEHHS  IEePEeIOBHUX
TEXHOJIOTIH y JIOTICTHII 3MEHIIYE BUTPATH Ta MOKPAILYE
e(eKTUBHICTD YIpPaBIiHHA TIOCTAYaHHIM, ajie MOXKE
BUMAraTti 3HaYHUX 1HBECTHUIIIH.

Kokna 3 mux anbprepHaTHB Ma€ CBOi IepeBaru M
HEIONIKM, 10 HEOOXiHO OpaTd a0 yBarm Imia dYac
TNPUAHATTS PIIEHHS MO0 pO3B’S3aHHA TPOOIEMHI

HECTAOlIBHOCTI TOCTAYaHH.

UIA TIPOOJIEMH TPAHCIIOPTHUX 3aTOpiB 1 3aTpHMaHb,
o0 MICTUTh meBHI anpTepHaTwBH (puc. 3). Omna 3
MOXJIMBHX CTpaTerii — I ONTHMI3allii MapIIpyTiB,
oo rmepeadayae BHUKOPHCTAHHS OOXIJHHUX CIIOCOOIB
JUI YHUKHEHHS TPAHCIOPTHHX 3aTOpiB, ajie 3[aTHa
30LTBIIUTH JIOJIATKOBI

BapTICTb  4epes

HApyra
Lle 3aCTOCYBaHHs aJbTEPHATHBHUX BH[IB TPAHCIIOPTY,

BUTpATH

Ha JIOPOXKHI  TOCIYTH. anpTepHATHBA —

HANpUKJIaA 3aTi3HAYHOTO a00 BOAHOTO, IO 3MEHIIYE
4yac [ONpaBIEHHA, aje Moxe OyTH IOpOXKYMM uepes
0COOIMBOCTI I[FOTO TPAHCIIOPTY. TpeTs adbTepHATHBA —

e BCTAaHOBJICHHA MapTHEPCHKUX BiI[HOCI/IH 3

JIOTICTUYHIMH KOMIAHISIMH JJIs TIOKPAIIICHHS TOTIPABIICHHS,

o, IMOBIPHO, MiJBUINUTH BapTIiCTh MOCIYT, aJe

3a0e3MeunTh MPIOPUTETHI YMOBH IOMPABICHHS 3aBISKH

cmiBrpani 3 mapTHepamu. KokHa — anbTepHaTHBa

moTpedye yBOKHOTO aHANi3y BapTOCTI Ta dHacy

JIONIPaBJICHHS JUII BUOOPY ONTUMAIILHOTO PillIeHHSL.
Posrisiremo

TIpuKIag 3 y3araJlbHCHUMHA

MOKa3HUKaMM TIPpO  BapTiCTh 1 4Yac Uil  KOXHOI
AIBTEPHATHBY, IO JACTh 3MOTY Bi3yallbHO ITOPIBHATH

repeBary pilieHs.
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Onmumisayia mapupymis — 4gac JompaBleHHA: 3MeHmeHHs Ha 20 %
— Bapricte: +10 % 10 3araibHUX BUTpAT; CTaH/JapTHOrO Yacy.

— Yac JONIpAaBICHHS: 30EpeKeHHS CTaHIapPTHOTO Vemanosienis napmuepesIux GiOHOCUH

yacy a00 He3HAYHE 3MEHILIEHHSI. . .
3 I02ICMUYHUMU KOMRAHIAMU

Bukopucmannsa anemepHamueHux 6udie mpaHcnopmy — BapricTh: +5 % 10 3aranbHUX BUTPAT;
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YMOB, 110 3MeHIIye gac Ha 10 %.

TpaHCcnopTH 3aTOpK Ta 3aTPUMAaHHA
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OnTuMisauis MapwpyTie BHI(DPI‘ICTEI‘HHH anbTepHaTMBHMX . BCTchrEnetHHﬂ I'IEIpTHEpChKHX'
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Bapricte Yac
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BAPTOCTI ANLTEPHATMBHUX BMAiB 3ABARKWY YHUEHEHHIO QOPOMKHIX
TpaHCnopTy) 3atopis)

Puc. 3. [lepeBo anbTepHATHBHAX PIilICHb POOIEMH TPAHCTIOPTHHUX 3aTOPIiB Ta 3aTPHMaHb

Ha giarpami (puc. 4) KOKeH CTOBICID MMOJAE OAHY
3 QJIbTEPHATHB:

—  CTOBIIELH A Biamosimac "Onrumizarii
MappyTiB" 31 30epeKeHHSM CTaHAAPTHOTO dHacy Ta
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BucHoBku

Y  crarri  pO3MSIHYTO — KIJIIOYOBI  acHeKTH
JIOTiICTUYHOTO JIAaHIIOTa Ha BUPOOHNYHX MiAIPHEMCTBAX B
yMOBax MOCTIHHMX BHKIIHMKIB, TaKHX SIK HECTaOUIbHICTH
NOCTAQUaHHS  CHPOBHHH,  KOHKYPEHTOCIIPOMOXKHICTB,
HEJIOOIIHIOBaHHS PU3UKIB Ta iHII MpOOJeMH, MOB’s3aHi
3 YIIpaBIIiHHAM JIAHIIOTOM ITOCTA4aHHS.

Jist oyionaHHst poOieMy HECTaOUTHHOCTI TOCTAYaHHS
CHPOBUHH PEKOMEHIYETHCSI PO3BUBATH TUBEPCHQIKAIIIO
JUKEpeNn  TIOoCTayaHHs, pe3epByBaHHS  3amaciB i
BUKOPUCTAHHS aJIbTEPHATHBHUX TPAHCHOPTHUX MapLIPYTiB.
3 MeToI0 30epeKeHHs] KOHKYPEHTHHX IiepeBar HeoOXiaHO
BIIPOBA/DKYBAaTH IHHOBAIlii B JIOTICTUYHUX IPOIECAX
Ta BIOCKOHAIIOBATH CHUCTEMH YIPABIIHHSA SKICTIO.

Bupimiennst npoGinemu HeeEeKTUBHOTO — YIpaBIiHHS

JJAHOOIOTOM  ITOCTAa4YaHHA nepez(6aqa€ BCTAaHOBJICHHA

MapTHEPCHKUX BiTHOCHH 3 MocTavyaabHUKaAMHU
1 3aCTOCYBaHHSA NEpPENOBUX TEXHOJOTIH y JOTICTHIIL.

[MpobGnemu 3i CKIAICHKHM YIPaBIiHHAM IOTPEOYIOTH

BIPOBA/DKEHHSI TEXHOJIOTIH Ta BIOCKOHAICHHS CHCTEM
YIIPaBJIHHS 3aracaMu.

HaykxoBoio HOBH3HOIO € pO3pOOJICHHS CHCTEMHOI
MOJIeNi JIOTICTUYHUX PH3UKIB BUPOOHUYOTO MiJIIPUEMCTBA,
y fKii, Ha BiIMIHY BiJl HasBHHX MoJeleii, c(OpMOBaHO
JepeBa  aJbTepPHATHBHUX  pilleHb Ui 1poOiemM
JIOTICTUYHOTO JIaHIIoTa. BOHM J0moMararoTh aHai3yBaTH
QIbTEPHATHBU Ta X HACHiIKW, 100 00paTé HaiOLIBII
e(EeKTHBHUIA CIOCIO YIIPaBIIHHS MPOIECAMH JIOTiICTHIHOTO
JIAHIIOTa Ta 3MEHIICHHS PH3HKIB. 3aCTOCYBaHHS
3aMpOIIOHOBAHOT MOJENi B CTPATETIYHOMY YTIPaBIiHHI
Ja€ 3MOTy BHPOOHHYMM IIAMPUEMCTBAM IIiIBUIIUTH
e(QeKTHBHICTh JIOTICTHYHOTO JIAHIIOra 3a JOIOMOTIOH
BUOOpY VYNpPaBIIHCBKUX pilleHb (CIPSIMOBaHMX Ha
TIOJIIIIIEHHS] TapaMeTpiB dacy, BapTOCTI Ta HaAiHOCTI
pecypciB i
Y CKJIATHUX YMOBaX HEBU3HAUYEHOCTI Ta PU3HKIB.

JIONIPABJICHHS. ~ MaTepiaJIbHUX TOBapIB)
HamnpsiMoM monanipImx JTOCHiPKEHb € pO3pOOICHHS
Mojienel KOMyHIKalii y9acHHUKIB JIOTICTHYHOTO JIAHITIOTa

B Tmpoleci peajizamii 3a3HaYEHUX AJTBTEPHATUBHHUX

yBarm [0 OpraHiszamii  mpocTopy, e(EeKTUBHOTO pilLlIeHb.
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SYSTEM MODEL OF RISKS AND TREES OF ALTERNATIVE SOLUTIONS
FOR IMPROVING THE LOGISTICS CHAIN AT A MANUFACTURING ENTERPRISE

The subject of this article is the decision-making processes for improving the elements of the supply chain of a manufacturing
enterprise under conditions of uncertainty and risks. The purpose of the research is to reduce the time and cost of in supply
and distribution of products of manufacturing enterprises by considering possible risks through making rational management
decisions. The article addresses the following tasks: examination of the characteristics of supply chain elements; investigation
of the main problems of supply and distribution management and identification of ways to solve them; development of
a systemic model of logistic risks for a manufacturing enterprise; and formation of decision trees for alternative decisions in
strategic supply chain management at manufacturing enterprises. The methods applied include a systems approach,
structural decomposition methods, a risk-oriented approach. The following results were obtained: features and problems
of supply chain elements such as supply, production, storage, and distribution were examined and identified; main supply
chain management tasks were investigated and solutions identified; problems in warehouse management were pinpointed;
internal and external supply risks were identified; a systemic model of logistic risks for a manufacturing enterprise was
formed, which main components are logistic problems, partial risks, their consequences, and possible management
decisions to mitigate risks; decision trees were built for problems of raw material supply instability and transportation
bottlenecks and delays; an alternative decision diagram was constructed for an illustrative example. Conclusions: To overcome
the problem of raw material supply instability, it is recommended to develop diversification of supply sources, stock reservation,
and the use of alternative transport routes. Building alternative decision trees in strategic management is an effective tool
for making rational decisions by manufacturing enterprises in complex conditions of uncertainty and risks. They help to analyze
alternatives and their consequences to choose a path to optimize the supply chain.

Keywords: supply chain; supply; distribution; manufacturing enterprise; risks; alternative decisions.
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S. SEMENOV, S. YENHALYCHEV, M. POCHEBUT, O. SITNIKOVA

MODELS OF DATA PROCESSING
AND LOGICAL ACCESS SEGREGATION CONSIDERING
THE HETEROGENEITY OF ENTITIES IN INFORMATION SYSTEMS

The subject of the research is the process of logical access segregation to data in information systems. The aim of the article
is to improve the accuracy and reliability of modeling processes for data processing and logical access segregation considering
the heterogeneity of entities in information systems. The tasks to be solved include: conducting a comparative analysis
of modern data access distribution models, integrating simpler role-based models, synthesizing hierarchical role-based models,
developing enforced typing models based on trust relationships, and presenting the main provisions of the security policy
integration process. The methods used are: systems analysis, component design, logical and simulation modeling in the form
of role-based access segregation models. The results obtained include: development of data processing models and logical
access segregation in information systems that take into account the heterogeneity of entities and the multi-level structure
of information systems. The models differ from known ones by considering the heterogeneity of entities and the multi-level
structure of information systems. This has increased scalability by up to 35% due to a modular approach to defining security
policies. Additionally, the developed model demonstrates 25% higher implementation practicality as it easily integrates
with existing access control systems and adapts to various platforms and environments. The proposed models are effective
for large information systems and distributed environments due to their modularity and ability to adapt to different
operational conditions. This ensures reliable access control in systems with numerous subjects and objects. The implementation

of multi-level RBAC models has improved the accuracy and reliability of results.

Keywords: mathematical model; role-based model; data access segregation; security policies.

Introduction

Literature analysis

In today's world, information systems have
become an integral part of many organizations and
institutions. Effective data management and data
security are key tasks for any information system.
Considering the diversity and complexity of modern
systems, there is a need to develop and implement
reliable models of information processing and logical
segregation of access to it. Particular attention should be
LASDE (logical

segregation and distribution of entities) models, which

paid to the multi-level access

allow avoiding incorrect information flows even
when attackers control privileged accounts.

The article is devoted to the study of the advantages
and features of using multi-level LASDE models to
ensure information security in complex distributed
systems. The main attention is paid to the integration of
such models to prevent the occurrence of information
flows that contradict the security policies of the system
components. The conditions for the correct integration of
various information systems based on LASDE models
and the corresponding trust relations between the subjects

of these systems are also considered.

Studies have shown considerable interest on the
part of modern authors in analyzing and synthesizing
data access segregation models. For example, article [1]
offers a thorough review of multi-level security models
and the specifics of their application in distributed
The
approaches to data access and processing segregation,

systems. authors describe in detail various
including the use of lattice structures. The main drawback
of this work is that it focuses mainly on theoretical
aspects with little attention to practical implementation
and real-world use cases.

Article [2] provides a comprehensive analysis of
access control mechanisms adapted to heterogeneous
information systems. Particular attention is paid to
the flexibility and scalability of the proposed solutions.
The disadvantage is the difficulty of implementing
the described mechanisms in large systems due to high
resource requirements.

Paper [3] investigates the issues of integrating
security policies in complex systems, proposing methods
for coordinating different policies with each other.

The main drawback is the lack of attention to dynamic
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changes in systems, which can lead to problems with
maintaining the relevance of security policies.

The authors of [4] emphasize the importance of
trust between system actors to ensure data security and
describe several trust-based models. The disadvantage is
the difficulty of formalizing and assessing the level
of trust, which can affect the accuracy and reliability
of the models.

Paper [5] focuses on role-based access control
(RBAC) and its adaptation to heterogeneous information
systems, emphasizing the flexibility and efficiency
of RBAC. Unfortunately, potential issues related to the
scalability of RBAC in very large systems may become
a problem in the practical implementation of the
proposed solutions.

The authors of [6] explore hierarchical security
models, focusing on their application in cloud
environments. In addition, they highlight the advantages
of multi-level security for data protection in the cloud.
The disadvantage of this work is the limited attention
to security issues in the process of integration with
traditional systems.

Paper [7] proposes dynamic access control models
for Internet of Things (IoT) systems and analyzes their
ability to adapt to changes in real time. Unfortunately,
the high complexity and low accuracy of the results in
the context of limited resources of IoT devices hinder
the practical implementation of this work.

Paper [8] analyzes and investigates methods for
integrating security policies in distributed networks
and proposes tools for coordinating heterogeneous
policies. The authors of this work aimed to formulate
an unambiguous solution for heterogeneous systems
and combine them in a single model. The disadvantage
of the work is the lack of attention to the scalability
of the proposed solutions, which lies in the practical
plane of implementation.

Study [9] proposes a model of the process of
planning data dissemination tasks, considering the
differences between organizations. The peculiarity of the
model is that it considers the heterogeneity of entities by
adding additional blocks for their analysis and adaptation
to the available capabilities of processor and other
resources. During the modeling, the concept of "entities"
was classified, a flowchart of entity flow for planning
systems was developed and studied. A generalized model
for scheduling tasks and entities with dependencies was
also developed. The modeling was carried out with the
introduction of GERT network technology. As a result,
we obtained GERT networks of the distribution task

planning process for a separate n-th set of data types.
The advantage of this model is that it can be used in
various applications. In addition, it is necessary to
emphasize the importance of improving and expanding
external factors that affect the reliability and accuracy
of modeling results.

Article [10] illustrates the results of a study of
policy-oriented access control models, drawing attention
to their
The disadvantage is the high complexity of setting up and

effectiveness in distributed environments.
maintaining security policies in changing environments.

Similar shortcomings are observed in the
monograph [11], which analyzes various models of
access distribution in computerized systems of critical
applications.

Article [12] presents the results of developing
a mathematical model of the problem for the method
based on Carlin's lemma, as well as creating
a mathematical model of the problem for the method
based on Hermeyer's theorem. Unfortunately, the authors
do not investigate the issues related to the need to
consider the heterogeneity of entities and the multilevel
construction of information structures.

In [13], the subject of study is the dynamics of the
probability distribution of states of a semi-Markov
system. At the same time, the goal is to develop
a technology for determining analytical relations that
formalize the probabilities of states of a semi-Markov
system. However, the authors left out the variety of
input external factors, as in [12], as well as the variety
of external factors.

The variety of external factors and the heterogeneity
of entities in the modeling process are analyzed by the
researchers of [14]. However, the complexity was not
taken into account.

Another interesting example of mathematical modeling
is [15]. Its purpose is to develop decision-making models
for choosing risk countermeasures. The authors considered
the probabilistic types of risks of an innovation project,
as well as methods for assessing them under conditions of
uncertainty. An example of such a modeling approach
can be used to improve the existing development and
identify individual elements of the process of logical
segregation of data access, considering the heterogeneity
of entities in information systems.

The analysis of literature shows that there are many
approaches to the creation and implementation of data
processing and access control models in heterogeneous
information systems. Each of these approaches has its

advantages and disadvantages, which requires careful
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selection of the model depending on the specific
requirements and operating conditions of the system.
Implementation of multi-level LASDE models can
significantly increase the level of accuracy and reliability
of the results achieved. However, it is necessary to
consider the complexity of their implementation and
the need for constant monitoring and adaptation to
changes in the system.

Thus, the synthesis and integration of role-based
models for processing and logical segregation of data
access, considering various factors, including the
heterogeneity of entities in information systems, to
improve the accuracy of modeling results is an important

scientific task.

Main part

1. Combining the simplest role models

To analyze the mechanisms of combining role
models of logical access segregation of heterogeneity of
entities, there is a need for an auxiliary concept called
the correct set of privileges.

Let the following sets be given in the information
system A4 :

— P, called the set of privileges;

— R, called the set of roles;

— U, called the set of users;

— § , called the set of subjects;
and the following relationships:

— RPC RxP,;

— RUcCRxU;

— RSCcRxS ;
and reproduction u: S > U .

For any s€S and re R the following condition

is met: (r, s) € RS means that (r, u(s)) eRU .

In this case, it is assumed that system A has
a LASDE role model, which will also be called the
RBAC model.

In the proposed model, for any user u, subject s,
and role r, we denote:

R(u):{reR:(r, u)eRU}; )]
R(s):{reR:(r, s)eRS}; )
P(r)z{peP:(r,p)eRP}. 3)

It is obvious that R(s)c R(u(s)) . If the privilege

pc P(r) , we assume that the role » has the privilege p .

Suppose an information system A uses a security
policy based on the LASDE RBAC model with a set
of privileges P . The set of privileges P'c P is called

correct if there exist

P'=P(1)u...uP(r,).

roles r,..,r, such that

For further considerations, it is necessary to have
a property of the correct privilege sets, which is
formulated as follows.

Any combination of valid privilege subsets is
a correct privilege subset.

Let us prove this statement. Let B,..., P, be correct
sets of privileges, and let P'=BuU...UP, be their
combination. Let F,...,P, be the sets of roles such that
forany j P, =ureRP(r).

Let R'=RU..UR,, then P'=ureRP(r).

This means that P’ is a correct set of privileges.

Using these auxiliary concepts, the following
necessary and sufficient conditions are formulated and
proved under which it is possible to combine LASDE
role models for information system objects.

Let information subsystems 4 and B have security
policies based on the LASDE RBAC model. Let
system C contain objects of subsystems A4 and B and
have a security policy based on the LASDE RBAC
model. Suppose that the set of privileges of system C is

P(C)=P(A4)UP(B), and the restriction of the LASDE
model of system C on each of the subsystems coincides
with the local LAS model of this subsystem. In this case,

the combination of the LASDE models of subsystems A
and B in the LASDE model of system C can be

expressed by means of trust relations if and only if when
for any role r, of system C, the set of its privileges

P(r.) has the form P(r)=P,(r)UP,(r), where the

sets  of privileges P, (r)=P(r)nP(4) and

P, (r)=P(r)nP(B) are correct from the standpoint
of local LASDE models of systems 4 and B .

The proof of this statement, if "necessary,” is as
follows. Let 7, , and 7, , be the trust relation between
systems A and B. Let SA be an arbitrary subject of
system A4 with a single role 7. (S,). Let B.(S,) be the
set of privileges of this subject (and hence the specified
role) in system C. Let P,(S,)=F.(S,)nP(4) and

P, (S,)=PC(S,)nP(B) be the restrictions of the set




146

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

Innovative technologies and scientific solutions for industries. 2024. No. 2 (28)

of privileges of the subject S, to each of the subsystems.
According to the condition of the theorem, the set

of privileges P,(S,) is correct, since it is the set

of privileges of the subject S, in system 4.

Let S;,,....S;, be the subjects of system B that
trust §,. Let 7,,,..,7,, be all the roles of all
subjects S, ;, numbered in any order. Then the

set P;(S,) has the form PB(SA):ujP(rB,/.) and is

the correct set of privileges of system B .

The proof of sufficiency can be formulated as
follows. Given that the sets of privileges of each role of
system C in each of the subsystems of this system
are correct, it follows that the sets of privileges of
each subject of system C in each of the subsystems are

also correct. Take an arbitrary subject S, in system A4 .

Let r,...,r, such that

n

be the roles in system B
Py(S,)=u,P(r,). The set PB(S4)=PC(S4)nP(B)
is the set of privileges of system B possessed by the
subject §,. According to the condition of the theorem,

such roles exist. Let's add to system B a subject S, that
has the roles #,...,7, , and no others. Suppose that in this
case S, trusts S,. In this way, the trust relation 7,

relation T ,

is constructed. Similarly, the trust
is constructed.

Thus, the necessary and sufficient conditions have
been achieved that guarantee the possibility of expressing
the LASDE role model of a distributed information
system through the LASDE models of its components

using trust relations.
2. Synthesis of hierarchical role models

It should be noted that, unfortunately, in the
hierarchical construction of an information system and in
the conditions of heterogeneity of the processed entities,
the above theses and proposals have a limitation in terms
of sufficiency. Let us prove this limitation. Let us assume
that system B has three privileges F,, P, and P

and three roles 7, r, and 7. Each of the roles has
a corresponding privilege and does not have the
other two. Suppose in this case 7, <r,, and the role #

cannot be compared with the other two. Suppose that,
according to the combined LASDE model of systems A4

and B, subject 4 of system A has privileges (P, B,),
where B, is some privilege of system 4. Under this
condition, the set P .(S,)nP(B) containing one

privilege P, is correct. However, such a LASDE model

cannot be derived from the LASDE models of systems A
and B using trust relations. In fact, for entity a to have
privilege P,, there must be an entity b in system B that

trusts him and has privilege P,, and hence role r,.

However, in this case, entity b also has privilege P,

which entity a does not have. Thus, the sufficiency
thesis formulated above is incorrect for hierarchical
LASDE role models.

In view of the above, it is necessary to investigate
the conditions that guarantee the possibility of adapting
and integrating hierarchical role models to the conditions
of heterogeneity of the processed entities. As in the
case of the LASDE RBAC model, for further work
it is necessary to define the concept of a correct set
of privileges.

A set of privileges P'< P is called correct in

the hierarchical sense if there are such roles 7#,...,r,

that P=u, e R, U, <r,P(r).

Any combination of privilege sets that are correct
in the hierarchical sense is correct in the hierarchical
sense of privilege sets.

We can prove this statement. Let B,...,P, be sets

of privileges correct in the hierarchical sense,

P'=Ru...0UP, their combinations. Let R,...,R, -

such sets of roles that for any j

P =UreRjur'<rP(r'). That means that P' is

a hierarchically correct set of privileges.
Obviously, any hierarchically correct set of
privileges is also correct with respect to a simple LASDE
role model. However, the opposite statement is incorrect.
Taking into account the proposed intermediate
concepts, we formulate

and prove a necessary

and sufficient condition under which hierarchical
LASDE role models for information system objects
can be combined.

Let information systems A and B have security
policies based on the hierarchical role model LASDE.
Let system C contain the objects of systems A4 and B,
and also have a security policy based on the hierarchical
role model LASDE. Suppose that the set of privileges

of system C is P(C)=P(A)UP(B), and the
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restriction of the LASDE model of system C to each of
the subsystems coincides with the local LASDE model
of this subsystem. In this case, the combination of
LASDE models of systems A4 and B in the LASDE

model of system C can be expressed by means

of trust relations if and only if when for any role r. of
system C, the set of its privileges P(r.) has the form
P(r.)=P,(r.)UP,(r.), where the sets of privileges
P,(r.)=P(r.)nP(A) and P, (r.)=P(r.)UP(B) are
correct in the hierarchical sense with respect to the local
LASDE models of systems A4 and B .

Thus, a necessary and sufficient condition has been
achieved that guarantees the possibility of expressing
the hierarchical LASDE role model of a distributed
information system through the LASDE models of
its components using trust relations. This condition is
similar to the corresponding condition for LASDE RBAC

models and is also wvalid in most practically used
information systems.

3. Mandatory typing models based
on trust relationships

Another widely used type of logical data access
segregation model is the mandatory typing model based
on trust relationships.

Mandatory Typing Models are used to control
access to information systems by establishing clear rules
and restrictions that depend on the types of objects and
subjects. In these models, all actions and accesses are
controlled based on predefined types, which reduces the
risk of unauthorized access and increases system security.
Our research has shown the main components and
principles of such models. Let's list them.

1. Types of objects and subjects. All objects and
subjects of the system are classified by type. Types
determine the level of secrecy, sensitivity, or other
properties important for security.

2. Mandatory access control. Relationships between
types determine which subjects can interact with certain
objects. For example, subjects with a certain type of
access are able to read or write only those objects that
correspond to their type or a lower level of secrecy.

3. Security policies. They establish the rules by
which access to objects is granted and may include
aspects such as access permission/denial, mandatory
audit of actions, and other security measures.

4. Integration of policies. Mandatory typing models
can be integrated with other security models to create
more complex access control systems. In this case, it is
important to ensure correct integration to avoid security
policy violations.

5. Determinism. Mandatory typing models must
be deterministic, meaning that the system's behavior
must be predictable and unambiguous given the input
data and rules.

6. Protection against information leaks. The main
goal is to prevent unauthorized information leaks, even
if an attacker gains control of privileged accounts.

Mandatory typing models are an effective tool for
ensuring a high level of security in information systems,
especially in environments where it is important to
prevent unauthorized information leaks.

For the LASDE model of forced typing, we will
formulate and prove a criterion for the possibility of
merging, similar to the corresponding criterion for the
possibility of merging LASDE role models. To formulate
this criterion, we need to use the concept of privileges in
the LASDE model of forced typing. It is also necessary to
add an auxiliary object, which we will call the correct set
of privileges. In this case, a set of privileges P is called
correct if there exist types ¢,...,¢, such that all privileges

of each type ¢, are contained in the set P, and each
privilege in P belongs to at least one of the types ¢, .

This definition means that the set of privileges is
correct if it is the set of privileges of some set of subjects.
The following necessary and sufficient condition for the
integration of LASDE models of forced typing is achieved.

Let information subsystems 4 and B have security
policies based on the LASDE model of forced typing.
Suppose system C consists of objects from subsystems
A and B and also uses the LASDE forced typing model.
At the same time, all three systems have the same sets of
classes and accesses, and the class of each object in
system C is the same as in the corresponding subsystem.
Such a unification of forced typing models can be
expressed by means of trust relations if and only if the
set of access rights of each subject to the objects of
each subsystem is a correct subset of the privileges
of this subsystem.

The proof of necessity within the framework of

this thesis can be as follows. Let 7'(4,B) and T(B,A)

be the trust relation between systems A4 and B . Let S,

be any subject of system A . The set of access rights of
the subject S, to the objects of system A4 corresponds to
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the set of privileges of the type of this subject and,
therefore, is correct. It remains to prove the statement
for the access of the subject S, to the objects of

system B. Let S;,...,5,, be the subjects of system B
that trust S, and let ¢,...,¢, be their types. Then the set
of accesses of the subject S, to the objects of system B

corresponds to the combined set of privileges of
these types.

The proof of sufficiency is as follows. Let us take
an arbitrary subject S, insystem 4. Let ¢,...,¢, be such

types in system B that the set of access of the subject S,

to the objects of system B is the combination of the sets
of privileges of these types. By the terms of the theorem,

such types exist. In this case, the subject §, must be

trusted by the subjects of system B that have types
f,...,t, and no other types. Note that all types that have

any privileges are domains, so for each type ¢, in

system B there is at least one entity that has this type.
Thus, the trust relation 7'(4,B) is built. Similarly, the

trust relation 7 (B, A4) is constructed.

Thus, a criterion has been obtained that determines
the possibility of combining LASDE models of
mandatory typing using trust relations, similar to the
criteria that determine the possibility of combining
LASDE role models. This condition makes it possible
to substantiate the correctness of the functioning of
the mechanisms for controlling the access of subjects
to remote objects of information systems, the components
of which wuse software tools for access control,
implementing the LASDE model of forced typing,

considered in the future.

4. The main provisions of the process
of security policies integration

As noted above, one of the important advantages
of using multi-level LASDE models in information
system security mechanisms is that they help to avoid
the creation of information flows by an attacker that
contradict the established security policy, even if he controls
privileged accounts. To fully utilize these advantages,
it is necessary to avoid creating information flows that
violate the security policies of the components of the
information system when combining LASDE models.

As a result of combining multi-level LASDE
models for information system objects distributed in

a network environment, special attention should be paid
to measures to prevent the emergence of top-down
information flows that use objects of other components.
Taking this into account, we propose the following
definition of the correct integration of multi-level
LASDE models.

Let information systems A4 and B have security
LASDE model.
Let system C, which contains objects of systems A

policies based on a multi-level
and B, also have a security policy based on the
LASDE multilevel model. In systems 4 and B, there
should be no bottom-up information flows that contradict
the LASDE model of the security policy of system C.
In this case, system C can be considered a correct
combination of systems 4 and B .

This statement allows us to formulate the following
assumption: let systems 4 and B have security policies
based on the LASDE multi-level model, and both
systems have at least one subject at each level of secrecy.
Suppose that the correct association of the multi-level
LASDE models of systems 4 and B can be expressed
through the trust relation between the subjects of systems
A and B . Then the value lattices of systems 4 and B
are isomorphic to each other, and the value lattice of
system C, which is the combination of systems A4
and B, is also isomorphic to them.

Let us prove this statement. Let S, and S, be any

subjects of system A . Ifin system C subjects S, and S,

are at the same level of secrecy, then in system A4 they
are also at the same level of secrecy.

Suppose that information systems 4 and B have
security policies based on the LASDE multi-level model.
Suppose that system C, which contains objects of
systems 4 and B, also has a security policy based on
the LASDE multi-level model. In systems 4 and B,
there should be no top-down information flows that
contradict the LASDE model of the security policy of
system C . In this case, system C can be considered
a correct combination of systems 4 and B .

This statement allows us to make the following
assumption: let systems 4 and B have security policies
based on the LASDE multi-level model, and both
systems have at least one subject at each level of secrecy.
Suppose that the correct association of the multi-level
LASDE models of systems A4 and B can be expressed
through the trust relation between the subjects of systems
A and B . Then the value lattices of systems 4 and B
are isomorphic to each other, and the value lattice of




Cyuacnuii cman HAYKOBUX 00CNiOH#CeHb ma mexHonoziu 6 npomuciosocmi. 2024. No2 (28)

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

system C, which is the combination of systems A4
and B, is also isomorphic to them.
Let us prove the statement. Let S, and S, be any

subjects of system A . Ifin system C subjects S, and S,

are at the same level of secrecy, then in system A4 they
are also at the same level of secrecy.
Proof from the opposite. Suppose that subjects S,

and S, are at different levels of secrecy in system A .

Without limiting the generality, we assume that if the

levels of secrecy of subjects S, and §, are comparable,
then S, is higher than §,. Then in system A there is

an object O, read access to which is allowed to subject

S, , but denied to subject S,. However, object O is also
an object of system C, in which subjects S, and S, have

the same access rights to it as in system 4. Therefore,

in system C, subjects S, and S, are at different levels of

secrecy. This contradiction proves the statement.
Let S, and S, be subjects of system A4 that are at

the same level of secrecy in system A4. Then in the
LASDE model of system C, the access rights to all

objects of system B are the same for subjects S, and S, .
Proof of the opposite. Let O, be an object of
system B . Let the subject §,, in accordance with the

security policy of system C, has read access to the

object O,, and the subject S, does not have such a right.
Let O, be an object of system A that is located at the
same level of secrecy as S, and §,. Subject S, has read
access to object O,, so in the value lattice of system C,
subject S, is either above or at the same level as
object O,. Entity S, has write access to object O,, and
therefore object O, is either above or at the same level
as entity §,. Finally, entity S, has read access to the O,
object. This means that S, is located in the value lattice
of the system C either above or at the same level as the
object O,. Let the function L(O) define the level of
secrecy of object O in system C, then L(O,)<L(S,).
This means that S, must have read access to the
object O,. Similarly, we consider the situation when the
subject §,, in accordance with the security policy of
system C, has write access to the object O,, and the

subject S, does not have such access.

Let §, and S, be subjects of system A. Then
subjects S, and S, have the same level of secrecy in
system A if and only if they have the same level of
secrecy in system C .

Let's prove this statement. It is known that if §,
and S, are at the same level of secrecy in system C,
then they are at the same level of secrecy in system A .

It is necessary to prove the opposite statement. Suppose
that subjects S, and S, are at the same level of secrecy in

system A. Then all access rights to the objects of
system A are the same for subjects S, and §,. However,

by the previous lemma, all access rights to all objects

in system B are also the same for subjects S, and S, .
For this reason, subjects S, and §, have the same

access rights in system C, i.e., they are at the same
level of secrecy in this system.

Thus, it has been shown that multilevel LASDE
models can be combined by means of trust relations only
in some cases. This means that the use of a multilevel
LASDE model to control the access of subjects to objects
of a complex information system distributed in a network
environment is possible only when the value lattices of
all components of the controlled information system are
isomorphic to each other.

5. Comparative studies

LASDE model has
a number of advantages. Fig. 1

The proposed multilevel
shows diagrams
comparing the main characteristics: accuracy, reliability,
flexibility, scalability, and practicality of implementation.

These indicators were obtained by comparative
testing of the developed model with the existing ones
using the developed simulation model. In this model,
each characteristic was evaluated under conditions
of artificial segregation of access to data and using
simulation of heterogeneity of entities. In this case,
the scalability of the model was assessed based on
its performance with increasing data volume.
The practicality of implementation was assessed by the
complexity (number of steps) of the configuration.
The flexibility of the model settings was determined by
the number of elements of access parameter detail
that could be configured. To evaluate the accuracy,
the characteristic of the average absolute error was
considered. The coefficient of variation was used to

assess the reliability.
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Fig. 1. Diagrams comparing the main characteristics of the developed model

As can be seen from Fig. 1, the proposed model
provides a more detailed and accurate approach to
modeling security policies using lattice structures, which
allows taking into account the complex relationships
between subjects and objects of the system. In contrast
to BLP and Biba, which focus on only one aspect
the model proposed
in this paper provides a comprehensive approach

(confidentiality or integrity),
to both aspects. The modeling accuracy is increased
by 30% compared to the BLP model and by 25%
compared to the Biba model due to the integration
of multilevel aspects.

Also, the use of a multi-level model allows you to
achieve high reliability of the results due to the accurate
definition of access policies and their coordination
between different components of the system. This is
especially important in distributed environments where
the integration of different security policies can be
difficult. The reliability of the results is increased by
20% compared to the Clark-Wilson model due to a more
accurate definition of access levels and control of
interactions between components.

In addition, the model provides high flexibility in
customizing security policies for different access levels
and heterogeneous system components. This makes it
easier to adapt to changes in security requirements and
organizational structures. The flexibility of the model is

increased by 40% compared to RBAC due to the ability to
customize access levels for each entity in detail.

The proposed model is designed to be scalable,
which makes it possible to effectively use it in large
information systems with numerous subjects and objects.
Scalability is increased by 35% compared to the BLP
model due to the use of a modular approach to defining
security policies.

The model can be easily integrated with existing
access control systems and can be adapted to different
platforms and environments. This ensures its versatility
and ease of use. The practicality of implementation is
increased by 25% compared to the Clark-Wilson model
due to the ease of integration and configuration.

Conclusion

Thus, a model for

segregation of access to data in information systems

processing and logical
has been developed. The proposed model differs from
the known ones in that it considers the heterogeneity
of entities and has a multi-level construction of
information structures. This made it possible to increase
scalability by up to 35% due to a modular approach
to defining security policies. The developed model
a 25%

implementation, as it can be easily integrated with

also demonstrates higher practicality of
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existing access control systems and adapted to different
platforms and environments.

In addition, the model outperforms RBAC in terms
of customization flexibility, increasing it by 40% due to
the ability to fine-tune access levels for each subject.
This makes it easier to adapt to changes in security
requirements and organizational structures.

All this helped to achieve high efficiency in using
the model in large information systems and distributed
environments. The proposed model is effective for
distributed systems due to its modularity and ability to

adapt to different operating conditions. It can be used in
systems with numerous subjects and objects, providing
reliable access control.

The introduction of multi-level LASDE models has
significantly increased the level of accuracy and
reliability of the results achieved. However, it is
necessary to consider the complexity of their
implementation and the need for constant monitoring
and adaptation to changes in the system, as well as
to improve and expand external factors that affect

the reliability and accuracy of modeling results.
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MOJAEJII ONPALIOBAHHS TA JIOTTYHOI'O POSMEXYBAHHSA
JOCTYIY IO JAHHMX 3 OTJISAY HA PI3HOPIZTHOCTI CYTHOCTEN
B THOOPMAIIIMHUX CUCTEMAX

IIpeameroM aociaizkeHHs € MpOIEC JOTIYHOTO PO3MEXYBAaHHS NOCTYIY 0 JaHHX B iHQoOpMamiiHUX cucreMax. Mera craTTi —
IiIBUIICHHS] TOYHOCTI Ta JOCTOBIPHOCTI Pe3yJIbTaTiB MOJCIIOBAHHS MPOLECIB OMPAIIOBAHHS Ta JOTIYHOTO PO3MEKYBAHHS JOCTYILY
JIO JTaHWX, 3BAKAIOYM HA PI3HOPIJHICTH CYTHOCTEW B iH(OpMamiiHUX cUcTeMax. 3aBIaHHS, 110 HEOOXiTHO BHKOHATH: MOPIBHATH
cydacHi MoJeni po3MOAUTYy JOCTYIy IO JaHWX; 00’€THATH MPOCTINIi POJBOBI MOAENI; CHHTE3YBaTH i€papXidHi POJIOBI MOJENI;
PO3pOOHTH MOJIeINi MPUMYCOBOI THITi3allii Ha OCHOBI BiIHOIIEHB JTOBIpH; 3alIPOIIOHYBATH OCHOBHI IOJIOXKEHHS MpoIecy 00’ €IHaHHS
noniTvk Oe3neku. 3acTocoBaHi MeTOAW: CUCTEMHHI aHalli3, KOMIOHEHTHE MPOEKTYBAaHHI, JIOTIYHE Ta iMITalliiiHE MOJAETIOBaHHS
Yy BHIJSII POJILOBUX MoJedel po3MexyBaHHS HocTyiy. JlocsirHyTi pe3yiabTaTH: poO3poOJIEHO MOJEi ONpalfoBaHHS JaHUX
Ta JIOTIYHOTO PO3MEXKYBAaHHS JOCTYITy B iHPOpMAIiHHIX CHCTEMaX, 0 OEPyTh 10 yBAard pi3HOPIMHICTH CYTHOCTEH Ta OaraTopiBHEBY
noOy0By iHGOPMAIIMHUX CTPYKTYp. Mogeni BiApi3HAIOTBCS BiJ BIJOMHX THM, IIO 3BaXalOTh Ha PI3HOPIIHOCTI CyTHOCTEH
Ta OaraTtopiBHeBiCTh MOOyIOBH iHpoOpMauiiiHux crpykryp. Lle mamo 3mory miaBMIIMTH MacmtaboBaHicTh A0 35% 3aBAsKH
MOZIYJBHOMY IJXOAY A0 BU3HAUCHHS NONITHK Oe3meku. Takoxk po3poOieHa MoJedb JAEMOHCTPYE BHINY HPAKTHYHICTH peaizaril
Ha 25%, OCKIIBKM JIETKO IHTETpyeThCs 3 HAsBHUMH CHCTEMaMH KOHTPOJIIO JOCTYIly Ta aJalTyeThes ISl PI3HHUX IIIaThopM
i cepenoBun. BucHOBKHU. 3anporoHOBaHi MoJeni €(eKTHBHI A BENHKHX 1HQOPMAIIHHUX CHCTEM 1 PO3MOIUIEHUX CEepEeIOBHIL
3aBISKU CBOI MOAYJIBHOCTI Ta 3JaTHOCTI aJanTyBaTHCs IO Pi3HUX yMOB ekciutyarauii. Ile 3abe3medye HamiiHMH KOHTPOIb
JIOCTYITY B CHCTEMaX 3 YHCICHHUMH Cy0’ €KTaMu Ta 00’ ekTaMH. Y IpoBaKeHHs OaraTopiBHeBux Mozenei JIPIPC migBummino piBeHb
TOYHOCTI Ta JJOCTOBIPHOCTI PE3yNbTATiB.
Ki11040Bi c10Ba: MaTeMaTHUHA MOJIEIb; POIBOBA MOJEIB; PO3MEXKYBAaHHS IOCTYITY A0 JaHUX; NOJITUKU OE3MEKH.
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I. COJIOBEM, O. BOPOUYEK

YHNPOBA/IKEHHA METOAIB IITYYHOI'O IHTEJIEKTY
B IPOINECU ABTOMATHU30BAHOI'O ITPOI'HO3YBAHHA IIOKA3HUKIB
ITPOEKTIB I3 PO3POBJIEHHSA TIPOTPAMHUX CUCTEM

IIpeameToM aoCTiIKEHHSI € TPOIECH ABTOMATH30BAHOTO MPOTHO3YBAaHHS IMOKA3HUKIB IMPOEKTIB i3 PO3POOJICHHS HPOTrpaMHHX
CHCTEM, IO 3a3BHYail MUIATalOTh OIIHIOBAHHIO, a TaKOXX METOAM W MOJENI IUTYYHOTO 1HTENEeKTY, SKi MOXXYTh OyTH 3aCTOCOBaHI
Ul TeHepanii 0a30BHMX IIAONOHIB JOPOXKHIX KapT 1 MicisonepauiifHUX NepelikiB poOiT Ta aJbTepHATHBHUX OILIHOK 3aJIC)KHO
Bil KOHTEKCTy. MeTa Ppo0dOTH — IOCHI/UKEHHS MOMIIMBOCTI BIIPOBa/DKEHHS Ta e(EeKTHBHOCTI METOJIB INTYYHOTO IHTEJICKTY
y CTBOPEHHI CHCTEMH [UIsi aBTOMAaTH30BAaHOTO MNPOTHO3YBAHHS aJbTEPHATHBHHX OILIHOK IPOTPAMHOTO MHPOAYKTY. Y CTarTi
PO3B’A3YIOTBCS Taki 3aBJAHHA: BU3HAYCHHS €TAlliB, OB S3aHHX 3 OI[IHIOBAHHSAM AalbTEPHATHB Yy JKUTTEBOMY IHKII IPOEKTY
3 PpO3poOJIeHHs MPOrpaMHOTO TPOXYKTY; BHBUCHHS IIPOOJEM IIPOTHO3YBAaHHS Ta OCHOBHHUX (DaKkTOPiB, IO BIUIMBAIOTh
Ha KIHIIEBI MMOKAa3HHUKHU; JOCIHIIPKEHHS METOMIB MPOTHO3YBaHHA, IO MOXKYTh OYTH BIPOBaKEHI U peajizamii OGaraToBapiaHTHOTO
OLIHIOBAHHS MPOEKTY 3 PO3POOIICHHS MPOrPaMHOro NPoayKTy. CTaTTs NPUCBIYCHA BU3HAYCHHIO KOHLENTYaJIbHUX 3aCajl CTBOPEHHS
CHCTEM aBTOMATH30BaHOIO OIHIOBAHHS Ta NPOTHO3YBaHHSA Ha MiJACTaBi aHai3y e(eKTHBHOCTI OOpaHHMX MOJeNeil MAaIInHHOTO
HaBYaHHS. 3aCTOCOBYIOTHCSI TaKi METOM: OIIHIOBAHHS Ta NPOTHO3YBAHHS TPYIOBUTPAT y NPOEKTAX i3 po3poOJICHHS MPOrpaMHOTO
3a0e3MeyeHHs], MAIIMHHOTO Ta TNIMOOKOTrO HAaBYaHHS i OLIHIOBAaHHS 1X €(EKTHBHOCTI JUISl BHPIIICHHS NPOOJEMH NPOrHO3YBaHHS.
JlocArHyTi pe3yJbTaTH: BU3HAYECHO KOHILENTYalbHi 3acaJd CTBOPEHHS CHCTEM aBTOMATH30BAHOT'O OLIHIOBAHHS Ta IPOTHO3YBaHHS
Ha TJCTaBi aHaJi3y e(EeKTUBHOCTI OOpaHMX MOJeNiel MAIIMHHOTO HaBYaHHS, c()epH 3aCTOCYBAHHS METOMAIB LITYYHOTO IHTENIEKTY
B TIPOIIECi OLIHIOBAHHS ITOKAa3HUKIB IPOEKTIB i3 PO3POOIIEHHS NPOTrPaMHOTO 3a0e3NeUeHHs; OLIHEHO ITOKAa3HUKH HPOXYKTHBHOCTI
pi3HHX Mojeiell MallMHHOTO HABYaHHS 3a NEBHUMH NapaMeTpaMH OLIHKH MOAEINI, SKi XapaKTepH3yIThb TOYHICTH IPOTHO3iB;
3aIpONOHOBAHO KOHLENTYaJbHY apXiTeKTypy IpOrpaMHOro 3aco0y reHepauii JOPOXXHIX KapT MPOEKTY 3 BUKOPUCTaHHAM MOBHOI
mozieni GPT. BUCHOBKM: BHUKOPHCTaHHS METOMIB MAalIMHHOTO Ta TIIMOOKOr0 HAaBYaHHS MOKE MiJBHIIHUTH TOYHICTH MPOTHO3IB
OCHOBHHX MOKa3HHUKIB IIPOEKTY, 3a0€3MIEUYNTH MOXIIMBICTh THYYKOI reHepallil pi3HHX aJIbTepHaTUBHUX BapiaHTIB MIA0JIOHIB TOPOXKHIX
KapT 1 micsonepaniiHuX IMepetiKiB poOiT, 1o 3pOOHTH Mpolec IUIAHYBAaHHS Ta YNPABIiHHA OUTbII €()EKTHBHAM 1 MPO30PHM
3a YMOBH BHCOKOT'O PiBHSI HEBU3HAYEHOCTI BUMOT JIO TIPOEKTY.
Ki1i04oBi cj10Ba: OLiHIOBaHHS MPOEKTY; MPOTpaMHe 3a0e3MeUeHHs; MAIlIMHHE HABYaHHS; TeHePAaTHBHI MOJEII.

Beryn Oyayth "HeBimomi", SKi MOXXKHA BHUSBUTH JIUIIE TO/I,

KOJIM BOHM BUHHUKAIOTh.

V nam vac y coepi IT-inmycTpii pospobnserbes Bee KpiMm TOro, ydacHUKM NPOEKTIB (3allikaBieHi 0coOu

Oumpre ¥ OGinbIe MPOEKTIB, CTApTaIliB 1 PI3HOMAaHITHUX Ta CTOPOHH, NPHYETHI CTOPOHM, CTEHKIOIIEPH)

MPOAYKTIB, ajic IaJeKO HE BCi 3 HUX JOCATAIOThH YCIIiXY,
TOOTO 3aBEPIIYIOTHCS BUBEICHHSIM HA PHUHOK MPOAYKTY
a00 MOCIYrM BYACHO W Yy MeXax OIOKEeTy, HalaloTh
OUiKyBaHy IIIHHICTH 1 BIAMOBINAIOTH BHUMOTaM SKOCTI.
OCHOBHOKO MPUYMHOI HEBJadi MPOEKTIB € HEBIAMOBIIHA
OIliHKa OCHOBHHMX IIOKa3HUKIB pO3pOONEeHHA 1, fAK
Hachinok, BaprocTi. OCKUIBKM — OLIHKAa  BapTOCTI
MPOTPaMHOro 3a0e3MEUCHHS] € MPUPOTHO CKJIAHOIO,
JIFOJI YacTO MOMWIISIFOTBCSL B MPOTHO3YBaHHI aOCOJFOTHHX
pesynbTariB. JKOmHI IBa TPOEKTH HE € OJHAKOBHMHU:
KOKCH YHIKQJIBHUN 332 CBOEID METOK, 332 KOHTCKCTOM
BUKOHAaHHA Ta KIIOYOBHMH BHMMOTaMu. Po3B’s3aHHSA
mpobJsieM i Yac po3pOOJICHHS 3aBXKIU IPU3BOIUTH
II0 3MiH 00csATy poOiT, Yacy peaisaiii, BAPTOCTI TOIIO.

VYHacIiZIoK pI3HOMAHITTS PU3UKIB y TPOEKTI 3aBXKIH

He € onHakoBUMHU. KOXHHWI 3 HMX Mae BIacHUi HaOip

JTOCBITY,
JI0 PU3MKY Ta 3[aTHOCTI afanTyBaTucs. | 1e#f KOHTEKCT

3HaHb, LIHHOCTEH, OYiKyBaHb, CTaBJICHHS
TAKOXX 3MIHIOETBCS SIK IiJ Yac BUKOHAHHS OJHOTO
MIPOEKTY, TAK 1 MOCIIIOBHOI pealti3allii pi3HUX 3aB/aHb.
O1iHIOBaHHS — II€ ITEpaTHBHHUH MPOIEC; TOYHICTh
OLIIHKHM KOJIMBAETHCS BiJ JIyxke NpuOIM3HOi Ha etami inei
Ta 10 MAKCUMAJIFHO TOYHOI MicJsl 3aBEpLICHHS, 1 OJHUM
i3 HaWBaXIMBIIKMX 3aBAaHb MEHEKEpa Ta IHINKX
3aliKaBJICHUX OCI0 € OTpUMaHHs HaHOLIBII BIpOT1IHHUX
OLIHOK Ha OyJIb-IKOMY eTali J>KHUTTEBOTO ILIUKIY.
3aHWKEHUH OIOKET MOXKE NEepeKOHAaTH KEPiBHUITBO
pO3pOOUTH HOBI CHCTEMH, IO 3TOJOM IEPEBUIIATH
iX OMOJIDKET 1 He JOCATHYTHh OYiKyBaHOi BUTOAW. barato
BapTHX IPOEKTIB  CKacCOBYIOTBCS

yBaru gepes
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MEPEeBUTPATH BHACTINOK HEAKICHAX 1 HepeaTbHHUX
KOILITOPHCIB. Y TaKWil COCIiO KOMIIaHis BTpavyae mpuOyTOK
1 3a3Ha€ pemyTaliiHUX pPU3HKIB, HECPEKTHBHOIO CTaE
MaiOyTHs cCIiBIpansd 3 KII€EHTOM, a NPOJAYKT TaK i
HE BUXOJUTH Y BUKOPHCTAHHSI.

3 iHmoro OOKy, 3aBHIIEHI BHTPAaTH MOXYTh
MEepPEeKOHATH KEpiBHULTBO HE PO3POOJATH HOTECHUIHHO
KOPHCHI Konu  orinroBaui

CHCTEMHU. MIPOTHO3YIOTh

HEPCAJIbHO BHCOKI BUTpATH, o NEepeBUIYIOTh

MaKCHMaJIbHO JIOMyCTHUMI JUIsi BHIIPABAaHHS HOBOI

CHCTEMH 13 3HAYHUMH nepeBaramu, KCpiBHI/IHTBO,

SK  TpaBWJIO,  BIAMOBISIETBCS 1€ CXBaJlOBATH
fl BTpayae BUTOJIH.

[lle omHMM mNHTaHHSIM, SKE Ma€ BHPILNIYBaTHCh
i 9ac OIIHIOBAHHSA, — 1€ Tlepe0adyeHHs BIUIUBY Pi3HUX
MiAXOMIB O PO3POOJICHHS MPOTPaMHOIO TMPOIYKTY
Ha OTpUMaHi OIIIHKH OCHOBHHX ITOKAa3HUKIB IIPOEKTY.

B ouiHroBaHHI wacy, BapTocTi Ta 00cCsTiB poOIT

HEOOXigHO OpaTw [0 yBaru TaKOX Pi3HI MOXKIHBI

cmocoOM  peamizamii THX YH IHIIUX  CKJIaTHHKIB
NpOTpaMHUAX  CUCTeM. Tak, HalpHuKiaa, [OBTOPHE
BUKOPHUCTaHHS KOMIIOHEHTIB MOXE SIK 30UIBIINTH,

TaK 1 3MEHIIUTH TPYIOMICTKICTh 1 BapTICTb po3poOICHHS
MPOAYKTY.
JUIS OLIHIOBAaHHS TOTO, SKHUMH OYOyTh Ii BHUTPATH.

OTxe, TPOTHO3YBAHHS  3aCTOCOBYETHCS
[TporHo3u HIKOIH HE MOXYTh OYTH aOCOTFOTHO TOYHUMH,
aJle JalTh TapHy ysABY PO T€, Ha M0 YeKaTH, SKIIO
3aCTOCOBYIOTHCS BINMOBIMHI TexXHiKH. Jleski TEXHIKU
NPOTHO3YBAaHHS MEHII TOYHI, ale BHKOPHCTOBYIOTHCS
JUIsl TIOYaTKy IutaHyBaHHs. Komu ctae GUIbII TOCTYITHOIO
iH(opMaIIis, [Fhidii

MOXYTh  BIIPOBAJKyBaTHCA

TOYHI TEXHIKM TpOrHo3yBaHHsA. Mera uiei pobortu

moysira€ B JOCHIPKEHHI METONIB  MPOTHO3yBaHHS,
10 MOXYTb 3aCTOCOBYBATHCSl Y CTBOPEHHI MPOrpaMHOTO
3a0e3nedyeHHs] Ui aBTOMATH30BAHOTO IPOTHO3YBAaHHSI
OLIIHOK IMOBIpHMX Bapiamiii peaizauii Ta MOAU(IKyBaHHI

MPOTPaMHOTO HPOIYKTY.

AHaJni3 ocTaHHiX J0ocaiTKeHb i myoaikamii

3aranpHOBiIOMO, 10  KijbkicTe  IT-mpoekTiB
3aBEPIIYETHCS, TaK 1 HE JOCATAIOYH 3asABICHUX IIUICH,
i TOMY BB@XalOThCS HEYCHIMHUMHU. lle MOSCHIOETHCS
HEe(EKTHUBHUM  YTIPABIIHHAM  TPOEKTOM, TIOTaHUM
OIIIHIOBAHHSAM BUTPAT, HU3bKUMH BUMOTamu Tomio [1].
Hemonasus crarts SaasList mokasaina, 1o OOHH 13
mectu IT-npoektiB mnepesuniye Butparu Ha 200%,
a IT-npoextu 3 OromkeroMm moHalimMenme $ 1 muH
Maotb  Ha 50% HeBaayl

Ounbiry  MMOBIpHICTB

B OCATHEHHI Oi3Hec-1iieH [2].

Ominkyd  mpomecy  imxkeHepil

3a0e3Me4eHHs BiirparoTh BaXIIUBY pPOJb Y PO3PaxyHKY

IpOrpaMHOro

BAapTOCTI TPOEKTy, BOJHOYAC OIIHKA 3yCHJIb Ha

pO3pOONeHHsT € HaWBXIMBIINIUM  CKIQJHUKOM IS
BU3HAYCHHS BapTICHUX MOKa3HHKIB. [IpoTArom ocraHHix
JNECSATWIITh OYyJ0 MPOBEACHO IOBOJII 3HAYHY KUIBKICTh
PI3HOMAaHITHUX JOCIiIKEHb, M0 BiATBOPIOIOTH CKJIATHY
OpUpONY MOJETl OI[HIOBaHHS Ta IPOTHO3YBaHHS
WMOBIPHUX 3MiH y JOCATHYTHX T[OKAa3HUKAX 3aBISKU
BapialisM MiIXOIiB 0 po3poOJIeHHS Ta MOAN(IKYBaHHS
€JIEMEHTIB MPOTrPAMHOTO IPOIYKTY.

OLiHIOBaHHS 3YCWJIb IIOJO0 CTBOPEHHS MPOTrPaMHOIO
(O3PII3, abo SDEE — Software

Development Efforts Estimation) — ue mpolec, Mo

3a0€e3IeueHH

BUKOPHUCTOBYIOTh KEPIBHUKH MPOEKTIB a00 po3poOHUKH

nporpaMHoOro 3a0e3mneueHHs JJIsL MMPOrHO3yBaHHSA

TPYIOOBUTPAT, HEOOXiTHMX M CTBOPEHHS CHCTEMH
MIPOTPaMHOTO 3a0e3MeUeHHI.

Haii6inpmr BimomMi MeTOXW OILIHIOBAHHS Pi3HHUX
MIOKA3HUKIB y IPOEKTaX, IMOB’SI3aHMX 13 PO3POOICHHSIM
MPOTPaMHOTO 3a0e3leueHHs, MO)KHa KIacH(]iKyBaTH
TaKUM YHHOM:

a) aneopummiyHi memoou

— BapTicTh KOHCTpYyKTHBHOI Mozeni (COCOMO) [3].
Le miaxix 1m0 BH3HAYEHHS BapTOCTI IPOTPAMHOTO
3a0e3ne4eHHs, 1110 BUKOPUCTOBYE MaTeMaTH4Hi (opMyITu
Ta pO3paxyHKH /JIS OIIHIOBaHHS BapTOCTI IPOEKTY.
BiH pmae npuOiIM3HY KiIBKICTH HEOOXIJHUX 3YCHIIb,
a TaKOXX PO3KJIAJI IIPOEKTY IIPOrPAMHOT0 3a0e31eYeHHS;

— ¢yHkuioHanbHUIN TOukOBHH aHami3 [4]. OuiHtoe
MMOKa3HUKH CHUCTEMH 3 (YHKI[IOHANGHOTO TMOTIIIY,
TaKMM YWMHOM DO3B’s3yloud mpoOiemu, IOB’si3aHi
3 TEXHOJIOTIYHOIO 3aJIEXKHICTIO B IKUTTEBOMY IIHKII
po3pobnennsi. EdekTuBHiCT y TporpamHiid iHxeHepil
JIOCSITAETHCS 3aBIITKM KOMIUIEKCHOMY aHajli3y 3aCTOCYHKIB
y Tpu eramu. [lepmmit eranm ananmizy (yHKIIOHAJIBHHUX
TOYOK CTOCYETHCS BHU3HAUCHHA (HOPM TpaH3AKINH, SKi
MaroTh OyTH 3AIHCHEHI B IPOTPaMHHUX 3aCTOCYHKaXx.
[o-gpyre, ImKeHepu OIIHIOIOTH KOMIIOHEHTHU
mporpamMHoi cuctemu. Hapemiri, mporec mnependavae
OL[IHIOBaHHS 3aTAJIbHUX XapaKTEePHCTHK CUCTEMU;

— w™oxenb IlytHama [5]. 3abe3neuye MpOCTHA
1 HaAiHHUH c1Ioci® MPOTHO3yBaHHS BUTpAT Ha MPOTpaMHE
3a0e3meueHHs. BiH  ynpoBajpKyeTbcsi 3 METOHO
PO3paxyHKy 3yCHIIb i 9acy, HEOOXiMHUX IS 3aBEPIICHHS
poboTH Haa mMporpaMHUM 3a0e3leYeHHSIM, Ha OCHOBI
3a[JTaHOTO PO3MIpY MPOEKTY;

0) Heancopummiuni Mmemoou

— eKcmepTHe omiHtoBaHHA. [lig dac OIiHFOBaHHSA

BUTPAT 3ACOUIBIIOr0 MOKIAJAI0ThCS HAa EKCICPTH3y Ta
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nmocBin excmepta. lle 3amexuTh Bim HOTO TIpeaMeTHHX
3HaHb, @ HE BIJ ICTOPUYHHUX IMOKA3HUKIB. JloCBimueHMI
(haxiBemp Hece BIAMOBITANBHICTE 3a OIIHKY BapTOCTI
MPOrpaMHOro 3a0e3le4YeHHss Ha OCHOBI TOro (axry,
IO BIH Ma€ [OCTaTHI 3HAHHA, SKi TapaHTYIOTh
MaKCHMaJIbHO TOYHY OIIIHKY BapTOCTI;

— omiHoBaHHA "3ropu BHU3" [6]. 3a3HaUCHU TTiIXiz
JIO OIIIHIOBAaHHSI BHTPAT 30CEPEKYETHCS Ha BU3HAYCHHI
BapTOCTI MPOEKTY Ha OCHOBI TJO0ANBHUX  HOTO
BJIACTHBOCTEH 3arajioM i BUKOPUCTaHHS 200 alITOPUTMIYHUX
(mampuximan, momens I[laTHema), ab0o HealTOPUTMIYHUX
MmeroniB. [loTiM oOIliHKa NPOMOPIIHHO PO3OUBAETHCS
HAa pi3HI KOMIIOHCHTH;
IloBHa

— OLIIHIOBAHHS  "3HH3Y

sropy"  [7].
NPOTHJIEKHICTh MONEPEAHBOr0 MeTomy. Y  HbOMY
BU3HAYAETHCS BAPTICTh KOXKHOT'O KOMIIOHEHTa ITPOTPAMHOTO
3a0e3IedeHHs, a MOTIM KiHIIEBUH pe3yJIbTaT JOCITAEThCS
32 JIOTIOMOTOI0 TOEAHAHHS [MX €JEeMEHTIB IS
OTPUMAaHHS 3aTaJbHOI OI[IHHOT BAPTOCTI MPOEKTY;

— OLIHIOBaHHS LiHM 10 Burpanty [8]. V 3a3HaueHOMY
TIIXOIi OITiHKA MPOTPAMHOTO TIPOEKTY TPSIMO MPOTIOPIIiitHA
OrojukeTy 3aMOBHHMKA. binplne yBarm NpUIISETHCS
(hiHAHCOBMM MOXKIIMBOCTSIM KIJTI€HTA, HDK (DyHKIIOHAIBHOCTI
MPOrpaMHOro 3a0e3INeUeHHs], i MPOEKT KOIITYE CTUIBKH,
CKITBKH 3aMOBHHK Ma€ Ha HbOTO BUTPATUTH;

B) MOOeJl, OpIEHMOBAHI HA HAGUAHHSL

— ITY4HI HeWpoHHI Mepexi. Lle oguH 3 OCHOBHHX
MIXO/IB, IO BHKOPUCTOBYIOTHCS B CEKTOpI MOJEINeH
MallMHHOTO HaBYaHHS. Sk BUIUIMBaE€ 3 Ha3BH, I
3a3BUYail HAJMXAa€ThCsS HEWPOHHOIO YACTHHOIO CHUCTEMH
MO3KY 3 HAMipOM iMITyBaTH PO3yMHUH XUBHHA OpPTaHi3M.
BiH ckilaaeThes 3 ABOX IapiB — BXIJAHOTO Ta BUXIJHOTO;
ycepeanHi mapiB € IPUXOBAHUN IIap, 0 MICTHTH OJOKH,
OCHOBHOI0O METOI0 SIKHX € TPH3HAYEHHS BaroBHX
KOeQiIieHTiB UIA AaHUX, SKi HAAXOIATHh 13 BXITHHUX
nokasHUKiB. L1i Barn npu3Ha4yaloThCs JaHUM BHUIAJAKOBO;

— reHetnuHi anroputMmu [9]. Bu3HagaroTbes sk
aJanTHBHI Ta EBPHUCTHYHI AITOPUTMH IMOUIYKY, L0 €
Bimbopy [apsiHa.

apuHa

MPEeIMETOM Teopil MPHPOIHOTO

Ile uym He HallaKTUBHIIIA JIOCITiI’KEHb,
PO3pOOJICHNX 3a JOIIOMOTOK METAeBPHCTHKH, HATXHEHHOT
npupoot0. ['eHEeTHYHUI aNropuT™ € OJHUM i3 METOJIB
MPOTPAaMHOTO OOYMCIIEHHS B TIPOILECi OIIHIOBaHHS
BapTOCTI NMPOrpaMHOro 3abe3NeueHHs, 10 TOro X Horo
OCHOBHAa pOJb TMOJNSATAaE B 3MiHI TMEBHUX IapameTpiB
KJIACMYHMX MeTOxiB, Takux sk migxig COCOMO, misa
OLITBII TOYHOTO TPOTHO3YBAaHHA BAPTOCTI IPOEKTY;

— HeuwiTka Jorika. Po3ropraerbcst Uit NPUHHATTS
pilIeHs, 3aBISKA YOMY ii MOXKHA peasi3yBaTd 3 Pi3HUMHU
[IOYUMHAKOYU  BIJ

po3MipaMH  Ta  MOXKIIHBOCTSIMH,

HEBEJIUKAX MiKpOKOHTPOJIEPiB i 3aBEPIIYIOUH
PO3pOOJICHHSAM MPOrpaMHOro 3a0e3leveHHs Ha OCHOBI
3HaYHUX pOOOYNX CTAHIIIH;

— OaeciBcbki Mepexi [10]. 3acTocoBytoTh rpadivni
Mozem Uil TOJaHHS HaOOpiB 3MIHHUX Y TO€IHAHHI
3 iX YMOBHUMM 3aJI€KHOCTSIMHU YEpe3 CIPAMOBAHUM
armiinigEnid - rpadik.  [HmmME  cmoBamm,  3amisTHUIN
0a€eciBCbKUII BHCHOBOK JJIsi BUKOHaHHS HMOBIPHICHUX
00YKCIICHb; BOHH CIPSAMOBaHI Ha MOJCIIOBaHHS YMOBHOI
3aJICOKHOCTI T Yac pPO3pPOOJICHHS OI[IHKH BapTOCTI
MPOrpaMHOro 3a0e3NeUeHHs, sIKa 3a3BUYail MO3HAYAETHCS
pebpamu B opieHTOBaHOMY Tpadi;

— perpecis omopaux BekTopiB [11]. Lle xoHmemmis
HAOOpy TOB’SI3aHMX METOMIB HaBYAHHS Il HATJIAIOM,
SKi 3a3BUYald  YIPOBAKYIOTBCS JJIs aHANi3y HNaHUX
y TO€JHAHHI 3 pO3IMi3HAaHMMHU InabJIoOHaMH. 3a3HavyeHa
MOJIeJTb, 3ACTOCOBAHA B OLIIHIOBAHHI BApTOCTi IPOTPaMHOTO
3a0e3neueHHs, Oepe Hadip BXiJHUX IOKa3HHKIB, a MOTIM
JIa€ MPOTHO3 KOXKHOTO BXiJJHOTO;

— nepeBo perpecii [12]. INommpeHwid migxin, oo
BHKOPHUCTOBYETHCS B OIIIHIOBAHHI BapTOCTI MIPOTPaAMHOTO
3a0e3rmeyeHHss Ha OCHOBI HHW3KM (QakTopiB Ta ix
HacNiaKiB. Moxenb, Sk mpaBwio, Mae QopMmy nepeBa
3 pI3HMMH BHYTPIIIHIMH By3JlaMH Ta IpH3Ha4YeHa
JUTS TIEpEeBipKH aTpruOyTa;

— 3a aHajoramu. OpnuH i3 HaifeeKTHBHIMINX

MIXOMIB B  OIIHIOBaHHI  BapTOCTI  MPOTPAMHOTO
3a0e3rneueHHs 3aBIsIKH HOTO0 BHIATHIM NMPOAYKTHBHOCTI
Ta 3ATHOCTI 0OPOOIIATH CKIaHI HabopH MaHuX. Momens
BHUKOPHCTOBYE MOPIBHSHHS SIK OCHOBHY (hOpMY IpeaMeTa
JUTA 3IiCTaBIICHHS IPOEKTY MPOTPaMHOTO 3abe3ledeHHH,
IO PO3MIIAJAETHCS, 3 MUHYJIHMHU IPOEKTaMH, SIKi MalOTh
TIOTIepe IHI BIIOMi XapaKTEPUCTHKH, Tpadik i 3yCHITIs.
[likaBo, mI0, HE3BaXKAlOYM Ha IIUPOKHH CIEKTP
METOMIB 1 Mojeneil OLIHIOBAHHSA, HHWHI HaHOIIbII
Y)KUBaHUMH 3aJIMIIAIOThCS METOJM OIL[IHIOBaHHS "3ropu
BHU3", "3HU3Y Bropy', 3a aHAJIOTaMH Ta iX Pi3SHOBUIH.
O1iHIOBaHHS 3a aHAJIOraMM — 1€ TeXHiKa JuIs
BU3HAYCHHS  PI3HOMAaHITHHX  TapaMeTpiB  TMPOEKTY
Ta TMOKa3HWKIB MacmTaly. Ileif Tum ouiHOBaHHS
MoOJke OyTH KOPHUCHHUM Y pa3i HassBHOCTI JOCBITY MPOEKTIB
B ofHii cdepi, SKHI MOXKHA 3aCTOCYBaTH 1O IHIIOI
ramy3i. [lapameTpm mpoekTy, SKi MOXHAa BHMIPATH,
nependavyaroTh HOro BapTicTh, OMOMKET, O0CIr Ta
OUiKyBaHy TpHUBaNicTh. [IOKa3HUKH MPOEKTY, SIKi MOXKHA
OL[IHUTH 3a JOMOMOIOI0 M€l TEXHIKH, KOJIHMBAIOThLCS
Bil po3Mmipy,

3apnanHs. OIIHKYA OTPUMYIOTBCS CIIOCOOOM 31CTaBJICHHS

3aJIEKHO BaroMOCTI Ta CKJIAJIHOCTI
MMOTOYHOI MiSJILHOCTI 3 MISUIBHICTIO, fKa Malla MicCIe

paHinre, i NPOBEJCHHS IMOPIBHAHBb MPOMOPLIHHO 1ILOMY.
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TexHika 4YacTO BIPOBADKYETHCA [UIS  OLIHIOBAHHS
pO3Mipy TMEBHOTO MapaMeTpa, KOJU iH(popMallis 070
MEXax IOTOYHOr'O

OTO Tapamerpa B TIPOEKTY

oOMe)xeHa ab0 He [JOCTymHa JO Mi3HImIol JaTu.
OrmiHroBaHHS 3a aHAJIOTaMH 3Ae0iTbImoro € (Gopmoro
EKCIIEPTHOTO CY/DKCHHS, SIKe € HaWOUIbII HaIifHUM He
JUIIE TOMi, KONW TOMepenHi il CX0Xi Ha TOTOYHY
MIATBHICT  (DAaKTUYHO, aje TaKoXK TPamuIliifiHO €
HaWOLIPII e(h)eKTUBHIM, KOJH WICHH KOMAaHIIH, IO TOTYE
OLIIHIOBaHHS, MAalOTh BHUCOKHH pIBEHb TEXHOJOTIYHOL
eKCIIePTU3U Ta 3JaTHI MPOBOJWUTH YACTKOBI aHANOTii Ha
MiZICTaBl JOCBIAY Ta/ab0 3arajabHOIOCTYIIHOT iH(OpMAITii.
OmiHioBaHHS "3HWM3Yy Bropy" € HaJ3BHYaHHO
KOPHUCHOIO TEXHIKOIO B YIPABJIiHHI MPOEKTAMHU, OCKUJIBKH
a€ 3MOTy OTpPUMAaTH OiNbII TOYHHH ITOKa3HUK
KOHKPETHOTO KOMITOHEHTa poOOTH. Y Tmpomeci Takoro
OIIIHIOBAHHS KOKHE 3aBJaHHSI pO30MBaeThcAd Ha OLTBII
npiOHi cxmagaukn. [ToTiM po3poOIIAIOTECS IHIUBITYATbHI
KOIITOPHUCH, 00 BU3HAYUTH, IO KOHKPETHO HEOOXiTHO
JUIs  33/I0BOJICHHS BHMOT KOXHOTO 3 IIMX MEHIINX
KOMIOHEHTIB poboTH. OMHKH IUIi MEHIINX OKPEMHX
KOMITOHEHTIB TIOTIM arperyroThCsi 3 METOI0 PO3pOOIIeHHS
OUIBIIIOr0 OIIIHIOBAHHS UISI BCHOTO 3aBIAHHS 3arajioM.
VY upoMy pasi OIiHKa Ui BCHOTO 3aBJIaHHS HalvacTilie
€ HabaraTo TOYHINIOI, OCKUTBKH /Ja€ 3MOTY PETEIbHO
PO3IIISTHYTH KOKHY MEHIIy YacTHHY, a IMOTIM 00’ €IHaTH
i peTeNTbHO NPOIyMaHI OIIHKW, a HE JIHIIE OTPHMAaTH
OJIHY BEJIMKY OLIIHKY, SIKa 3a3BUYaif HE HACTUIBKH JETAITHHO
PO3TISLIATHME BCi OKpeMi KOMIIOHEHTH 3aBIAHHS.
OCHOBHOIO  MPOOJIEMOIO  OKPECIEHUX  ITIXOJIB
€ Te, 0 BOHM HE TependadaroTh THYYKOTO MEXaHi3MY
0araToBapiaHTHOTO  OIIHIOBaHHA. SIKIIO  HEOOXIIHO
PO3TISIHYTH pi3HI BapiaHTH €TaIliB BUKOHAHHS IIPOEKTY

3 pO3POOJICHHS MPOrPAMHOTO MPOIYKTY, 1€ MPU3BOIUTH

0  HEOOXiTHOCTI  TPOBEICHHS MOBHOTO  IHKIY
OIIIHIOBAHHS JIJISl KOXKHOTO BapiaHTa.
Momo mepembaueHHS HACTIOKIB  ITOBTOPHOTO

BUKOPHCTaHHS KOojay ab0 BHeCEeHHs 3MiH (Moaudikariii)
y Tpomec po3poOiieHHS, TO HaWOUIBII YXXKHUBAHUM
3aIMIIAETHCS 0a€CiBCHKUH MiAXIiJ.

BapTo 3a3HaunTH, M0 HAsSBHI HA PHHKY KOMEPITiHHI
3acO0M OIIIHIOBaHHS, SIKI 3aCTOCOBYIOTHCS B pealibHUX
MPOEKTaX 31 CTBOPEHHS MPOTpPaMHOrO 3abe3redeHHs,
Hapasi Mai)ke He BUKOPHCTOBYIOThH IIUPOKI MOXIIUBOCTI
BiINIOBiTHUX MOJEJEH 1 MEeTOiB, (PaKTUIHO MiAMIHAIOYH
NpoLeC  IPOTHO3YBaHHS  IPOLIECOM  OLIHIOBAaHHS,
y HalKpamoMmy BHIIAJKy BH3HA4YalO4d NEBHUH CTYIiHb
TOYHOCTI MMOKA3HHUKIB.

Hait0inpin mommpeHnM MiAX0J0M B a0CONOTHIHM
OlmbIIOCTI  CHCTEM €

BIPOBA/>KCHHA METoy

PERT [13], mo Moxe OyTH B TaKuX MpPOTPaMHHX
Microsoft
(www.microsoft.com/project). Y OULIBIIOCTI TPOIYKTiB

MpOAyKTaX, K, HAIpUKIaM, Project

OCHOBHa yBara 30Cepe/KeHa Ha  aBTOMaTH3alii
moOymoBH KaleHAApHUX TpadikiB MPOEKTy Ha TMiICTaBi
OLIIHOK, PO3PaXOBaHUX y PYYHOMY PEXHMi, Ta Ha aHali3i
nporpecy 110210

3allJlTaHOBAHUX 3HA4YCHb. HpI/IKHa}IaMI/I TaKuX CHCTEM €

MEBHUX  [OKA3HUKIB  MPOEKTY
Wrike (www.wrike.com), ClickUp (www.clickup.com),
Zoho

(www.atlassian.com/software/jira), Trello (www.trello.com),

Projects  (www.zoho.com/projects/),  Jira

Smartsheet (Wwww.smartsheet.com) Toimo.

IIpoBenennii  aHami3  MPOAEMOHCTPYBaB, IO

npobaemMu  eEeKTHBHOTO  3aco0y  BH3HAYCHHSA Ta

NPOTHO3YBAaHHS  AJBTEPHATUBHUX OLIHOK OCHOBHHX
MIOKAa3HUKIB IIPOEKTIB, TIOB’S3aHUX 13 PO3POOJICHHSIM

MIPOTpaMHOTO 3a0e3edeHHs], He iICHYE.

Mera ii 3aBIaHHA po6OTH

Mera 1miel crarri  moiAraE B NOCHIIDKEHHI

3acaj CTBOPEHHS CHCTEMH [UIsI aBTOMAaTH30BaHOI'O
MPOTHO3YBAHHS AIBTEPHATHBHUX OI[IHOK IMPOTPAMHOTO
MPOAYKTY.

OCHOBHUMH 3aBIaHHIMHU € TaKi:

— BH3HAUYEHHs €TaIliB, IOB’S3aHMX 3 OI[IHIOBAHHIM
ATBTCPHATHB Y  JKUTTEBOMY [HKII  TIPOEKTYy 3
PO3pPOOJICHHS IPOTPAMHOTO IPOIAYKTY;

— BUCBITJICHHS MPOOJIEM MPOTHO3YBaHHS Ta OCHOBHHUX
(haxTopiB, 0 BIUIMBAIOTH HA KIHICBI MTOKA3HUKH;
METO/IIB

— JIOCIIIDKEHHS MPOTHO3YBAaHHS, IO

MOXYTb OyTM  BHKOpHUCTaHI Uil peaizauii
6araToBapiaHTHOTO OLIHIOBAHHS MPOEKTY 3 PO3POOIICHHS

MPOTPaMHOTO MPOAYKTY.

Marepianu il MmeToau

Y oMy JOCHTIKEHHI MPUITYCKAETHCS, MO MPOEKT
i3 pO3pOOJICHHS MPOrPAMHOI0 3a0e3MeUeHHsI, sl SIKOTO
aHAJI3y€eTHCS MPOIIeTypa OLIHIOBAHHS Ta MPOTHO3YBAHHS
MOKa3HUKIB TPYAOBUTPAT, TPUBAIIOCTI a00 BapTOCTi, MaEe
THTIOBUHA JKUTTEBUH IMKII BiMOBITHO 1O MOJEM, SIKY
3anpononyBaB [HCTUTYT ynpaBiniHHg npoektamu (PMI).
s Momenp MiICTHUTHh IT'STh OCHOBHUX (a3: iHimiaIis,
IUTAHYyBaHHS, BUKOHAHHS, MPOIYKTHBHICTH Ta KOHTPOIb
1 3aBEpUICHHS IPOEKTY.

Amnaniz ocHOBHUX (a3 Jae 3MOTy BHUSIBUTH MicCLs
B JKHTTEBOMY IIMKJI, [0 TOTCHIIWHO NependavarTh
MPUHHATTS PIIICHb 3a HASBHOCTI KUIBKOX aJIbTCPHATHB
1 3aBgaHb, SKI HEOOXiJHO BHKOHATH. BuU3HAYAIOTHLCS
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HIiIXOOW O OLIHIOBAHHS, LIO THIIOBO BIIPOBAIKYIOTHCS
Ha KO)KHOMY €eTalll, Ta HasiBHi OOME)XEHHSI.

OCKIJIbKM KOJKEH 3 €TalliB Ma€ CBOi OCOOJIMBOCTI,
TO ¥ aNrOpuTMIYHMH 1 MaTeMaTHYHMH amnaparw,
SKi MOXYTh OYTH BHKOPHCTaHI Ha KOXXHOMY eTalli,
IMOBIPHO, BIPI3HAIOTHECA. Y IBOMY pa3i aHaIi3yeThCs

MHOXHWHA ()aKTOPiB, IO BIUTMBAIOTH HA OILIHKM.

Puc. 1. OuiHroBaHHS IPOEKTY 3aJIEKHO Bif eTaIry

Tak, na erami konuenuii (1), ocoOmMBO sKIIO
MPOEKT TIOB’SI3aHUIA 3 HOBOIO PO3POOKOI0, OCHOBHOIO
mpoOJIeMOI0 € BIACYTHICTH YiTKOi iH(OpMAIli 111010
CTPYKTYpPH TIPOAYKTY. SIK HACHIZOK, OIIHKH, SKHMH
ONepyrTh 0COOH, sIKi NPHUUMAIOTh PILICHHS, MAaloTh
HU3BKHHA CTYMHIHb BIpOTigHOCTI Ta TOYHOCTI. PakTH4HO
Ha I[bOMY e€Tami BIJICYTHS MOXJIMBICTh TMOOYIyBaTH
(WBS, Work
breakdown structure), Mo NPU3BOIUTH 10 HEMOXKIHBOCTI

micisonepaniiHui  Tepe’ik  poOiT
3aCTOCYBaHHS HAasBHHX METOJIB OI[IHIOBaHHS, TaKHUX
sk "3HM3y Bropy". 3 iHmOro OOKy, AN (OpMyBaHHS
KOHIICTIIIi, 32 YMOBH HAsSBHOCTiI iCTOPUYHOTO JOCBiIy
BUKOHAHHS TOAIOHMX IPOEKTIB, a TaKOX AETAIBHOTO
BU3HAYCHHS KOHTEKCTY CHCTEMH (K Oi3HECOBOTO,
TaKk 1 TEXHIYHOIr0), OTPUMAHHS IPOTHO3IB (AKICHUX —
TaKWX IO BIATBOPIOIOTH IMOTCHIIIHHI BapiaHTH peatizarii
MPOEKTY; KIIbKICHUX — MPOTHO3HUX OL[IHOK TPYAOBHUTPAT,

BapTOCTi, 4Yacy 3aJIeKHO BiJl KOHTEKCTY) MOJXKIJIHBE.

Skmo morisHYTH Ha OJKUTTEBUH UK (puc. 1),
TO MOXXHa MOOAYMTH, IO NPHUHANUMHI TpH HOro eramu
3maTHi  mependadaTh  aNbTEpHATHBHE  OLIHIOBAaHHS
3aJISKHO BiJl 3aCTOCOBAHOTO KOHTEKCTY Ta, SIK HACTIJIOK,
BUKIIMKAIOTh MOTPeOy CHOPOTHO3YBATH OCHOBHI MOKA3HUKH
W Ha 1X MiICTaBl NPUHHATH PIMICHHS IIOIO0 MOJABIINX

€TaIliB MPOEKTY.

Kpim TOro, 3Baxkaroum Ha Cy4YacHHH CTaH pPO3BUTKY
TEXHOJIOTiH, Ha IbOMY €Talli JOUIbHO BUKOPHUCTOBYBAaTH
3acobu  TeHEepaTHBHOTO

LITyYHOTO  IHTENEKTYy s

(dopMyBaHHS  albTEPHATHMBHUX  MAapIIPyTHHUX  KapT
MPOEKTIB 3 OMNIAAY Ha KOHTEKCTHI XapaKTEePUCTHKH.
Heo0OximHO 3ayBakWTH, IO BCi IPOTHO30BaHI OIIHKH,
OTpUMaHi Ha LLOMY €Tali, MalThb HU3bKY TOYHICTb,
aJle caMeé BOHM BH3HAYalOTh TPAaHWYHI 3HAYCHHS
BapTOCTI ¥ TepMIHIB, SIKi Ha eTami iHiianii GiKCyThCs
B CTaTYTI ITPOEKTY.

Ha erani mmanyBanHsi (2) NMpOBOAMTBCS JETajbHA
JIeKoMITo3uMiss  pobdodoro mpouecy. Ilpupogno, 1m0
y (opMyBaHHI OIIHOK LFOTO PIBHS MEHEIKEPH MPOEKTIB
30CEepeKYIOThCS  Ha

IUSUTBHOCTI,  O€3I0CepeTHBO

[OB’sI3aHIH 3 OCHOBHHMH MpPOICCAMH IIPOrPaMHOI
imkeHepii. Jletamizamis micasonepaniiHOro meperiKy
pobiT Moke OyTH PpI3HOro piBHs, aje 3/1e0iIbLIOro

B 0a30BOMy IUIaHI NIPOEKTY BXE OepeThcs 10 yBaru
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apxiTeKTypa TPONYKTY Ta Mii, SKi MOTPiOHO BUKOHATH

Juisl 3a0e3NedeHHs] SKICHOTO pe3yibTaTy, — Taki sK
poboTra 3 BHUMOTaMH, TPOEKTYBAaHHS, pPO3POOICHHS,
TECTyBaHHH. Tumnoso BUHHUKAKOTH IIMTaHHA moao

JIOIUTBHOCTI TOBTOPHOTO BHKOPUCTAHHS KOMITOHEHTIB,
PO3pOOICHUX Y MHHYJIOMY, 00 CTOPOHHIX KOMITOHEHTIB;
MO>KITUBOCTI BIIACHUMH cHjiaMu  abo
cyomiapsi;

pecypciB Ha poOOTH 3 OTIIsAY Ha OalaHC MPOIYKTUBHOCTI

po3po0bIeHHS

nmepeJaBaHHs poOIT  Ha MPU3HAYECHHS
/ sixocTi / BapTocTi Tomo. PakTu4HO 0c00a, sKa YKIaaae

JEeTANbHUIM  TUIaH, Ma€ CIOpaBy 3 eKCTpeMallbHO
OaraTOKpUTEpiaJbHUM 3aBJAHHSM, PO3B’SI3aHHS SKOTO
HAa TIPAKTHI[I 3BOMUTHCA A0 (HOPMYBaHHS €IHHOL
JIETaNbHOI MapIIPyTHOI KapTH MPOEKTy. Ii  AKicTh
3aNIeKUTh TINBKM Bix KBamiikamii MeHemkepa, SKUN
OILIIHIOE, 1 CKOPIII 32 BCE, BOHA HE € ONTHMAIIBHOIO.

YrpoBamkeHHS] METO/IIB MAIIMHHOTO HaBdaHHS (ML)
Ha IIbOMY eTami He TUTbKH 3a0€3MEeYUTh MOMKIJIUBICTH
reHepamii OUTBII TOYHHX MiCISAOMEPAlifHIX IEPeriKiB
poOiT, ajge W pi3HUX AITCPHATHBHUX JCKOMITO3HIIIM,
3Ba)KalOYH Ha TTIMOOKUH KOHTEKCT 1 HasiBHI MPUITYIICHHS
Ta OOMEIKCHHS.

Ha erami BukoHaHHS pobiT, OKpiM TpoOieM,
BJIACTHBUX IIOTIEPEAHBOMY €Taly, TaKOX JIOJIAE€ThCS
HEOOXIIHICT,  3MIHHUTH ToTiepeHi OIIIHKHA Ta
nepen0aYnTH MOKa3HUKW BapiaHTIB peajrizamii OKpeMux
KOMIIOHEHTIB [UIsI 3a0e3IeYeHHs] BUMOT MO0 TEPMiHIB
i OMOJKETIB OCHOBHHX CTAIliB MPOEKTY. Y IbOMY pasi
MoOke OyTH moTpiOHE MOBEPHEHHS MO0 OLIHOK OYAb-SKO1
norepeiHbol  iTepalii, YTOYHEHHs IPOTHO3IB Pi3HOTO
piBHS iepapxii micIsonepamifHoro MepetiKy pooiT.

3 orminy Ha CTBOpEHHI

MPOrpaMHOT CHCTEMH aBTOMATH30BAaHOI'O OIIHIOBAHHS

BUIIIC3a3HAYCHE Y

Ta TMPOTHO3YBaHHS OCHOBHHUX TIOKAa3HUKIB IPOEKTY
3 pO3pOOJICHHST MPOrPaMHOro 3abe3MedYeHHsT 0Co0MBa
yBara Ma€ IpUIUIATHCS BU3HAYECHHIO METO/IB TIHOOKOTO
(DL) Tta w™mammuHOTO HaBYaHHA (ML), epeKTUBHHX
JUIi ~ TPOTHO3YBaHHA  00CsTY TEpMiHiB
BUKOHAHHS Ta BapTOCTI PI3HMX BapiaHTIiB peaizarii
BU3HAYCHOTO (YHKI[IOHATTY.

AHaNi3 MOXIJMBOCTI 3aCTOCYBaHHS ML-MeTOIB

3yCHUIIb,

OIIIHIOBaHHS Ta IMPOTHO3YBAHHSI TepeadadaB po3poOIeHHS
KOHLIENTYaJIbHOIO MPOTOTUIY MPOIPAMHOTO MPOIYKTY
OILIIHIOBAHHS MMOKa3HUKIB TIPOEKTIB, OB’ I3aHUX
3 1H)KEHEpPI€I MPOrpaMHOro 3a0e3neyeHHs, 10 Hajae
IHCTPYMEHTH NPOTHO3YBAaHHS AJIbTEPHATHBHUX OLIHOK
0araToBapiaHTHOTO IPOLIECY PO3POOIICHHS.
6azoBUMH

[ependaganocs, 110 METOIaMA

OLIHIOBaHHS B  NPOJAYKTI  BIPOBaKYBATHMYThCS

3a aHaNOTiAIMH Ta '"3HHM3Y Bropy', W amanTOBaHICTh

70 aJbTEepHATUB 3a0€3MeUyBaTUMETHCS 3a IOMOMOTIO0
Bukopuctanua DL ta ML [14].

OCHOBHUMH  (PYHKI[IOHATBHUMH  MOXKITUBOCTSIMHU
MPOIYKTY,

3 OIIHFOBAHHSM, MalOTh OyTH:

TaKoro MOB’sI3aHUMU  Oe3MmocepeIHbO
— (hopMyBaHHSI KOHTEKCTY MPOEKTY (HOBHUI MPOEKT

gy Momudikalis  HAJBHOTO, MapIIpyTHa  Kapra
pPO3pOOJICHHST TMPOAYKTY, CJIEMEHTH, peai3allisi sIKHX
rependavae arbTepHATHBHI PIllICHH);

— BuHOIp TEXHOJOTIl TPOEKTYy Ta BH3HAYEHHS

3aIEKHOCTEH  OLIHOK MPOEKTY BiX  BIAaCTUBOCTEH
3aCTOCYBaHHS BiAOBITHUX TEXHOJIOTIH;

— BHUOIp poneld 1 BH3HAYCHHS albTEPHATHBHUX
OLIIHOK KOMIETEHTHOCTiI / MPOJYKTUBHOCTI / BapTOCTi
JOCTYITHHX JIFOJICBKHX PECypCiB Ha KOXKHY POJIB;

— BHU3HA4YEHHS JOJATKOBUX HEOOXIJHMX THIIIB
pecypciB, MO BiIPi3HAIOTHCS Bifl TIOICHKIX;

— TeHepallis JIbTEPHATHBHUX MapIIPYTiB MPOEKTY
Ta BIATIOBIAHUX MEPETiKiB poOiT;

— PO3paxyHOK NPOTHO3HHMX OI[HOK JJIsI KOXHOTO
3 BapiaHTIB.

Icnye

TPU OCHOBHHMX CIEHapii BHKOPUCTaHHS

MIPOTOTHILY, OB’ A3aHUX 13 JOCHTIPKYBAaHUMH MPOIECAMHU:

CTPYKTYpH
MIPOEKTY BIATIOBIAHOCTI KOHTEKCTY 3 IPOTHO3YBAaHHSIM

MoTiepesiHsl  TeHepalis  y3arajibHeHOl
MIePEANPOEKTHUX OIHOK TpynoButpar (1), BapTocTi Ta
TEepMiHiB peaiizamii (2); OmiHIOBaHHSA IiJ 9ac MOOYJOBH
0a30BOro IIaHy MPOEKTY (project baseline); ONIHIOBaHHS
Ta TPOTHO3YBaHHSA 3MiH y mpomeci peamizamii (3).
Service Blueprint Iisi IepUIMX JBOX CIICHAPIIB HABEJCHO
Ha puc. 21 3.

Konrekcr y Mexax 11i€i poOoTH — 1ie TIeBHUIH Hadip
mmapaMeTpiB, 3a JOIMOMOTOI0 SIKUX MOXE 3IiHCHIOBATHCS
BiOIp BINMOBITHMX HAABHUX JIOPOXKHIX KapT abo
MICIIIOTIepAIlifHNX TIepeTiKiB poOiT, a s MOJICTIOBAHHS
KOHTEKCTY MOXYTh BHKOPHCTOBYBATHCS PIi3HI ITiJIXOJH,
HaIpUKJIal METaKOHTEKCTHUI 00MiH iHpopMmarttiero [15].

Y Mexax mboro migxo[y CHCTeMa OIepye IBOMa
BUJaMH 3HAHb. KOHTEKCTHAUMH Ta OHTOJIOTIYHHMH.

CemaHTHKa TOrO 4YH IHIIOTO O00’€KTa BH3HAYAETHCS

sk S (Sk,So0)=So0™, ne Sk — KOHTeKCTHi 3HaHHS Tpo

00’exktH; So — oHToNOriuHiI onmucy. KOHTEKCTHI 3HAHHS

Takol CHCTEMH OINHUCYIOTh  BJIACTHBOCTI 00 €KTIB

NpeAMETHO Traiy3i, TOXI SK OHTOJIOTIUHI 3HaHHI

OIKCYIOTh B3a€MO3B’SI3KM MK 00’ €KTaMH Ta BIUIMB LIHUX
3aB’S3KIB Ha  (QOpPMYBaHHS CEMaHTHUKH 00’ €KTiB.
®aKTHYHO OHTOJIOTIYHUH CKJIAIHUK CHCTEeMH (hopMabHO
OIKCY€E 3HAHHS MPO MOXIIUBI CXEMH KOHIICITYalbHOTO

OIIUCY TOPOXKHIX KapT / cTpykTyp WBS / omucy pobir.
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Puc. 2. Crenapiii nonepeiHbpo1 reHepartii y3araabHEeHOI CTPYKTYpH IIPOEKTY Ta IIPOTHO3YBAHHS MEPEIIPOEKTHHX OL[IHOK

Puc. 3. Crenapiii oriiHIOBaHHS [TOKAa3HUKIB y Tporeci moOy0B1 0a30BOro MIaHy MPOEKTY

[IpenporiecuHr OMUCIB  moNArae B 0OpOOJICHHI
TEeKCTOBUX BH3HA4YCHb MPOEKTY / NPOAYKTy Ta Yy
(opmyBaHHI Ha TX OCHOBI CTPYKTYPOBaHUX (POpMaIIbHUX
BHUpa3iB, 0 YTOYHIOIOTb ITapaMETPH KOHTEKCTY.

Hlono mnpouecuHry 0a3u moOMNEpepHIX MPOEKTIB
y  IOCHiKCHHI

mependavdaeTeCa, IO CHUCTEMa

30epirae rmorepenHi OLIHKK B MOAYJIBHOMY BHIJISI,

CYNPOBOJIKYIOUM iX (opMaJIbHUMH KOHTEKCTAMHM, JUIS
3a0e3MedeHHs] MOKIIMBOCTI TIOBTOPHOTO BHKOPUCTAHHS
SIK y IOBHOMY BUIJISI/I, TaK 1 OKPEMHUX €JIEMEHTIB.
MosxmmBocti Moxenel reHeparuBHoro LI maroTh
3MOTY OTPUMYBATH MPOTHO3M HABITh 32 YMOB BiJICYyTHOCTI
icropraHOi 0a3u OmiHOK. J[s e(eKTHBHOTO 3aCTOCYBaHHS
Mojienb Mae OyTu noHaBueHa. Cyd4acHH CTaH PO3BHUTKY
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chepr yHOpaBIiHHA MPOEKTAMH MPONOHYE 3HAYHY
KIIBKICTh HAsIBHUX JATACETIB 3 OLIHKAMH.

OO6uucneHHst MOKa3HUKA MPOTHOCTUYHOI BaNiJHOCTI
€ TaKOX OJHHUM i3 Ba)KIMBUX AaCICKTIB CTBOPCHHS IIi€l
CHCTEMH, OCKUIbKH caMe Iiefi mapameTp Ma€ CYTTEBHi
BIUIMB Ha MPUUHATTS pIlIeHb 00 BHUKOPUCTAHHS
TOTO YH IHIIIOTO BapiaHTa OTPUMAHHX OITIHOK.

[Iporuo30BaHi OIIHKYU B IIbOMY CIICHapii IPYHTYIOTHCS
HA HAsABHHUX 3HAYCHHSX IIOTMEPEJHIX MPOEKTIB Ta

3arajJlbHOMy IIOKa3HUKY MpPOXYKTUBHOCTI ~KOMIIaHii-
pO3poOHUKa, SIKIO BiH BKAa3aHWH MK KOHTEKCTHUHN
napameTp 1 BUKOPUCTOBYETHCS SIK (PAKTOP OLIHIOBAHHSI.
Jus  nmpyroro CreHapil0 BIAcTHBI JIBi CXEMH
OLIIHIOBaHHS: MO0y 0Ba ETalbHOIO IIany Ha 6a3i WAS
3 IOBHICTIO HOBHUM KojgoM Ta WBS, uacTuHa eneMeHTIB
Skoi  IOB’s3aHa 3

TOBTOPHUM BUKOPUCTAHHAM.

VY mepmoMy BHMAAKy METOOM W anrOpUTMH (aKTHIHO

MODJIMOIIIOIOTh  3TCHEPOBaHy  KapTy, aJbTePHATHUBHI
OMIHKM MOXJIMBI 3aBOSKA 3HAHHAM 1IpO  HasIBHI
pecypcu. Y IpyroMy BHIIAJKy MAaEMO  CIIPaBY

3 PpO3TAITYKEHHSIM OIIHOK CTPYKTypHHX €JIEMEHTIB
PI3HOTO PiBHS Ta NPOTHO3YBaHHSAM KiHIEBHX MOKa3HUKIB
UL KOOKHOTO 3 BapiaHTIB.

[IporHozoBaHi OIiHKM 0a3yrOTHCS Ha ICTOPHYHIN
inpopmarmii Ta  OOYMCIIOIOTBCS,  3BaXAOYM  Ha
KOCQII[IEHTH MPOAYKTUBHOCTI, JOCTYMHOCTI Ta BapTOCTI
MOTEHIIHNX BUKOHABIIIB [T POJICH TIPOEKTY.

OcCoO0MBICTIO TPETHOTO CIEHApIl0 € Te, 10 3MiHU
B pO3pOOJICHHI MOXKYTh MOTPeOyBATH MEPETIISAY OILIHOK
(He TimekM oOpaHOrO enemeHTa WBS, a W IHIINX,
OB ’s13aHUX 13 HUM). Mae OyTH CIpOTHO30BaHO BILIHB
pI3HMX BapiaHTIB JOJAaHUX 3MiH Ha MOKa3HUKH NPOEKTY
JUISL TIOTOYHOI CTPYKTYpPH, @ TaKOXX HAaHOBO OOYHCIICHO
MaiOyTHI eTanu 3 OrJsiAy Ha HMOTOYHY HPOJYKTHBHICTH
MPOEKTY Ta 3reHepoBaHi omiHku. Ha 1mpoMy erami
4acoBOi  Ta

nporecy,
a TaKOXX NPOJYKTHBHICTH BHKOHAaHHS POOIT KOXKHOTO

MaroTh  OOYMCIIOBATUCS  KOE(ili€HTH

(biHaHCOBOI ~ e(EKTHUBHOCTI  MOTOYHOTO

3 eNeMEHTIB IMICIIONepamiiHOro  TEepeiky  poOiT
SK JpaiBepiB MOKA3HHKIB.

Sk yxe 3ragyBaiocs BHINE, IiJ Yac JOCITIHKCHHS
OCOOJTMBOCTEH CTBOPCHHSI CHCTEMH OI[IHIOBaHHS Ta
MIPOTHO3YBAHHS TIOKAa3HUKIB IIPOEKTIB i3 PO3POOICHHS
MPOTrPaMHOTO 3a0e3IIeUeHHs Nepeadadanocs BUKOPUCTAHHS
METOZIB, MOIENeH Ta alropuTMiB TIMOOKOTO ¥
MAIIMHHOTO HaBYaHHsI, 110 MOPIBHIOBAINCS 3a PI3HUMH
JOOCTYITHUMH ~ Ha0opamMH  JaHHX 33  JOIOMOTO0
BOCBMH I1apaMeTpiB.

TINOTE3W  MOMIIUBOCTI

Y mpomeci mepeBipkd

BUKOPUCTaHHSA MeTOZLiB MAaIIMHHOI'O HaBYaHHA I

ABTOMATH30BAaHOTO OIIHIOBaHHSA POOIT Oylo0 BHpIIIEHO
JOCIIIZANTH TPU THIIOBI MOJIENI: JiepeBa pillleHb, HaiBHUI
OaeciBChbKHUiT Kiacu(ikaTop Ta 6araTomapoBHid IIEPCETITPOH.
(IP) -

KOHTpOJ'[LOBaHi AJITOPUTMU HABYAHHSA, IO 3aCTOCOBYHOTBHCA

JepeBa piuieHb e HemapamMeTpH4Hi
JUIs pO3B’si3aHHSA MpobsieM Kiacudikaiii Ta perpecii.
MeTor0 BHKOPHUCTaHHS LBOTO AITOPHUTMY MOXe OyTH
MiATOTOBKA MOJEINi MPOrHO3YBAaHHS IIIBOBUX 3MIHHUX
CIIOCOOOM ~ BUBUYCHHS MpPABWJI MPUAHATTS  pILCHB,
OTPUMAaHUX Ha MIJICTaBi XapaKTepHCTUK JNaHuX. HaiBHuii
Oaecicpkuit knacugikarop (HBK) — me ximacumgikarop,
o Ha migcraBi TeopeMu baeca Bu3Hauae WMOBIpHICTB

HAJICXKHOCTI eJeMEHTa BHOIpKH JO TIEBHOTO KIacy

32 yYMOBM TPUIYIICHHSA  HE3aJCKHOCTI  3MIHHHX.
BararomapoBuii mepcentpon (BIIUII) — me mrTy4Ha
HEHpOHHAa  MepeXa,  KOHTPOJLOBAaHHH  aJITOPUTM

HaBYaHHA. Mepexa MICTUTh HEHpOHM, pO3MOIiIEH]
o TpbOoX Imapax (BXiZHI, NPUXOBaHI Ta BUXIiIHI).
Hani momaroTeCst 3  HEHPOHIB  BXIOHOTO  PiBHA,
MIPOTHO3YIOTHCSI HEHPOHAaMHM BHXIIHOTO pIBHS, DiBEHb
abcrpakiii 3a6e3nedy€eThCs MPUXOBAHUMHE IIapaMH.

Y  mOCHiKeHHI pO3TIsAmanucs I MOJAET sK
NPEICTAaBHUKY pPI3HUX THIIB MoJeneld HaBYaHHSA IS
MEPEBIpKU  3arajibHO  TIMOTE3W IIOJ0  MOXKIUBOCTI
X 3aCTOCYBaHHS.

VY cTarTi NOPIBHIOIOTHCS PE3YJIbTaTH Pi3HUX MOAENeH
MalIMHHOIO HaBYaHHS Ha TPHOX 3araJIbHOJOCTYITHHX
HaOopax JlaHMX 3a JIONIOMOTOI0 BOCBMH IIapaMeTpiB.
MOZENl  MICTITH  Taki

[MapameTpn  omLiHIOBaHHS

MOKa3HUKMU: cepenHs abcomrotHa nommika (CAID),
cepennbokBaaparnyHa nomminka (CKBsII), xopeneBa
cepenubokBaapariyHa mommika (KCKBII) ta koediuieHt
nerepminarii (R-xBazapar). CepemHs TOYHICTH OIIHKH
y BH3HAUCHHI 3yCWJIb PO3POOJEHHS IPOrpaMHOTO
3a0e3MedeHHs] BUMIPIOETHCS 32 JOMOMOTOI0 CepeqHbOl
BennuMHM BimHOCHOT moxuOku (CBBII), BimHOCHOT
cepennpoi BemmumHu mommiku (BBCII), wmeniarnoi
BenuuuHU BigHocHOi mommiku (MBBII) ta TOuHOCTI
MIPOTHO3YBaHHS.

abcoiroTHa noxuoKa

1. Cepenns (CAIL,

aurin. MAE) — e cepenHs cyma abCOIOTHUX ITOXHOOK.
1 n .
cart=—3 |y-y], (1)
i=1

ace  y—y, — IIOMHIKa IIPOTHO3YyBaHH, abcoroTHA

MIOMWJIKA —  MOAYJb IOMMJIKH  IIPOTHO3YBaHHS,
a CAIl — cepemHe CyMH IOMHJIOK. Y 3a3Hau€HOMY

PIBHSHHI 7 BIINOBIJa€ 3a 3arajbHy KUIBKICTh JaHUX,
Y, € (haKTHYHUM 3HA4YEHHsSM, a ), — IepeadadyyBaHUM

3HAYCHHSAM.
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2. CepenHROKBaIpaTUIHA IIOMUJIKA (CKGeIl,
anri. MSE) — e cepeHe 3HaYCHHS KBaJpaTiB MOMUJIOK

y HaOOpi TaHUX.

1 —
CKeﬂz—Z(y—yi) . )
noio
3. KopeneBa  cepemHbOKBaIpaTHYHa  ITOMHJIKA
(KCKBgIl, anrnm. RMSE) — ue Mipa CTaHIapTHOTO

BiIXWJICHHS Mepe10adyeHuX IIOMIJIOK.

KCKelIl = &Zl(y—;)z 3)

4. R -xBagpaT — Il¢ METPUKA BiIIOBITHOCTI MO
aKTyaJbHUM JaHuM. Lle CTaTHCTHYHMI NMOKa3HWK TOTO,
HACKUIbKH J10Ope anpOKCUMYIOTbCs (DaKkTH4HI  JlaHi

B KOHTeKcTi perpecii. ®opmynma it oOYHCICHHS

R -xBaznpaTa Mae Takuil BUTTIAL;

Je CcymMa KBaJpaTiB TIOMIJIOK MK ITOYaTKOBHMH

3HAa4YCHHAMHU y Ta ), Bi,Z[OMa K 3aJIMIIKOBa CyMa

KBaJIpariB (3aﬂCK ) . 3arajbHa cyma KBajpaTiB (3aeCK )

BHUMIPIOE CyMy KBaJpaTiB IMOMHJIOK MK OpPHUTiHATEHUM
3HAYCHHSM ) 1 CyMOIO BCiX y . 3HadeHHS R -KBajapara

MOXyTh KommBarucs Bim 0 mo 1. SIkmo 3HavyeHHS
R -xBagpata Omusbke mo 1 abo mopiBHIOE 1, Mozemi
HajaeTbesl mepeBara. SIKmo R -kBaapaT HEraTUBHUI,
IIe CBIAYUTH MpPO BIACYTHICTH acomiailii MK JaHUMH
Ta Momemmo. lleil mMoKa3sHWK TaKoX BiIOMHUH sK
KoeQIIlieHT AeTepMiHarIii.

5. Cepennst BennunHa BimHOCHOI moxubku (CBBII,
aur. MMRE). BukopucroBye 3Hauy€HHS BiJHOCHOT
momuiku (3BII — aurn. MRE), o0 BU3HAYUTH CEpeaHE
BignocHa moMmiKa

3HA4YCHHA Bi}IHOCHO.I' IIOMMIIKH.

R =1 3anCK ) (3BII — anrn. MRE) 009UCTIOETHCS 32 TAKOKO (HOPMYIIOHO:
3a2CK’
iticniTpyoosumpamu — [IpoenososaniTpyoosumpamu
sy - [HiiicniTpydosump o —Ilp pyoosumpamu| )
MiticniTpyoosumpamu
1 iticniTpyoosumpamu — [IpocnoszosaniTpydosumpamu
cBBr-L% | idicniTpydosumpan —Tip pydosumpamu| ©
nig UiticniTpyoosumpamu l

6 CBIIT 1 & 3Bl ; 7. BimHocHa cepeans BennynHa nmommiku (BCBIT —
avo B ;;( )f ) ) aurn. MMER). BigHOCHO BHUKOPHCTOBYE 3HAYCHHS
6. MenmiaHHa  BeNMYMHA  BIHOCHOT  ITOMIJIKH nomuikn (3MB — anrr. MER), wo  oGuncimoerhes
(MBBII - anrn. MdMRE). 3a TaKoio popmysoro:
MBBII = mediana (S’BH )’_ . 8
iticniTpyoosumpamu — [IpoenosoeaniTpydosumpamu
31 - | AiticniTpyoosump p pyoosumpamu| )
IpoenososaniTpyoosumpamu
il iticniTpyoosumpamu — [poenoszosaniTpyoosumpamu
pce-13 | HiticniTpyoosump p pydosumpamu| (10)
nig IlpoenoszosaniTpydosumpamu }
abo Pe3yabTaTu 10c/igxenb Ta iXx 00roBopeHHs
1 n
BCBIT == (3I1B).. (11) .
nig ! JlociiiKeHHST BUSIBUIIO HU3KY MPOOJIeM, TIOB’ I3aHIX

8. TounicTh nporuo3ysanHsa. CepenHiil BiICOTOK OIHOK,
1o nepedyBanu B Mexax N % Bix (aKTHUYHUX 3HAYCHb.

KinvkicmoBionosionux
Hpozn(N) = —— x100%. (12)
RacanvnaKinvkicmo
AHami3 TPOBOAWBCSA 3 BUKOPUCTAHHSAM TaKHX

JIaTaceTiB, SIK

China (https://zenodo.org/records/268446),

Finnish (https://figshare.com/articles/dataset/Finnish_Eff
ort Estimation Dataset/1334271) Ta

Kitchenham (https://zenodo.org/records/268457).

i3 CTBOPEHHSIM CHCTEMH aBTOMAaTH30BAaHOTO OIIHIOBAHHS
OCHOBHHMX ITOKAa3HUKIB TIPOEKTy Ta HPOTHO3YBaHHA
BIUIMBY Ha IIi TOKAa3HUKH pIi3HUX Momudikamiii sx
CaMoro TMPOAYKTY, JJIS IKOTO OyIyIOTBCS OINIHKH, TaK i
aNbTEPHATHBHHUX MPOLECIB y MEXKaX KUTTEBOTO LUKITY.
SIk yxke 3ranyBainocs BHUIIE, BOKJIMBUM MUTAHHIM
Oyna mepeBipka NPOIYKTHBHOCTI PI3HUX MoOJeNeH
MAaIIMHHOTO HABYaHHS 32 IIEBHUMH NapaMeTPaMH OLIHKH
TOYHICTb

mojeni. Ili TOKa3sHMKM XapaKTepu3yrTh

MPOrHO3iB, M0 MOXXHA OTPUMATH. IIOpIBHUIBHI

pe3yibTaTu Ui JepeB pillieHb, HATBHOTO OAECIBCHKOTO
6araToIrapoBoro

kinacudikaropa Ta HepcenTpoHa



https://zenodo.org/records/268446
https://figshare.com/articles/dataset/Finnish_Effort_Estimation_Dataset/1334271
https://figshare.com/articles/dataset/Finnish_Effort_Estimation_Dataset/1334271
https://zenodo.org/%20records/268457

162

ISSN 2522-9818 (print)

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2024. No. 2 (28)
HaBeleHo B TaOm. 1. SIk Oaummo, HaliBHMIA TOYHICTH ale  HaWOUThII  NPUAATHAMH  UIA  BHUKOPHCTAHHS
nependayeHust ans paracery China BnactuBa BIIII, B CHCTEMax IIPOTHO3YBaHHS 3yCWIb Ha pPO3pOOIIEHHS
ms Finnish — HBK, nna Kemerer — JIP. JlerambHuit € WMOBIpHICHI Mozmeni Ta  MOAET, OCHOBaHi
aHaJi3 JOCSATHYTHX pe3yJbTaTiB IPOJEMOHCTPYBAaB, Ha HEHPOHHUX MEPEkKax.

10 IIOKa3HUKH 3arajoM 3ajicKaTb Bi,I[ TUITY JdaHUX,

Tadauus 1. [loxasnuxu npodykmusHocmi mooeneti 05 00paHux oamacemis

Mopaeanb | Iporu (25) | Iporn (50) | CAIl | CBBII | BCBII MBBII | R -kBaapar | CKsIl | KCKsll
Haracer China

1P 22.66% 46.66% 0.0366 1.0713 0.5456 0.5011 0.6409 0.0065 0.0807
HBK 21.33% 47.33% 0.0415 0.9399 0.3359 0.4545 0.6239 0.0068 0.0826
BIIII 27.33% 49.33% 0.0357 0.9481 0.3734 0.5025 0.7015 0.0054 0.0735
Hatacer Finnish
AP 19.67% 45.90% 0.0511 1.3536 0.5668 0.5188 -0.1736 0.0123 0.1109
HBK 23.77% 45.90% 0.0362 1.2171 —2.4677 0.5560 0.6766 0.0034 0.0582
BIIII 17.21% 44.26% 0.0403 1.3961 0.0086 0.5225 0.6444 0.0037 0.0611
Jaracer Kemerer
AP 0% 60% 0.0801 0.2071 0.3295 0.1047 -0.1736 0.0083 0.0911
HBK 20% 40% 0.1046 0.8173 0.8792 0.4589 0.6766 0.0156 0.1247
BIIII 20% 40% 0.0703 0.3848 0.3641 0.2510 0.6444 0.0057 0.0757
JlocnipKeHHsT TaKoXX 1OKa3ajo, M0 B PO3pPOOJICHHI a THX, IO YacTO 3aCTOCOBYIOThCS B Agile-poexTax
NnoJiOHUX CUCTEM HEeoOXiZHO OpaTd [0 yBaru BILIHMB (Hanpuknax, cropi MOiHT). SIK HacHiOK, NHTaHHA
CeTIB [aHWX, SKI BHUKOPHCTOBYIOTHCS IS HaBYAHHS e(EeKTUBHOCTI MOJIeTIeH ITYYHOTO IHTENEKTY AJIsl pOOOTH
Mojen, a came crenuiky MPOEKTIB maTaceTy, iX THII, 13 3a3HAYCHUMY TUTIAMH MPOEKTIB 3QJIMIIIAETHCS UCKYCIHIM.
CKJIQJHICTb, KUIBKICTh IPOEKTIB y CETi, aTpuOyTH TOIIO. Hpyrum  pe3ynbTaToM JIOCITIIPKEHHS CTaB
[To3a Mexamu AOCHIKEHHSI TaKOXK 3aJTHIIIHCS CIPOEKTOBAaHMN ANl JAEMOHCTpaulii  MOJJIMBOCTI
METO/I0JIOTii OIiHIOBaHHS, OCHOBaHI HE Ha TPaJULIHHNX BUKOPHCTaHHS TEHEPAaTHBHOIO INTYYHOTO 1HTEIEKTY
MOKa3HUKaX 3yCcWib (HampUKIaa, y JIIOAWHO-TOJMHAX), GPT-3acib, apxiTeKkTypa sKoro 300paxkeHa Ha puc. 5.

Puc. 5. Ormnsag apxiTekTypH MporpaMHoro 3aco0y reHeparlii JOpokHiX KapT 1 BiAMOBIAHUX OIL[IHOK
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KonnenrtyansHO mporpamMHuii 3acid Mparioe TaKuM
yuHOM. CrHoYaTKy MpPOBOIUTHCS TOKEHI3aIlisl IMiACTIB
Ha OCHOBI TOMEpeaHbO HaB4YeHOi moxeni GPT, a mami
CTBOPIOETBCSI MOJIENIb Te€Hepallil Ha OCHOBI apXiTEKTypH
GPT. ]Ins KOXKHOTO pe3yJIbTaTy TOKEHi3amii mizcioBa
Il MOJENb KOIYE CJIOBa ¥ TO3WIli, CTBOPIOIOYU IUM
BEKTOp BOYZOBYBaHHS KOXKHOTO cJOBa W TO3HWII B
pesynbrar. Jlani BekTop monaerbes B apxitektypy GPT,
mo MicTuth Onoku fexonepa. Ilicms oOpoOneHHS

JIEKOIepOM BUXIAHUI BEKTOp MOJTAEThCS B
GaraTonrapoBHii NEPCENTPOH AJISI OL[IHIOBAHHS €JIEMEHTa
JIOPO>KHBOI KapTH LIbOT'O pPE3yJbTaTy.

BukopucranHs 3a3HadeHOro 3acoly 03BOJIIIIO

MPOTECTYBaTH MOXKIUBOCTI reHepaTuBHOro III  myst

(opMyBaHHS ~ TIEPENIPOEKTHUX  OIHOK.  BaxmmBo
3ayBaXWUTH, [0  BIIKPUTHM  NHUTaHHSIM  JUIA
OOTOBOpEHHSI 3aJMIIAETHCA BHOIp MOBHOI Mopemi
(BERT, Gemini, LLaMA) Tta 1iX e(eKkTHBHICTH

Y pO3B’sI3aHHI IOCTABJICHOT'O 3aBIAHHS.

BucHoBkm it NEPCHNEKTUBH NMMOAAJIBIIOT0 PO3BUTKY

3aHpOHOHOBaHe B CTaTTl I[OCJ'IiI[)KeHHH HIPUCBAYICHO

KOHICNITYaJIbHUM  3acajlaM CTBOPCHHA  IIPOIrpaMHUX

CHCTEM aBTOMATH30BAHOIO OOYHCIICHHS OKa3HHKIB
MPOEKTIB 13 PO3POOJICHHS MPOrPaMHOI0 3a0e3MeUeHHS
Ta MOpPOTHO3YBAaHHS BIUIMBY HA TIOKA3HWKH PI3HUX
miaxomiB 10 mpoekTy. OcoOauBY yBary MNpHILICHO
MO>KJIHBOCTI Mozenei

aHayizy BUKOPHCTaHHS

IITYYHOTO  IHTENEKTy SK HalOLIbII  TPEHIOBOTO
MmiXomMy B CydacHiId imkeHepil cucteM 00poOIeHHS
iHpopMalii Ta NPUIHATTS PillIeHb.

HocsarayTi rinoresy

PE3YyIbTATU HiI[TBepI[I/IJ'II/I

mpo 1€, 110 METOAN MALIMHHOI'O Ta F.]'II/I6OKOFO HaBYaHHA
Cnucok Jgireparypu

1. Lauesen, S. IT project failures,
https://doi.org/10.1109/ACCESS.2020.2986545

causes and cures.

JOIUTFHO BIPOBAKYBATH U MiJBHUIIECHHS 00’ €KTHBHOCTI
OLIIHOK MpoekTiB. CaMe BOHH 3a0€3M1e4yI0Th MOXKIINBICTh
OTPUMYBaTH 3HAYYL[ Ta MPABWIbHI XapaKTePUCTUKH
3aJ]aHuX y Ipolieci reneparii pesynbratis. [IpodneMHum
MHUTaHHAM BOJHOYAC 3aJTUINAETHCS noOynoBa
e(eKTUBHUX IHCTPYMEHTIB I OOpOOJICHHS CKJIAIHUX
JAHWUX Ta IX BUCOKOPO3MIpHHUX Bapiarliil.

llle ogHWMM HampsSMOM MOJANBIINX AOCIIIKEHb
€ CTBOPEHHS YHIBEpCAIBHOTO JIaTaceTy, OCKIJIbKH
4yepe3 BITHOCHO He3HauyHi po3Mipu Ta crenudidHicTh
HAsSBHUX JIaTaceTiB MOXE 3HAYHO 3OUIBIIUTHCS Yac
Ha HaBYaHHS MOJIeJIi Ta BUHHKHYTH CYTTEBI MOXHOKH
B rmporHo3ax. lLle ocobamBO BaxiIMBO Ui cdep

MISUIGHOCTI, IO  MAlOTh  HaA3BHYailHO  MIHJIMBI
KOHTEKCTHI YMOBH, 30KpeMa IIporpamMHa iH)KeHepis,
1 JaraceTd HE € pEeNnpe3eHTaTUBHUMH JUIS BCHOTO
Jiana3oHy NPOIYKTOBHX Ta HMPOEKTHHX XapaKTEPHUCTHUK.
Ile mpu3BOIUTH 10 HEOOXIAHOCTI MOCTIMHOI MiATPUMKH
TPeHyBaJILHOTO HaOoOpy BiZoMoOcTell y aKTyaIbHOMY
CTaHi, JI0Jly4eHHs] HOBUX JIaHUX, OHOBJICHHS aJITOPHTMIB,
BHU3HAYCHHS IMOBTOPIOBAHOCTI Ta HAsABHOCTI iHQopmarii
B JIaTaceTi TOMIO.
LlixaBum TaKOX 3aJIUIIAETHCS IHUTaHHA
MO/IEIIIOBAaHHSI KOHTEKCTY OLIIHIOBAaHHS, MEPCIEKTHBHUM
BUIIIAIa€ BUKOPHCTAHHS IPHHIMIIB METaKOHTEKCTHOTO
oOMiHy iH(opMaIli€ro Ta afanTaiii 3a3Ha4CHOTO MiIXO0Ly
0 0OpoOJIeHHS HECTPYKTYypOBaHWX nNaHMX. Llei mimxin
TaKoX MoOXKe OYyTH 3ampoBaJUKEHHH SK IHCTPYMEHT
YCYHEHHS Pi3HOPITHOCTI TPEHYBAIBHIUX HAOOPIB JaHUX.
HeoOXigHO HAroJMOCHTH, IO METOAH MAIIUHOIO
Ta TAMOOKOTO HAaBYaHHS YYTTEBI IO SKOCTI iH(opMarii,
ska  30epiraetbcsi  Oe3mocepeHbO B Jaracerax.
YHacHiIoK IBOT0 TEPCHEKTHBHUMHU € TOCTIIKCHHS,

TIOB’5I3aHi 3 TEOPIEIO SKOCTI JaHUX.
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IMPLEMENTATION OF ARTIFICIAL INTELLIGENCE METHODS
TO THE PROCESSES OF AUTOMATED METRICS FORECASTING
FOR SOFTWARE SYSTEMS DEVELOPMENT PROJECTS

The subject matter of the article is the process of automated forecasting of project metrics for software development projects
that are typically subject to evaluation. It also covers Al methods and models that can be used to generate basic roadmap
templates and operational work lists, as well as alternative estimates depending on the context. The goal of the work is to study the
foundations of creating a system for automated predicting of alternative evaluations of a software product. The following tasks were
solved in the article: determining the stages of evaluation related to the assessment of alternatives in the life cycle of a software
development project; investigating the problems of predicting and the main factors affecting the final indicators; exploring predicting
methods that can be used to implement multivariate assessment of a software development project. The following methods are used:
methods for evaluating and predicting labor costs in software development projects, machine and deep learning, and assessing
their effectiveness for solving the prediction problem. The following results were obtained: the conceptual foundations
for creating automated evaluation and prediction systems based on the analysis of the effectiveness of selected machine
learning models were determined, the areas of application for artificial intelligence methods in the process of evaluating
software development project indicators were identified, the performance indicators of various machine learning models were
assessed based on certain model evaluation parameters that characterize prediction accuracy; a conceptual architecture of
a project roadmap generation software tool based on the GPT language model was proposed. Conclusions: the use of machine
and deep learning methods can improve the accuracy of predictions for key project indicators, provide the possibility
of flexible generation of various alternative roadmap templates and operational work lists, making the planning and management
process more efficient and transparent under conditions of high uncertainty of project requirements.
Keywords: project evaluation; software; machine learning; generative models.
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A. XOBPAT

OLIIHIOBAHHSI E@EKTUBHOCTI BUKOPUCTAHHS
TBPUIHUX HEPOHHUX MEPEXK
JUISI BUSIBJAEHHS COATBCUPIKOBAHOI AYIIOTH®OPMAIII|
B COLIIAJILHO OPIEHTOBAHMX CUCTEMAX

Ipeamerom pocaimxeHHss € mpobieMa BHsABICHHS (anbcudikoBaHoi iHGopMamii, 30KpeMa B ayaiopopMmari, y COLIaIbHO
OpiEHTOBaHUX cucTeMax. MeTa po6oTH — po3poOsIcHHS eeKTHUBHOI MOCTI I/ BU3HAUCHHS (aKTy MiApOOJICHHS 3BYKOBUX TaHHX,
sIKa OCHOBaHA Ha PEKyPEHTHHX 1 3TOPTKOBHX HEHPOHHHX MepeXkax i3 BHKOPHCTaHHAM TexXHOJOTii MapReduce mns mapanenizarii.
VY cTaTTi po3B’A3yIOThCA Taki 3aBAAHHSA: BU3HAUEHHs OCOOIMBOCTEH ayaio B COLIANbHO OPIEHTOBAHUX CHUCTEMAaX; aHaJi3 aJrOpUTMIB
Ut iepenoOpobneHHs ayaioiHdopMaii SK y mepeTBOPEHOMY Ha TEKCT BUIJIAML, TaK i y BUDJIAI CUTHaNy; opMyBaHHS HEperiKy
LUTBOBUX apXIiTEKTYp HEHpOMEpek Ta PO3KPHUTTS OCOOMMBOCTEH iX IMIUIEMEHTAIlil; eKCIIepHMEHTANbHA TepeBipka eQeKTHBHOCTL
00paHuX MiAXOIIB. YIIPOBALKYIOTHCS TaKi MeTOAM: aHANITHYHUNA Ta IHAYKTUBHUM — U1 BU3SHAYEHHS IIJILOBOTO HAOOpPy apXiTEKTyp
HEWPOHHHUX MEpexk; eKCIIEPTHE OLiHIOBAHHS — JUTs ()OPMyBaHHS HAWOIIBII BINTMBOBHX (haKTOPIiB €pEeKTHBHOCTI; eKCIIePHMEHTAILHUH,
0araToKpUTEpiabHOTO OI[IHIOBAHHS Ta CTATHCTHYHI METOIHM ayTrMeHTalii iHdopMmamii — i BH3HAYEHHS HaHOUIBII €(QEKTUBHOL
mozeni. Jlocsirnyti pesyastatu. ChopMOBaHO anroput™m mepenoOpoOneHHs ayaioiH(opMmamii 1 MOMKIMBOCTI 3aCTOCYBaHHS
PEKYPEHTHHX 1 3TOPTKOBUX MEpekK. IMIUIEMEHTOBaHO JEKUTbKa MiAX0/IB 10 Kiacuikarii inpopmarrii 3 BUKOPUCTAaHHIM ayrMEHTAIll,
OCHOBaHOI Ha BEKTOPHIN aBTOperpecii Ta TeXHOJIOTIi mapanemnizamii MapReduce. BuzHadeHo, 0 HAWOUTBII eEKTUBHOI MOJEILIIO,
3a chopMOBaHOIO 3a7auero OaraTOKpPUTEPialbHOTO BHOOPY, € IMOEIHAHHS JABOCHPSIMOBAHOI PEKypeTHOI HelipoMepeki 3 MiITPHUMKOIO
KOPOTKOYACHOI Ta JIOBIOCTPOKOBOI IaM’sITi i3 JEeKiTbKOMa 3rOpTKOBOMH MepexaMmu. [loka3aHo mepeBarn BUKOPHCTAHHS TEXHOJIOTIT
MapReduce nns onTuMizalii 4yacy HaBYaHHA U mepemnoOpobneHHs iH(opMmamii Ta BU3HAYCHO HAOIp BIOKPUTHX MHUTaHb
JUTSL IOAANIBIIOTO JOCIIDKEHHS i NPUKIIATHOTO BIIPOBA/PKCHHsI. BUCHOBKH. 3aCTOCYBaHHS aHAJITUYHOTO Ta IHIYKTHBHOTO MiIXOIy
3 MOJAJBIINM NTPOBEJECHHAM €KCIEPHMEHTAIBHOI IIEPEBIPKHU J1aJI0 3MOTY po3poOHTH e(heKTUBHHMIA (3 TOUHICTIO IOHaR 96%) MexaHi3M
BUSBJIEHHS c(aOpuKoBaHOI iHpOpMAI] SK y BHUIVISAI CHUTHAIY, TaKk 1 y TEKCTOBiH ¢opmi. JlocarHyTuil pe3ynpTaT Aae MiICTaBU
CTBEP/UKYBaTH PO JAOLUIBHICT YIIPOBAIKEHHS 3aMPOINIOHOBAHOTO MiX0AY, 1[0 3MEHIIY€E BILIMB MOAIOHOT iH(popMalii B couiaIbHO
OpIEHTOBAaHHX CHCTEMAax, OCOOIHMBO MiJl Yac KPU30BUX SBUIIL.

KuarouoBi cioBa: ayrMeHTaiist CHrHajiB; BEKTOpHa aBToperpecis; kimacudikamis; oOpOONEHHS MNPHUPOIHUX MOB;
¢eiikoBa iHhopMarlis.

Beryn VY 3BHYaliHMX yMOBax MpoOJieMa MOXE MOPOAUTH

JIOKaTbHI KOHQUIIKTH B Tpymi Jozxei, ocobnmuBo 1e

VTIPOIOBXK OCTAHHIX JECATHIITH TEXHOIOTI], CIpOMOXKHi ~ TMOMITHO B couianbHux Mepexax [S]. Toctpimoro

chanbcudikyBati iHGOPMAIlO, JOCATIH TOTO PIiBHS, CUTyallisl Ccra€ B YyMOBax BiHCBKOBO-TIOJITHYHOL

KOIM TPO  HEOOXIMHICTP  BUABICHHSA  MigpoOOK HeCTablIbHOCTI, Ko Oynb-ska iH(popMmaLis

y COLIAIbHO OPIEHTOBAaHUX CHCTEMAaX TOBOPATh Ha CHPUIMAETHC KPi3h MPHU3MY IHTEHCH(IKOBAHUX EMOIIIH,
3akoHOJaBuOMYy piBHi [1]. BapTo 3a3HaunTH, MO CTYIiHB [0 CHOBUIBHIOIOTH IMPOIEC KPUTHUYHOTO MMCIICHHS.

TOCTPOTH 3aJIEKHO Y pa3i, komu WAPOOKM € YaCTHHOI HOBHHHOTO

Bil BHIY 1010

npobiemu  uBepcUiKyeThCs

BiNMOBiMHMX  maHWX. 30KpeMa iHhOpPMAIIHHOTO TOJs, BOHH MOXYTh IPUCKOPUTH

BificoiH(opMallii CIOTBOPEHHS 1€ HE 3MOIJIO JOCSTTH
HeoOXigHoro piBHA [2]. SIKII0 HOEThCs PO TEKCT i GoTo,
TO BXE ICHYIOTh TPYHTOBHI JOCTIJDKEHHS Ta HaBiTh

(bakry
niapobku [3, 4]. Boxnouac ¢danbcudikaiiis ayaio Juiie

MmeBHI iX IMIDIEMeHTaril I BWU3HAYEHHS
HEIIO/IaBHO 3MOTJIa IePeHTH MeXy MpOoCToi imeHTH]IKalii,
TOOTO 3 BUKOPHUCTAaHHIM JIIOACHKOro ciyxy. IlomiOHumit
CTaH peded Jae

3MOTy IIEpeciyHMM TpoMajsHaM

CIUTyTaTH (PEHKOBHUH 3aMKC 13 peajbHUM.

COIliaJIbHI 3pYIICHHS, BUKJIMKaHI KPU3010, 1 TAKUM YHHOM
mocuauTy i Hachiaku [6]. Lle Mo)ke MaTH €KOHOMIYHUI
XapakTep, CyTO CoIlialbHUii abo HaBiTh BiMICHKOBHH,
1 3peIUTO0 HEraTMBHO IIO3HAYUTHCS Ha HACTPOSX
HaceJieHHs. SIK pUKIIa moiOHOT CUTYaLli MOXKHA 3rafaTi
¢eiikoBi aynio, mos’s3aui 3 nmanaemiero COVID-19 [7],
Yy BEJIMYE3HY KUIBKICTh c(anbCcu]ikoBaHUX 3aruciB
Pociiicekoi  Demeparii

Ha TIOYaTKy BTOPIrHCHHA

Ha Tepuropito YkpaiHu [8], IIO BHUKOPUCTOBYBAIUCA

© A. Xospar, 2024
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IUT TIPUXOBaHHS (PaKTIB MOPYIICHHS 3aKOHIB BEACHHS
BiiHM YW jauckpeauTauii 30poWHHMX cwi  YKpaiHu.
HeoOxigHO 3ayBakuTH, IO, XO04Ya MOXKIHBOCTI IS
aynioinpopmanii 3’ sIBHITHCS

SIKICHOTO ~ TiAPOOJICHHS

BIIHOCHO HENIOJaBHO, iX BXe 3HAYHO IPOCTille
peani3oByBaTH, Ha BiAMIHY BiZ (OTO, siKe MOTpPeOye
JOCTaTHBO Yacy ¥ 3HAYHOro OO0CATY BHXIJHOTO
Matepiany. Lle 31 cBOro OOKy JHIlle MOCHIIOE MOXKJIHBI

PHBHKH AJIsI CYCIITBCTBA H AEPKaBH.

AHaJi3 ocTaHHIX 1ocaigKeHb i myoaikamiit

VY nocnmimpkeHHI (PEHKOBUX TEKCTOBUX HOBUH JICKLITbKA
TPy icmaHChKUX yueHuX [9, 10] moka3anu, Mo MamIinHHEe
HaBYaHHSA 32 CBOEIO CYTHICTIO IOTpedye IOCTaTHBOI
KUIBKOCTI iH(pOpMAIil Al JOCATHEHHS IO3UTUBHOTO
(tounicte moHam 95%) pesymprary Kiacuikarii.
Jlo TOro > Take HaBYaHHS € JIOBOJII YYyTJIMBUM
mo iHdopMmariiftHux BukHAIB. OmHaK, 3BaKalOUM Ha
HasBHI y BIIKPUTOMY JOCTyI 0a3u MaHWX, 3a3HAYCHI
HEIONIKA HE € 3HAYHUMH, 0 OyJ0 IJOBEACHO B Tparli
yKkpaiHcbkux gociigaukiB [11]. TloxiOHe BUmpaBaaHHsS
MOKHA 3acTOCyBaTh W I iH(opMarii iHIIWX BHIIB,
30kpema aynio. lle mpomemMoHCTpyBadM HayKoOBII 3
MaccaqyceTchbKoro TeXHOJIOTTYHOTO iHCTHTYTY B Tipatti [12].

omo iHImMX crocoOiB BUsBIEHHS cdabcudikoBaHOT
iH(opMarlii, TO e OJHUM JTOBOJI HOMYISPHUM METOIOM
€ CTBOpeHHs rpad)oBUX MOJENEH, siKe OyJIo IIHPOKO
nmocmimkene BueHMMH 3 [apBapmy [13] Ha mnpukiami
MiIPOOJICHNX aKayHTIB. 3a3HaYeHUl METOJ TapaHTye
IMIBUIKANA pe3ylbTaT 3a MiHIMAIFHUX 0a30BHX JaHUX.
OaHak y 3acTOCyBaHHI JUIi ayaio- YH TEKCTOBOI
iH(opMarii MeTo]] BUMarariuMe 3Ha4HOrO IepeioOpoOIeHHs,
i TakuM 4YHHOM BHrpall Y IIBUJAKOIIT HIBENIOETHCS.
SIKIIO X pO3TNIAAATH NMUTAHHS BHSBICHHS HETIPAaBIMBOT
iHpopMmarii, TO Bapro 3rajgaTM W PO MpodIEMy
BUSIBJICHHS criamy. ['pymnoro KHTaichKO-aMepHKaHCHKHX
YUCHHX TOBEICHA MOJIIMBICTh €(DEKTUBHOTO 3aCTOCYBAHHS
MapKoBCchknx Mepex [14]. Omnak, Oepyum 110 yBaru
OCOOJIMBICTB Tay3i, IX 3aCTOCYBaHHS € JOBOJII TPOMI3IKAM
1 BUMaraTuMe 3HaYHUX OOYMCIIOBAJIBLHHX IOTY>KHOCTEH,
110 JIOBIB KaHAAChKUI mocaianuk 3 Moupeato [15].

[Tix gac posrany BizyanbHOI iH(oOpMarii, 30kpeMa
(doto uM BiJEO, MOXHA 3aCTOCOBYBATH aBTOPEIrpeCiiiHi
MOJIeJI sl BUSBJIICHHS BIIXIJICHB BiJl 0a3MCHUX 3HAYCHB,
IHAaKIe KaXy4dd, /Ajsi BUsIBICHHS (akTy MaHIimynsiii
3 ganumu. lleit miaxin OyB ycIimiHO 3acTOCOBaHWi
yaenumu 31 Cterndopay. BogHowac #oro takox MoxHa
JOCITKSHHS

BUKOPUCTaTH  AJis aynioindopmarrii

y BuraAi curHany. OfHaK BapTO 3ayBaXKUTH, IO CIIOCiO
€ HaliOLIbII e(eKTHBHUM, KOJHM B OPHUTIHAIBHUH 3amuc
Oyno momimeHo ¢QparMeHT migpoOkm abo X 3aMiHEHa
MOCJTITOBHICTh CHTHAITY.

[HIIOI0 MOXXJIMBICTIO € 3aCTOCYBaHHS aBTOpeETrpecii
Juisl  BusiBieHHsT (akTy cuHTe3dy iHbopmamii (Jume
3a HAasABHOCTI OPWTIHATHHHUX 3aIlUCIB I[LTHOBOI 0OCOOM).
B yMoBax KOHTEKCTyaJbHOTO BUKPHUBJICHHS MOAIOHI
Mojeni He IaayTh OakaHoro pesyibrary. Came TOMy
HaJalli BOHM HE PO3MIAATUMYTHCS SK KiacugikaiiiHi.
Haromicts, ik oKa3ana rpyna KUTaHChKUX JOCIITHHUKIB,
ABTOPETPECii0 MOXKHA 3aCTOCYBATH JJIs ayrMeHTarli [16].
Ile nmacte 3MOry YHHKHYTH TIpoOjJeMH  HecTadi
iHpopmanii. Xo4ya TyT BapTO 3ayBa)KHTH, IO B MPOIECi
pO3TIILy  DOBTOCTPOKOBOTO — MPOMDKKY, OCOOIHBO
OB SI3aHOTO 13 COLiaJIbHUMH KaTtacTpodaMu Ta 1HIINMHU
BUIIJIECKAMH COILiaIbHOI aKTUBHOCTI, 3a3HAYECHMM ITIAX1JT
NoTpedyBaTUMe CYTTEBOrO 00csTy iH(popMaLlii ITpo 30BHIIIHI
noka3zHuku. [lomibHy mpobiaeMy OMHCYIOTH NMPEICTaBHUKA
KopneniBcpkoro yHiBepcurery [17], Haromonyrouu, 1o
i, 9ac PO3TIAAY 3aBAaHHS 3 OOMEKEHOIO 30BHIIIHBOIO
TOYHICTB migxony (K s

iHpopMariero LBOTO

MPOTHO3YBAaHHS, TaK 1 TEHepalii) CYyTTEBO Majae.
Tomy B Mexax wLi€l poOOTH PO3IIISAATHMYTHCS JIHIIE

HEeTpHUBAaIi (10 TBOX MIiCAIIB) XPOHOJIOTIYHI MEXi.

BusnaveHHs He pO3B’A3aHUX paHilne
YACTHH 3arajibHOI MpodJeMH.
Merta po6oTH, 3aBIaHHSA

3a3HaueHHH CTaH pedyer cTaB MiIIPYHTSIM Ul TOTO,
oo y Bce OLIbIIOT KUIBKOCTI KpaiH O0OTOBOPIOIOTH
O6opote0y 31 cdabpukoBano iH(popMali€o, xoya
NEPEBAXXHO M 3BEPTAOTh yBary JMlIe Ha ii TEKCTOBUM
CKJIQAHUK. HaToMiCTh THTaHHS BUSBICHHS BHO3MIHH
ayzio € OBOJI BIIKPUTHM, X042 i YaCTKOBO PO3IIISTHYTHM,
0COOJIMBO KOJIM MIEThCS TPO JOTOBHEHHS peabHOL
iHdopmallii, a He CHHTECTHYHY T€HEpaIlilo. 3 OIIIIy Ha
CBITOBY IPAKTHKY HalOiJIbII e)EeKTUBHUMH B IIbOMY pasi
€ HeWPOHHI Mepexi. 3Ba)Kaloyl Ha MIKHAPOIHHIA TOCBII,
BUPILIEHO 30CEPETUTHCS Ha 3TOPTKOBUX Ta PEKyPEHTHHUX
HEHPOHHUX MeEpeXax, OJHaK Po3riigaTd He ix 0a3oBi
Bapiallii, a GBI POCYHYTI Ta aJaNTOBaHi AL pOOOTH
TEeKCTOBOI  iHpopMamii —

31 3HAYHUMH O0OCAraMu

JIBOCIIPSIMOBAaHI PEKYpeHTHI Mepexi 3 MiITPUMKOIO
JIOBFOCTPOKOBOI Ta KOpPOTKOYacHOi mam’siti (BiLSTM)
1 TiOpHUIHI 3TOPTKOBO-PEKYPEHTHI MEPEXi.

OpHak HEOOXIAHO 3ayBa)KMTH, IO BKa3aHI MoJei

MoTpeOyIoTh 3HAYHMUX O0O0CATIB BHXiAHOI iH(poOpMaIii,
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a TaKoX Yacy il HaBuaHHS moxeni. s po3B’szaHHA
3a3Ha4YeHUX MPOOJIEM MOXKHA BUKOPHCTOBYBATH IPUHIIMIN
ayrMeHTanii ayaioMarepiamiB Ta mapaiuenizmy. OmgHax
KiIacu4Hi (GopMH po3mapaieiioBaHHS HE TapaHTYIOTh
3HAYHOTO BUTPANIy y MIBUAKOCTI HaBYaHHS Mojeni [18].
Sk 0a30By aJbTEpHATUBY 3a3HAYEHUM IIPHHIUIIAM
BHKOPHCTOBYIOTh TEXHOJOTiI0 MapReduce, mo, OKpiM
HaBYaHHS, J1a€ 3MOTY IPUIIBUALIMTH i Oe3mocepeHbo
BU3HAUUTH (akT ¢ambcudikamii. Y Mmexax miei podoTu
posrisiHyTO  Mojeni  kinacudikamii - pelkoBuX  ayaio
HAa OCHOBI HEHPOHHUX MEPEXK i MOKIMBOCTI MOTU(IKaIIi1
IIUX AJITOPUTMIB 1 3aC00iB TX po3mapaieIOBaHHS.

Mema pobomu — po3pobneHHs e(heKTUBHOI MOJIEITi
tbaxty
iHpopmarii 3 BHKOpHUCTaHHAM TexHoJorii MapReduce.

JUIs  BH3HAYCHHS MiApOOJCHHS  3BYKOBOL
Jist mOCATHEHHS OKpecieHOi MeTH c(OpPMOBAHO TaKHM
MEPETIK 3a80aHb:

— BH3HAUUTH OCOOJIMBOCTI ayJio B COLIaNbHO
OpIEHTOBaHHMX cHcTeMax (Hagaui [Uid  CIPOIIEHHS
MO03HAYaTUMEMO TX K HOBUHH);

— OIHMcaTH auropuTMH, 00 Ja0 O 3MOTy
nepe00poOuTH ayaioiHPOPMAIlito SIK y TEPETBOPCHOMY
Ha TEKCT BUTJIAI, TaK 1 y BUTIIS/II CUTHAITY,

— JIOCTIAWTH 0OpaHi apXiTeKTypH HEHPOHHHUX MEPExX
1 BU3HAYUTH iX OCHOBHI TineprnapamMeTpH;

— PpO3KPHUTH CYTHICTh IMIUIEMEHTAIli TEXHOJOTIT
MapReduce;

— chopMyBartH IIaH eKCIIEPUMEHTY;

— TpOaHANi3yBaTH  pe3yNbTaTH  JOCHIHKEHHS
Ta Cc(OPMYIIIOBaTH BIJNMOBITHI BHCHOBKH Ha OCHOBI

PO3B’sI3aHHS 3a7a4i OaraToOKpUTepiaIbHOTO BUOODY.

Marepiaau Ta MmeTOaU

Cymmnicmb eukpuenenns ayoioingopmayii

[ToynemMo po3risin 3 BUSBIEHHS OCOONMBOCTEH
(heiikoBoi iHdopmarii. Hacammiepen HEOOXiTHO 3ayBaXKUTH,
mo QanbcudikyBaTu ayio MOXKHA MO-pi3ZHOMY, 30KpeMa
TaKUMH CTIOcO0aMu:

— CHHTETHYHE CTBOPEHHS ay/io 3a JIOMOMOIOI0
3ac00iB INTYYHOTO IHTEJEKTY: Mae€ Micle 3a HasBHOCTI
3HAYHOTO 00CATY BHXIJIHOI'O Marepialy Ta HeoOXiJIHOCTI
OTpPHUMATH I'oJI0C KOHKPETHOI 0cO0H;

— KOMIIOHYBAaHHS HasBHUX 3BYKOBHX JOPIKOK IJIA
BUKPUBJICHHS CYTHOCTI OPHTIHAIBHOI iH(OpMaIii: Ha BiMiHY
BiJ] TIOIIEPEIHBOTO CIIOCO0Y, TYT MOXKYTh HE 3aCTOCOBYBATUCS
TeHepawiiHi alropuTMH, OJTHAK HEOOXIHICTh OTPUMAaHHS
roJIoCy KOHKPETHOI 0co0M 30epiraeThes;

— KOHTEKCTyaJbHE BHKPHBJICHHS: y pasi, KOIH
BJIACHHUK TOJIOCY Ha ay/io HE € BaXJIMBUM, Ha JIOPIKKAX
MOJKYTb 3aITHCYBATUCS HETIPABIMBI HOBHHHU YK OTOJIOIICHHS.

HesBakaroun Ha mnpupony danbcudikamii, yci
BUITQJKHA 30CEPEIKYIOTECS Ha BHUIO3MIHI KOHTEKCTY
3 METOIO JIOCSATHEHHS HEOOXIZIHOTO Pe3yJIbTary: IMOTipIIeHHS
HACTPOIO HACEJEHHs, LIAaHTAX TOWM0. 3 ONIAAY Ha We
MOXKHa CGOpPMYBaTH TaKHM TMepeNliK CHocoliB, sK
3a HasgBHOIO B TIOBIJOMJICHHI 1H(OpPMAIEI0 BHUSIBUTH
Ta Kiacu(iKyBaTH HETIPABIMBI ayio:

—  BHUKOPHCTaHHS HEIIPUPOIHOI KUTBKOCTI PHTOPHYHUX
3aIUTaHb, SKIIO HAETHCS PO KOHTEKCTyajbHe BUKPHBICHHS
CYCHUTbHO BaxnuBoi iH(opMmarii. VY mHIBICTHYHUX
JOCII/DKEHHSIX 3a3Ha4eHo, 110 B odiliifHO-IUI0BOMY
Ta MyONIIUCTHYHOMY CTWIISX, HpU3HA4YeHUX it 3MI,
MofiOHMH THUN MOBJIEHHEBUX KOHCTPYKIIH  Maiike
BimcytHiit [19]. Lsg ocobnmBicTh BiacTWBa SK IS
TEKCTOBHX HOBHH, TaK 1 ayJio, BiZIco;

— BIACYTHICTB 3amepedyBabHIX KOHCTPYKITH ISt
3MEHIICHHS! KOTHITHBHOTO HaBaHTa)XEHHS B IO€THAaHHI
3 MEeCHMICTUYHUM 3a0apBIeHHAM OOpaHMX  CIIiB.
Sk mpuKiTanm MOXKHa HaBEeCTH 3aMiHy cioBa "mpoOiema”
Ha "katactpoga'. OgHak HEOOXigHO 3ayBaXkKHTH, IO
B YCHOMY MOBJICHHI BUKOPHCTaHHS HEHOPMAaTHUBHOI
JICKCUKH HE Ja€ 3MOIM HAleBHO BH3HAYUTH XapakKTep
3a0apBICHHS, TOMY JUIs TONANBIIOrO aHAJi3y OI[iHKa
MOTIOHMX CIIiB OPMYBATHMETHCS HA OCHOBI KOHTEKCTY;

— B)KMBaHHS 3aKJIMKIB 1 CIIOHYKaHb Y HEJIOPEUYHUX
¢dopmax. VY pasi KOHTEKCTYaJIbHOTO BHKpPHWBJICHHS,
METa SIKOTO — 3aMIiHHTH peaJbHI HOBHMHH, MOMIOHI
KOHCTPYKIIii 0npa3y BKa3ylOTh Ha HENPaBAWBICTh Ta
HEKOpEKTHICTh iH(popmarii. OnHaK yHACHIZOK PO3TIsiLY
MIMIKpiffHHX 3am¥CiB Ii OCOOIMBOCTI MOXYTh BUSHAUUTH
METY 3JI0BMUCHUKIB;

— BUKOPHUCTaHHSI HEBUTIPaBIaHOT KUTBKOCTI
3aliMeHHUKIB. [leii (hakTop 3A€0UTBIIIOr0 HEOOXITHUH IS
KOHTCKCTYaJbHOTO  BHKPHBJICHHS, IO  Haciiaye
MyOMIIUCTAYHUHA CTHIIH MOBJICHHS.

3a3HaueHi XapaKTePUCTUKA HE € BHYCPIHHUMHU,
OJJHAK MAa€EMO HaroJIOCHTH, L0 B pa3l 00poOieHHs
TpaHC(HOPMOBAHNX Y TEKCTOBUI BUIJIII ayIi03aIiCiB
JesKi 0coONMBOCTI MOXYTh HE BHSABHUTHCSA. 30KpeMma
BioMo, 1m0 s (opMyBaHHS (PEHKOBHX HOBHH YacCTO
BXKMBAIOTh KOPOTKI pEUeHHs Ta cJlioBa, abo X y HHUX
HasBHA 3HAYHA KUTBKICTh Pi3HOMAaHITHUX TOMMIOK [20].
I[li Ta momiOHI HUM XapaKTEPUCTUKA HE OepyThCs
J0 yBard Hajaidi, OCKUIBKH BOHH MOXYTh BHUSBUTHUCS
Yyepe3 HEKOPEKTHICTh PO3Mi3HaBaHHS ayJio YW 3arajiom
Oyt  0cOOIHBOIO

YaCTUHOIO  NIPOHECY  MOBJICHHSA
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mOAeW, TPUCYTHIX Ha aynio3amuci (HANPHUKIA,
3a YMOBH 3MiLlIyBaHH§I JABOX MOB YU BHUKOPUCTAHHA
perioHanpHHX mianektm3miB). ILli cami ocoOmmBOCTI
MOXYTh 3YMOBUTH OUIbLIy KINBKICTh false positive

BHUIIA/IKIB Y BUSBIICHHI (peHKiB.

Ananiz ayoio ax mexcmy

YHaCIiIOK aHaJIi3y Mpaili rpyny KHTaHChKHX YYEeHHX
BH3HAYCHO, 1[0 CTBOPEHHS BJIACHOTO MOAYJs Speech to
Text cynpoBOJKYEThCSl TAKUMH TIpoOsiemami [16]:

— SIKICTH 3aIKCIiB AT TPCHYBaHHS;

— Hecraua iHpopmarii 1 (GopMyBaHHS MOAEITI
(ocobmmBO TOCTpO TpOOIEMa TOCTae AN MOB i3
HEBEJIMKUMH KOPITyCaMn);

— irHopyBaHH# 1e(eKTiB BUMOBH;

— KOpPEKTHICTh 00poOIIeHHs JIiaJIeKTU3MIB,
HEOJIOTi13MiB, CKOPOYEHB TOIIIO.

3a3HaueHWil TEpeNik He € TOBHUM, TOX abu
VHUKHYTH BKa3aHHX HpoOIeM 1 AOCATTH HAWIINIIOro
pe3ynbTaTy HepeTBOPEHHSI ayaio Ha TEKCT, BHUPIIICHO
Bukopuctatu Google Speech to Text, 30kpema #oro
BiJIIOBiTHY MOBH
Python 3.

3anrcaHoro 20 JIOABMHU 3 PI3HMX peETioHIB YKpaiHu

0o0TOpTKY  JUIs porpaMyBaHHs

HonatkoBo 32 JOMOMOTOI0  TOJOCY,
Ta pI3HMMH BaJaMH MOBJICHHS, a Takox 20 3amucaMu
3 YKpaiHCbKOMOBHUX (iJIbMIB 0YJIO BCTAHOBJIEHO:

— cucreMa Mae OOMEXEHI MOXIHBOCTI B
pO3Mi3HaBaHHI CKOPOYCHB;

— SIKIIO Tay3W MK CIOBaMH € IIy’Ke TPHUBAINMH,
TO MOJIyJIb BU3HAUATHME OKPEMi PCUCHHSI,

— SKICTh 3ammCiB HE CYTTEBO BIUIMBAE Ha
e(heKTUBHICTh PO3Mi3HABAHHA: HASBHICTH JIOJATKOBOTO
IIyMy HIBENIOETBCS 3aBAAKH CTalii mepenoOpoOieHHs
ayio;

— ©0e3 yBarm [0 BHIIE3a3HAYCHOTO TOYHICTH
po3mi3HaBaHHS csrana moHan 95%, BUHIATKOM CTald
CLTBCHKI TOBOPH 3aXiTHHX 1 CXiTHUX O0JIACTEH.

Hamani 3a3HaueHi TBEpIKCHHS  BBAKaTUMEMO
0OMEXEHHIMH I1i€] CTaTTI.

[ITo6 mepeTBOpUTH AOOYTY TEKCTOBY iH(OpPMAIIiIO
B YHCJIOBE MIOAAaHHS, CKOPUCTAEMOCS TAKIUM aJITOPHUTMOM:

— PpO30HMBAaEMO TEKCT HA PEUCHHS Ta OKPEMi CJIOBa;

— BWIYyYaEMO CJIOBa 0€3 CYTTEBOTO JIEKCHKO-
rpadiyHOr0 HaBaHTaXXEHHs Ta Ti, 110 HE BIUIMBAIOTH Ha
pe3ynpTaT poOOTH ANrOPUTMIB (TaK 3BaHI CTOI-CIIOBA).
Hanpuknan: "oxnak", "ue", "a6o", "tomo";

— (dopmyeMo Ha OCHOBI JOOYTHX JIEKCEM CIIOBHUK

TCKCTY;,

— BHOKPEMIIFOEMO OCHOBHM KOXHOro CjJOBa B

CIIOBHHKY Ta NpPUOMPAEMO TOBTOPH  (3IIHCHIOEMO
OTIepaIilo CTEMIHTY);
— BHM3HAYaEMO JIeMy ISl KOXHOI  JIeKCeMH

B CJIOBHHKY Ta 3HOBY IPHOHPAEMO TIOBTOPHU (3IiHICHIOEMO
JIEMaTH3aIliI0);

— BH3HAYAEMO YACTOTHY XapaKTEPUCTKY KOXKHOTO
cioBa (11 omuc Oyae 3mIMCHEHO HWXKYE) Ta WOTO
eMOILIifHOTO 3a0apBieHHS 3a JONOMOTOI0  3aco0iB
Sentiment Analysis, BOynoBaHuUX y Mojeni nltk mMoBu
nporpamyBaHHs Python 3;

—  MOJU(]IKYeEMO OIIIHKY €MOIIHHOTO 3a0apBIICHHS
Yy MeXax KOKHOTO OKPEMOI'0 PEUCHHs Ha OCHOBI MPaBHII,
YCTaHOBIICHHUX paHillIe;

— arperyeMo ¥ HOPMYEMO YacCTOTHO-eMOIiHUI
MOKAa3HUK JUIi KOXKHOT'O pPEYeHHsS, BIH CIyryBaTume
LUIBOBUM THIUKATOPOM JIJIsI TTOJANBIIOT0 BUKOPHUCTAHHS
HEHPOHHHX MEpEK;

—  3HaxX0AUMO

TTOKa3HUK mMig03pinocTi B

HOPMOBaHOMY BHUIJIAJI Ha OCHOBI TeEpemiKy CIiB,
10 9aCTO BXKHUBAIOTHCA Y (eiKOBii iHpOopMaii.

OkpiM yKa3aHUX 3MIHHHX, BXIJHHUMHU BEITHYHMHAMU
TaKOX 3aCTOCOBYBATHMEMO TaKi IIOKa3HUKH:

— YaCTOTHO-eMOlliifHa XapakTepucTika 50 HailOLIbII
NONYJISIPHUX HOBHH 3a JAaTy CTBOPCHHS aylio3aIucy.
e macte 3MOry B3ATH A0 yBarH HOBHHHE 30BHIIIHE
cepefoBUIIEe M, BIAMOBIAHO, CKOPHUTYBAaTH OIIHKY
KJacugikaropa;

— Bara NoBigOMJICHHS. Bupimeno ctBoputn Habip
JaHuX, Yy SKOMY ayJIio NOJUIITUMYThCS Ha YOTHUPH
TpynH:

HOBHHH, IiHpoOpMaIis 3 Miclsd HaJI3BUYaAWHUX MOJIH,

(parMeHTH JOMAIIHBOTO Jiajory, 3arajbHi

HOBHHHU 0cobIMBOL BaXIJTUBOCTI. MapkyBaHHs
3nilicHIoBaTUMeThCs Big 1 1o 4 BianoBigHO. 3HAYESHHS
MOKa3HHMKA Bard TakoXX Oyle HOPMOBaHHM;

— CTYNiHb HaJIHHOCTI KOHBEpTALii aylio B TEKCT.
BusnauatuMeThcs B TIpOIECi TOPIBHAHHS PEabHOTO
TEKCTy TOBIIOMJIIEHHS 3 TUM, 10 OyB 0OpoOJeHui
Google Speech to Text, IK BiIHOUICHHS NPABUIBHO
PO3Mi3HAHUX CIIiB.

[Iomo 4YacTOTHOI XapaKTEPHCTUKH, TO BHUPILMICHO
BUKOpHCTaTn BM25, ska € mneBHOIO MoaudiKaliero
TF-IDF. JIna xpamoro 3po3yMiHHS CyTHOCTI Moamikarii
JICTaJIbHIIIE PO3IIITHEMO 0a30BYy XapaKTepUCTHUKY. Mera
TF-IDF — 3BaaTh Ha BaXJIMBICTH KOXKHOTO CIIOBa
B 3alMTI Ta TEKCTI 3 OMIAY HA YacTOTy BXKHUBAHHS
TepMiHa SK y TEBHOMY IOKYMEHTi, TaK i B KOpIycCi

3arajoM. YMOBHO cioBo "i" Moxke OyTH OIHUM

i3 HaWOUIbII TOIIMPEHUX Yy KOHKPETHOMY pPEYCHH,
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ajie BOHO YacTO BXKHMBAETHCS B KOPIYCI 3arajiom, TOX
MaTHME MEHIITY 3HAYYIIiCTh Y HONIYKY 3a UM KOPITYCOM.
Metox OCHOBaHWH IMIIE HAa CTATHCTHI Ta PaxyeThCsS
JIOBOJII IIBUJKO, TOX 1 JIOCI 3aJIMIIA€THCS HOMYJISIPHUM
IUIS 3afad, 1Oe He MOTPiOHI OBl CKIIAJHI pIlICHHS.
Y pasi BM25 nmo TF nomaeTbcs HACHYCHAa YacTOTa
TepMiHa. TOOTO SAKIIO TEPMIHOJOTIYHA OIMHUIIT BXKE Ma€e
BHUCOKY YaCTOTy, TO IICJsA TEBHOI MO3HAKH 3POCTAHHS
YacTOTH HE MaTHME 3HAYHOTO BIUTUBY Ha OIHKY TF.
IDF BUKOPHCTOBYETBhCS Tak camo. JlomaTKoBO HasiBHI
qaBa mapamerpu — k1 i b, Aki MOXKHA HaJalITOBYBAaTH
min KOHKpeTHHWH kopryc. Ilapamerp k1 Biamosimae
3a HACHYEHHS YacTOTH, a b — 3a Mipy BIUIHBY JOBKHHH
JTOKYMEHTA Ha Pe3yJIbTaTH.

Bubip T7F-IDF 0yB 3yMOBJEHHH pe3ylbTaTaMu
MOTIEPEHIX JOCTI/PKCHB, MPUCBIYCHUX aHATi3y TEKCTOBUX
Herounocti Ta oOMexeHHS

HOBUH [21]. 3HU3WIH

e(eKTUBHICT,  3alpONOHOBaHMX  KiIacU]iKamiifHUX
MeTOZiB. 30KpeMa OJHI€I0 3 MpoOJIeM BHOKPEMIICHO
NepeHacHUYeHHS] IIeBHUMH TEPMiHAMHM, SKi HE MOXKHA
BBaYKaTH CTON-CIOBaMH, HapuKiIay "katactpoda'.
3’sCyBaBIIM  OCOOJIMBOCTI aylio B TEKCTOBOMY

BUTJISIAI, IEpEHIeMO JI0 PO3TIISAY aydio SK CHTHAIY.

AHnaniz ayoio Ak cuznany

[lepmmm eranom y MiATOTOBJIEHHI aynio 10 HOro
00pOOIIeHHS SIK CHUTHAITy € BHOKPEMJICHHSI BOKaJIi30BaHOT
yactuHM Bij Tuini. [lomiOHa omepariis HEOOXimHA, amKe
B mepmoMy (parMeHTi IMPHUCYTHI KIFOYOBI €JIeMEHTH
MOBJeHHS Jnofeid. OmHuUM i3 3araJbHOBXKHMBAHHUX
croco0iB MapKyBaHHS ayIiOCHUTHAITy € HOTO pO30OHTTS

Ha TpU CTaHU:

— JUTSHKA THII (S ) , JIC BIICYTHS BUMOBA,

— HEBOKaJi30BaHA JiNITHKA (U ), JIe pe3yNbTyioua

(opMa curHaly Mae€ anepiofuYHAN abo BUMAIKOBHUIL
xapakTep (Mae MiCIe B pasi, KOJIU TOJOCOBI 3B’S3KU
He BIOpYIOTH);

— BOKAaJi30BaHA JiISHKA (V), JIe pe3yNbTyroua

dhopMa CHrHaIYy € KBas3ilmepioguuHOI (Mae Micie, KOJIU
TOJOCOBI 3B’SI3KM Cy0’€KTa MOBJICHHS Hamlpy)XeHi Ta,
BIJIMIOBITHO, BIOPYIOTH).

Ilono

TO 3ayBa)XKMMO, II0 ICHYIOTh METOJH, SIKi O Janu 3Mory

IHO€EAHAHHA JABOX nepmunx Z[iJ'IHHOK,

PO3MEXYBAaTH THINY BiJ HEBOKaTi3allii, OIHAK BOHHU

BHUMAararThb MTOCTIHOTO TMEpCHATAIITYBaAHH JII

pi3HOl"O OTOYCHHsA, 1IN0 B KOHTEKCTI ayﬂiOHOBI/IH

€ manoeekTuBHOW mnporenyporw. [loxioHa mpoGnema

HasBHA 1 JUI1 METO/IB, SKi PO3MEKOBYIOTH BOKAIII30BaHY

OUISHKY BiJl IHIIMX Ha OCHOBI Majoi eHeprii.
Tomy, 3BaXkaroun Ha 3a3HAYEHE TBEPKCHHS 1 TOH (hakr,
IO OIYMOBE OTOYEHHS HOBMH MOXKE PI3HUTHUCS, X0ua €
BITHOCHO CTaOUThHUM, OYJIO BHPIIMICHO 3aCTOCYBAaTH
METOAM, OCHOBaHI Ha po3moAil. Y [bOMy pasi
BBO)XaTUMEMO, [I0 CHTHAJ Ma€ TrayCCiBCbKY IMPUPOIY.
Omxe, 00 BHOKPEMHTH HEOOXiJHY 4YacTHHY ayzaio,
MOJKHA BHKOpHCTaTH (PyHKIif0 BicTtaHi Maxamanooica,
sKa € Ki1acudikaropom JiHiiHUX madnoHiB (LPC).

lo6 BH3HAYMTH  MapaMeTpH  TayCCIBCHKOTO
po3mojily, HEeoOXiZHO AeTepMiHyBaTH Oa3MCHE BIKHO.
Jdns  nporo  HeoOXimHe  BIOPOBADKEHHS  METOIY
€KCIIepPTHOTO OLiHIOBaHHS. Byno omutano 30 daxiBuiB
3 00pobneHHs 3ByKy 3 XapkoBa, Kuesa, /{xinpa ta Bigas.
YcTaHOBIEHO, 0 ONTUMAaJILHUI PO3Mip BiKHAa CTAHOBUTH
200 mc. Tenep Bi3bMeMO 10 yBaru GopMyITy BU3HAUCHHS
rayCcCiBCHKOTO PO3IOLTY JJIsl OTHOBUMIPHOTO BUIAJKY:

(x-n)’

g(x):me W (1)

Ie 4 — CepelHE 3HAUCHHS;

O — CTaH/apTHE BIAXHUIICHHS PO3MOILTY.
3 ommoy Ha e MOXKHAa BHU3HAUUTU TaKUH HaOip
TIPaBUII:

P[|x—,u| < 0] ~ 0,68,
P[|x-u|<20]~0,95, 2)
P[|x—u|<30]~0,997.
Bincranp Mexanano0ica BU3HaYUMO 3a JOTIOMOTOIO
bopmymH

Ll

(o2

(€)

Bepyun mo ysarm (2) ta (3), MOXXHa BCTaHOBHWTH,
110 3 IMOBIpHICTIO 99,7% BiICTaHb CTAHOBUTH MEHIIIC HIXK 3.

IIporec nmependavae Taxi KPOKH:

— aJropuTM NOCTYIOBO aHANli3ye aynio Yy BiKHI
200 mc Ta
cepellHE 3HAYCHHS;

BU3HAYA€ CTaHJAPTHE BIJXWIICHHSA Ta

— I KO>)KHOTO HACTYIHOTO BiKHA OOYHCIIFOETHCS
BincTaHp MexamaHoOica 3 BHKOPUCTaHHSAM JOOYTHX
paHiiiie 3HaYCHb;

— SKIIO BIJICTaHP TEPEBUIIYE 3, TO BBAKAEMO
CEeMIUT BOKJII30BaHUM, B 1HIIIOMY pa3i 3aMIHIOEMO HOTO
Ha MOPOXKHI 3HAYCHHS, (HAKTHIHO BUITYyUYAFOUH.

HeiiponHa Meperka npuiiMaTUMe Ha BXi IIEPETBOPCHE
ayJio, OJIHAK IBOTO Pa3y BIKHO JUIS PO3OUTTS HAa CEMILIH
Kpoc-Batigarrii.

BHU3HAYaTUMECTHCSA 3a JOIIOMOTI'OKO

SIk 3a3Havaocs BUIIC, 1JI1 YHUKHCHHS HpO6J’I€M HecTaui
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ayIiOCHTHATIB BHPINICHO 3MIHCHUTH ayrMEHTAIlilo 3a
JTIOTIOMOT'OI0 aBTOpEerpecii.

DopMabHO ii MOKHA OJATH TAKUM YUHOM:

Dy, =0y, +"'+q),;yr-p +0O.u, +Ou, +"'+®quf-q > 4

ne y, — K -BuMipHuii yacoBuii psiz;
®,,0, — wmarpuni posmipnocti KxK, i=1lp,
j=lq;
u, — K -BuMipHUil BeKTOp OLIIOr0 HIYyMY 3 HYJIHOBUM
CepeIHIM.
Tyt BapTo 3ayBaKMTH, 110, OCKUIBKM MaTpHULi
KOCQIIiEHTIB HE BHPOJDKEHI, iX JIETKO HOPMAaTi3yBaTH

DAy, =11y, +¥ Ay, +--+¥
e H:—((l)o_q)l_..._q_)p);
W, =—(0,, ++@,), i=1p-1.

JoOyTi MaTpuili Koe(illieHTiB 32 YMOBH 3araibHOI
KUTBKOCTI HEBIIOMHX, IO MOTPIOHO Opath 10 yBaru
Mg dYac TeHepamii, MOXYTh 3MIHIOBATHCS 3aJIe)KHO
Bil oOpaHoi Momem. Y Mekax IbOro IOCHIHKEHHS
PO3TISLIATAMYTHCS TaKi Bapiariii:

— TIpoCTa aBTOpErpecis;

— CEe30HHa aBTOpPErpecis;

— aBTOperpecis po3MoAIEHOr0 Jiary;

— aBTOpErpecis pyXOMOTO CEPEAHBOTO;

—  aBTOperpecisi IHTErpOBaHOTO PYXOMOTO CEPETHBOTO.

Y mpoMy pa3i emuHEM (DakTOpoM e(eKTHBHOCTI
MOXKHa BBR)XKaTH TOYHICTh ayrMeHTauii faHux. GakTuaHo
HEOOXiTHO TapaHTyBaTH, IO PO3MOALT MK BOKAIII30BaHIMH
Ta HeBoKaizoBaHuMu 200 MC ceMIUIaMH HE 3MIHUTHCS.

Po3rnsHyBIIM OCHOBHI 3acO00HM  TIPEMPOIICCHHTY
ay/iio y BUIIISI TEKCTY Ta CUTHAITY, OIUILIEMO apXiTeKTypH
HEWPOHHMX MEPEXK, SIKI MIIAHyEMO BUKOPUCTATH.

Apximexkmypu HelpoHHUX mepedrc

BiLSTM Tta CNN-RNN
3a CBOEIO CYTHICTIO € HAIIaJKaM1 KJIACHIHUX 3TOPTKOBHX

OOpani  apxiTeKTypu
1 pekypeHTHHX Helpomepex. Tox o0 kparie 3po3yMiTH
i Mojemi, 3AICHEMO TIIOCTYIOBHI oOrisay 0a30BHX
ANTOPUTMIB.

RNN. Bona
NPUXOBAaHUX IIAPiB, IO TMPAIOIOTh OMUH 32 OIHHM.

IToynemo 3 MICTHUTh  JIEKIIBKA
BopHouac kokeH HACTYMHHH Imap Ha BXi OTPUMYE

pe3ysbTar poOOTH MONEPEAHBOr0. 3a3HaYCHY OCOOJUBICTH

NPUIHATO ~ HA3WBATH  KOPOTKOYACHOK  IaM’SITTIO
3a aHAJIOTICIO 3 JIIOACHKUM MO3KOM.
VcepenuHi  MPUXOBAHOTO — MApy  MTOCTYMOBO

00po0sieTbest BUXinHA iHQOpMaLis i3 BUKOPHCTaHHIM

p—lyt—pﬂ

B Mexax Bix 0 mo 1. Momens (4)

BUKOPHCTOBYBATH B TPOLECI PO3IIBILY KOPOTKOYACHHX

MOKHa

MepiofiB, O TOTO X MOTPIOHO TapaHTYBATH BiACYTHICTH
abo > HECYTTEBICTb 30BHIIIHBOTO BIUMBY. OCKIIBKH
B Mexax Imiei poGoTu

BHPIMIEHO  PO3TJISTHYTH

CEPEAHBOCTPOKOBY IEPCIICKTUBY, HEOOXiTHO 3HAUTH
JIenbTy MK (4) Ta TMPOTHO30M Ha IONEpenHill mepion,

T00TO0 @Y, , . OTKE, MaEMO popMyITy:

+Opu, +Ou,_, +"'+®qut*q > ®)

rpamieHTiB. OmHAK y pa3i, KOIU JaHi MarOTh OCOOJUBUI
XapakTep Ta HEe € OOMEXEHHMH 3a CBO€I0 CYTHICTIO
(SIK 3ropw, Tak i 3HM3Y), MOXYTb BHHHKAaTH HPOOJIEMH
BHOYXOBOTO UM HAIiB3HUKJIOTO TpanieHTiB. Lle curyartii,
KOJIM 3HAueHHs TIpaJi€HTa MOYHMHAE TMpPSIMYyBaTH JIO
HeckiHdeHHocTi Ta 0

BignmoBigHO. 3 oIIAQy Ha

MDKHAPOJHHWIA JOCBiJ IJ dYac aHaji3y TEKCTOBOI
iHpopmaii (i CHTHAIIB TaKoX) IS IpoOIeMa MOXKe MaTH
micre. [1lo6 momomaTté BKa3aHWi HEIOJIK, BUPILMICHO
BUKOPDHCTAaTH HEHPOHHI MepeXi 13  MIATPUMKOIO
KOPOTKOYaCHOI Ta JOBrocTpokoBoi nam’sti (LSTM).

CyTHicTs MaTeMaTHYHOTO anapaty B LSTM momnsrae
B TOCTYHNOBOMY BHUKOPHCTaHHI JEKIIBKOX CHUTMOIJ
i TimepOOIIYHNX TAaHTEHCIB, IO TAaIOTh 3MOTY KOPUTYBaTH
3HAQYEHHA TaKUM YHMHOM, 100 YHUKHYTH CIIPSIMYyBaHHS
sk go 0, tak i mo HeckiHdeHHOCTI. I[IpomoHyemoO
JCTAJbHINIC PO3MJISHYTH OCHOBHI  €Tamud  poOOTH
MIPUXOBAHUX IIAPIB i€l apXiTeKTypH.

Ha mnepmomy eranmi y Forget Gate nonmarThcs
IIB1 BXiHI Barosi iH(opMmariii Ta 3IiiCHIOETECS MHOKEHHS
Ha curMa-QyHKIito aktuBamii. OONacTh 3HAYCHH i€l
¢yHKIii OOMexXye pe3ynpTaT BHKOHAHHS BKa3aHOTO
eramy B Mexxax Big 0 no 1. Ilicnst 3aBeprieHHs pe3ynbrar
MHOKUTHCS Ha JIaHi 3 KaHaJTy JTOBTOCTPOKOBOI MaM ATi.

Hpyrum eranom € [nput Gate, mo 3AiHCHIOE
aHaJIOTiYHE MHOXEHHS Ha cUTMa-QyHKIif0. OIHAK IBOTO
pasy pe3yJibTaT KOPUTYETHCS 32 JJOTIOMOT'OIO 3aCTOCYBaHHS
rinepbomignoro Tanrerca. [loniObHa omeparis nae 3Mory

HIBEJIIOBATH MPOOJIEMy CIPsIMyBaHHS JI0 HECKIHYEHHOCTI

B TMpoleci [I0JaBaHHS O 3HAYCHHS 3  KaHaly
JIOBFOCTPOKOBOT ITaM’SITi.
VYHacmigok poOOTH [BOX 3a3HAYCHHX E€TaIliB

(dbopMyeThCSl CTaH MaM’sTi, IO Pa3OM i3 BXIJHOKIO Ta
MIOTIePETHROI0 BUXITHOKO iHPOPMALIIEI0 CIyrye 6a3ucom
Uit (GopMyBaHHS HOBOTO 3HAUCHHS KOPOTKOYACHOT

mam’sti. Ile#t eram mae HazBy Output Gate 1 €
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3aBepIalbHUM KPOKOM BUKOHAHHS OJTHOTO MPUXOBAHOTO
nrapy. CyTHICTh IOJISITa€ B 3HAXODKCHHI TiepOoIiaHOro
TaHTEHCA BiJ] 3HAYCHHS JOBTOCTPOKOBOI TMaM SITi, SKHU
MICJIS [BOTO MHOXHTHCS Ha cHUrMa-QyHKIIO Bif
MOMEPEHBOT0 3HAYCHHS B KOPOTKOYACHIN 1Tam’sTi.

Xoua BKazaHa apXiTEeKTypa Oa€ 3MOTY YHUKHYTH
mpoOJIeMH TPaIicHTIB, BOHA BCe )X Ma€ OMUH iCTOTHUH

HEMONIK I dYac OOpOOJNICHHS TMPHPOJHOI MOBH —

HEMOXIIMBICTh 3BaKaTH Ha MaHOyTHIH KOHTEKCT.
Jlist KpaIoro po3yMiHHS HaBeIeMO MPUKIIa.
Hexait Maemo mowatok pedeHHS "Apple is

something that...". 3BuyaiiHa LSTM-apxiTekTypa He
3MOK€ BH3HAYMTH, II0 CaMe MAaeThCs Ha yBasi Mix
"Apple" — dpykr um kommaHis, 00 Hemae iHpopMarlii
Mpo KiHeIb HaBeleHOTO peueHHs. s mi€l apXiTeKTypu
Bapiantu "Apple is something that competitors simply
cannot reproduce" ta "Apple is something that I like
to eat" € ineMrnoTeHTHUMH. JIIs1 YHUKHEHHS 3a3HaueHOl
mpoOJieMH BHUPIMICHO BHKOPHCTATH IBOCHPSIMOBAHY
PEKYPEHTHY HEHPOMEPEKy 3 MiATPUMKOKO JIOBIOCTPOKOBOL
(BiLSTM). ®akTtuyHO

CYTHICTh IIi€1 MEPEXKi MOJIATaE B MOEqHAHHI ABOX LSTM,

Ta KOPOTKOYACHOI TmaM STi

COpAMOBAaHMX Yy Ppi3HI HampaMkd. Y IbOMYy pasi
"nonomixkHa Mepeka' Ja€ 3MOry 3BaKaTH Ha KOHTEKCT
JUIS IOYATKy PEeYeHb.

[Micnst BimmpaIroBaHHS JBOX IMiIMEPEK PE3yIbTaT
000X piBHIB MOENHYETHCS, CIOYATKY CIIOCOOOM MpPOCTOl
KOHKAaTeHallil, a Mmicjisl I[bOr0 3a JOIOMOIrOI0 JIHIMHMX
Tparchopmariin. st Toro mo6 BH3HAYNTH BiAMOBIAHI
ormepailii, BUPIIIICHO MPOBECTH KPOC-BATIAAIIII0, il Yac
SIKOI BCTAHOBJICHO, 10 HaMKpaluil pe3yJIbTaT A0CATAETHCS
32 yMOBHM BHKODHCTaHHS yCEPEAHEHHX 3HAYCHb.
AHanoriyHuA BHCHOBOK OyJio 3poOieH0 B Tporeci
eKCTIIepTHOTO  oOIiHIOBaHHA cepex 10  ocid, 1m0
3aMalOThCsI 0OPOOIICHHSIM MIPUPOIHOT MOBH.

PosrisHyBIIM  mepury i3 3aIpONOHOBAaHUX
apxiTeKTyp, nepeinemo 10 CNN-apXiTeKTypH.

[opiBHAHO 3 TONEpenHbOIO, 11 MOAEIbh HE Mae
Hi KOPOTKOYACHOI, Hi JOBTOCTPOKOBOI mam’aTi. HaromicTs
BOHA BUKOPHCTOBYE IIap 3rOPTKH, IIO JIa€ 3MOTY CYTTEBO
3MEHIIIATH PO3MIpHICTh BUXiHOI iH(opMariii. [{e ocobmmso
e(eKTHBHO B pO3Mi3HaBaHHI 00pa3iB i BU3HAUYEHHI (QaKTy
(hanpcudikarii 300paXkeHb 9H BiJeo.

o6  maTm

epextuBHimy CNN-apxiTekTypy,

3Mory l'[06y}IyBaTI/I SIKOMOra

HEOOXITHO 3amaTh
HU3KY TineprnapaMeTpiB Momeni. OmHuUM 13 HaiOLIBII
BaXIIMBUX cepell HUX € po3Mip ¢imbrpa. Lle ememeHT
NPUXOBAHOTO IApy, L0 3IMCHIOE MPOXiJ IMOMDXK

iH(popMaIli€l0 Ta BUKOHYE 3rOpTKy. Ilicis mpoBemeHHS

KpOc-Baifarii BCTAHOBJICHO, IO JJIs1 0OPaHOTO BUIAKY
Halkpammm Oyne GiapTp po3mipHicTIO Sx5x5.

Tyr Bapro 3ayBakKWTH, LIO OCTaHHE 3HAYECHHS
pO3MIpHOCTI B HAmIOMYy JIOCTIDKCHHI BiIIOBiIaTHMe
KITBKOCTI  JIECKPHUIITOPIB, 10 YTBOPIOIOTH IILJIbOBY
3MmiHHy. Came TOMy /Ui aHali3y aymio SK TEKCTy
PO3MIpHICTh CTAHOBUTHME 5X5x 5, omHaK y pa3i aHamizy
aylio SK CUTHANY pO3MIISAaTHMEMO SIK JIECKPUITOPH
JHIIe CTaHAApTHE BIOXWICHHS Ta CEpelHE 3HAYCHHS,
TO PO3MIPHICT (iIbTpa CTAHOBUTHME SX5x2 .

Y mporeci HOro MPOXOMKCHHS IOMDK JTaHUMH
PO3TaIIOBAaHIH CKATSIPHUH JOOYTOK MK 3amucamu (pinbTpa
Ta BXigHOIO iHpopMmamiero. Lle no3Bonmth chopmyBarn
aKTUBAIHY KapTy, PO3MIPHICTH SKOI JOpPiBHIOBATHME
KIJIBKOCTI BHKOPUCTAaHHMX (iIbTpiB, 1HaKIIe — TIMOWHI
Helipomepexi. 3 ONIAAYy HAa KUIBKICTH (DaKTOpiB, IO
OepyTbcsi 0 yBarw Ui kiacudikarii, Oyjao BHpilIeHO
3YIUHATHUCS HAa TIMOWHI, PiBHIN 5 Ta 2 BIAMOBIIHO.

OxkpiM 3a3HavyeHoro rimepmapamerpa it CNN-
apXITeKTypH, PO3TIBINAIOTHCS TaKi XapaKTePUCTHKU:

— po3mMmip sapa (y mpolleci Kpoc-Bamimarii Oyio
BHKOPHCTAHO SIPO B MEXax BiX 2 A0 5 1 BCTaHOBICHO
OIITUMAaJIbHE 3HAYEHHS, 10 IOPiBHIOE 4);

— po3Mip KpOKy MiI dYac po3risay. 3Bakarouu
Ha peKOMEHJalil, 110 BKa3yloTb Ha HeOaKaHICTh
BUKOPHCTaHHA KpOKYy TOHam 3 MnIsi TeKcTy, Oyio
BH3HAUCHO ONTUMAJbHE 3HAYEHHS, 1110 JOPIBHIOE 1;

— OepyuH 10 yBaru BCTAaHOBJICHHH KPOK, apaMeTp
JI0ZIaBaHHS HEICTOTHUX HYJIB HE 3aCTOCOBYBAaTHMETHCS;

— 3 oIy Ha OCOONMBICTH TPEIMETHOI rairysi
BUPILIEHO HE 3aCTOCOBYBATHU MapaMeTp 3MillICHHS.

BapTto 3ayBakuTH, M0 KiJIBKICTh IIapiB 3TOPTKOBOT
Mepexi s aHaji3y TekcroBoi  iHpopmanii  Mae
nopiBHIOBATH 1.

[TpoGnemoro 3a3HaueHOl apXiTEKTypu 3a YMOBH il
BUKOPHUCTaHHA [UII OOpOONEHHS NPUPOAHHUX MOB €
OOMEXEHICTh IIOAO0 yBarM JO KOHTEKCTY. 3BHYaiHO,
MPOXOKEHHS (UIBTpa Ja€ 3MOTY 3BaKaTH Ha OKIJI
KOXKHOTO 31 CJIB, O/IHAK OCOOJIMBICTH YKpaiHCHKOI MOBH
NOJSATaE  y BEJIMKUX pedeHHAX. OTKe, BH3HAUYCHUH
KOHTEKCT MOXE pO3TalloBYBaTHCA 1032 (QUILTPOM
CNN-mopnemi. [Ing yHukHeHHS 1i€i mpobiemu Oyio
BupinieHo noegunatu RNN ta CNN.

Xoua croco0iB MOAIOHOTO TTOEAHAHHS iICHYE JEKiTbKa,
y Mexax wiei podotu posrisgarumerscs junie RCNN-
apXIiTEeKTypa, IO TMOCIIIOBHO BUKOPUCTOBYE IBi HEHPOHHI
Mepexi. IHakine Kaxyuu, micias 3AIHCHEHHS 3TOPTKH
pe3ysbTaT HE JIMIIE KOHKATCHYEThCS, a HAACHIA€THCS

JI0 Iapy 3 PEKYPEHTHOK HEHPOHHOK MEPEKEIO.
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[ITo6 yHUKHYTH OKpECIeHHX MpoOJeM Iix dbac
PO3IIISITy TEKCTY, BHUPIIICHO 3aCTOCYBATH HE KIACHYHY
RNN-apxiTekTypy, a 3rajaHy BHIIE IBOCIPSMOBaHY

Puc. 1. Cxemaruune 300paxennss RCNN-apxiTeKTypH

Sk 3a3HAYaNOCs BHINE, Y BHKOPUCTAHHI CKJIQJIHUX
HEHPOHHHUX MEPEXK € CYTTEBHM HENOMK — dYac ix
HaBuaHHsA Ta 00pobOnenHs. KpiM mporo, mpodiemoro
TakoXK € dvac mepemaoOpoOieHHs iHdopmarii. 3 MeTor
3MEHIIECHHS BIUIMBY BKa3aHWUX HEAOJIIKIB OyJI0 BHpILIEHO
BIIPOBAUTH TeXHOJIOTiI0 MapReduce.

Cymmnicmo mexnonozii MapReduce

Texnomnorist MapReduce mnonsrae B po3noiiIi
BHXimHOTO Habopy iH(OpMAIli TAKMM YHHOM, MO0 BOHA
00po0IsiTacsi Ha OKPEMHX BY3J1ax.

KirogoBrumE omepamnissiMu € 3acTOCyBaHHSA (PYHKITiH
MemiHry Ta peaykuii. Ilepma nae 3Mory po3moaiuTH
iHpopMaIif0o MK BYy3JTaMH, Ha SKHX 3IIHCHIOETHCS
Oaxxane 0OpoOJIeHHSs, a pyra (QyHKIIis HATOMICTh 30upae
JIaHi 3 yCiX By3IiB i yHi(IKye iX.

Bapro 3ayBaxkuTtH, mo TexHonoris MapReduce
BHU3HAYA€ JIMIIE OCOONMBOCTI peamizamii BigMOBiTHUX
MOJYNIB y Mexax meBHHx (pelimBopkiB. Otxe, 1
peaiizartisi MoKe CyTTEBO BimpisHsTucs. s miei podbotn
o0Opano TexHomorito MapReduce Ha ocHoBi Hadoop.
I'padivuno 3ampomoHOBaHE PIICHHS MOXHA TOAATH TakK,
SIK TIOKa3aHo HUX4e (puc. 2).

VY mpoMy pasi 0cOONMMBY yBary BapTO MPHIUIATH
(yHKUIsAM po3moaiTy Ta KOMOiHyBaHHs. BoHM HEoOXiqHi
IUIS TOTO, MO0 3AICHUTH MOJATKOBY Mapajeli3aliiio

PEKYpEeHTHY HEHpoMepexKy 3 MiATPUMKOIO JTOBIOCTPOKOBOL
Ta KOpoTKodacHOi mam’siti. Orxke, apxitekrypy RCNN
MOJKHA TI0JIaTH Y BUTJIALI, 300pakeHOMY Ha puc. 1.

B KOXXHOMY 3 BY3IIB, 3aCTOCYBaBIIM pi3HI pErioHU
nam’siTi. 11106 kparie 3po3yMiTH CYTHICTh I[LOTO MiAXOY,
MOJXKHAa BBaXaTH 0a30Bi BYy3JIM MpOILIECAMH, a BKa3aHi
pErioHH mam’sTi — HOTOKaMHU.

OxpiM X ABOX (YHKIIiH, BaXKJIMBOIO OCOOJIMBICTIO
€ copryBaHHs iH(popMaIli mepes peaykiliew. Y CTarTi
PO3TIINAEThCS 1HQOpPMAILTis, MO CYTTEBO 3aJICKUTH BiJl
MOPSIIKY ¥ HE Mae JIOJaTKOBHX YaCOBUX MITOK, TaKHX
SIK y 4acoBUX psiax. o6 yHuKHYTH npoGiemMu BHACIIIOK
peyKuil, BUPIIIEHO JOAATH TOJIe 3 MOPSIKOBIM HOMEPOM
KOXKHOTO ()parMeHTy TEKCTy / CcuTHaly. 3a HUM
1 37IICHIOBATUMETHCS COPTYBaHHS.

MapReduce BUKOPUCTOBYBAaTUMETBCS HE3AJICKHO
B Tpolleci IPenpoLecHHry BHXIIHOI iH(opMmarii
Ta HaBYAHHS HEHPOHHUX MEPEXK.

Juist 3nilicHeHHs1 iepeaoOpoOsIeHHs y pa3i CUTHAIIB
Ba)XXJIMBHM € JIMIIE 3[IHCHEHHS PEeayKLii B IPaBUILHOMY
nopsinky. Jns oOpoGneHHst aynio sSIK TEKCTY HEOOXiIHO
Opaty 10 yBaru BaXJIMBICT ()OPMYBAHHS SIKOMOTa OLIBIIIOrO
cilioBHUKA. Jlsi 1BOrO BHPILIEHO CTBOPUTH OKPEMY
HepeIiiiHy 0a3y TaHUX i3 MITPUMKOO 0araTomOTOKOBOCTI,
Ky/i1 miciist 0a30Boro 00po0ieHHs (BUIy4eHHS CTOI-CIIIB,
JIleMaTH3alii, CTEeMIHI'y) 3alICyBaTUMEThCS BECh HAsIBHUI
cioBHuk. OTxe, 110 Oiblie Martepiany Oyjae 00pobieHo,
TO BHUIIOI Oysne TOuHICTH (QoOpMyBaHHA BiANIOBITHOT
YaCTOTHOI XapaKTEPUCTUKH.
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Puc. 2. Cxemarnune 300paxxeHss MapReduce Ha ocHOBI Hadoop

Jiis RCNN-apXiTeKTypHu TEpIINM KPOKOM € IIap
i3 CNN. Y HbOMY ITEpaTHBHO pETYJIOIOTHCS Barosi
KoedirieHTH, 00YNCITIOI0YN X YaCTKOBI TPaTi€HTH IiCIA
TOro, sIK KOXeH Habip HaBuasipHOI iH(poOpMaril
HOIIUPIOETHCS 3 TOIIOMOTOI0 MEPEXi.

Tak, posmapanenroBanHs mig 4ac (asy HaBYaHHS
Moke OyTH 3IifiCHEHO CIOCOOOM pO3MOITy JaHWX
Ha Jgekinbka ¢parmenTiB. [lotiMm koxeH ¢QparmeHT
nepenaeTscsi B Kimeka CNN, i Bci CNN HaBYarOTHCS
He3ane)kHo. [licns  1bOro  pe3ynbTaTH  arperyroThes
3a JOIIOMOTOI0 PEAYKTOpa Ui OTPUMAaHHS OCTaTOYHOI
iHdopMmarlii, M0 MOTIM BUKOPHCTOBYETHCS JUIsl OHOBJICHHS
BaroBUX KOCQIIIEHTIB IS MOAANBIIO] iTeparlii.

[Micns 3aBeprienHs pobotu mapy CNN arperoBaHa
iH(popMartist mepenaerbest y BiLSTM. 1106 npumBummmTH
JIBOCIIPSIMOBaHY HEHpOMEpEeXKy, MOXKHA PO3MNOAUIHTH
poboTy IOBOX HEHPOHHWUX Mepek MiK ABOMa BY3JIaMU.
VY upomy pasi GyHKIISE peayKuil (aKTUYHO CIYryBaTuMe
(hyHKIIi€I0 arperartii pe3yabTaTiB JBOX MEPEXK.

Cepexn 3arasibHMX TiepeBar  3alpOIIOHOBAHOTO
MiAXOMy MOKHA BHOKPEMHTH HOTO MAacImTabOBaHICTB,
BIIHOCHY JICLIEBU3HY, INPOCTOTY y BHKOPHUCTaHHI Ta
MOXIIUBICTh MOHITOPUHTY BHMKOHaHHS 32 JOIIOMOTOIO
(sx1IIO

BUKOPHCTOBYIOTBCSI  0a30Bi

BiTNoOBiqHUX  3aco0iB  Hadoop notpideH

BHYTpIIIHIA MOHITOPHHT,
METOJM MOBH IporpamyBaHHs Python). Cepen HeIOMIKiB
MOJKHA HArojJOCHTH Ha HEOOXIZHOCTI CTBOPEHHS
BEJINKOTO 00CSATY NPOrpaMHOTO KOJY, HPHUXOBAaHOCTI
o0pobneHHsT (X0Wa 1 3 MOXIHUBICTIO MeEperismy
nor-¢aiiniB) Ta morpedi B TPUBAJIOMY HajallTyBaHHI

KoH(iryparii.

Ekcnepumenmaﬂbue cepe()oeume

3Bakaloun Ha OCOONHBICTH  3alpPOIIOHOBAHOTO

JOCII/KeHHs,,  00paHo  METOJ  KOHTPOJIBLOBAHOTO
excriepuMenTy. ba3oBe cepeloBHIllE BUKOHAHHS Mae
Takuil Ha0lp XapaKTepHCTHK:

— CPU: Intel Core 15-1135G7;

- RAM: 16 T6;

— VRAM: 4T10;

— OC: Ubuntu 21.04.

IlepenmivueHi XapaKTepHCTHKH Maie B MOBHOMY
00csi31 poay0nboBaHi Ha BIpTyaJbHUX By3JaX, Ha KX
IUTAHY€ETHCS 3IIACHIOBATHCS YacTKOBE o09mciIeHHs (0yio
3meHieno RAM 3 16 no 8). Ix kinbkicTs craHoBHTHME
Bin 3 mo 4 (2 — y pasi mapasnenizaiii ABOCIPSIMOBAHUX
HEHPOHHUX MEPEXK).

3aco00M 004YMCIIEHHST Yacy BHMKOHaHHS OOpaHO
0i0mioTeky datetime ans Python 3, MO Ma€e TOYHICTH IO
HaHocekyHu. 1106 6a30Bi OOUYKCIICHHS HE CIIOBLIBHIOBAIN
poboTy mporpamu, 3acTOCOBaHO OiONOTEKH numpy
ta polars. JIns 0OpOOICHHS MPUPOIHUX MOB (3BaXKarOuu
Ha JIEMaTU3allif0, TOKCHI3AI0 Ta iHII HeoOXiaHI QyHKIIIT)
o0Opano python-Bepcito 0i0mioTeku nltk. 3  MeToro
pearizanii HEHPOHHUX MeEpeX BHKOpUCTaHO fensorflow
i3 IHCTpyMEHTapieM, 1110 Haaae pipeline cyOMOIyIb.

Y mpomeci posrisgy aymio 'y BHIVISIAL TEKCTY,
K yXe 3a3Hayanocsi, OyJjo BHUPIIIEHO 3aCTOCYBaTH
Google Cloud Platform 11 yHUKHEHHS BIUIUBY
OTOYCHHS HA MIBUAKICTH poOoTH. OnTuMmizaifisi bOro
IHCTPYMEHTY [1ajia 3MOTY 3MEHIIHUTH Yac 3aTPUMKH B pas3i
OTpUMaHHs Po3mM(PPOBKH TEKCTOBOI iH(opMariii 3 10 ¢

(Ha 0OpoOJeHHS JBOXBWIMHHOTO aynio) a0 2 c.
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[lepuie 3HaYeHHS OTPUMAaHE 3a JOIOMOTOI0 BIACHOPYY
mo0yTOBAHOTO IHCTPYMEHTY PO3ITi3HABAHHS MOBH.

Tadopmariiero s epeBipky BUKOPHUCTAHO BIACHOPYY
chopMmoBaHi HaOOpW aydio, 3reHEpOBaHI Ha OCHOBI
TEeKCTOBUX HOBHH Ta YacTKOBO BHIO3MIHCHUX DI3HHMH
croco6amu, ONMCaHUMU paHillle.

[epmmit HaGip iHpOpMaLIi CTOCYEThCS TOBHO-
MacuitabHoro BropraeHHs Pocii Ha Teputopito Ykpainu
Ta MICTHTh SK BIIaCHE HOBWHH, TaK 1 peakilii Ha IeBHI
NoJii KOPUCTYBaYiB COLIAILHUX MeEpeX, EKCIepTIiB i3
TenebadeHHs Tomo. Apyruit Halip iH(pOpMAaIii TPUCBIICHMIA
Bubopuomy mporecy 2019 p., mo CympoBOKYBABCS
MOSBOKO 3HAYHOI KIIBKOCTI HENPaBAMBHUX BiJIOMOCTEH.
KoxHa 3 1ux BUOIPOK IUTUTUMETHCS Y CHIBBIJIHOIICHHI
80 1o 20 Ha HaBUANTBHY Ta TECTOBY ITiABUOIPKHU BiAIIOBITHO.

11106 nopiBHATH pi3HI BUIM HEHPOHHUX MEPEX 3 Ta
0e3 Bukopuctanas MapReduce, HeOOXITHO BU3HAYUTHCS
3 OCHOBHHMH KpHTepisMH BHOOpY. 3 OrisiLy Ha Te, IO
PO3TISIIAETECSA 3aBHaHHA KiacHQikarii I COIiabHO
TOCTPHX TIPOLECiB, HAWOUIbII BAKIMBUMH KPHUTEPIIMH
€ eKOHOMIs 9acy ¥ TOUHICTh KJIacH(iKalii.

3aranom Oys10 0OpaHO Takui mepenik (haKTopis:

— TIOKa3HUK TOYHOCTI;

— EKOHOMis 4acy HaBUaHHS MOJENI 32 OJHAKOBHX
MOTYXHOCTEH;

— CKOHOMisl Yacy mepeno0poOacHHs iHpopMaIlii;

— eKOHOMis MiHIMAIbHO JIOIyCTUMOTO 00CATY
iHpopmarii i gocsiraeHus Accuracy = 90%;

— MOXJIMBICTB yBaru 0 KOHTEKCTY.

TyT BapTO 3ayBaknTH, IO TOKa3HUK EKOHOMII Yacy
nepenoOpoOieHHs iHpopMaIii € BaKIMBUM JIHIIE IS
BU3HAUCHHS! aBTOPErPECIHHOrO AIrOpUTMY Ta BUIpPAILy
y MBHUAKOCTI, IO Hamae TexHomoriss MapReduce.
Tox Ui OLiHIOBaHHS €()EKTUBHOCTI HEHPOHHUX MEPEx
BUKODUCTOBYBATUMETbCS ~ JIMLIE  YOTHPH  METPUKH
3 HaBEJICHUX BHIIIE.

BusHauMBIINCE 13 KPUTEPiSMH, OITMIIIEMO BiJITOBiIHI
IIKAJIHM OLIHFOBAHHS.

ExoHOMIs acy HaBYaHHS MOJIEIi BUMipPIOBAaTUMEThCS
B CEKYHJIaX 3a JIOIIOMOTI0I0 3a3Ha4eHoi BHIIE 0i0moTeKH.
CaM TIOKa3HUK y TIOMY pa3i HE O0OMEKXYyeMO.
[lo6 3MEHIMTH BIUIMB MOJIMBOTO BUMIpPIOBAaHHS,
BHKITMKAHOTO MPOOJIeMaMu 3 TOYHICTIO POOOTH YaCOBHX
MOJIYJIiB YM OTOYCHHS, BHUPIIIEHO MPOBOJWUTH IO I 'SITh
3aMipiB IS TIOKAa3HHWKIB Yacy Ta IMEPEBIPUTH TOYHICTH
MIPOTHO3YBaHHs Ha JIBOX BUOIpKax iH(popMartii.

TounicTe KiTacudikallii BU3HAYCHA 32 JOMOMOTOIO
koMmOiHawii Fl-score Ta Precision, HOpMani3oBaHa
B Mexax Big 0 mo 1. 3amip TOYHOCTI 3HiICHIOBAaTUMEMO
JUIsl IBOX BUOIpOK 1 OpaTHMeEMO ycepeTHEeHe 3HaUCHHSI.

Sx me Oyno TPOAEMOHCTPOBAHO HA MPUKIAII
LSTM- Ta BiLSTM-apxiTeKTyp, Ha KOHTEKCT MOXHa
3BaXKaTH B Pi3HOMY 00Cs3i:

— TIOBHOIO MipOIO B 000X HampsMKax — 5 0aiis;

— JIMIIe B OAHOMY HampsMKy — 4 Gaiu;

— JIMIIE B OKOJIi B 000X HampsMKax — 3 Gai;

— JIMIIE B OKOJIi B OHOMY HampsMKy — 2 6anu;

— He OepeTbest 10 yBaru — | Ga.

Bapto 3ayBakuTH, 1m0 B Kiacugikarlii CHTHaIIB el
MTOKAa3HUK HE BUKOPUCTOBYBAaTUMETHCSL.

[[lo6 BuM3HAYMTH, sSKa 3 MOJEICH € HaOUIbII
e(eKTUBHOIO 3a MMOJAHUMH BHILIE KPUTEPISIMH, 32CTOCOBAHO
MPUHIUN JIHIAHOI AAWTUBHOI 3TOPTKH 3 BaroBUMHU
koedinientamu. J[1si BU3HAYEHHS BaroBUX KOCQIIi€HTIB
MIPOBEACHO EKCIepTHE OIIHIOBAHHS Cepell >KypHAIICTIB
Ta aHaNITHKIB (KUJIBKICTh PpEIEeH3EHTIB CTaHOBWIIA
50 oci6). Omxe, mepelneMo 10 BU3HAYEHHS BarOBHX
koedinieHTiB. Y mnMTaHHI Kiacugikamii SK CHUTHAIIB,
TaK 1 TeKCTy HAMOLIBII BaYKIMBUM € TIOKa3HUK TOYHOCTI.
Ha npyromy micui — MOXIIMBICTh 3Ba)KaTH Ha KOHTEKCT,
Ha TPETHOMY — IIOKa3HUK yacy. OTke, MOYKEMO IPH3HAYNTH:

— IS TOYHOCTI — 16 040K;

— U MOYKJIMBOCTI 3BayKaTH Ha KOHTEKCT — 10 04OK;

— Juid eKOHOMIl 4Yacy HaBYaHHS Mojemi 3a
OJIHAKOBUX IOTY)KHOCTEH — 2 OYKH;

— Ui €KOHOMIT MiHIMaJIbHO JIOMYCTHMOTO 00CATY
iHpopmamii 3 METOI IOCATHEHHS NOTPIOHOTO pIiBHS
Accuracy — 2 ouku.

3 ormsmy Ha Il OTPUMYEMO TaKi BaroBi KoegillieHTH
JUISL KOXKHOTO KPUTEPito:

— ansa tounocti: 16/30=8/15 y pasi aygio sk
Tekcty; 16/20 = 0.8, axuio ay/1io y BUMIsII CHTHATY;

— A MOXKJIMBOCTI 3BaKaTH HA  KOHTEKCT:

10/30 =5/15 , saxmo aymio — TeKcT;
€KOHOMIT

—  uIs yacy HaBYaHHSI MOAEN 3a

oHaKoBUX ToTyxkHocTeit: 2/30=1/15 'y pasi aymio
Ak Tekery, 2/20 = 0.1, AKmo ayio y BUINISI CUTHAILY;

— Ui eKOHOMIi MIHIMaJBHOTO JIOMYyCTHMOTO

obcary inpopmanii: 2/30=1/15 y pasi aymio y Buraszi
tekcry, 2/20 = 0.1, AKuI0 ay/io Sk CUTHAIL.

HacTynmHuM BaXXJIMBHM €JIEMEHTOM CKCIEePUMEH-
TaJBHOTO CEPEeOBUIIA € BU3HAYCHHS MOMJIMBHX ITOXHOOK.
3 orjsiy Ha ONMCAaHMM IUIAaH MOXKHa BHOKPEMHUTH TaKi
(axTopw, 0 371aTHI BILIMHYTH Ha PE3yJIbTAT:

— MiJ Yac MepeBipKU €KOHOMIl Yacy — JIHOICHKHIA
(akTop Ta iIHCTpyMEeHTa bHA IOXHOKA;

— MiJ Yac MepeBipKu TOYHOCTI — rpobiiemMa JaHux.
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IIOM SIKIIMTH 3a3Ha4yeHl HEBH3HAYEHOCTI

11100

MOKa3HUKH BUMIPIOBaTUMYThCS I€KIIbKA pa3iB.

Pe3yabTaTh 1ocaixKkeHHs

CriouaTKy moJamMo 3Ha4€HHS MOXKIIHMBOCTI yBaru 0
KOHTEKCTY JUIsl KOXKHOI 3 HaBEEHHX BHIIIE MOJIEIIEH:

— CNN — 3 0Gamu, KOHTEKCT OepeTbcsi 10 yBaru
aumie B OKOMi B 000X HampsMKax 3a JOHNOMOTOIO
(hyHKII{ 3ropTKY;

— RNN — 2 Oamm, KOHTEKCT OepeTbcsi 10 yBaru
JUIIe B OKOJNI B OJHOMY HAampsMKy 3a JOHNOMOTOIO
KOPOTKOYACHOT ITaM’sITi;

— LSTM — 4 Ganmn, KOHTEKCT OepeThCcsl 10 yBaru
JIHMIIIC B OJJTHOMY HAIPSIMKY;

— BILSTM — 5 6aniB, KOHTEKCT OepeThest 0 yBaru
MOBHOIO MIpOI0 B 000X HampsMKax YHACIIIOK
JIBOCHIPSIMOBAHOCTI MEPEexi;

— RCNN — 5 GaiiB, KOHTEKCT OepeThecsi A0 yBaru

MOBHOIO MIpol0 B 000X HampsiMKax 3a JOIOMOTO0

(GyHKIOIA 3rOPTKH  Ta JBOCIPSAMOBAaHOI Mepexi 3
JIOBTOCTPOKOBOIO MaM’STTIO.

[Tounemo 3  TOKa3HWKa  E€KOHOMil  dJacy
nepenoOpoOyieHHst iHGopMalii B pa3i BHKOPUCTaHHS
CHUT'HAJIIB (3 ayTrMEHTAIIi€10 3a JIOTIOMOT OO
aBTOperpeciiiHnx Mopenei).

Pesympratn HaBemeHi B Tabm. 1. Yci 3HaueHHS
€KOHOMIT MOpaxoBaHi BIAMOBIAHO 10 HAWITOBUIBHIIIOTO
AITOPUTMY — TIOCITIOBHOI BepCii BEKTOPHOI aBTOperpecii
IHTErpOBaHOTO PYXOMOTO CEPEIHBOTO.

3HaueHHA KpUTepiiB U1  KOXKHOTO  METORY
Ttabm. 1. s

CIIPOIICHHA BUKJIAJOK 3aIlIPOIIOHOBAHO TaKi MO3HAKU:

HaJlalITyBaHHs MO)ICJ'[i II0JaHO B

— R — xyacuyHa BEKTOpHA aBTOpPETpecis;

RS — ce30HHA BEeKTOpHA aBTOpETpecis;
— RL — BeKTOpHA aBTOpErpecis pO3NOIUICHOTO JIary;
— RMA —
CepeHbOTO;

BEKTOpHa aBTOPETPECiS PyXOMOTO

— RIMA — BeKTOpHa aBTOperpecis iHTETPOBAHOTO
PYXOMOT'O CEpEeHBOrO.

Ta6auus 1. 30epesicents uacy nepedodpodieHHs 0ns cueHany (v MiniceKyHOax)

MocaigoBHmii miaxix

MapReduce miaxix

R RS RL RMA RIMA R RS RL RMA RIMA

55 47 36 12 0 169 138 105 49 4

58 45 30 13 0 173 135 101 52 5

61 48 36 20 0 165 130 99 47 3

57 42 35 22 0 168 132 102 49 4

59 48 38 18 0 166 132 101 50 5
3HaliieMo cepeiHe 3HaUCHHS AJIs KO’KHOTO BUIIAJIKY y pas3i dormppox ~ 4.3. KimpkicTb BY3JIB MeHIIa

3a yMOBH mocmigoBHuX Bepciil. dns R maemo 0.058 c;
st RS — 0.046 ¢; g RL — 0.035 ¢; nnsg RMA — 0.017 c;
st RIMA — 0 c. SIxk 6aunMo, B cepeqgHbOMY alIrOPHUTMHU
PYXOMOTO CEpeHhOTO Ta IHTErPOBAHOTO PYXOMOTO
CEPeIHBOTO € 3HAYHO MOBUIbHIMMMH. Lle mosicHroeThCs
TUM, II0 BOHM OepyTb J0 YyBaru €K30T€HHI 3MiHHI
B MOBHOMY OOCS3i i BPEryJIbOBYIOTh HIyMH. OCKUTBKH
TOYHICTh  ayTrMEHTAIlil

UIS  HAIIOrO  JOCIIKEHHS

HE € HaHCYTTEBIIMM TOKa3HUKOM, 3 ONIAY Ha

pe3ynbTaTd  BHUPIIIEHO  CKOPUCTATHCS  KJIACHYHOIO
BEKTOPHOIO aBTOPETPECIELO.

Skmio x mopiBHIOBaTH 3 Bepcisimu MapReduce, TO
BHATpAlll y MIBHIKOCTI CTAaHOBHTH ~ 2.9 I KOXHOI
Monem. SIKmio  moKpamuTH — KOH(irypamiro s
MapReduce 1 30UTBIIUTH KUTBKICTH BYy3MiB 10 4, TO
BUTpAIll CTAHOBUTUME ~ 3.74.

AHai3 aymio SK TEKCTy MOKa3aB PI3HUIIO JIUIIE MK
mapasesi30BaHOI0 BEPCi€r0 Ta MociigoBHOW0. s Tphox

MapReduce By3IiB TPHUCKOPEHHS CTaHOBWIO ~ 3.1,

3a TMPUCKOPEHHS Yepe3 AOAATKOBY ONTHMI3aIlil0 3alUTiB
1o Google Speech to Text API.

IlepelimeMo 10 pe3ynbTaTiB 3aMipiB  e€KOHOMIl
Yyacy HaBYaHHS Ta IOYHEMO 3 aHali3y ayaio sK
curxaiy (tabm. 2).

I[roro pa3y 3acTocyBaHHsS mMapasienizaiii HasBHE
mute it BiLSTM- 1 RCNN-apXiTeKkTyp Ui BU3HAYCHHS
3arajJbpHOrO PiBHS NMpUCKOpeHHs. HaiOunpnr moBiibHOO
€ Moienb, To0ynoBana Ha RCNN-apXiTeKTypi.

MaeMo Taki cepenHi 3HAYCHHS TOKA3HHKIB:
CNN — 51 ¢; RNN — 46 ¢; LSTM — 30 ¢; BiLSTM — 16 c;
RCNN — 0 c. Sx 6aummo, IO CKJIAAHIIIA 34 CBOECK
CYTHICTIO apXiTeKTypa, TO TIOBUIBHIIINM € HaBYAHHSI
BiJINOBIIHOT MO/IEI.

[TpuckopeHHs,  JOCATHYTE  3a  JOMNOMOIOIO
MapReduce nns BiLSTM, craHoBwiio 2 (NOSICHIOETHCS
MPOCTOTOI0 Tapanemizamii Ta OOMEXEeHICTIO JBOMa
By3namu); it RCNN ~ 3.52 (mis 40THpPhOX BY3IiB

pe3ynpTat 30UTbIIHIBCS 10 ~ 4.68).
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Tabauus 2. 30epeoicenns uacy mpenyanms mepesic 0ia cueHany (v cekynoax)

HocninoBHmii migxig MapReduce miaxig
CNN RNN LSTM BiLSTM RCNN BiLSTM RCNN
50 48 29 15 0 30 25
49 44 30 14 0 29 24
52 47 28 17 0 31 27
54 45 33 16 0 28 24
50 46 30 18 0 30 26
VYHacmimok 3aMipiB AN HaBYaHHA ~ OOpaHHX s RCNN. OTxe, eKOHOMisS MiHIMQJIBHOTO JOIYCTHMOTO

HEHPOHHUX MEpEeX i3 TEKCTOBOIO iH(opMalli€ro TOCATHYTI
Taki pe3yNbTaTH CEpeIHBOTO 3HAYEHHS EKOHOMIil yacy:
CNN — 45 c; RNN — 41 ¢; LSTM — 24 c; BiLSTM — 12 ¢;
RCNN — 0 c; BiLSTM based MapReduce — 24 c;
RCNN based MapReduct — 22 c.

Sk Gaunmo, B cepelHBOMY €KOHOMisl Yacy MEHIIa,
IO TOSICHIOETHCS OCOOJIMBICTIO OOpOOJICHHSI PUPOIAHOT
pasy
morioMororo  MapReduce nns BiLSTM, crtanoBwio 2

MoBH. llporo NPUCKOPEHHS, JOCATHYTe 32
(curyamis anamorigyHa momepenHiil); mit RCNN ~ 3.2
(11 YOTHPBOX BY3IIB pe3ynbTaT 301IbHBCs 110 ~ 4.41).

[lepetinemo 10 pe3ynbTaTiB TOYHOCTI KiacHpikarii

JUTSL aHAITI3Y ay/Iio sIK CHTHATY (Tali. 3).

Ta6auus 3. Tounicms kracugixayii 0ns cueHany

Indopmania | CNN | RNN | LSTM | BiLSTM | RCNN
Butopu 0.89 | 091 0.93 0.95 0.97
Biiina 0.91 0.89 0.92 0.97 0.97

Tpeba 3ayBaxuTH, 1m0 BukopuctanHs MapReduce
HE BIUIMHYJIO Ha TOYHICTh Kiacudikamii 1yist 000X HabopiB
iH(popMallii, TOMy BiJIIOBIIHI BUKJIaKH OYJIO BiJKHHYTO.

3 ormany Ha gocarHytuid pesynstar RCNN
rapaHTye HaiBHUIIly TOYHICTH Kiacudikamii (xo4a pisHUI
3 BiLSTM wHe € cytreBoio). Posrmsa aymio sK TEKCTy
MOKa3ag, 10 CUTYallis Maike He 3MIHIOEThCs (TabiI. 4).

Ta6auus 4. Tounicms kracugixayii ons mexcmy

Indopmanis | CNN | RNN | LSTM | BIiLSTM | RCNN
Bub6opu 092 | 0.91 0.91 0.96 0.96
Biiina 0.90 | 091 0.94 0.95 0.96

OCTaHHBOI0O METPHKOI0 € pO3MIp HaBYAJIBHOI

BUOIpKM, HEOOXIOHMHA JUIS  JOCATHEHHS  TOYHOCTI

monaitmenme 90%. Jlng mpboro mpoBeneHO KiJbKa
iTepaiiii 3 MOCTYNOBUM 301JIbIICHHSIM KUTBKOCTI 3aITUCIB
Big 5000 mo 10000 (y pa3i aynmiocurHajiB IepeBakHa
OinbiicTh Oyiia pe3yjbraToM ayrMmeHrailii). BusiBieno,
10 33j]aHa TOYHICTbH JOcATaeThCs 32 yMoB: 7000 3amuciB
s CNN; 7500 3ammciB jos RNN; 6600 3amucis

mas LSTM; 6100 3anuciB mius BiLSTM; 5800 3amuciB

o0csry iHdopmarii cranoButh: 1700 mmst RCNN; 1400 mis

BiLSTM; 900 nns LSTM; 500 gnst CNN; 0 s RNN.
Temep MOXEMO CHCTEMAaTHU3YBaTH JOOYTI 3HAYCHHS

METPUK Ta BHU3HAYMMO AalbTEPHATHBH, ONTHMANbHI

3a [lapeTto, i1 00poOIeHHS aynio K curHamy (Tadm. 5).

Yci  HeHopMami3oBaHI 3HaYeHHA Oyimd  HOPMOBaHI
Ta OKPYTJICHI IO COTHX.
Taomuust 5. 3unauenns  kpumepiie, ONMUMANTLHUX
3a [lapemo, ynacnioox ananisy ayoio
Mozens 30epexeHHs Tounicrs 36ep.eslceﬂﬂﬂ oi.iucstry
yacy ingopmauii
CNN 1.00 0.90 0.29
LSTM 0.59 0.93 0.53
BiLSTM 0.31 0.96 0.82
RCNN 0.00 0.97 1.00

Ha ocHOBI pe3ynbTaTiB MOXKHa OOYHCIHTH 3HAYCHHS
JIHIAHOT aIUTUBHOI 3TOPTKU 3 BATOBHUMHU KOCQII[iEHTAMHU.
s CNN wmaemo 0.849, nmna LSTM — 0.856, mis
BiLSTM - 0.881, a mma RCNN — 0.876. Moxna
3ayBaXHTH, IO HAWOUTPII Ee(PEeKTHBHOI MOJIEIIIIO
y BusiBIeHHI Qakty ¢anscudikamii ans  aygio sk
CHTHAJy € JBOCIPSIMOBaHA PEKypeHTHa Helpomepexa 3
MiTPUMKOIO JIOBFOCTPOKOBOT Ta KOPOTKOYACHOT TaM sITi.

Opnak pizamns Mk BiLSTM Tta RCNN wamo
BiTYyTHAa i MOXKe BBakaTHCs MOoXuOKor. KpiMm 11p0ro0,
BIiLSTM

YaCTKOBO HeﬁTpaJ'Ii?;yCTLCH 3a JONOMOI'0I0 3aCTOCYBAaHHA

CYTTEBHIl BUrpaml y MIBHAKOCTI  JUIS
TexHonorii MapReduce.

Iepetinemo 10  cucTemarusamii  pe3yJbTaTiB,
JNOCATHYTHX YHACIIIOK Ki1achikarlii aymio sK TeKCTOBOT
inpopmarii. BinmoBimHi HOpMaNi3oBaHI  3HAYCHHS,
orrruMansHi 3a [lapero, HaBeneHi Hik4e (Tabdd. 6).

Ha ocHOBI pe3ynbTaTiB MOXHAa OOYHCIHUTH
3HAYCHHS JIHIHHOI AAWTHUBHOI 3TOPTKH 3 BAarOBHMH
koeoimientamu. Jass CNN maemo 0.771, mnns LSTM —
0.833, mma BiLSTM — 0918, a gux RCNN — 0.917.
Sk 1 B nonepeqHpoMy pasi, HaHeEKTUBHILIOK MOZEIITIO
€ BiLSTM, omgHak BWIpaml y IIBHAKOMII 3MEHIIYETHCS

3 IOTIOMOT'OFO TTapasielti3altii.
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Tabauus 6. 3navenns kpumepiis, onmumanvuux 3a [lapemo, ynacnioox ananisy mexcmy

Mogeans 30epe:xkeHHs yacy TounicTh 30epexkenHs 00cAry ingopmanii Konrekcer
CNN 1.00 0.91 0.29 0.60
LSTM 0.53 0.93 0.53 0.80
BiLSTM 0.27 0.96 0.82 1.00
RCNN 0.00 0.96 1.00 1.00
Bepyuu 10 yBaru HaBeneHe BUIIE, 3a3HAYUMO, IIO — JBOCIpSMOBaHa pPEKypeHTHa Hehpomepeka

HalO1bII eeKTBHIUMU MozeisiMu € BiLSTM ta RCNN,
a pe3yJbTaTH 3acTOCYBaHHS TexHOJNOTl MapReduce
JIOBOJISITh JOIUIBHICTD ii BUKOPHCTAHHS U KJIacH(iKarii

(heHKOBHX ayAi03amuCiB pi3HOTO BUY.

BucHoBku

Mertoro cratTi Oyno po3poOsieHHS eQeKTHBHOI
Mojeni Ui BH3HauYeHHA (aKTy MiAPOOKH 3BYKOBOT
iHpopMmarlii 3 BUKOpUCTaHHSIM TexHouorii MapReduce.
Jist iboro mpoananizoBaHo ocoOauBoCTI (anbcudikarii
aynioinpopmamii y
Kpim 1mporo, mocmimkeHi cydacHI HayKOBI IyOIikarii,

BUTJISINI  CUTHAy #  TEKCTY.

MPUCBAYCHI OOpaHiii Temi, 1 HH3Ka EKCHEPTHHUX
ONHTYBaHb Jalll 3Mory chopMyBaTu Habip anrOpUTMIB
JUTST CTBOPEHHS BJIAcCHOI MOZeNi BH3HA4YCHHS (PeHKOBUX
aymio. Ilepmra cramis miei Mmoneni nepenbadae:

— SKOIO aymio — Ie TEKCT: MepeaoOpoOIeHHs
iHpopmarnii 3a pomomorow Google Speech to Text
Ta MOAAJBLIY KOHBEPTAI0 TEKCTY B YHMCIIOBE IOJIAHHS,
3BaKAlOYM HA YaCTOTHO-EMOLIHHIN XapaKTepHCTHUKH
(3Haiimeni 3a nmomomororo anroputMy BM-25) camoro
TIOBIZIOMJICHHS Ta OCTaHHIX NEPeBipeHNX HOBUH, CTYIICHI
HATIHHOCTI KOHBEPTAIlii, Bary MOBiJOMJICHHS;

— SKIO aylio — I¢ CUTHAX: OYMIICHHS CHIHALY
BiJl IIyMy Ta HEBOKANI30BAaHUX MUISHOK i3 TOIAIBIIO0
ayrMEHTaIli€l0 3a JIOMIOMOrOI0 BEKTOPHOI aBTOperpecii,
napaelizoBaHoi 3a jornoMorow MapReduce (pe3ynbTaTi
EKCIIEPUMEHTY JaJIi 3MOT'y OOrpyHTYBaTH BHOIp KIIACHYHOT
BEKTOPHOI aBTOpErpecii).

HacrynHoto crazmiero € 3actocyBaHHS HEHpPOHHOT
Mepexi. 3 Orfsiay Ha TpoaHaNi30BaHI HTOCIHIHKEHHS
00paHO peKypeHTHI Ta 3TOPTKOBI HEUPOHHI MeEpexi,
30KpeMa:

— KJIacH4Ha 3TrOPTKOBa HeHpoMmepexa;

— KJIacH4Ha PeKypeHTHa HelpoMepexa;

— peKypeHTHa Heiipomepexka 3 JIOBIOCTPOKOBOIO

mam’sTTIo;

3 IOBFOCTPOKOBOIO MaM’SITTIO;

— Ti0puaHa HelpoMepexka, MO MOENHYE AEKUTbKa
3TOPTKOBHX MEPEX 13 JIBOCHPSMOBAHOIO PEKYPEHTHOIO
MEPEXEI0 3 JOBIOCTPOKOBOIO MaM SITTIO.

[[lo6 momonmatu mpobIeMy, IOB’SI3HY 3 YacoM
HaBYaHHS MOJIEN, BUKOPUCTaHO TeXHOJOTI0 MapReduce.
Jdns Bu3HaueHHsT HaWOLIbII eeKTUBHOI HEHpPOHHOI
MEpexi Ta MOLIIBHOCTI 3aCTOCYBAHHS 3aIPOITOHOBAHOTO
crioco0y mapasesnizanii chopMoBaHO Habip KPUTEPIiB, IO
JlaB 3MOTY BHKOPHCTATH NPUHLMI JHIHHOT aJUTHUBHOI
3TOPTKH 3 BaroBUMH KoedimieHTamMmu. Ha ocHOBI mmx
KpUTEpiiB, 3a3HaueHNX MoAM(iKamii Ta IMIUTEMEHTAIlii
oOpaHux Mojeneil 3a momomoroio 6i0miorex Python 3
MPOBEACHO cepii eKcIepuMeHTiB 3  iH(opMarliero
mono BubOopuyoro mpomecy B Ykpaimi 2019 p. Ta
MMOBHOMACIITa0OHOTO BTOprHeHHs Pociiicekoi Denepartii
Ha TEPUTOPIIO HAIIOT KpaiHH.

Y mporeci eKCHEpUMEHTIB  BHSABIEHO, IO
JIBOCTIPSIMOBAHA PEKYPEHTHA HeHpoMepeska 3 TOBIOCTPOKOBOIO
mam’sITTI0O € HalHOiabml e(eKTHBHOI, XO0Ya BOHA i
MOCTYNA€EThCS Y MIBUAKOCTI MEHII CKIAJHAM MOJEIISIM.
BomHouac pizHuIs B epeKTUBHOCTI MiXK HEFO Ta TiOpUIHOIO
HEHpOMepekel0 He CYTTeBa. 3°sCOBaHO, IO BUTpAll y
eKOHOMIi Jacy repenoOpoOIeHHsT BHACIIIOK 3aCTOCYBaHHS
texHosorii MapReduce moxe craHoButd 4.3 — s
TekcTy 1 4 — mnsa curHamy. Ilepesara, moB’s3aHa 3
€KOHOMI€I0 Yacy HaBYaHHS HEHpOMEpEeXk MOXKe JIOCSATaATH
4.71 — nna texcry i 4.68 — Juid cuUrHaNy, HiBEJIOIOYU
po3puB y ebexTuBHOCTI Mix BiLSTM ta RCNN.

OTXe, BHUKOPUCTaHHA TOOYyIOBaHOI MoOJeNi Ha
ocHOBI BiLSTM (abo RCNN) € BuCOKO€(hEKTHBHUM JUIS
BH3HAYCHHS (PAKTY MiAPOOKHU aynio SK Y BHIISAII TEKCTY,
Tak 1 CcHUTHaIy. YTPOBaKCHHS IepenoOpoOIeHHs
iHpopMmarlii Ta HaBYaHHS HEWPOMEpEX 3a JIOMOMOTOI
MapReduce € nouinbHUM. BigKpUTHMHU 3aJIHIIAIOTHCS
mpo0JieMH PO3LIMPEHHS PE3YJbTATIB Ha 300pakKeHHs Ta
BileoMarepiaii, a TaKO)K MOKIIMBOCTI 3aCTOCYBAaHHS 1HILIMX

iAXoAiB Ay kinacudikanii Ta ayrMeHTarii iHpopmarii.
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THE EFFICIENCY ASSESSMENT
OF USING HYBRID NEURAL NETWORKS
FOR THE DETECTION OF FORGED AUDIO DATA
IN SOCIALLY ORIENTED SYSTEMS

The subject of the research is the problem of detecting falsified data, in particular in audio format, in socially oriented systems.
The goal of the work is to develop an effective model based on recurrent and convolutional neural networks for determining
the fact of forgery of sound data, using MapReduce technology for parallelization. The article addresses the following tasks:
determining the features of audio in socially-oriented systems, conducting an analysis of algorithms for processing audio information
both in the form of text and in the form of a signal, forming a list of target architectures of neural networks and revealing the features
of their implementation, conducting an experimental test of effectiveness selected approaches. The following methods used are —
analytical and inductive method for determining the target set of neural network architectures; expert assessment for the formation of
the most influential efficiency factors; experimental, multi-criteria evaluation and statistical methods of data augmentation to
determine the most effective model. The following results were obtained: an audio data reprocessing algorithm was developed
for the possibility of using recurrent and convolutional networks. Several approaches to data classification using augmentation
based on vector autoregression and MapReduce parallelization technology have been implemented. It was determined that the most
effective model for the multi-criteria selection problem is a combination of a bidirectional recurrent neural network with support
for short- and long-term memory with several convolutional networks. The advantages of using MapReduce technology to optimize
training time and data processing are shown, and a set of open questions for further research and applied implementation is defined.
Conclusions: he application of an analytical and inductive approach followed by experimental verification made it possible to
develop an effective (with an accuracy of more than 96%) a mechanism for detecting fabricated data both in the form of a signal
and in text form. The obtained result makes it possible to assert the feasibility of implementing the proposed approach, and,
accordingly, makes it possible to reduce the influence of such information in socially oriented systems, especially during crisis events.
Keywords: signal augmentation; vector autoregression; classification; natural language processing; fake information.
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K. IIviikA, 1. BAJTATYPA, A. CMIPHOB, /[. HEIOKPUTOB, A. JINTBUH

METO/J BUKOPUCTAHHSA CYYHACHUX
CUCTEM 3AXHUCTY KIHIHEBUX TOYOK (EDR)
JJIA YBE3INEYEHHA BI/I KOMIUVIEKCHUX ATAK

IIpeamerom nociimsKeHHs B CTAaTTi € apXiTeKTypa cucTeM 3axucTy KiHmeBux Todok (EDR) Ta arentiB EDR sk ix Ga3oBoro
CKJIaJHHUKA 3 TOIJIAAY MEXaHi3MiB BHSBICHHS KOMIUICKCHHX aTak Ha iHpopmauiiiHo-komyHikaiiiHi cucremu (IKC) ta mpotuaii
3arpo3am. MeTa po6oTH — po3poOJICHHS METOAY MiJBUINCHHS ¢()EKTHBHOCTI BUKOPHUCTAHHS CHUCTEM 3aXUCTy KiHIIEBUX TOYOK IS
3HIWKeHHS pu3ukiB kommpomeranii IKC indopmamiiHuX, MPOMHCIOBHX Ta IHQPACTPYKTypHHX OO0 €KTIiB IOAO e(EeKTHBHOIO
Mepepo3NOATy Ta BHKOpUCTaHHS MexaHi3MiB EDR, xomanmu 3 kibepOe3mekw Ta IHIIMX pecypciB I 3MIHCHEHHS 3aXOIiB 3
oprasizaii 6e3meKy Ha HiANPUEMCTBI, B yCTAaHOBI YM Oprasizamii. Y CTaTTi po3B’A3yIOThCA TaKi 3aBJAHHA: OTJIAI Ta aHANI3 CHCTEM
EDR; nocmimkenns apxitekrypu EDR-pimens ta arentiB EDR, ocobnmBocTeil X BHKOpHCTaHHS, JIOTIKHM ITOOYZOBH METOMIB i
MeXaHi3MiB BUSBJICHHS 3arpo3 Ul CUCTEMH 3 OOKY 3J0BMHCHHKIB Ta 3JI0BMUCHOTO KOJy; HaJlaHHS PEKOMEHJIALlH 1100 opraHizanii
IKC mns 1i 3axucTy 3arajoM Ta OKpeMHUX €JIEMEHTIB, a TAKOXK 3 OIVIAAY Ha HasBHI CHIM (KOMaHa i3 Kibep3axucTy, i kBamigikaris ta
piBeHb 06i3HaHOCTI B apxitektypi EDR-pimens) ta 3acodu (enementn EDR-cucrem) mnst opranizanii 3axucty. YHpOBaKyHOThCS
Taki MeTOMM: MOJEIIOBAaHHS MEXaHI3MIB aTak, MOJIEIIOBAHHS ITOBEIIHKY 3JI0BMHUCHHKA. JlocATHYTI pe3yabTaTH: cHOpMyIHOBAHO
3arajibHi Ta KOHKPETHI pekoMeHpamii monxo ontuMizamii podoru EDR-cuctem Ta 3abe3medeHHs €QEKTHBHOTO BHKOPHUCTAHHS
enemenTiB EDR-cucteM y iHpopMariiiHO-KOMyHIKaliiHIX Mepexax MiANPHEMCTB YX OpraHi3aliil pi3HOTO THUIy Ta CIPSMOBAHOCTI
3aJIXKHO BiJl pecypciB i HasBHOI iH(popMaLil 3 morsay HeoOXiqHocTi 11 3axucTy. BHCHOBKH: 3anponoHOBaHI peKOMEHAalii 11010
3actocyBaHHd EDR-MexaHi3MiB [uisl 3axucTy iHGOpPMamifHUX CHCTEM 1 MEpeX JaroTh 3MOTY ONTHMI3yBaTH BHTpPATH HA CTBOPEHHS
iHQPACTPYKTYPH 3aXHCTY Ta 3AIMCHEHHS BiANOBIAHUX 3aXOIIB 3 OTJIAY Ha OCOONHMBOCTI HAsSBHOTO 1HCTPYMEHTApir0, HABYCHOCTI Ta
00i3HaHOCTI KOMaHAM 3 KiOepOesmeKk sK MIOA0 4Yacy peakiiil Ha 3arpo3, Tak i 3 MOIJIAY CKIATHOCTI Ta BAPTOCTI BUKOHAHHSA
3aBJIaHb i3 3aXUCTY.

Knrouosi cioBa: indopmaniitno-komyHikaniiai cucremn (IKC); EDR-cucrema; omepauiiiauii nentp 6esnexkn SOC; EDR-
areHT; aHaji3 3arpo3; nonituka EDR; BUSBICHHS aTak.

Beryn ToMy HHHI HEMOXXJIMBO YSBHTH (YHKIIOHYBaHHS
Oynp-sikoi  iH(OpMaLITHO-KOMYHIKAIIFiHOT ~ cHUCTEeMH
Komm’rotepHa Mepeka Oyab-KOr0 MPOMHUCIOBOIO opratizauii 4Yd IPOMHCIOBOrO MiAIpUEMCTBA 0Oe3
MiIIpHEMCTBA  3aBXKIM € TMiJ 3arpo30l0 NMPOHHKHEHHs  CHCTEM 3axMCTy iH(opmarrii.
3 OOKy 3JOBMHUCHHKIB JUIsi OTPUMAHHS YU 3HUIICHHS Bomnowac 3axucT maHuX y OyIOb-fKHUX Mepeikax,
KoH(ieniitHoi indopmanii, pyiiHyBaHHS Mepexi um ~ [OYMHAIOYA Bia Biakputux inTepHer-mepex Ta loT [2]
IHIIUX 3JIOBMHUCHUX [ilf, 30KpeMa BHMAaraHHs KOIITIB 1 3aBepIIYIOYM MEpeKaMH [POMHUCIOBHX —00’€KTiB,
3a 30€peXEHHS JaHWX HEJOTOPKaHMMH. Hampukian, 0e3 3acTOCYBaHHS KOMIUIEKCHUX aHTHBIPDYCHHX pillleHb
BiAMOBiNHO 10 Statista [1], He3Baxalouum Ha TIIEBHE € JIOCTaTHbO CKJIAJHUM, OCKIJIBKHM KUIBKICTH 3arpo3s
3HIJKEHHS TEMITiB 3DOCTAHHS 3a OCTaHHI 1BAa pOKH,  3OUIBIIYEThCS WIOJAHS W TIIBKM NPOAKTUBHHMH IjXin
KUTBKICTh OpraHi3aiiif, 0 TMOCTpaxKJaia Bix aTak 70 Oe3Nekd Jae 3MOTry €(QEeKTHBHO BHABIATH Ta
IpOrpaM-BHMAradiB, MPOIOBXKYE BIEBHEHO 3pOCTATH MPOTUCTOSITA CydacHUM Kibep3arpo3am [3]. Pimrenus
BIPOJIOBXK OCTaHHIX miecTd pokis (puc. 1). 3aypaxumo, ~ EDR  Hapasi e uigepamu puHKY Juist  [IPOTHALD
10 e TiNbKH odiliiiHO 3apeecTpoBaHi aTaku, TOOTO Ti, cydacHuM KkibGep3arpozam. Ha ix ocHoBi OyJjio cTBOpeHO
AKi BAAnocs BUABUTU. KiNbKiCTh aTak, IO BCTAHOBHUTH XDR- T1a XSOAR-cucremMm, IO JONOBHIOIOTH Ta
HE BIANOCH, IiApaxyBaTH HEMOKIIABO. aBTOMATHU3YIOTb 3aXHCT KiHIEBHX TOYOK MEPEXK.
3a3HaueHni rpadik BIITBOPIOE TUIBKM OIUH 3 Buxopucranns EDR-cucreM motpebye JOCTaTHBOTO
Gesmiui  BapiaHTiB, AKi  3TOBMHCHHKH  MOXyTh  PIiBHS 3HaHb y coepi KibepOesneku, HaBHYOK
BUKOPUCTOBYBATH JUIs BJIACHOro 30aradeHds abo pO3CIiflyBaHHs Ta pearyBaHHs Ha iHmuaeHtd [4],
3HHIIEHHS iHQOpMalii, IO HAIeKUTh SAKiid-HEOYIb a TaKoXX BHCOKOTO PIiBHS OOI3HAHOCTI HPO apXiTEKTypy
KOMIIaHii, i, BIAMOBIAHO, caMOi KOMITaHii. pilleHHssT Ta po3yMiHHA 'cimimuX 30H", OCOOIMBOCTEMH
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Ta HEIOMIIKIB THIIOBOT'O EDR-pimenss UTS
NoTepeKeHHs] KOMIUIEKCHUX aTak Ha iH(QpPacTpyKTypy,
3o0kpema Big DOS/DDOS-arak i 1o XSS-arak [5]. AHami3

apxiTekTypu arenta EDR HeoOXimHui, 1100 3po3yMiTH

OCOOJMBICTG THITOBOTO pIlIEHHS Ta BHCYHYTH HH3KY
peKoMeHaNii, Mo JaayTh 3MOry €(EeKTUBHO BHSBISITH
W TpOTHAIATH KOMIUIeKCHMM arakam Ha IKC vy
MaiOyTHbOMY.

Puc. 1. Piuna yacTka oprasizaniif, IOCTpaXkIaluX BiJ aTaKk MporpaM-BUMaradiB y BCboMy cBiTi Bipogosxk 2018-2023 pp.

IlocTanoBKa 3aBIaHHA

AHani3 my0Jikaunii

MeTor0 CTaTTi € po3pOOJICHHS METOMY IMiABUIICHHS
edekTnBHOCTI BUKOpucTaHHA EDR 115 3HWKEeHHS pU3HKIB
kommpomeranii IKC iHpopMariiHiX, MPOMHUCIOBUX Ta
IHQPACTPYKTYpHUX O0O0’€KTIB 3 MOy e(QEeKTUBHOTO

MEPEPO3MOIITy Ta BHKOPHUCTAHHS HASBHUX MEXaHi3MiB

CHUCTEM 3aXHCTy KiHIeBUX TOo4oK EDR, komanmn
3 KkibepOe3neky Ta IHIIMX PECypCiB, MPH3HAYEHUX
JUTS  3OIMCHEHHS 3aXOAiB 3 opradizamii Oe3meku

Ha MIAPUEMCTBI, B YCTaHOBI YU OpraHizariii.

Hdns peamizamii OKpecieHOi MeTH BHKOHYIOTHCS
Takl 3aBHaHHA: OIVIAJ Ta aHaji3 HasBHUX cucteM EDR,
aHami3 apxirektrypu EDR-pimens Tta arenris EDR,

0cOOJMBOCTEH iX BUKOPHMCTAaHHS, JIOTIKM MOOYAOBH
METOJIB i MEXaHI3MIB BUSBIICHHS 3arpo3 Ui CHUCTEMHU
3 OOKy 3JIOBMHUCHHUKIB 1 310oBMHCHOro koxy. Oxpemo
HAMAIOTBCS peKOMeHmamiid mmoxo opranizamii  [KC
JUIst 11 3aXKCTY 3arajioM Ta OKPEMHX €JIEMEHTIB, & TaKOkK
3 omIAQy Ha HasBHI cwim (KomaHaa i3 kiOepsaxucry,
i kBamidikaiis Ta piBeHb O0I3HAHOCTI B apXiTEKTypi
EDR-pimens) Ta 3acobu (emementn EDR-cuctem)

JUTSL OpTaHizalii 3aXHCTy.

Pimrenns EDR — 1me 10CTaTHLO HOBA TEXHOJOTIS,
OCHOBaHa Ha MeXaHi3Max TaK 3BaHMX "KJIACHYHUX
antuBipyciB" NGA (Next Generation Antivirus), 1o
orpuMaB Taky Ha3By 3 2013 p. [7]. Ockinbku el kiac
pilleHb HajaBaB HeOadyeHy A0 I1bOTO0 MOXKIIUBICTh
Yy peasbHOMY dYaci pearyBaTdl Ha 3arpos3u (Prevention),
EDR  mBuIko cramyd MOMYJSIPpHUMH B PI3HHX
CErMEHTaxX EKOHOMIKH.

TexHoutoris mokazana cBOK e(EKTUBHICTh 3aBJSKU
3aCTOCYBAaHHIO CEHCOpIB — TIPOrpaMHHUX JIaBauiB,
mo EDR posmoainse B omepaiiiHiii cucTtemi Ta Hamami
BHUKOPHCTOBYE JIISI MOHITOPUHTY aKTUBHOCTI [7].

VY 1poMy pasi BIPOBAKEHHS TEXHOJIOTIT 32 YMOBHU
ITHOPYBaHHS pEKOMEHIALIl TNPHU3BOAWTH OO TOTO,
IO 3JIOBMHUCHHUKH MOXXYTh 3/1MCHIOBATH aTakk PIi3HHUX
TuniB s ooxoxy EDR: o0xixm kondirypamii, o0xin
CIIPHUIHSATTS, JIOTIYHME 00Xix Ta 00Xix kiacudikarii [3, 7].
EDR

3a3BUYall MOAAIOThCS Y BHUINAAL 3BITIB Mpo  00Xif

JonatkoBi pekoMeHpmamii g0  eKCILTyaTamii

KOHKPETHOTO DIlIeHHs Ta MICTATh I1HCTPYKWii st

KOMaHI 3 KiOepOe3lekd Mpo BHIPABICHHS IOJAHOI
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BpasnmuBocTi [4, 6]. Hemomik Takoro miaxony moisrae
B TOMYy, WLIO pEKOMEHJalil B IbOMY pa3i TOYKOBI
3aXUCTUTH cebe  BceOlyHo.

i He JIOIOMOXYThb

JIns  3HAYHOrO TIOCWJICHHS O€3MeKd BUKOPUCTAHHS
EDR HenmoctatHRO yOesmednTH cebe Bif OJHOTO THITY
00xoay EDR — HEOOXiAHO IOYMHATH IOCHIIIOBATH
0e3neKy 3 MOMEHTY BCTAHOBIICHHS PIMICHHS B MeEXax

KOpHOPaTHBHOI iHPPaCTPyKTypH.

CucreMn 3aXHCTy KiHIIEBHX TOYOK

touok  EDR
[6-8] — me
KOPIIOpaTHBHI aHTHUBIPYCHI pIIIeHHS, M0 3a0e3MedyIoTh

CucrteMn  3aXUCTy  KiHIEBHUX

(Endpoint Detection and Response)

OaraTopiBHEBHH WIAXiA 1O 3aXWCTy KIHIIEBAX TOYOK

iHppacTpyKTypu  Ta
HaOyJIM 3HAYHOTO IOIIMPEHHS B OCTaHHI pokd. BoHm

y  MexXax  KOpIOpaTUBHOI
BUKOPUCTOBYIOTbCS JJII BUSBICHHS Ta pearyBaHHs

Ha 3arpo3u Ha KiHL[eBI/IX TOYKax, TaKHuX SIK

HactineHi  [IK, HoyTrOykm, cepBepu. Takox s
3a0e3meueHHsT Oe3MeKH XMapHUX CXOBHIN 1 MOOLTHHHX
npucTpoiB Oyno crBopeHo XDR-pimenHs, mo (pakTHIHO
€ po3mMpeHHsaMu kinacuuaux EDR.

Oco0:uBicTio, 110 Binpizusie EDR-pimenns Big EPP
(Endpoint Protection Platform) — TiIKH PpPO3BHUTKY
KJIACUYHHMX aHTHUBIPYCIB, — € 3JaTHICTh JI0 pearyBaHHs Ha
IHITUIEHT Oe3meKku: OJIOKYBaHHS IPOIECIB Ta 130l
3apaKCHOr0 MPHUCTPOIO. I[30ssmis o3Hadae, mo EDR
3ab0poHste Xix TpaiKy Mo BCiX MOPTax, OKPIM BHIUIEHOTO,
3a3Buuail 443, mo chiikyeTbes 3 BeOkoHcomwto EDR.
@®akTHYHO B MOMEHT 130JsIii JOCTYN 3JIOBMHCHHUKA
0 TPHUCTPOIO TEPEPHBAETHCS, SK 1 Oyab-sKi 1HIII
i’ €THAHHS, 1 OOMEKEHHI BiIIaCHUH JOCTYII IO XOCTa
MOX€E MaTH TUIbKU onieparop koHcoisi EDR.

3a ocranHe pecaTwniTTs pimenas EDR 3naunO
BrockoHamwmucs. CywacHi EDR 3a3Buuaii iHTerpoBai
3 IHIMMHK pimeHHAMH Oe3neku, TakumMu sk SIEM
i mwiathopMmu aHamizy 3arpo3 (threat intelligence),
mo6 3abe3neuntd  OUIBII

NOBHEC  TOKPUTTA  IJIA

KOpHOPaTHBHOT iIHPpaCcTPyKTypH.

Apxitexktypa EDR

Ha OKpeMoMy cepBepi (on-prem). Jlpyre pimueHHS
€ IOPOXKYMM 1 37€OUIBIIOrO MiIXOAWTH IS KOMITAHIH
3aKpUTOTO THIy a00 Iep)KaBHUX YCTaHOB Ta 00 €KTIB
KPUTHYHOT 1HQPACTPYKTYPH.

Hapasi EDR konkypyrote 3 XDR, mo ¢akruaro
€ X pO3IIMPEHOI0 BEpCi€ro, aje Ioa0 Oi3HeCy BOHH
epeKTHBHI Ui pi3HWX TUHiB KommaHid. fAkmo EDR
OB MPU3HAYEHI IS 3aXUCTy (QI3UYHMX 1 BIpTyaJbHUX
KIHIIEBUX  TOYOK CTaHIN

(pobounx (axiB1IiB,

cepBepiB, BIPTyallbHUX CTaHI[iii y KOHTelHepax),
10 XDR po3MHUpIOETBCS LI€ HA XMapHE CEPEIOBHILE,
cMapT(HOHH TOIIO.

Takoxx Bapro 3ayBaxkuTtn, mo 2024 p. Taki
iHcTpymeHTH, sik EDR, MIcTATh AOCTaTHIO KUIBKICTB
JOAATKOBUX MOJYINIB, IO JalOTh 3MOTY PO3LIMPHTH
e 0a3oBe KOpIOpaTMBHE aHTHBIPYCHE pillleHHS B OiK,
HeoOXimumit OizHecy. Jlnms mpuKiIamy, TOJATKOBO O
0azoBoro (Qyukiionany Crowdstrike, TPHU3HAYCHOTO
caMe JUI1 3aXUCTy KIHIEBHX TOYOK, MOKHA IOKYITUTH
MOHITOPUHTY  BHECEHHS 3MiH,

MOy KPUTHUYHHUX

MoHiTOpuHTy  USB-mpucTpoiB,  TOmIyKy  3arpos,
MEHEPKMEHTY 3acTocyHKiB Tomo. CydacHi EDR nmatotsh
3MOTY JIETKO  MacmrTabyBaTH  piBeHb  BHIUMOCTI
B YMOBaX KOPIOPATHBHOI iHGPACTPYKTYpH, Oymydu
MeBHUM  "KOHCTpyKTOpoM"  IHCTpYMEHTapiro A
KOMaH]1 3 KibepOe3neku.

EDR € xjacoM KOpHOpPAaTWBHUX pIlIeHb, IO
AKTHBHO BUKOPHCTOBYIOTHCSI B CYYacHHMX OIEpaliifHuX
menTpax Oesmexu (SOC) [9]. SOC € myHKTOM, IIe
OLIIHIOETBCS KOXKHA TIOAis, IO CTOCYEThCs Oe3nexu
KIHIIEBUX TOYOK 1 30mpaerscsi arenToM EDR, B sikomy
AHANITHKU 3 KiOepOe3rneku BceOIYHO PO3IIISIAOTh 3i0paHy
iHpopMaIif0 Ta TPUIAMAIOTH OCTAaTOYHE PIMICHHS PO
iHIMaeHT Oe3neku. [IJis KOKHOTO i3 CIpaIloBaHb, IO
Oyno cpopmoBaHo 3 muX moxii, aHamiTHKH SOC MaroTh

BUPILINTH, SIK 1X KJ1acu(ikyBaTH Ta K JisTH HaJaJi.

ApxiTexrypa arentiB EDR
sk 0a3oBux eaemMenTiB EDR-cucrem

EDR-pimmeHHss MICTATH CepBEepHYy YacTHHY Ta
areHTIB — HEBEJIMKHX 3a pO3MIPOM Mporpam, IIo
BCTaHOBJIIOIOThcA Ha KiHmeBi Touku (IIK Ta cepsepm).
CepBepHa 4acTHHA PIllIEHHS, 10 3a0e3Medye JAOCTYI JI0
MEHEIDKMEHTY BCiX areHTiB y ¢(opmaTi BeOCTOpIHKH,
Moxe OyTH pO3ropHyTa B XMapHOMY DpilleHHi abo

Arentr EDR — ne HeBenuka mnporpama, IO €

0a30BUM CKIAJHHKOM CHCTEMH. BOHA KOHTPOJIIOE
Ta CIOXWBAa€ JaHI 3 KOMIIOHCHTIB CCHCOpPA, BUKOHYE
0a30Buil aHadi3 1 BH3HAYa€, YM BIAMOBIZA€ aKTUBHICTH
abo cepis mOAiM MOBemiHIN 370BMUCHHKA. Jlami areHT
EDR mnepecuiae TeleMETPir0 Ha TOJIOBHHIA CepBeEp, KU
AQHAMTHK Hajmam OayuTUMe SK XMapHUH CKIAIHHUK
EDR-pimienns, nani — BeOKOHCOJb, IO aHAi3ye MOl
iHppacTpyKTypi

BiJl YCIX areHriB, pO3TOPHYTHX B
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Oizmecy. Sfkicte  iHpopMmarii, 1m0

areHTamMu, 0arato B YOMY BH3HAYa€ SKICTh 3aXUCTY

OTPUMYETHCS

3a nonomororo EDR, Tomy ixX HanaiityBaHHs, HapaMeTpu

Ta OCOOJIMBOCTI BHUKOPHUCTaHHA € 0a30BHUMH IS
edextuBHOTO 3acrocyBanHs EDR 3aramom.
EDR-pimenn

binbiicth CIIpsIMOBaHa Ha  Te,

mo0 HaBaHTAXXYBAaTH KIHIEBI TOYKH MEHIIE, HiX
Ha 1-5% CPU. Taxkox

posropranHsa pimenHs Ty EDR wMoxnmBe Timbku

BapTO 3ayBaXHUTH, IO

micns  aHawmily Ta ONTHMI3alii JIOKaJlbHOT  Mepexi

aKTHBIB,
nporpam
MOPYIIHUKA

KOMIIaHi{, BIOPSAAKYBaHHS BCIX HasBHUX

YKIIaaaHHA CITHCKIB BUKOPUCTOBYBaHUX

1 CTBOpEHHS MOJENi 3arpo3, MOJei
Ta HalWCaHHS BHYTPIMHIX moimiTHK. OCHOBHa Mera
CTBOPEHHS MEpelTiueHol JOKyMEHTalii — He 3aBauTH
Oi3Hec-mporiecaM  KOMITaHii, OCKIJIbKH, SK I00a4iMMO
Jlami, areHT Ma€ 3JaTHICTh OJIOKYBaTH IpolecH 0e3
MOXJIUBOCTI JIETKO O0IHTH OJIOKYBaHHSI.

SIKIIO areHT BBaXkae, IO II€BHA AaKTHBHICTH €
aHOMAJIBHOIO 1 BapTa yBarw, BiH MOXXE BHUKOHATH OIHY
3 Takux i [10]:

— 3apeeECTpyBaTH 3JIOBMHUCHY aKTHBHICTh y BUIJISII
CHOBIIIIEHHSA PO IHIUAEHT, HAIICIAHOTO A0 KOHCONI —
EDR,

CIOBIIIIEHHS B TIeHTp arperarii nannx SIEM;

iHpopMariiHOi maHem abo TepeHanpaBUTH

— 3a0JIOKyBaTH BUKOHAHHS 3JOBMHCHOI oOrepalii,
MOBEPHYBIIN IpPOTpaMi, fKa BHKOHYE Jif0, 3HAYCHHS,
10 BKA3yIOTh Ha 30ii;

— YBeCTH B OMaHy 3JIOBMHCHHKA, MOBEPHYBIIN
HOMYy HENpaBWIbHI 3HAUYCHHS, TaKi SK HEMPaBWIbHI
aapecu mam’sATi abo mMoamn]ikoBaHI MacKd IOCTYITy, IIO
3MYCHUTbH 3JI0BMHCHE NpOrpaMHe 3a0e3IedeHHs BBaXKaTH,
IO OIepamis 3aBepIImiacs YCINIOIHO, HAaBiTh SIKIIO
[OJAJIbII Ail HEe BAAETHCS BUKOHATH.

Koxen nmaBau, mo € ckiaagaukoMm areHta EDR
Ha XOCTI, CIIyT'ye 3arajbHiil MeTi: 300py TeleMeTpHYHUX
moka3HuKiB. [Ipocrime, Tememerpis — me HeoOpoOIeHi
JlaHi, 10 TeHEPYIOTHCS KOMIIOHEHTOM areHra abo caMum
xoctoM, Ta (axiBii SOC-IEHTpY MOXYTh aHaJli3yBaTd
iX sK BpyuYHy, TaKk 1 3a JONOMOroi BOYyIOBaHHX
aHamiTHYHUX MexaHi3MiB EDR (sk MamuHHE HaBYaHHS
Ta JUHAMIYHWA aHami3), 1mo0 BH3HAYUTH, YU Maja
MiCIlE 3JIOBMHCHA aKTHMBHICTHb. KOXXHaA Iis B CHCTEMI —
BiJl BIIKpUTTS (aiiily 10 CTBOPEHHS HOBOTO IPOLECY —
reHepye TMeBHy (OpMy JaHWX Uil IOHOBHEHHS
tesniemerpii. Llg iHdopmamis € BiANPaBHOIO TOYKOK Yy
BHYTPIIIHIH JIOTII CITOBIMEHHAS PO IHIUACHTH OS3MEKH.

MoxHa TOpPIBHATH TEJIEMETPII0 3 IOKa3HUKAMH,
panapu
BUKOPHCTOBYIOTh €JIEKTPOMArHiTHI XBHJII JUISl BUSIBJIICHHS

mo 30Wpae  pamioNoKaliifHa  cHCTeMa:

MIPUCYTHOCTI, KYpCy Ta IIBUAKOCTI 00 €KTIB y TIEBHOMY
niamazoni. Komu pamioxBuiisi BiIOUBAEeThCs BiJ 00’€KTa
1 TIOBEPTAETHCS MO PaNiONIOKAIIHOI CHCTEeMH, BOHA
CTBOPIOE TOUKY Ha MUCIUIC] pazapy, sAka BKa3ye Ha Te,
o0 TaM mock € [11]. BUKOpUCTOBYIOUH I1i TOUYKH NaHUX,
IpOIIECOp pamapHOl CHCTEMH MOXE BH3HAYUTH TakKi
mapaMeTpu, SK IIBHIKICTb, MiCIle pO3TalIyBaHHS
Ta BHCOTY 00’€KTa, a MOTIM OOpOOJISITH KOXXEH BHIIAIOK
mo-pi3HOMy. Hampuxman, cucremMa MOXe pearyBaTd
Ha 00’€KT, 110 JIETUTh HA HU3BLKIM MIBHAKOCTI Ha Majiid
BHUCOTI, 1HAKIIE, HIXK Ha O0’€KT, II0 JCTUTh Ha 3HAYHIN
HIBUJIKOCTI Ha BeNUKiA BucoTi. lle myke cxoke Ha Te,
sk EDR

cercopamu. Cama mo cobi iHdopmailis mpo Te, K 0y

00pobmsie  TememerTpito, 3iOpaHy  iforo
CTBOpPEHO Tporiec abo oTpuMaHO AocTyn a0 (aiimy,
pinko 3a0e3redye OCTaTHIM KOHTEKCT JUIs MPHHHSATTS
OOTPYHTOBAHOTO PIilIeHHS HIOA0 Mojanbmmx mii. Kpim
TOTO, TPOIEC, BUABICHUH pagapoM, MOXKe MPUIMHHUTHCS
Oynp-sikoi muTi. ToMy BakiImBO, MO0 TeleMeTpis,
sika HagxomuTh 10 EDR, Oyra sskoMora moBHIIIOKO.

EDR mnepenae iHpopmamio TerxeMeTpii 10 areHra,
a TOTIM, SKIIO HEOOXITHO, 0 XMapHOTO CXOBHIIA,
Yy KOMIIOHEHTaX SKHX IIpPONMCaHa KOMIUIEKCHA JIOTiKa
BUSIBIIGHHS 3arpo3. AJITOPUTMH JIOTIKM  BHSBJIICHHS
aHAJI3YIOTh BCIO JOCTYITHY TEJIEMETPIl0 i 3a JOTIOMOTOI0
BHYTPIIIHIX METOJIIB, 30KpEMa €BPUCTUKH HABKOJIMIIIHHOTO
cepenoBumma abo Oi0miOTeKH CTaTUYHUX CHTHATYP,
YCTaHOBIIOE, YW Oyja aKTUBHICTh 3JOBMHUCHOIO 1
Y JOCATNIAa BOHA MOPOTY KPUTHYHOCTI VIS CTBOPECHHS
MOBIJIOMJICHHS TIPO aTaKy Ul aHAITUKIB a00 OJIOKyBaHHS
TIpoIIeCy IS 3arro0iraH s KOMITICKCHIN aTaili.

Slkimo TenmemeTpist — 11e BUSABJICHI 00’ €KTH Ha panapi,
TO CEHCOpHM — IIe IepenaBad, AYIUIEKCOp 1 mpuiiMad,
TOOTO KOMIIOHEHTH, IO BIINOBIAAIOTH 3a BHSBJICHHS
00’€KTiB 1 popMyBaHHA iX y IMOBIIOMIICHHS I aHATITHKIB,
o nparoroth 3 koncoiutto EDR. Toni six papionokaniitai
CHCTEMH TOCTIiHO BiAMPABISAIOTh MOBTOPHI CHUTHANU IO
00’exTiB, 100 BiACTEXKYBaTH iX IeEpEMIlIeHHs, aBayi
EDR mnpatiofroTs TpoX# MacHBHiIIe, TePEXOIUIII0YH JaHi,
IO TPOXOJATh Kpi3b BHYTPIIIHIM IpoIec, BHUTATYIOUH
iHpOpMaIi0 Ta TepecHalodd ii IEHTPaTbHOMY areHTy.
OckinbKy 1i AaBavi MaloTh OyTH BOYJOBaHiI B SIKWIICH
CHUCTEMHHH TIpOIeC, TaKOX HEOoOXimHO, MO0 BOHH
TpaLioBaIM HEWMOBIpHO IIBHAKO. CepeHbOCTaTUCTHYHHI
JlaBad, SKHH BIICTEXYE 3allUTH JO PEECTPY, BUKOHYE
CBOIO po0OTY 3a 5 Mc, Mepll HiK oIepalis 3 peecTpoM
Oyne [IO3BOJEHAa Ta 3MOXE IPOJNOBXKYBaTuch. lle He
3IA€EThCS 3HAYHOIO MPOOJIEMOI0, JOKU HEe Oyne B3sTO JI0
yBard, 0 B CYYacCHHX CHCTEMax 3a CEKyHAy MOXYTb

BiIOYBATHCS THCSY1 3aMUTIB 10 PEECTPY.
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MaiteHpKa 3aTpUMKa y 5 MC, III0 BUHUKHE B MPOILECi
00poGnenns 1 Tuc. mouiit, npu3Bene 10 N’ ATHCEKYHIHOT
3aTpUMKH B poOOTi cucTeMH. BinpmmicTe KOpHCTyBadiB
BBRXKAaTUMYyTh 1I€ HENPUHHATHUM, IO BiJAIITOBXHE
KITieHTiB BiJ BukopucTtanHs EDR B3arani. Xoua Windows
Ma€ YHUCIeHHI Jpkepena Tenemerpii, mpoxyktn EDR,
SK TpPaBWIO, BHKOPHUCTOBYIOTH JIMIIE JEsKi 3 HHX.
Ile noB’s3aH0 3 THM, II0 0araThOM JpKepelaMm Opakye
SKOCTI ab0  KIITBKOCTI

JaHUX, BOHHU MOXYTb HC

BIINIOBIiTaTH BHUMOraM Oe3leKH KOMIT'foTepa abo
OyTH Ba)KKOJIOCTYITHUMH.

Jlesiki KOMITOHEHTH ceHcopa BOY/IOBaHi B ONepamiiHy
cucTeMy, Hanpukian, y xypHan noxiii OC. EDR rtakox
MOXYTb BIIPOBAJKYBaTH B cucremy npaisepu, DLL,
IO MePeXOIUTIoTh (PyHKIII, 1 MiHIQITETPH, MO OyAyTh
KOMITOHEHTaMH ceHcopiB. DaxiBlli aTakyloUux KOMaH]
(red team), MO TIPEBEHTHBHO BHKOHYIOTH IIOMIYK
Bpa3IMBOCTEH OpraHizamii Ui TOTO, MO0 3MEHIIUTH
pu3uK ycmimHoi kibeparaku, 374e0UTHIIOrO I0al0ThH

npo 3amo0iraHHsi, oOMexeHHS a0 HOpMalli3allifo
(HampuKITazd, 3MINTyBaHHS 3 TOTOKOM) 310paHOi CEeHCOpOM
TeneMeTpii. MeToro 11i€i TAKTHKY € 3MEHIIICHHS KiTbKOCTI
"Touok Ha pagapi", TOOTO TMOKa3HHUKIB, SIKi aJTOPUTMH
EDR MOXyTb 3iCTaBUTH Ta BUKOPHUCTATH IJIsl CTBOPEHHS
JIETabHOTO CIIOBIMIEHHA TIPO aTaKy Ui aHaJiTHKa,
AKTUBHICTH

0 MiCTUTUME BCIO iH(pOpMaLiio Tpo

370BMHUCHUKA, a TaKOX MONEPEeAUTb BHUKOHAHHS
3JI0BMHUCHHUX Mil, OJOKyrouM Ix 3amyck. Bumacue, mwu
Hamaraemocsi 3reHepyBatu False Negative anept, 1O
3rajyBaBcsl paHime sK Thn anepriB 'y SOC-ueHTpi.
EDR i

TEJIEMETPUYHI TOKa3HUKHU, sIKI BiH 30Upae, MOKEMO

Posymiloun KOX€H KOMIIOHEHT JaBada
npuiiMaTH OOTPYHTOBaHI pIMIEHHA MIOAO0 pearyBaHHI
HA MiATBEPDKCHI IHIMICHTH OC3MEeKH Ta 3amo0iraHHs
00xoxy xopnioparuHoro EDR.

BusBiienns iHIUAEHTIB O€3MeKH — 1€ JIOTIKa, IO
MOB’sI3y€ OKpeMi (parMeHTH TeneMeTpii 3 IIeBHOIO
MMOBEIIHKOI0, MIOMIYEHOI0 B cHcTeMi. MexaHi3M BHSBIICHHS
MOJKe TIEPEBIPATH OKpeMy YMOBY (HAIIPHUKIIAJA, HaIBHICTh
(atimy, Tem sKOro 30ira€Tbcs 3 TEIIEM  BiJOMOTO
IIKiJTMBOTO MPOTPAMHOTO 3a0e3neueHHs) abo CKIIAIHY
MOCIZIOBHICTB MOJIH, 0 HAAXOAATH 13 0araTboX pi3HUX
JoKepen (Hampukian, 1o OyB CTBOPEHHH MOYipHIN
npouec chrome.exe, SIKWA TOTIM 3B’sA3aBCS  4epes
TCP-nopt 88 3 KOHTPOJIEPOM TOMEHY).

Sk mpaBuilo, iHXKEHEp, W0 IPOEKTYE MEXaHi3M
BUSIBJICHHS, TIMILIE TIPaBUJIa HA OCHOBI HAsIBHUX CEHCOPIB.
BoHu MaroTh peTesibHO 3Ba)KaTH Ha MAaCHITA0, OCKIIBKU
BUSBJICHHS, BIPOTIiIHINIE 3a BCe, BIUIMHE HAa 3HAYHY
IHKEHepH

KUIBKICTh Opraizamii. 3 iHmoro OoOKy,

3 BUSBJICHHS, SIKi TIPAILIOIOTh B OpTaHi3aIlii KIIi€eHTa, SKUi
EDR mis
YIeHH KOMaHOW 3aXWUCHUKIB (Blue Team), MOXYTb

3aMOBJISIE CBOET KOMIaHil, HaiyacTiire
CTBOPIOBATH TMpPaBUJIA, IO PO3MIHPIOIOTH MOXKJIHBOCTI
EDR 3a Mexamu THX, M0 Hajgae mnocTadaiabHHK [13,
00 MPHUCTOCYBATH BHSBICHHS IHIUACHTIB O€3MeKH
iHppaCTPYKTYypH
JIO3BOJICHUX 1 3a0OpOHEHMX JUIsi BUKOHAHHS MpOTrpam,

no motped (CTBOpEHHS  CHHCKIB,
CTBOPEHHS CIIUCKY BIACHHX IHIMKATOPIB KOMIIPOMETALII1,
HaNMCaHHs CeUU(IYHUX ISl OpraHi3alii npaBHiI TOLIO).

Jlorika BusBnenHs EDR 3a3Buvaii icHye B areHTi
Ta MIJNOPSAAKOBAaHUX HOMY JaBadax abo y BHYTpIIIHIiH
crucTeMi 300py JaHUX (CHCTeMI, SIKIA MigIOPSIKOBYIOTHCI
BCl areHTH oprasizamii), 70 SKOi aHATITUKH MAaroTh
JOCTYIl 3a JOmOMOrolo BeOKkoHcom. IHOmi BoOHa
(GyHKIIOHYE B TEBHIH KOMOiHAmii IMX JBOX CHCTEM.
Y KOKHOTO MAXOY € MepeBary i Henoliku. BusBieHns,
abo #oro maBayax,

peanizoBaHe B arcHTI MOXe

no3osiutd  EDR  BXWUTM HerallHUX IPEBEHTUBHUX
3axo/iB (OJIOKyBaHHsS, i30JAIlisl TOIIO), ajie HE JaCTh
HOMYy 3MOTH TIPOaHAN3yBaTH CKJIAIHY CHTYAIlilo, KOJH
I 3J0BMHUCHHMKA Oarato W HasBHA 3HA4YHA KUIBKICTH
iHAWKAaTOpiB KOMIpomeTarii. | HaBmaku, BUSBICHHS,
peali3oBaHe y BHYTPIIIHIN cucTeMi 300py JaHWUX, MOXKE
MATPUMYBATH BETUYE3HWH HaOip TNpaBWiI BUSBJICHHS,
aJle TPU3BOIWTH JO 3aTPUMOK Y BXHTTI OYIb-SKHX
TTOTIepPEKYBAIBHUX 3aXOIiB.

VYci EDR-mpoaykTH, 1Mo € Ha pHHKY, MOOyAOBaHi
3a OJHIEIO JIOTIKOIO, sIKa BiIPI3HAETHCSA BiA MmIaTGopMu
no mardopmu, Ha sKiid BcTaHOBJIEHO pimenHs [12, 13].
Y miif poOOTi pO3TIAIAEMO aNTOPUTMH W METO.H,
Windows,

10  BUKOPUCTOBYIOTHCA  Ha HJ'IaT(i)OpMi

OCKITBKA  Hapa3li BOHAa  3aIUIIAE€ThCS  HAWOLIBIIT
MOMYJIAPHOIO OMEPAIliifHOI0 CUCTEMOIO Y CBiTi (69% BCix
KOPHCTYBaYiB; I MOPIBHAHHI — macOS 3aCTOCOBYIOTh
sme 21% kopuctyBadiB), a e npudausHo 1,4 6inpiioHa

AKTHBHHUX NPUCTPOIB.

"Kpuxki" Ta "Hagiiini" Metoau
BUSIBJICHHSI CIIPalIOBAHb

OauuM i3 cnocoOiB  3aJ0BOJBHUTH  MOTPEOH

KIIEHTIB € BUKOPUCTaHHSA KOMOIHAIil Tak 3BaHHUX

"kpuxkux" i "HagiiHUX" METOMIB  BUABJICHHS

IHIIUJEHTIB Oe3IeKH.

Kpuxki 3acobu npu3Ha4yeHI I  BUSBJICHHS

MEBHOTO apTedakTy, HAMpHUKIAA MPOCTOrO psiaka abdo
reul-Mmianucy, sKuid 3a3BUYail acoLiOEThCS 3 BIIOMUM
3a0e3neueHHsaM. Hamiini

LIK|JUIMBUM ~ TIPOrpaMHUM
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METOJH CIPSMOBaHI Ha BUSABICHHS MOBEIIHKH U MOXYTh

MiATPUMYBATUCS MOJEISIMA ~ MalIMHHOTO  HaBYaHHS,
HaBYCHHMH Ul TEBHOTrO cepenoBuiia. OOWIBa THIH
BUSIBIEHHS MalOTh MiCIle B CYYacHHX CHCTeMax
CKaHYBaHHS, OCKUIBKY BOHH JIOTIOMArarwTh 30aaHCyBaTH
xubHi crparroBanus (False Positive) Ta XuOHI HEraTHBHI
cupartoBans (False Negative).

Hanpuknan, BusiBieHHs, MOOyJOBaHE Ha OCHOBI
Telry IIKiUmBOTO (aitry, myke epeKTHBHO BH3HAYa€E
NeBHY Bepcilo 1poro (aiiy, ane Oynp-ska He3HAuHA
3MiHa (hailiry 3MIHUTE HOTO Tell, o Mpu3Beae 10 30010 B
poboTi mpaBwia BusBieHHS. Ock YoMy Taki INpaBuiia
HA3WBAIOTh "KPUXKAMHU'" — BOHH JyXe crenuiddi, 9acTo
copssMOBaHi Ha oauH aptedakr. lle o3Hauae, 110
HMOBIPHICTD XMOHOMO3UTHBHOTO CIIPAIIOBAHHS MaibKe
BIICYTHS, TOAI SK WMOBIPHICTh XHOHOHETATHBHOTO
CIIPALIIOBAHHS Iy)Ke BHCOKA.

Hes3Bakaroun Ha HEIOJNIKH, IIi CHCTEMH BUSBIICHHS
MIPONIOHYIOTH SIBHI MepeBaru JJIsi KOMaH[ KibepOesmeku.
Ix nerko po3po6aATH Ta MiATPUMYyBATH, TOMY iHAKEHEPH
MOXYTh IIBHAKO 3MIHIOBATH X BiAMOBITHO IO MOTPEO
opraHizanii. BoHM Tako MOXYTh €()EKTUBHO BHUSIBIISTH
JesiKi TOMHMpeHi artaku. Hampukiag, e€xuHe MpaBHIIO
JUIsl BHSIBJICHHsI HeMoau]ikoBaHOI Bepcil IHCTPyMEHTY
excruryaramii - Mimikatz Mae BemTUYe3HYy KOPHCTH,
OCKIJIbKM HOTO PiBeHb IMOMMIIKOBHUX CIIPALIOBaHb Maiike
HYJTBOBHH, a WMOBIPHICTH 3JIOBMHCHOTO BHUKOPHUCTAaHHS
IHCTPYMEHTY BHCOKA.

Ilonpu 1e imXeHep 3 BHSBICHHSA Ma€ PETENLHO
NpoJXyMaTd, sKi JaHi 3aCTOCOBYBAaTH JUISi CTBOPEHHS
TpaBwiI I "KPUXKHAX' CIIPAIIOBaHb. SIKIIO 3TIOBMUCHHK
MOXKe crocob6amu  3MiHUTH

IpoOCTUMU iHﬂI/IKaTOp,

YHUKHYTH BUSIBIICHHS cTae Habarato sermie. Hanpuknan,
(atimy
3MIHUTH

SKII0 mnmporpama nepeBipﬂe HasIBHICTE

mimikatz.exe, 3JIOBMHCHHK MOXE IPOCTO
iM’sa aitry Ha mimicats.exe Ta OOIITH JIOTIKY NpaBuUIa.
3 mi€l mpUYMHN HaWKpamli MpaBuia "KPUXKHUX' BUSIBICHBb
crpsiMOBaHi Ha artpuOyTH, ski abo He3MiHHi, abo ix
BaXKO MOJTU(IKyBaTH.

3 iHmoro ©Ooky, HajidiHMKA Habip mpaBwmi,
MIAKPIIUICHAH MOJEIUTI0 MAlIMHHOTO HaBYaHHS, MOXKE
MO3HAYUTH 3MIHEHHUH (ailil SK Mi03piInii, OCKINBKU BiH
€ YHIKQIbHUM IS CepeloBHINA a00 MICTHUTH TIEBHUI
aTpuOyT, SIKOMY ajropuTM Kiacudikaiii Hajae BeIHKe
3HA4YEHHSA. DUIBIIICTE HAMIHHUX 3ac00iB BHUABIECHHS —
e MPOCTO TpaBWia, SIKI IIMPLIE HAMaralThCcs OYTH
CIpSAMOBaHUMH Ha MeTo. Lli THIH BUsSBICHh OOMIHIOIOTH
3[aTHICTh

CBOI0 OCOOJMBICTH Ha BUSIBISITH ~ aTaky

B OUTBII 3arajJbHOMY BHTIIAII, 3MEHIITYIOUH WMOBIPHICTH

XNOHOHETaTUBHUX PE3YNbTaTiB YHACHIIOK 30LIBIICHHS
HWMOBIpPHOCTI XMOHOTIO3UTHBHHUX.
Xoua

IHAyCTpisS CXWIbHA HagaBaTH I[epeBary

"HamiiauM"  MeToJaM  BMSBJIEHHS, BOHM  MAaloOTh
HEAONIKH. SIKIIO TOPIiBHATH 3 "KPUXKUMH' CUTHATYPaMH,
"HaniitHi" mpaBuiia HabaraTo Bakue po3poOHTH uepe3 iX
ckiamHicTh. KpiMm Toro, iHXKeHep 3 BUABICHHSA Mae OpaTu
JI0 YBaru TEPIHUMICTh OpraHizailii 10 XHOHOMO3UTHBHHUX
CHpaIfoBaHh 1 3aJaTHCAd NHUTAaHHAM: SKY KUIBKICTh

XHUOHOMO3UTUBHUX  CIpAIfoBaHb  MoOXe  00poOuTH

BHyTpimHIA SOC-meHTp, a0 HE B3HU3UTH CBOIO
NPOJYKTUBHICTh 1 HE 3apoOMTH Tak 3BaHy alert fatigue,
TOOTO HE3NATHICTh aHANITHKA, M0 IOCTIHHO BUTpavae
yac Ha 3aKpUTTS HEiH()OPMaTHBHUX CIIPAaIlOBaHb,
BiJIpearyBaTH Ha CIIPaBJi BOKINBY aHOMAJIIO B CHCTEMI.
Uepes mne Oimbmiicte EDR 3actocoByroTs ribpuaHuit
MiAX1T, YIPOBAKYIOUH "KPUXKi" METOIN AJIST BUSBICHHS
OUYCBUJIHUX 3arpo3 i "HamiiHi" — a1 BUSBJICHHS TaKTHK
1 TEXHIK 37TOBMUCHHUKIB y OLTBII 3aralbHOMY IIIaHI.

OmuuM 13 HebaraTthox moctadanbHuKiB EDR, sxuit
myOIiYHO PO3KpUBAE CBOI MpaBmiia BUSIBICHHS, € Elastic
Stack. TlpaBuna SIEM mnyOmikyloTbcss B perno3uTopii
GitHub, i 1i mTpaBWia MICTATh UYyAOBI NPUKIAIN SK
KPUXKHX, TaK 1 HAJIITHUX BUSBJICHB.

Hanpuknan, posrimsaemo mpaswino FElastic ans
BUSBIICHHS crpo0 Kerberoasting, siki BUKOPHUCTOBYIOTh
Bifrost, inctpyment macOS nmns B3aemonii 3 Kerberos.
Kerberoasting — 1e MeTOox OTPUMaHHS KBHTKIB
Kerberos 1 310My iX UIS PO3KPHUTTS JaHUX CITY>KOOBHX
00JIIKOBHX 3aITHCIB.

Ile mpaBmmo mepeBipse€ HAsBHICTh MEBHHUX
apryMeHTIB KOMaHJHOTO psJiKa, SKi MmiaTpumye Bifrost.
37I0BMHCHHK MO’KE€ OaHaJbHO OOIMTH II€ BHUSBJIEHHS,
nepeiiMeHyBaBIIM  apryMEHTH Y  BHUXITHOMY  KOJI
(Hampukiaa, 3MIHMBIIN -action Ha -dothis), a TOTIM
MEPEeKOMIIUTIOBABIIN  iHCTpyMeHT. KpiM Toro, xubOHe
CIIPAIfOBaHHA MOXKE CTaTHUCS, SKIIO He II0B’SI3aHUM
3 HUM IHCTPYMEHT MiATPUMY€ apryMeHTH, HepesiueHi
B MIPaBHIIL.

I3 3a3HavyeHMX MPUYHMH MPAaBUIO MOXE 31ATHCS
MOTaHUM  JIETEKTOpOM. Ane Bapro maMm sATaTd, II0
HE BCi 3JIOBMHCHHMKH JIIOTH Ha OJHOMY PiBHI W 4MMaJo
TPyl 3arpo3 IpPOJIOBXYIOTh BHKOPHCTOBYBaTH T'OTOBI
IHCTpYMEHTH, JOCTYIHI B MOMYJSApHUX (peldMBOpKax,
K Metasploit. 1le paBUIIO CIIyTye IJIsl BUSBIICHHS THX,
XTO 3aCTOCOBY€ 0a30By Bepcito Bifrost 1 He Oibliie.

UYepes By3bKy CHpsAMOBaHICTh mpaBuina Elastic mae
JIOTIOBHUTH HOro OifbIl HAMIHMUM BHUSBJICHHSIM, SKE

3aKpUBa€ OYECBHUIHI IporanuHu. Po3B’s3aHHAM TpobieMu
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B I[bOMY pa3i cTa€ J0AAaTKOBE TIIPAaBHUJIO, CTBOPEHE
PO3POOHHUKOM, SIKE 3aKPUBAE CJIIIMI MICI[SI IEPIIOTO.

Ile mpaBwio crpsMoOBaHE Ha HETHUIIOBI MPOLECH,
0 CTBOPIOIOTH BHXiAHI 3’eqHanHsa 3 TCP-moprom 88,
cTaHmapTHUM TioptoM Kerberos. Xoua 1ie IIpaBWIIO
MICTUTh JESKi MPOTAIUHU JJsi YCYHEHHS MOMHIKOBHX
CIpaIiOBaHb, 3araJioM BOHO OUNMBII HamiHE, HIX
KpHXKe MPaBUIIo 3alycKy Bifrost.

Bimpmmictes arentie EDR mparmytes 10 Oamancy
MDK KPUXKHM 1 HaJiiHUM BHSBJICHHSM, aje pOOJISTH
Ile Hempo30po, TOMY OpraHi3alisM MOXe OyTH
JIy’)Ke CKIAJAHO 3a0e3MeunuTH MOKPUTTS, OCOOIMBO 3
pIIICHHSAMH, IO HE MIATPUMYIOTh CTBOPEHHS OKPEMHX
HaJIAIITOBAaHUX  KOPHCTYBalbKUX MpaBWI. I3 miel
MIPUYMHY IHKCHEpPH KOMaHIU O€3MEKH MaloTh TECTYBaTH
Ta TEpeBIpATH BUSBICHHS

3a OO0IOMOI'OKO TaKHX

IHCTPYMEHTIB, K Afomic Test Harnesses Bix Red Canary.

Tunu arentie EDR

Sk 37I0BMUCHHKH, TaK i iHKCHEPH KOMaHIN Oe3IeKn
MaroTh TPUIUIATH NWIbHY yBary Tumy areHty EDR,
PO3TOPHYTOMY Ha KiHIIEBUX TOYKax. Po3rissHEMO THIH
(a0o0 x MOOYIOBH) arcHTIB.

Puc. 2. ba3oBa apxiTekTypa areHTa

SAx Oaunmmo, 1 6a3oBa moOymoBa Mae Hebarato
Jokepen Ttenemerpii. Tpu pgaBaui (ckaHep, npaiiBep
i DLL-}yHkmis mepexomwieHHs (YHKIIH) HamaloTh
areHTy JaHi Ipo NOAil CTBOPEHHs NPOLECIB, BHKIMKH
(yHKIIH, sKI  BBaXAIOTBCS UYYTIMBUMU JIO0  aTak
(manpuknan, kernel32! CreateRemoteThread), curHatypu
4acTo mam’siTb  TIPOLIECY.

Gaitniz i BIpTyabHy

1. basosuii

ATEHTH MICTATh OKpEMI YaCTHHU, KOXKHA 3 SIKUX Ma€
CBOIO METy ¥ THII TeJIeMeTpii, IKy BOHa MOXe 30Hpatu.
Haifuacrime areHTH MaroTh Taki KOMIOHEHTH:

— CTAaTHYHHUI CKaHep: 3aCTOCYHOK a00 KOMITIOHEHT
CcaMoro areHta, M0 BUKOHYE CTaTHMYHUI  aHaui3
300paxkeHs, Takux sk Portable Executable (PE) ¢aim
a00 JMOBUTBHI Jiama3oHU BIPTyadbHOI maM’sATi, 1100
BU3HAYUTH, UM € X BMICT MIKiIMBIM. CTaTHYHI CKaHEpH
3a3BHYail CTAaHOBIISITH OCHOBY aHTUBIPYCHHX CEpBICIB;

— DLL-¢yHKIisg DLL, o

BIITIOBIZIa€ 3a TICPEXOIICHHS BUKJIMKIB MEBHUX (DYHKITIH

NEPEXOIUICHHSA:

iHTepdeiicy npukiagHoro nporpamysanas (API);
— JpaiiBep sapa: a1pa,
o0 BIiATIOBiTa€ 3a BOPOBAIKCHHS IIEPEXOILIIOI0YOT

IpaiBep  pexUMY

DLL y wmineoBi mporecu Ta 30ip cremudivyHOl s
siIpa TeneMeTpii;

— cmyxba arenra: [II3, BiamoBigambHe 3a
arperyBaHHS TeJIEeMeTpii, CTBOPEHOI ABOMA IOTIEePEIHIMHI
KOMIIOHEHTaMH. BoHO Kopenroe maHi abo TeHepye
CHOBIIIEHHS, 00 MOTIM MepenaTu 3i0paHy iHpopMaIio
Ha LeHTpajiizoBanuii cepsep EDR.

Ha puc. 2 300pa’keHO HAMIIPOCTINTy apXiTEKTypy

areHTiB, Ky HUHI 3aCTOCOBYIOTh KOMEPLIHHI MPOIYKTH.

Taka cxema MOXe 3a0€3MEYUTH HOCTATHE ITOKPHUTTS
JUIsL eSKMX BUIMAJAKIB BUKOPHCTaHHS, aje OuUIbLICTh
koMmepuiHnx mpoaykTiB EDR HuHI BHXOZSTH Naneko
3a MeXi IMX MoxJiMBocreid. Hampuknan, neir 6a3oBwuii
EDR He 3MOXe BHUSBHTH (aiijM, M0 CTBOPIOIOTHCS,
BIUTy4YarOThCs 200 MH(PYIOTHCS HA XOCTI.
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2. IIpomisicruii

Xoya 0a3oBuil areHT MoOxke 30MpaTH 3HAYHY
KUTBKICTh WLIHHOI iH(oOpMamii, Ha OCHOBiI SKOI MOXHa
CTBODIOBAaTH BHUSBJICHHS, Il JaHi MOXYThb HE JaBaTH
NOBHOI ~ KapTHHM  Jid, 1[I0 BUKOHYIOTBCA  Ha
komr’rotepi [15]. IlporpamHi TpOAYKTH Ui 3aXUCTy
KIHIEBMX TOYOK, 1[I0 HHHI  pPO3rOpTalOThbCcs B
KOPIOPaTHBHUX CEPENIOBUINAX, BXKE 1CTOTHO PO3LIMPHIH
CBOT1 MOXKJIMBOCTI JUTS 300pY TOJATKOBOI TETIEMETii.

Binermicts arentiB  EDR  Hapasi Hamexatrbs 10
cepenHporo piBHA ckiamgHocti [16]. Ili areHTn He nwme
BIIPOBA/DKYIOTh HOBI JaBadi, aje i BHKOPUCTOBYIOThH
JDKepena TeJeMeTpii, BIAacTHBI OIepariiiHiii cucTeMi.
JIonOBHEHHS HA ILOMY PiBHI MOXXYTh MiCTHTH:

— JpaiflBep MepexXHHX (QUIBTPiB: BUKOHYIOTh
aHaJi3 MepexxHoro Tpadiky IS BUSIBICHHS O3HAK
3JJOBMHCHOI aKTHBHOCTI;

— npaiiBepu  QinbTpiB  QaiioBoi  cucremu:
CHemiaJbHAN TUI ApaiBepiB, MO MOXYThH BiICTEXKYBaTH

orepanii y aiinosiii cucremi KOMIT 10TEpa;
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— cnoxuBaui ETW: KOMIIOHEHTH areHra, sKi

MOXYTh  CJIAKYBaTh 32  HOAISMH, CTBOPEHHMH
ONEepalifHOI CHCTEMOI0 XOCTa ab0  CTOPOHHIMH
porpamMamu;

— KOMIIOHEHTH PaHHBOTO 3aIyCKy aHTHBIPYCHOTO
¢byHKIi, 110
MeXaHi3M

nporpamHoro 3abesneuenHss (ELAM):

Microsoft
3aBaHT)XXEHHs [paiiBepa aHTHBIPYCHOTO IPOTrPaMHOIO
nepen
3aBaHTa)KEHHs, 11100 KOHTPOJIIOBATH IHINIANI3AI[I0 1HITHX

HaJaI0Th MiATPUMYBaHHHA

3a0e3redeHHs IHIIAMU ~ CITyKO0aMu  3aIycKy

JpaiiBepiB 3aBaHT@XKeHHA. Lli KOMIIOHEHTH TaKOX
ETW

CHeliaIbHAN THUN TOAIH, IIO TEeHEPYIOThCS TIPYIOI0

JAI0Th  3MOTY  OTpuMyBatu  Secure moii,
3aXUIIEHUX [IOCTAYaIbHUKIB OIIM.

Xoua cydacHi EDR MoxyTp He peami3oByBaTH BCi
nepestiueHi KOMITOHEHTH, 3a3BHYail BHKOPUCTOBYETHCS
npaiieep ELAM, posropHyTHii pa3oM 3 OCHOBHUM
JpaiiBepoM sizipa.

Ha puc. 3 mokaszaHo, SIK MOXe BHTJISAATH OUTBII

CcydJacHa apxiTeKTypa arcHra.
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Puc. 3. ApxiTekTypa NpOMiKHOTO areHTa

IIs moOynmoBa ocHoBaHa Ha ©0a30Biif apXiTEKTypi
Ta Jojae 0arato HOBHMX JaBadiB, 3 SKHX MOXHa
30mparu TeneMeTpuyHi nokasHukHu. Hampukian, EDR
3  TPOMDKHOIO apXITEKTypOl0 MOXE BIJICTEXKYBAaTH
noxii ¢aitnoBoi cucremu, 30KkpeMa CTBOpEHHS (aiiiis,
ETW,

O HAJAOTh JaHi, sAKi areHT IHaKme He 3Mir Ou

oTpuMyBaTH iH(oOpMalil0 Big NpoBaiaepiB

3i0pat, 1 CHOOCTEpiraTd 3a MEPSIKHHUM 3B SI3KOM
Ha XOCTi Kpi3b JpaiiBep ¢unbTpa, 10 TMOTEHIIHHO 1ae
3MOTY areHTy BUSIBJIATH aKTUBHICTh MasiKiB KOMaHIHOTO
psinKa i KOMaHI, 1110 3aIycKaloThes depes Hei. Lle Takox
JI0JIa€ pIBEHb BIJMOBOCTIHKOCTI, 1100 Yy pasi BUXOAY

3 JaJly OJHOTO JAaBaya iHIIHHA MIT 3aMiHUTH HOTO.

driver lelemetry

3. Poswupenuti

JHesxi pimennst EDR peani3ytorh Oinbll NpocyHyTI
(GYHKIIT A7 MOHITOPHHTY IUISTHOK CHCTEMH, SIKi iX
ikaBysATh. OCh B MPUKJIAAA TAKUX (YHKIIIN:

— TinepBi3opu:  3a0€3MEUyIOTh  MEPEXOIUICHHS
CHCTEMHHX BHKJIMKIB, BIPTyasi3allil0 MEBHUX KOMIIOHEHTIB
CHCTEeMHU Ta i30JIbOBaHE BMKOHAaHHS Koay. BoHM Takox
Jal0Th ~ areHTy  3MOTY  BIJICTEXKYBaTH  IEPEeXOH
Y BHUKOHaHHI MDK T'OCTHOBOIO MAIIMHOIO Ta XOCTOM.
3a3BU4aii BOHM BHMKOPHUCTOBYIOTBCS SIK KOMIIOHEHT
3aXMCTY BiJl IPOrpaM-BUMAaradiB Ta eKCIUIOMTIB;

— o0MaH 3JI0BMHCHUKA: HaJa€ HEMpaBIWBi JaHi
3aMICTh TOIO, 100 3amo0irTH BHKOHAHHIO IIKIIJIUBOIO
kony. lle Moxe mpu3BeCTH A0 TOTO, IO 3JIOBMHCHHK

30CEepeIUThCSl Ha HAJIAro/PKEHHI CBOTO 1HCTPYMEHTapilo,
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HE YCBIIOMIIIOIOUH, IO iH(pOpMaIis, Ky BiH OTPHMaB Bif
cucreMu, OyJa miapoOeHa.

He mocuth cnennivri A7 KOHKPETHOTO MPOIYKTY
JIOTIOBHEHHS 1 Hapa3l BOHU HE € 3arajbHOBKHBAaHHMHU.
KpiMm Toro, ©Oarato KOMIOHEHTIB IIi€i KaTeropii
Oinmpllie TOB’sA3aHI 31 CTpaTerissMu 3amoOiraHHs, HiK
i3 BusBieHHsAM. OmHAK 3 YacoM JesKi PO3MIMpeHi
(yHKIIT MOXYTh CTAaTH OUIbII MOUIMPEHUMH, a HOBI,

HMOBIpHO, OyIyTh BUHAWICHI.

Henoaiku cyyacaux EDR

loBopstum mpo cmabki wmicis cydacHux EDR,
HEe MOXHa OOIHTH TeMH iX AOBipm pemyTamii ¢aitry
Ta HACKUTBKH CTPYKTypa (ailily BIJIMBa€E Ha IIPOIIEC.
Skmo Mu posymiemo Joriky pobotu ceHcopiB EDR,
TO JIETKO 3MOXEMO TIpOaHaNi3yBaTH, HACKUIBKH
penyranis ¢aitny, chopMoBaHA IHIIMMH BEHIOpPaMHU
Ha cepBicax sk VirusTotal, BummBae Ha KiHIEBUH
pe3ysbTar aHali3y KOHKPETHOro mocravanbHuka [13.
I maBmakw, sikmo Qaiin me Hixe He OyB IpoaHaTi30BaHUI
1 Woro remr He BIJOMMI, i€ O3HAYa€ IO BiH HE Mae
TOTaHO1 pemyTaIlii, To SKa BipOTiTHICTh HOro OIIOKYBaHHS
HaBiTh npocyHytumu pimenHsmu EDR. Huni HaBiTh
po3peknamoBani EDR, Taki sk SentinelOne, Trellix,
ESET Tomo, 1m0 MpOAalOThCSA 3a THCAYl 0J1apiB,
MUIATaoTh 00X0/y, SIKIIO 3JI0BMHCHHUK J00pe 3HA€ThCS
Ha JIOTII TX CEHCOPIB.

Uumano cywacHux pimens EDR  He MOXyTh
HAJIC)KHAM  YHHOM  aHaimi3yBath OiHapHi  (aiiiy,
PO3pOOIIEH] 32 JONOMOT0I0 HOBOTO TOKOJIIHHS PO3pOOKH,
abo, sKkmo nepedpasyBaTH, — HETHIIOBUX MOB
nporpamyBanHs. Ockinbky aHTHBipycHI Moxmyni EDR
3a3BUYall  PO3pOOJISIOTBCS U CTaTUYHOTO —aHali3y
3JI0BMHCHOTO TIPOTPAMHOTO 3a0e3NeueHHs, HAIHCaHOTO
moBamu C, C++ i C#, BOHH, KOJIH CTHKAIOThCS 3 (haiiiiom
31 CTPYKTypOIO Ta BHpa3aMH, LI0 HE € THIIOBHMH,
HE MOXYTh 3aCTOCYBaTH JUIS HBbOIO 3BHYHI METOIH
aHaJi3y Ta MPOITYyCKaIOTh Jaii, o 6 el ¢aiin He poous
gam. Y  KpamioMy BHUMAAKy OyayTh 3a0JIOKOBaHI
JIOYIpHI IIPOLECH, Taki AK 3alyCK KOMAaHIHOTO psJIKa,
B TipmIOMy — BOHM OyayThb 34YUTaHl SK HOpPMajbHa
MoBeMiHKa, OCKiIbkH EDR He BHSBHB JOCTaTHBO
IHMKATOPIB, 110 BKa3yBajK O Ha XiJ aTaKH.

lpyra piu, Ha SKy HEOOXiIHO 3BEpHYTH YyBary,
e Te, HaCKUIbKH HOPMaJIbHO BHIJISA€ Iporpama Ta Jii,
sIKi BOHA BHKOHYE, JUII KOHKPETHOTO cepenoBuiia [17].
YaCTKOBO TIIOB’s3aHa 3

ITyKe

Hopwmauizaris, pernyTarieto

¢aitniB, mocigae BaXJIMBE Micue cepen

MetoniB ooxomy EDR. [na mpukmamy Bi3bMeMO Kelc

i3 mOpocTold Tporpamor0  BHUBEICHHS MsgBox 3a
JIOTIOMOr'0K0  CKpUIITUHIOBOI MOBU Autolt, 10 YacTo
BUKOPHCTOBYETBCSl B CIIEHAPISIX CKPHUIITHHTY, 1 crpoOy
mepeBiputn ii 3a momomoroto VirusTotal, sk 3poOwim
JOCITITHUKU CepBICY Secunnix — OTPUMAHO Pe3yJbTarT,
mo B Oaratbox pimeHHsX EDR moka3HUKH BUSBJICHHS
PI3HATBCS  3aJEKHO BiA  TOro, 32-po3psiqHHN YU
64-po3psaHuid aiii, a TakoXkK, 9d Mae (paiiin mKTorpamy,
yun Hi. [Iporpamne 3a0e3neyeHHs, IO Mae€ 3HAYOK
1 CKOMIITEOBaHE AK 64-po3psaHe, PiAIIe CrocTepiratocs
VirusTotal sk 310BMHCHE, a 32-po3psiiHEe IpOTrpamMHe
3a0e3MeUYeHHs, CKOMITUThOBaHE O€3 IMKTOTpaM, BBaXKalIoCs
OLIIbII PU3UKOBAHUM 1 OTPUMAJIO OLIbIIE CIIPAIIOBAHb.

Tox, HaWmpocTimm pedi, fKi MOXHa 3pOOHTH,
00 3MEHIINTH piBeHb BUsBIeHHs 113 aHTHBIpYyCOM, 1E:

— KOMITLIALIsA 3m0BMucHOro I13 1o x64;

— [iATOTOBKA IIKTOIPaMH;

—SIKIIO MOXJIMBO, CTBOpeHHs II3, mo Oyzae
3actocyHkoM GUI 3amicts CLI;

— YHUKHEHHSI BUCOKO1 €HTPOTIiI;
TIyxe

BeOcaiiTiB, sk C2 1 KpalikKK1 TaHHX.

— BUKOPUCTaHHS HONYJISPHHUX, BIIOMHX
Kosken 3 mepenideHuX MyHKTiB HEOOXiaHO OpaTH 10
yBaru mija vac ekcrutyaranii EDR, abu He mpumyctutn

00X0/y pilIeHHs 3JTOBMUCHUKOM [ 18].

Meton nigpumeHnHs epextuBHocti podotu EDR
Ta nocuyieHHs 6esnexn IKC

Temep, 3HafOYM TPO OCOONHMBOCTI MOOYIOBH
arentiB EDR Ta mpo cnabki wmicus tumnoBoro EDR-
pimeHHs, MoXXeMo c(opMyBaTH METOA BHKOPHCTaHHS
EDR. Ile pmacte 3Mory miIBUIIMTH e()EKTUBHOCTI
3aCTOCYBAHHS L[LOTO PIIICHHS.

Jnist HaliKpaliux MOKa3HHWKIB MPaneclpOMOXHOCTI
EDR BaxiMBO MiArOTYBaTHCh A0 WOTO PO3TOPTAHHS
B KOpPIIOPaTUBHOMY CepeloBHII 3a3nanerigs. llepen
3aKyIiBICI0O Ta II0YaTKOM PO3TOPTaHHS  Ba)kJIMBO
BHUKOHATH TIEBHI Ji.

1. OntumizyBaTH pecypcH JIOKAIBHOI Mepexi Ta

CCTMCHTYBAaTH MEPEXKY, SKIIO II¢ HEe OyJI0 BUKOHAHO

pamimre.
2. BBectu cTaHAapT iMEHYBaHHS XOCTIB Y MEPEXi.
3.Onianti  MacmTadum ¥  HaBHYIKH  (PaxiBIiB
HasgBHOTO SOC-LEHTpY.
4. MIpoBecTn  IHBEHTApHW3aIlil0  BCiX  aKTHBIB

1 mporpaMHoro 3a0e3neYeHHs..
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5. JocmiguTH AOMUTBHICTH OOpaHOTO pIMIeHHS Ta
Horo iHTerpauio 3 y)Ke NpUCYTHIMHU IHCTPYMEHTaMH.

6. [IpoTecTyBaTH pilIeHHS B MEXaxX TECT-IPaiBy.

besnocepenabo METO, 1110 JaCTh 3MOTY MOKPAILUTH
e¢extuBHicTh BHKOpHcTaHHI EDR-cucreMm, mepenbauae
Y neBHHX

MOCIIIOBHICTh  [Hiif, HaBEAEHHX HIKYE.

acleKTax BiH NEPECryKYETHCA 3 3axoJaMu, Jii(e]

MarTh  BIZOyTHCS O  IIOYaTKy  BIIPOBAJKEHHS
3aMpOIIOHOBAHOTO METO/Y.

1. Ceemenmaujia mepesci 1acTb 3MOTY PO3MEKYBaTU
KPUTHYHO BaXXJIMBI BiJIUTM KOMITaHIi BiJ BiJJIiJiB,
IO MiJMagal0Th i PU3UK 3apakeHHs MmKimmBuM [13
(BCl BimminM, MmO CHINTKYIOTBCS 13 30BHIIIHIM CBITOM:
TEXHIYHA MIATPUMKA, PEKPYTEPH, MapKETOJOTH TOIIO).
Takok KPUTHUYHO BKJIMBO CTBOPUTH OKPEMY MEpEXY
UL OyIIb-SIKMX TPUCTPOIB, IO HE € KOPIIOPATUBHUMH, —
cMmapTt¢oHiB, ocobuctux [1K Tomro.

2. Onmumizayia pecypcie JN0KanbHOi Mmepednci
acTh 3MOTy il mparoBaTH 0Oe3 3aTPHUMOK 1 3HAYHO
EDR,

TOBOPWJIM PaHille, XMapHa YaCTHHA PIIIEHHS € He MEHII

MOKPalIUTh  Mpare3laTHiCTh TOMy IO, SIK
BaXXJTMBOKO 32 YaCTHHY areHTa Ha XocTi. Ockinmbku EDR
Ma€ BiANOBIJaTH Ha 3allUTH B peaylbHOMY dYaci, Oyap-ska
3aTpUMKa MOXe OyTHM KPHUTHYHOIO — Bij 4Yacy repeaadi
TelNeMeTpii, TIOBEpHEHHS pe3yJbTaTy aHallizy BiX
XMapHOTO CepellOBUINA 10 4acy OJOKyBaHHs IpOIECY
Ta 130Jmi KiHIeBoi TOYkM. Tako skmo areHT EDR
CTHKHYBCS 31 300€M, HeoOximHO, o0 iH(opMaris
PO HECIPaBHICTh areHTa Oyja sSKOMOTra IIBHIIIE
HAJ/IaHA aHATITUKAaM Y BEOKOHCOTI.

3. Jdeakmueayia iHWux aHMUGIPYCHUX piuieHb.
ITixg yac BcranosiieHHs arenra EDR Ha XocTH HEOOX1IHO
MepeKOHATHCS, M0 Ha HHUX JEaKTUBOBaHI BCi iHII
aHTUBIpYCHI pilmeHHs, Hanpuknan Windows Defender.
UYepes ocobmmBocTi poboTtn ceHcopiB arenta EDR Bonun
OyayTb CIPUUHATI SK 3JIOBMUCHI IHIIUM aHTHUBIPYCHUM
I13. Takox Take CyCiICTBO MOK€ BUKJIHMKATH KOJI3if0
Ta Mpu3BecTH 10 HecripaBHocTi [TK.

4. Pospoonenna nonimux EDR. Po3poOGieHHIO
momiTik EDR (BusiBICHHS Ta pearyBaHHS OKPEMO)
MPUIUIAETHCS OCOONMBA yBara Ha MOYAaTKy PO3TOPTaHHS
pileHHs.

3a3BHUail CTBOPIOIOTHCS TPH MO THKH:

— Jlerka — CTBOpEHa JUIsi BUCOKOYYTIIMBHX XOCTIB,
Ha SIKUX HeOa)kaHO OJIOKYBaTH MPOIIECH;

— cepenHs «—

CTBOpPEHa  3a  HalKpalluMu

NpaKTUKaMHd, 10 MPONOHYyEe NocTadanbHUK  [13;
3a3BMYall BCI XapaKTEPUCTHKU yCEpEAHEHI Ta BHIAIOTh
Halikpammii OamaHC e(eKTHBHOCTI Ta MPOAYKTUBHOCTI

areHTiB,;

— CcTpora — TIONITHKA, $KYy YacTO IMEHYIOTb
"PEKUMOM aTaKH Ha KOMIIAHi0'"; BOHA BMHKA€ETHCS, KOJIH
KOMIPOMETAIlisl XOCTIiB MATBepIKEHA Ta aHAIITHKU
X04yTh Oa4yMTH BCi aHOMalii, [0 MOXYTb JOTOBHHUTH
PYXY CepeIOBHUIIY.

s nomithka Takox e(eKTHBHA IIiJ] 4Yac TECTyBaHHS

KapTHUHY 3JIOBMHCHHUKa oo

caMoro pilieHHS Ta WOT0 YYTIHBOCTI JO CIpod
foro ooxomy.

KpiMm Toro, kommaHii 4acTo YTBOPIOIOTH OKpeMi
NOJITHKK JUIS  PI3HUX BIJAUIIB, 100 HAroJOCUTH
Ha 0COOJHMBOCTI HANAIUTYBaHb OC3MEKH JUI KPUTHYHHX
BIAUIIB 1 CTPYKTyp. MOXKHa CTBOPUTH TIOJIETLICHY
EDR

"3aBakae" TpaloOBaTH, aje HE YHUKATH BCTAHOBIICHHS

MONITHKY, BHWHATOK, OIUMMH CHOHCOK, SIKIIO
areHTa Ha IPHUCTPIi.

5. Cmeopenna 6inozo ma uopnozo cnuckie I3
HEOOXIMHO IJI1 TOro, mo0 g Yac Takoi IJI00aabHOI
Iii, SIK pO3rOpTaHHS pIlIeHHS A 3aXUCTy KIiHIEBHX
TOYOK, HE 3aBakKaTH HOPMAJBHHM IIporiecam Oi3Hecy.
[13, no3BoneHe /11 BUKOPUCTAHHS B KOMIaHii, Mae OyTH
JOJAHO Y BHHATOK, SAKIIO CTBOPIOE XHOHOMO3UTHBHI
crpanioBaHHsi. Bapro 3ayBakuTH, 1m0 OUTHH CHIHCOK
Ma€ 3aCTOCOBYBATHCS 3 IMIABHIIEHOIO OOEPEkHICTIO.
BukopucranHsi 4OpHOro CIIMCKY He oOMexeHe. binuit Ta
YOPHUHM CIUCKM OCHOBaHI Ha KIACHYHUX CHUTHATYypax,
Takux sk rerr, [P-agpeca, momeH. BUHATKY 31 CBOrO OOKY
BIIPI3HSIOTECA Bi HHAX THM, O[O TPHB S3YIOTBCS 10
KOHKPETHOTO HIISAXY a00 MOBEMIHKH (aiiiny, mo poOuTh
iX OIFBII 3aCTOCOBYBAHMMH W HE TaKUMH KPUTHYHHMHU
JUIsL 3arajibHOT BUJMMOCTI areHTa. Takox Jesiki BeHI0pH
MIPOMIOHYIOTh OOMEKUTH BUAWUMICTh NEBHHUX (haiimiB mms
areHTa Ha XOCTi, aje TaKki BUHATKH BBXAIOTHCS 3aHA/TO
PHU3HKOBAaHMMH 1 MOXXYThb BHKOPHCTOBYBATHCS JIHIIE B
OKPEMHX BHUIIa]IKaX, 3aTBEPIKEHIX KEPIBHUIITBOM KOMITaHii.

6. 3acmocysanna ocmannix eepciii npozpamnozo
3a0e3neuennsn areutie EDR. YnpoBapkeHHS HpakTHKA
OHOBJICHHSI TIPOTPAMHOTO 3a0€3MEUECHHS € KIACHYHUM
migxogom st Oyne-sxoro I13. Ha sxamp, dacto us
MIPaKTHKa HE 3aCTOCOBYEThCS B 0ararbox CHCTEMax
3axucty. OmIisi aBTOMaTMYHOTO OHOBJICHHS Mae OyTH
nomaHa I Beix ckinanaukis EDR.

7. Po3pobnennsa nneidykie 3 peazyeanHs Ha
inyuoenmu. IlneitOykm 3 pearyBaHHS Ha IHIWICHTH
MalTh OyTH po3po0JCHI B MeXaxX KepiBHHIITBA
SOC-meHTpy # HIIATaOTh IOPIYHOMY ITEPEOIiHIOBAHHIO
iX e(eKTHBHOCTI, a TaKoX BIPOBAIKYIOTHCS 3 OIVISILY
Ha HOBI MOJIuBOCTI, mo Hamae EDR, 1 HOBUX MeTOAIB
pearyBanHs. IlmeiiOyku MarTh OpaTH 10 yBaru
0CcOONMBICTE KOHKpeTHOro obpaHoro EDR-pimenas

Ta Yyac pearyBaHHs Ha IHIUACHT OC3MEKH, a TaKOXK
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MOXJIMBOCTI ~ AKTHBHOTO  OJIOKyBaHHS ~ 3JIOBMHCHHX
niit 3 BeokoHcoui EDR.

8. Ineenmapuszauyin 6CMAHOGNIEHUX  A2eHMIE
i  ecmanoenenHs dodamkKoeux  IHCmMpyMeHmie

MIPOBOANTHCS MICIS 3aBEPIICHHS PO3TOPTaHHS PIIICHHS
Ta BUKOHYETHCA JId TOTO, H_[O6 OTpUMaT CTATUCTHUKY
3 TOKPHUTTS PIMIEHHSIM YCiX KIHIICBHX TOYOK KOMIIaHil,
Ta OI[IHUTH TOTOYHHU PIBEHb BHIUMOCTI Ta Oe€3MeKd
KOPHOPAaTHBHOTO CEPEIOBHIIA, 1 MIABUIINTH LEH piBEHb
3a JOTIOMOTOI0 JI0/IaTKOBUX 1HCTPYMEHTIB.

9. Hocmiiine mecmysanna ma 0OHOG1EHHA NPAGUIL
i kongizypayin EDR. BuxoHaHHs 1IbOTO MpaBHJa JacTh
3MOTY MpPUIIBUAIINTH  BIPOBAUKEHHS  JOJATKOBHX
MEXaHi3MIB BUSBIICHHS Ta pearyBaHHS Ha HaWHOBIMI
METOJH, 3ac00M Ta MEXaHi3MH, IO BHKOPHCTOBYIOTHCS
3710BMUCHUKaMH Jis atak Ha IKC.

[lig wac po6oru 3 EDR y Mexax KoprmopaTHBHOI
IHQPACTPYKTYpH BaXKJIMBO 3BakKaTH Ha ONMCaHI BHIIE
Metoau 00xoxy EDR Ta ocobmuBocTi iX apXiTeKTypH.

PosrisiHemo, sik MeToJ miABUIIEHHS ePEeKTUBHOCTI
poborn EDR pmae 3mory momepenwTd pi3HI BapiaHTH
00xoay EDR 3moBMHCHUKAMH.

00xi0 Konghizypayii MOXHa TONEPEOUTH, SKIIO
imkeHepr SOC-1IEHTPY KOPEKTHO HAJIAIITYIOTh HONITHKH
BINOBITHO M0 TOTped KOMIIaHii Ta Kpamux TMPaKTHK
ingycrpii. Ha npomy eranmi BaxnmBo pgatu Oi3Hecy
po3yMiHHA, mo Oesmeka iHpopMarii — e 3aBXIu OuTBa
MDK 3py4YHICTIO Ta IUBUAKICTIO W Oe3nekoro. Bapro
MIEPEOIiHIOBATH TONITUKA MIOPa3y, KOJHM IOCTaYalIbHIK
I13 Bumyckae BiJNOBiIHI OHOBJIEHHS, 1 TECTYBaTH HOBI
omii IS MATBEpHKEHHS 1X eeKTrBHOCTI. Takoxk BapTo
TpUMaTh piBeHb MiJO3PIJIOCTI areHra A0 MpOLECiB
Ha cepeqHpoMy ab0 BHCOKOMY piBHI IJIsI BUSBJICHHS,
1 HU3bKOMY 200 CepeAHbOMY — ISl OJIOKYBaHHSI.

Oo6xio

BUKOPHCTAHHSIM JIOAATKOBHUX IHCTpyMeEHTIB, okpiM EDR,

chpuiinammsa ~ MOXHA  TIONCPEIUTH
HaATPUKJIa]] 30BHIMIHIX CKaHepiB BpazmuBocteii, [IDS/IPS-

cucteMm, 3actocyBaHsM SIEM  Tomo. Skmo oaun
IHCTPYMEHT HE BIJICTEXKY€ IEeBHI Mporecu (BHABUTH iX
MOXKHa MiJl 4Yac NEepBHHHOTO TECTYBaHHS M Jaii mija 4ac
eKCIUTyaTallii pilieHHs), TO BapTO MEPEKOHATHUCS, IO ITi

MPOLIECH BIiJICTEXKYIOThCS IHIIUM IHCTPYMEHTOM, SIKWI

3a JOIOMOTOI0 B3a€EMOZIl 3 KOMAaHIOK TICHTECTEpiB

B opraHizauii. Takok 00OB’S3KOBOIO IPAKTHUKOIO
€ OHOBJICHHSl CEHCOpPIB IS aBTOMATUYHOIO 3aKPHTTS
BIZIOMHX NPOTAINH. XOPOIIOIO MTPAKTUKOK € MOHITOPHHT
JapKHETy M TIOIIyKy BIJOMHX METOMIB 00X0omy

KOHKPETHOT'O piLHCHHS[ Ta CTBOPCHHA IIpaBUJI, 110

3aKpUIOTH JUIsl IIOTCHLIHHOTO 3JIOBMHCHHMKA IILISX
EKCILTyaTallil uX METO/IIB.

Oo6xi0  Knacugikayii  MOXHa  TONEPEIUTH,
HaJIAIITOBYIOYH MOJITUKU EDR-pimenns Ha

JOCTAaTHBOMY PiBHI YyTIMBOCTI JJIS TOTO, MO0 Oiibiie
MOl CTaBWIKMCSA M CyMHIB. TakoX y IbOMYy pasi
JMOUUTBPHAM OyZA€ yYacTh IHIMNX IHCTPYMEHTIB Oe3IeKH,
HaBiTh sKmO KoprnoparuBHud EDR He mnoGauuth

B Tpadiky, TO0 IDS-cucrema abGo DLP

BiJIIPaBUTh IOBIJOMJICHHSI IIPO IIEPEBHUILEHHS JIIMITY

a"HoMatii

HaJCWIaHHS iH(pOpMAIIii 115 KOpUCTyBaYa.

BucnoBxku

Y crarti ommcaHo mNOOYJOBY THIOBHX pillICHb
EDR Ta
mpoaHarnizoBano Meroaum o6xony EDR Tta BuCyHYTO

CXeMH iX areHTiB pi3HOI CKJIQJHOCTI,
MPOMO3HMIIIT 3 MAXOMY 0 SKCIUTyaTallil pillleHHs 3 OTJISAY
Ha cydacHi apXxiTekTypHi ocobmuBocti EDR-pimens
Ta Ha OCHOBI m00yToi iHdopmalii; chopmoBaHO
BiJOMOCTI Tpo crenu¢iky IWX pilIeHb Ta HaBEICHO
pexoMeHalii MO0 Kpalyx MPaKTHK, SKi MOXKYTb OyTH
3aCTOCOBaHI B KOMaHaax (QaxiBumiB i3 kibepOesnexn
Uil onTuMmizamii Ta TmokpaiieHHs pobdotu 3 EDR
y Mepekax Oprasizamliii pi3HOTO THITy, NOYHHAIOYH
BiJl JEp)KaBHUX OPraHiB 1 3aBEPIIYIOYHM MPOMHUCIOBUMH
00’exTamu.

IMomani pexoMeHmallii MOXyTh OYTH 3aCTOCOBaHI
mix  4ac (GopMyBaHHS TIpOIECiB y KOMaHAi 3
KibepOesrneky, sl TOKpalleHHs poOOTH 3 HasBHUM
pimernsM EDR, a TakoX y mpoBeieHHI MEHEIKMEHTY
npodimto  iHpopmariitHol

PU3UKIB Ta OIIHIOBaHHI

Oc3meKkn  OpraHizamii, 3BaXalOYd HAa  OCOOJIMBOCTI

HasIBHOTO I1HCTPyMEHTapil0 KOMaHgu 3 KibepOesmeku.
Lle macte edexTrBHO

3MOry BUKOPUCTOBYBATU

HasBHI MPOTrpaMHi, amapaTHi Ta JIOJIChKI pecypcH,

MOX€E TEHEPYBATH CrpafoBants 1yt SOC-KoMaHu. a TakoK 3MiMCHIOBATH  e()EKTUBHE  IUIAHYBaHHS
00xi0 noziku EDR MOXHa TONEPEUTH PETYIISPHIM NOJANBUIOTO  PO3BHTKY  CHCTEMH  KibepOesneku

TecTyBaHHsIM mpaBmin EDR 1 KacTOMHHX mpaBui HiJANPUEMCTB.
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A METHOD OF USING MODERN ENDPOINT DETECTION AND RESPONSE (EDR)
SYSTEMS TO PROTECT AGAINST COMPLEX ATTACKS

The subject of the research in this article is the architecture of Endpoint Detection and Response and the EDR agent as
their base parts in terms of mechanisms for detecting and countering complex attacks on information and communication
systems (ICS). The aim of the work is to develop of method for improving the efficiency of using Endpoint Detection and
Response (EDR) to reduce the risks of compromising ICS information, industrial, and infrastructure objects by
effectively redistributing and utilizing the available EDR mechanisms, the cybersecurity team, and other resources
available for implementing security measures in an enterprise, institution, or organization. The article addresses the following
tasks: reviewing and analyzing existing EDR systems, analyzing the architecture of EDR solutions and EDR agents, the
features of their use, the logic behind the construction of methods and mechanisms for detecting threats to the system from
malicious actors and malicious code. The task of providing recommendations for the organization of ICS is also separately
addressed in terms of the need to protect the entire ICS and its individual elements, as well as in terms of the available
resources (the cybersecurity team, their qualifications and level of awareness of the architecture of EDR solutions) and means
(available EDR system elements) for organizing protection. The following methods are used: modeling attack mechanisms,
modeling attacker behavior. The following results were obtained: general and specific recommendations were formulated
for optimizing the operation of EDR systems and ensuring the effective use of EDR system elements in the information
and communication networks of enterprises, organizations, and institutions of various types and orientations depending
on the available resources and the information requiring protection. Conclusions: The identified recommendations for the
application of EDR mechanisms for protecting information systems and networks allow optimizing the costs of creating
a protection infrastructure and implementing security measures, taking into account the characteristics of the available tools
and the training and awareness of the cybersecurity team both in terms of response time to threats and the complexity and
cost of performing protection tasks.

Keywords: information and communication systems (ICS); EDR system; Security Opertion Center; EDR agent;
threat intelligence; EDR policy; detection of vulnerabilities.
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