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OF A WINDOWS-BASED COMPUTER

Abstract

This paper investigates the capabilities of the Python programming
language for implementing web-based control of the Windows operating system
and proposes an implementation of an information system that enables such
control. An analysis of recent publications in the field of Windows system
administration is conducted, and the main research directions in this area are
identified. The study determines the set of tools required for implementing a web
interface in applications developed using Python. The features of the Django web
framework are described in the context of remote computer control. Python
libraries for analyzing the Windows operating system and computer hardware are
examined, and their advantages and disadvantages are identified and compared.
The role of the Windows Event Log in the process of Windows system
administration is outlined, and Python tools for interacting with Windows Event
Log are analyzed. A web interface for visualizing these logs is presented. The

integration of Large Language Models, specifically the Gemini 3 Flash model, for
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analyzing Windows Event Log data is proposed. The process of integrating this
model into the developed remote control system is described. The Windows
Registry and its role in software management within the Windows operating
system are also examined. Python tools for working with the Windows Registry
are reviewed, and the process of uninstalling installed software using registry keys
Is described. Furthermore, the specifics of launching additional software using the
subprocess module are investigated. The capabilities of the Winget package
manager are analyzed, along with its features in the Windows environment. An
implementation of package list updating and software installation using a
combination of Python tools and Winget is presented. Finally, potential directions
for further development of the proposed information system for remote control of
computers running the Windows operating system are identified, including the
integration of advanced data analysis tools and artificial intelligence technologies:
TensorFlow, PyTorch and Waikato Environment for Knowledge Analysis.
Keywords: Python, Django, Windows Event Log, Windows Registry,

Software development.

Problem statement. Management and administration of a computer network
running the Windows operating system requires specialized tools. The most
widespread solution is Active Directory, which enables remote configuration of
the operating system, user management, software deployment, and more.
However, tasks such as monitoring the use of computational resources and
processing event logs require additional tooling.

Most often, remote access protocols such as Secure Shell (SSH), Remote
Desktop Protocol (RDP), and Virtual Network Computing (VNC) are used to
address these tasks. Nevertheless, the use of remote access protocols for remote

management has certain drawbacks, including the lack of capabilities for viewing
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the history of resource monitoring, the need for additional software for data
analysis, and the requirement to install extra cross-platform tools.

In  operating systems based on the Linux Kkernel, web-oriented
administration tools (e.g., Webmin) are widely used [1, p. 80], providing
centralized management, monitoring, and event history storage through a web
browser. Similar applications also exist for Windows; however, they are less
widespread and are often focused on managing server applications and services.
Meanwhile, the primary administration tools for Windows remain RDP,
PowerShell, and local graphical utilities. The use of the Python programming
language makes it possible to monitor the utilization of a computer’s
computational resources, implement management functions, analyze activity logs,
and develop a web interface to provide access to this functionality.

Analysis of recent research and publications. In the field of Windows
operating system administration, the study of the applicability of Large Language
Models (LLMs) for activity log analysis is of particular relevance. In study
Karlsen, E., Luo, X., Zincir-Heywood, N., Heywood, M. [2, p. 35], the authors
propose a specialized web application that leverages LLMs to detect system
malfunctions and generate recommendations for their resolution and for improving
OS performance. The authors also analyze the effectiveness of LLM-generated
recommendations and their interpretability by users. Although the study
demonstrates the potential of LLMs to simplify the administration of Windows-
based computers, the issue of implementing this approach through a web interface
requires further investigation.

In paper Sudharson, K., Balaji, S., Deepak Reddy, A., Sai Ram, V. [3, p.
435], the Remote Desktop Protocol (RDP), which is used by Windows by default,
Is examined. The authors present the main advantages and disadvantages of this
protocol in an educational context. In addition, an alternative protocol for

connecting to a remote computer is proposed, which allows multiple users to
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connect to a single desktop and results in lower network traffic consumption.
However, the use of the proposed solutions via a web interface remains an open
question requiring further research.

A relevant research direction in system administration is the use of Security
Information and Event Management (SIEM) systems. Publication Vielberth, M. [4,
p. 2304] describes the application of these systems for analyzing Windows OS
activity logs in order to detect malware, identify software and hardware
malfunctions, and diagnose network issues. The article demonstrates the feasibility
of analyzing collected data from Windows activity logs; however, issues related to
monitoring the use of computational resources and remote computer management
require further study.

The conducted analysis indicates that remote management tools and activity
log analysis are important in the field of computer administration. However, the
integration of remote management tools with data analysis of computational
resource usage and Windows OS activity logs remains an open problem requiring
further investigation.

Formulation of the article's objectives. The aim of this study is to develop
an information system for web-based computer management supporting the
Windows operating system using Python tools. The development of such a system
will simplify the administration of computer networks running Windows OS.

The main tasks to be addressed in order to achieve this goal are:

1) identification of Python tools for analyzing hardware and the Windows
operating system;

2) analysis of tools for developing web interfaces for applications imple-
mented in the Python programming language;

3) investigation of the possibilities of installing and uninstalling software

using Python;
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4) identification of prospective directions for the development of a web-
based management system.

Main part. Tasks related to monitoring the usage of computational resources
and analyzing event logs require the use of specialized software tools, as remote
access protocols SSH, RDP, and VNC provide only the capability to connect to a
remote system, but are not designed for collecting, storing, and analyzing
historical data on resource states. Therefore, effective monitoring and event
processing typically rely on dedicated tools, which may require the installation of
additional software.

The development of an information system for web-based computer
management is impossible without tools for monitoring the use of computational
resources. The Python programming language provides several libraries that
implement this functionality in the Windows operating system, including psutil,
system_info, cpuinfo, wmi, and others. Each library is designed to analyze a
specific component:

— system_info allows determining the characteristics of the operating sys-
tem. When developing a computer management application, it is crucial to accu-
rately identify the OS kernel in order to use appropriate implementation tools. For
example, wmi is designed exclusively for Windows and cannot be used with other
operating systems.

— cpuinfo is a library that provides detailed information about the comput-
er’s central processing unit. It outputs data such as the model, clock frequency,
supported protocols, architecture, and cache size. The library is cross-platform,
enabling the application to be used on Linux-based operating systems, which in
turn facilitates further development of web-based management systems.

— psutil is a cross-platform library for monitoring OS resource usage, in-

cluding current CPU load, total and available RAM, disk storage capacity (used
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and free), network speed, and more. In addition, it allows process management and
access to data from built-in sensors.

—WMI is a library that enables interaction between Python and the Win-
dows Management Instrumentation framework. This framework collects infor-
mation about all connected devices and allows process management and modifica-
tion of system settings. WMI is based on an object-oriented model, where all in-
formation about the computer is represented as classes.

The listed tools make it possible to implement monitoring of the Windows
OS. However, presenting the obtained information requires the use of an interface.
Python supports several specialized frameworks for implementing such interfaces,
including Flask, FastAPI, and Django. In the context of developing an interface
for a web-based computer management information system, Django is the most
appropriate choice.

Django provides Object-Relational Mapping (ORM) for database
interaction, an authentication system, user session management mechanisms,
protection against common vulnerabilities (such as SQL injection and CSRF
attacks), and an automatically generated administrative panel.

Web pages are rendered using templates and a dedicated markup language
known as the Django Template Language (DTL) [5, p. 34]. This is a text-based
language with syntax similar to standard HTML but enhanced with special
constructs that allow adding logic, such as displaying variables, creating loops,
and using conditional statements.

When implementing a web-based monitoring system, dynamic page
generation is required to display the current level of computational resource usage,
hardware information, operating system activity logs, and the results of software

installation and removal operations (Fig. 1).
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Fig. 1. Interface of the Information System for Web-Based Computer

Management Running the Windows Operating System

In addition to displaying the current usage of computational resources, a
web-based management information system should provide the ability to view
operating system activity logs. In Windows OS, these logs are referred to as the
Windows Event Log (WEL) and can be read and analyzed using the Python
programming language. WEL is a centralized event logging system that contains
records of Windows OS operations, security-related events (such as login attempts
and file access), and the results of other software execution. For administrators,
these logs are a critical tool, as they enable in-depth security auditing, timely
diagnosis of system issues, and tracking of user activity within the network.

The Pywin32 library enables interaction between Python and the built-in
Windows tools for working with WEL. Using Pywin32 is significantly faster [6]
than processing exported WEL data and does not require executing additional
commands via subprocess. This makes it possible to display current logs through a
web interface (Fig. 2) and integrate additional processing tools, such as Large
Language Models LLMs).
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Fig. 2. Interface for Viewing the WEL

A large number of records in the Windows Event Log (WEL) complicates
the process of diagnosing the Windows operating system. To simplify this process,
the capability of obtaining assistance from Al tools, such as Large Language
Models (LLMs), has been implemented. LLMs are a type of Al technology based
on neural network architectures, trained on large volumes of textual data to
understand and analyze user queries. The Python programming language enables
integration with LLMs of various architectures, including Gemini 3 Flash, which
Is one of the largest and fastest models available on the modern market [7].

Interaction with Gemini 3 Flash in Python is implemented by connecting the
google-generativeai library and generating requests using the generate content()
method, with prior model selection via GenerativeModel(). However, to use this
model, it is necessary to create and configure a dedicated project in the Google Al
Studio service. This service not only allows configuration of APl keys for
integrating Gemini 3 Flash or other Gemini models but also supports LLM testing

and comparative analysis.
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Management of the Windows operating system necessarily includes the
ability to install and uninstall software. An information system built with Python
can use several approaches to obtain information about installed software: WMI
tools, data from the Windows Registry, or launching separate applications via
subprocess. The disadvantage of WMI lies in its excessive consumption of
computational resources, as queries to built-in classes such as Win32_Product
trigger a full integrity check of each MSI package. At the same time, data obtained
via subprocess requires additional processing and may lead to encoding conflicts
(for example, between systems using UTF-8 and CP-1251). Moreover, both
approaches create a significant load on the operating system due to the execution
of additional processes or services, making them less stable and secure compared
to direct access to the Windows Registry [8, pp. 50].

Accessing Windows Registry data in Python can be achieved using the
winreg library. This is a built-in Python module that provides direct access to the
Windows Registry API and supports the creation and modification of keys and
their values. Due to this direct access, winreg enables fast retrieval of installed
software lists, management of startup programs, and modification of user system
settings.

The Windows Registry section
HKEY LOCAL_MACHINE\SOFTWARE\Microsoft\Windows\CurrentVersion\Uni
nstall contains information about applications installed in the Windows OS. In this
section, a subkey is created for each application, typically named as a GUID or the
application name. Each subkey includes a set of parameters such as DisplayName
(application name), DisplayVersion (version), Publisher (vendor), InstallDate
(installation date), and UninstallString (command for uninstallation). These data
are used by the system and third-party tools to display the list of installed software
in the “Programs and Features™ control panel and can also be utilized for software

removal through a web-based computer management system (Fig. 3).

13



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

O B c 5
=l & |zrasy ® saros =@ ol
TIWEB Controle System 3 ==
Installed software
El View softwona Name Fath

1 AMD Software ChAProgram Fllea\AMOVWCIMIEINGA
2 BlueStocks m

L 3 CrystalDiskMark 808 CiProgroam Files\CrystalDiskMarksh
4  Defroggler Cr\Program Fles\Defraggier
5 Docker Desktop C\Progrom Files\Docker\Doc ker Uninstoll
8 GenArts Sopphire Plug-ins 810 for OFX C\Progrom Flles («86)\GenArts\SopphineOFX), Uninstoil
7 Gt i\ Progrom FlesiGity
8 Lexmork 2200 Series m
-] MilKTex CAProgram Fles\ Wik Tex Uninstoll
10 Mezilka Firefox (kB4 ru) C\Progrom Fles\Mozilla Firefox Uninatall
n Mezillo Montenonces Service
12 NoMachine CiPregram Flles\NoMachine
13 Meta Horizon Link C\Progrom Flles\ihMeta Horizom
M Microsoft Office 2010, npodoeciHo nsco CA\Pregrom Files\Microsoft Office
L=} L Office LTSC Profess wal Plus 2021 - en-us O\ Progrom Fles\iMicroaoft Office
= l‘u.ﬂ;irfa:g*t Office LTSC Professional Plus 2021 - en R Proaran Flediiroeoi Omcs
17  Microsoft Office LTEC Professional Plus 2021 - uk-ua O\Progrom Files\Mioroaoft Office Uningtall

Fig. 3. Interface for viewing installed software

The QuietUninstallString subkey in the Windows Registry contains a
command for “silent” software uninstallation without user interaction. This
method, unlike UninstallString, which typically launches a standard uninstaller
with a graphical interface, involves the use of specific parameters (e.g., /quiet,
/silent, /gn) that allow the process to run in the background. This approach to
uninstallation is essential for implementing web-based management.

The subprocess module of the Python programming language provides the
ability to execute OS commands, which makes it possible to use the value of
QuietUninstallString to uninstall software via a web-based management system.
The QuietUninstallString is passed to functions such as subprocess.run(), ensuring
the execution of the command specified in this parameter.

Software installation can be implemented using the winget tool. This tool,
also known as Windows Package Manager (winget) [9, pp. 35], is an official
package management solution in the Microsoft Windows operating system,

developed by Microsoft to simplify the installation, updating, and removal of
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software via the command line. It enables automation of software management by

using a centralized application repository and standardized commands such as

install, upgrade, list, and uninstall.
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Fig. 4. Interface for viewing available software in Winget
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An implicit advantage of using Winget is the reduced risk of installing

malicious software. This tool installs applications from a centralized repository

where software is verified and validated. When using Winget, installation does not

require downloading third-party installers, which, when obtained from external

sources, often conceal malicious software. In addition, Winget simplifies the

software management process, helping to avoid the use of outdated versions with

known vulnerabilities.

However, the use of Winget does not guarantee complete security. There is

always a risk of installing unwanted or potentially harmful software, as well as

possible supply-chain threats. Therefore, even when using Winget, it is still

necessary to employ specialized security software to protect the computer system.
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In future work, to improve the process of diagnosing software and hardware
Issues, it is planned to integrate additional Python tools such as TensorFlow and
PyTorch, which will enable the development of more advanced machine learning
models. Furthermore, by leveraging the built-in ORM and connecting an
additional database, it becomes possible to implement analysis of the history of
computational resource usage. Such analysis can be performed using various
approaches, including the previously mentioned LLMs, TensorFlow, PyTorch, or
by utilizing the WEKA toolkit.

The WEKA platform (Waikato Environment for Knowledge Analysis) is a
representative open-source software suite designed to automate data mining and
machine learning processes [10 p. 21]. Its relevance lies in the consolidation of an
extensive library of modern machine learning algorithms, statistical modeling
techniques, and methods for evaluating the adequacy of obtained results. The use
of WEKA will make it possible to analyze the history of collected measurements
of computational resource usage, WEL records, and to identify potential issues
based on this data.

Conclusions

1)  An analysis of Python tools that enable the inspection of hardware
and the characteristics of the installed Windows operating system was conducted.
Three of the most suitable tools were selected: system_info for retrieving operat-
ing system information, cpuinfo for obtaining central processing unit specifica-
tions, Psutil for monitoring implementation, and WMI for determining the charac-
teristics of the GPU, RAM, and storage devices.

2)  Tools for implementing a web interface in applications developed us-
ing the Python programming language were analyzed. The web framework with
the highest level of functionality—Django was selected. Its capabilities are briefly

described in the context of developing tools for web-based computer control.
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3)  The possibilities of installing and uninstalling software in the Win-
dows operating system using Python and Winget were investigated. The capability
of viewing WEL via a web interface and their subsequent analysis was also exam-
ined.

4)  Directions for improving the developed web-oriented information
system for computer control were proposed. The potential integration of more ad-
vanced artificial intelligence tools—TensorFlow, PyTorch, and the WEKA plat-

form—was considered.
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TEOPETHUYHI 3ACAJIU JUDEPEHIIAIIT HABUAJBHUX
3ABJAHD 3 3D-IPYKY HA YPOKAX TEXHOJIOT'TH Y 3AKJAJIAX
3AT'AJIBHOI CEPEJHBOI OCBITH

THEORETICAL FOUNDATIONS FOR DIFFERENTIATING 3D
PRINTING LEARNING TASKS IN TECHNOLOGY EDUCATION AT
GENERAL SECONDARY SCHOOLS

Anomauyis

Y  crarti  po3rIAHYTO  TPOOJEMY  TCOPETUYHOTO  OOTPYHTYBaHHS
nudepeHIali HaBYaIbHUX 3aBAaHb 3 3D-apyky Ha ypokax TEXHOJOTIH Yy
3aKjIaiax 3arajibHOi CepeHbOi OCBITH. AKTYalbHICTH JOCTIIHKCHHS 3yMOBIICHA
AKTUBHHUM YTMPOBAHKCHHSIM aTUTUBHUX TEXHOJOTIA Yy MIKUIbHY TPAKTUKY, IO
BIIKpUBAE€ HOBI MOMJIMBOCTI JUIsl PO3BUTKY TEXHOJIOTIYHOI T'PaMOTHOCTI,
MPOCTOPOBOTO MUCJICHHS, MPOEKTHUX Ta IHKEHEPHUX YyMiHb YYHIB, OJIHAK
BOJHOYAC BUSBISE€ HEIOCTATHIO PO3POOJICHICTh METOAMYHHUX 3acaj J000py
HaBYaJIbHUX 3aBJaHb BIAMNOBIAHO [0 BIKOBUX 1 KOTHITMBHUX OCOOJIMBOCTEM

3100yBavyiB  OCBITH. MeTO CTaTTi € TeOopeTU4YHEe OOIPYHTYBaHHS 3acaj
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nudepeHiriallli HaBYaJdbHUX 3aBlaHb 3 3D-IpyKy Ha OCHOBI aHaNI3y MCUXOJOTO-
MeJaroriYyHuX KOHIEMII BIKOBOTO PO3BUTKY Ta Cy4aCHUX JOCHIIKEHb y Tally3i
BUKOPUCTaHHS aJAUTHUBHUX TEXHOJIOTIN B OCBITI, @ TAKOXX BU3HAUYCHHS KPUTEPIiB
n000py 3aBAaHb 1 PIBHIB iX CKIAAHOCTI. Y HOCHIIKEHHI BUKOPUCTAHO METOIU
TEOPETUYHOTO aHali3y, CUHTE3y, OPIBHAHHS, y3araJlbHeHHS HAyKOBHUX JIKEpeln 1
TEOPETHYHOTO MOJICTIOBAHHS. YCTAHOBJIEHO, IO TEOPETUYHUM MIATPYHTAM
nudepeHianili HaByanbHUX 3aBAaHb 3 3D-Ipyky € Teopis cTafiil KOTHITUBHOTO
po3BuTKy J. Piaget, xoHuenuis 30HM HaWOmmxk4yoro po3BuTky L. Vygotsky Ta
Teopis KOHCTpykKuioHi3My S. Papert ta I. Harel. Busnaueno, mo edextuBHa
oprasizailis HaB4aHHs 3 3D-apyky noTpedye BpaxyBaHHSI BIKOBUX OCOOJIMBOCTEHM
Y4HIB, piBHA C(HOPMOBAHOCTI MPOCTOPOBOTO MHCIEHHS, CTYIEHS CaMOCTIHHOCTI,
XapakTepy MeAaroriyHoi MiATPUMKH Ta MPAKTHYHO! 3HAYYIIOCTI PE3YNbTaTy.
OOGrpyHTOBaHO JOIUIBHICTh 30CEPEIKCHHS Ha Y4HsAX 5—11 kmaciB, s sSIKMX
3actocyBaHHs 3D-apyky Moxke OyTH TeJaroriyHo BUNPABAAHUM 3a YMOBH
BIJIMTOBIIHOTO JT000PY 3MICTY ¥ piBHS CKJIAJIHOCTI 3aBJaHb. BU3HAUY€HO OCHOBHI
OPUHIMIK  TOO0YyI0BU  OUdEpeHIIHOBaHOT CUCTEMH HABYAIbHUX 3aBJaHb:
BIJIMTOBIIHOCTI KOTHITUBHOMY PO3BHTKY, OINTHMAJIBHOTO PIBHSA CKJIaJHOCTI,
NPAKTUYHOI 3HAYYMIOCTI Ppe3ysibTaTy, MUDKIPEAMETHOI IHTETPOBAHOCTI Ta
IIOCTYIIOBOTO PO3MIMPEHHS caMOCTiHHOCTI. Ha 11iii OCHOBI BH3HA4Y€HO KpHUTEPii
n060py 3aBAaHb 1 OOIPYHTOBAHO TPH PiBHI iX CKJIQJIHOCTI: PENpPONYKTHBHHUMA,
YaCTKOBO-TIOITYKOBUN 1  TBOPYO-AOCHIAHUIbKUNA.  [IpakTMuHe  3HAYCHHS
pe3yabTaTiB MOJAra€ B MOXIMBOCTI BUKOPUCTaHHS 3allPONOHOBAHUX IMOJOXKEHBb
K TEOPETUKO-METOJOJIOTIYHOI OCHOBM JJISi MOJAJIBILIOTO PO3POOJIEHHS CHUCTEMHU
MPAKTUYHUX 3aBJaHb 1 HABYAIBHUX NPOEKTIB 3 3D-apyKy mims y4dHIB Pi3HUX
BIKOBHUX T'PYII.

Knwuosi  cnosa: 3D-npyk, amuTHBHI TEXHOJOTI(, YPOKH TEXHOJOTIH,
nudepeHiiais HaBYAJIBHUX 3aBllaHb, BIKOBI OCOOJMBOCTI Y4YHIB, IPOCTOPOBE

MHCJICHHS, TEXHOJIOT1YHA OCBITa, HABYAIbHI MPOEKTH.
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Abstract

The article examines the problem of the theoretical substantiation of
differentiated 3D-printing learning tasks in technology education at general
secondary schools. The relevance of the study is determined by the active
integration of additive technologies into school practice, which opens up new
opportunities for the development of technological literacy, spatial thinking, and
students’ design and engineering skills, while at the same time revealing the
insufficient development of methodological foundations for selecting learning
tasks in accordance with the age-related and cognitive characteristics of school
students. The purpose of the article is to provide a theoretical substantiation of the
principles underlying the differentiation of 3D-printing learning tasks on the basis
of an analysis of psychological and pedagogical concepts of age-related
development and contemporary studies in the field of additive technologies in
education, as well as to identify criteria for task selection and levels of task
complexity. The study employed methods of theoretical analysis, synthesis,
comparison, generalization of scholarly sources, and theoretical modeling. It was
found that the theoretical foundation for differentiating 3D-printing learning tasks
is formed by Piaget’s theory of stages of cognitive development, Vygotsky’s
concept of the zone of proximal development, and Papert and Harel’s theory of
constructionism. It was determined that the effective organization of 3D-printing-
based instruction requires taking into account students’ age characteristics, the
level of spatial thinking development, the degree of independence, the nature of
pedagogical support, and the practical significance of the learning outcome. The
focus on students in Grades 5-11 is justified, since for this age group the use of
3D printing may be pedagogically appropriate provided that the content and level
of task complexity are selected properly. The main principles for constructing a

differentiated system of learning tasks were identified: correspondence to
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cognitive development, optimal level of complexity, practical significance of the
result, interdisciplinary integration, and gradual expansion of student autonomy.
On this basis, criteria for task selection were defined and three levels of task
complexity were substantiated: reproductive, partially exploratory, and creative
research. The practical significance of the findings lies in the possibility of using
the proposed provisions as a theoretical and methodological basis for the further
development of a system of practical tasks and educational projects in 3D printing
for students of different age groups.

Keywords: 3D printing, additive technologies, technology education,
differentiation of learning tasks, age characteristics of students, spatial thinking,

technological literacy, educational projects.

Ilocmanoska npobaemu. Texuonoriss 3D-apyky CTpIMKO BXOIUTH Y
NPaKTUKY 3arajibHOi  CEepeaHhOI OCBITH SIK  IHCTpYMEHT (opMyBaHHS
TEXHOJIOTIYHOT TPaMOTHOCTI, PO3BUTKY MPOCTOPOBOTO MHCIEHHS Ta MPaKTUYHUX
IH)KEHEepHUX yMiHb Y4HIB. BUKOpHCTaHHS aJUTUBHHUX TEXHOJOTIH Ha YypoKax
TEXHOJIOT1H BIJKpUBAE IMIHPOKI MOMIMBOCTI i peamzamii ime STEM- Ta
STEAM-0CBITH, OCKUIBKM OpraHIYHO TOEAHYE TPOEKTYBAHHS, KOMII IOTEPHE
MOJICJTFOBAaHHS Ta MPAKTUYHE BUTOTOBJICHHS BUPOOIB Y MEKax ILIICHOI OCBITHBOT
IisIIbHOCTI [1; 6].

Boanouac ynpoBamkenas 3D-mpuHTEpiB y 3akjiajax 3arajlbHOi CepeaHbOi
OCBITH YKpaiHH HEpiAKO BiMOYBA€ThCS MIBHIIIE, HK (POPMYBAaHHS HAJIECKHOTO
METOIMYHOTO 3abe3neyeHHsT iX BUKOpucTaHHS. OCBITHI 3aKjiagul OTPUMYIOTH
cydyacHe oONagHaHHS, OJIHAK CHCTeMa J00Opy HaBYaJbHUX 3aBlIaHb 1
MEeJarori9HOT0 CYNPOBOJY WOr0 BHUKOPUCTAHHS 3alUIIAEThCS HETOCTATHBO
oOrpyntoBanoio [1; 4]. YHachioK IbOTO BYHTENl TEXHOJOTIH HEPITKO 3MYIIEHI

JUSITA 1HTYITUBHO, CHUPAIOYHUCh HAa OKpPEMi NPUKIAAM 4YM BHUOAAKOBI LU(pPOBI

pecypcu.
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OpHi€l0 3 KIIOYOBUX HEBHUPIIIEHUX MPOOJIEM € BIICYTHICTh TEOPETUYHO
OoOTpyHTOBaHOi cucTeMH audepeHiianii HaByadbHUX 3aBAaHb 3 3D-mpyky
BIIMOBIIHO /10 BIKOBUX 1 KOTHITUBHHUX ocoOiuBocTer yuHiB. Ha mpakTuii oaHi i
Ti cami a00 MOJIOHI 3aBJAHHS HEPIIKO IPOMOHYIOTHCS YUYHSM PI3HUX BIKOBUX
rpyn 0e3 HaJIeKHOTO ypaxyBaHHS pPIiBHS PO3BUTKY IXHBOTO IPOCTOPOBOTO
MUCJIEHHS, 3[aTHOCTI 10 aDCTPAKTHOI'O MPOEKTYBaHHs, 00cATy poO0Yoi mam’sTi Ta
CTyINeHs c(OpPMOBAHOCTI CAMOCTIMHOCTI B TE€XHOJOT1uHIA AistnbHOCTI [3; 7]. Le
MO’K€ 3YMOBJIIOBATH 3HI)KCHHSI HABYAJIBHOI MOTHBAIlii, ()parMEHTapHE 3aCBOEHHS
3HaHb 1 HECPEKTUBHE BUKOPUCTAHHS MOMJIMBOCTEeH 3D-IpyKy B OCBITHBOMY
npotieci [4; 6].

[Ipo6nema HabyBae 0COOJMBOI aKTyaldbHOCTI B yMoBaX pedopMyBaHHS
yYKpaiHChKOi IIKOJIM BIAMOBIMHO 10 KoHIemniii HoBoi ykpaiHCBbKO1 MIKONH Ta
BUMOT Jlep)kaBHOTO CTaHIapTy 0a30BO1 cepeaHbOI OCBITH, SKHH OpIEHTY€E Ha
¢bopMyBaHHS B YUHIB 31aTHOCTI BUKOPUCTOBYBATH Cy4YacHI TEXHOJIOT11, TEXHIKY Ta
ITHCTPYMEHTH B TIPOIIECi MPOEKTHO-TEXHOJIOTIYHOT AIIbHOCTI. Peamizaiis 1poro
3aB/IaHHS HAa YpOKax TEXHOJIOTiH MmoTpedye HAyKOBO OOIPYHTOBAHOIO MIAXOIY 10
IIPOEKTYBAaHHS 3MICTy Ta oOpraHizailii HaBYajabHOI AisIbHOCTI 3 3D-ApyKy, 1o
CIIUPAEThCS HA TIOJOKEHHS BIKOBOI TICHUXOJIOT1i, CydYacHOi TMeJarorikku Ta
IUJAKTAKH TEXHOJOTTYHO1 OCBITH [2; 5; 8].

Ananiz ocmannix oocnioxcensv i nyoaixayiu. IlpobGremaTnka BUKOPUCTAHHS
3D-n1pyKy B OCBITHBOMY TIPOIIECI AKTUBHO JOCTIIKYETHCS K y BITYU3HSHIH, TaK 1
B 3apyOiKHIM memaroriuyHid Haymi. BoaHowac TMTaHHS TEOPETUYHOTO
oOrpyHTyBaHHA nu(epeHianii HaBYAIbHUX 3aBlIaHb 3 YpPaxyBaHHSIM BIKOBUX
0COOJMBOCTEN YUHIB 3aIMIIAETHCS HEIOCTATHBO PO3POOICHUM.

Y BITYM3HAHIA TENaroriyHii HAymi OJHAM 13 TEPHIMX CHUCTEMHHUX
TOCIIPKeHB, MPUCBSYCHNX BUKOPUCTAaHHIO 3D-TeXHONOTI B OCBITI, cTaja mpars
H. B. Mopse, JI. O. Bapuenko-Tpouenko Tta A. TroTioHHUK [l], y sKii

OOTpYHTOBAHO MOXJIMBOCTI 3acToCyBaHHS 3D-MoOjentOBaHHS, CKaHyBaHHS Ta
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npyky B KOHTeKCTI STEAM-HaBuaHHs. ABTOpKU TOBOASATH, 110 iHTerpaiis 3D-
TEXHOJIOT1H CIPUSIE PO3BUTKY TBOPUOTIO MUCJIEHHS, MLKIIPEAMETHOT IHTErpanli Ta
MPaKTUYHUX YMIHb MPOEKTYBaHHSA. Pa3oM 13 TUM y LbOMY JIOCHTIIKE€HHI MUTAHHS
BIKOBOi AudepeHiialii HaB4aJIbHUX 3aBJaHb HE BUCTYIAE OKPEMHUM IPEAMETOM
aHamizy.

VY 3apyOikHIA Haylll CHUCTEeMAaTUYHUN OTJIA] EMMIIPUYHUX JOCIHIIKEHb,
smiicnenuii E. Novak, M. Brannon, M. R. Librea-Carden ta A. L. Haas [4],
3aCBIAYMB, 10 OUIBLIICTH Mpalb y rajy3i OCBITHbOI'O BUKOpHUCTaHHS 3D-npyky
30CePEIKYETHCS Ha BUBYCHHI HaBUAIBHUX PE3YyJIbTaTiB, PO3BUTKY OKPEMHX YMIiHb
1 3araJpHUX TIepeBar TEXHOJIOT11, TO/1 SK METOJANYHI 3acaau 1000py 3aBllaHb s
PI3HUX BIKOBUX TPYN BHUCBITJIIEHO (pparMeHTapHO. ABTOPH HAroJIOIIyIOTh Ha
HEOOX1THOCT1 OUTBILI JIeTalbHOIO BHMBUYEHHS yMOB, 3a sikux 3D-Apyk € cmpasai
e(heKTUBHUM 3aCO00M HaBUAHHS.

H. A. Pearson ta A. K. Dubé [6], anamizyroun 3D-apyk SK OCBITHIO
TEXHOJIOT1}0, BHOKPEMMJIM HU3KYy TEOPETUYHUX IMIJIXOJIB N0 TMOSCHEHHS WOro
TUIAKTHYHOTO  TOTEHINay, Cceped  SKUX  OocoONMBE  MiICIle  Tocigae
KOHCTPYKIIIOHI3M. J[OCTITHUKU TOBOAATH, IO HAMBUIY €()EKTUBHICTh HABYAHHS
3abe3Ieuye CTBOPEHHS YIHEM BJIACHOT'O MaTepiali30BaHOTO Pe3yJIbTaTy.

E. Fokides Ta G. Lagopati [3] y CKOMIHTOBOMY OTJSifli, MPUCBSIYEHOMY
BUKOPHUCTaHHIO 3D-mpUHTEPIB YYHAMH MOJIOJIIOTO IIKUIBHOTO BIKYy, DIHAILIN
BUCHOBKY, IO TaKi MPAaKTHUKA MAalOTh 3HAYHUN TOTEHIal i1 PO3BUTKY
MIPOCTOPOBUX YSABJIEHB 1 MOTHBAIlI O HAaBYaHHS, OJHAK MOTPEOYIOThH CIICIIaIbHO
OpraHi30BaHOTO TEJAaroTiYHOTO CEPEOBHUIA, BHCOKOTO CTYMEHS MIATPUMKH Ta
aganTallii 3MiCTy /0 BIKOBHX MOXJIMBOCTEH miTeid. Ile ocoOMMBO BaXkKIMBO ISt
OCMHCIICHHS MEX 3acTocyBaHHs 3D-ApyKy B pi3HUX BIKOBUX I'PYyIIax.

T. K. Coskun ta G. F. Deniz [2], nochimkytoun BHecok 3D-monentoBanHs y
dbopmyBaHHs HaBUYOK XXI CTONITTS B y4HIB CEpeaHBOI ITKOJIHU, BCTAHOBUIIH, IO

CUCTEMaTHYHAa poOOTa B CEPEJOBUIIl TPUBUMIPHOTO MOJEIIOBAHHS MO3UTHUBHO
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BIUTUBA€ HA PO3BUTOK KPUTUYHOTO MHUCJICHHS, CaMOOIIHIOBAHHS pPE3yJbTaTiB
TISUTBHOCTI Ta BMIHHS IUIAaHYBAaTHU BJIACHY po0OoTy. Pazom 13 TUM e(eKTHUBHICTH
IOT0 BIUIMBY 3alleKUTh BiJI BIAMOBIIHOCTI 3MICTy W CKJIQJHOCTI 3aBllaHb
peanbHUM KOTHITUBHUM MOJIMBOCTSIM YYHIB.

TeopeTtnune MATPYHTS sl po3poOsieHHs AudepeHIiioBaHUX MIAXOAIB 10
HaBYaHHS CTAHOBIIATH KJIACHYHI MCUXOJIOrO-Tiefaroriuyni kouuenmii. J. Piaget [7]
OOTpYHTYBaB CTajiaIbHUI XapakTep KOTHITUBHOT'O PO3BUTKY JUTHHH Ta TIOKa3aB,
10 3/IaTHICTH JI0 aOCTPAKTHOTO MHUCJICHHS (POPMYEThCS MOCTymoBo. L. Vygotsky
[8] po3pOOMB KOHIIETIIIIIO 30HM HaWOIMKUOTO PO3BUTKY, SIKa 1a€ 3MOTy BU3HAYaTH
ONTUMAaJIBHUN PIBEHb CKJIAAHOCTI HaBUYAJIbHOTO 3aBAaHHs. S. Papert ta I. Harel [5]
chopmynroBany i7ei KOHCTPYKIIIOHI3MY, BIAMOBIAHO N0 SKUX HaledeKTuBHIIIE
HaBYaHHS BiJOYBAETHCS B IPOIIECI CTBOPEHHS PEAIBHOTO My0JIIYHOTO apTedaKTy.

TakuM YMHOM, aHaji3 HayKOBHX JDKEpEN Ja€ MiJCTaBU CTBEP/KYBATH, IO
MOTPY HASBHICTh TEOPETUYHMX i7ed, SAKI MOXYTh OyTH BHUKOPHUCTaH1 IS
noOynoBM cucteMu audepeHiiamnii HaBYaJbHUX 3aBlaHb 3 3D-1Ipyky, y
neJaroriyHii HayIll J0Ci HEOCTaTHRO PO3POOJICHO IUTICHE OOTPYHTYBAHHS TaKOi
CHUCTEMH JIJIs YPOKIB TEXHOJIOTIH Yy 3aKjajax 3arajibHoil cepeHboi ocBiTH [3; 4; 6].

Mema cmammi Tionsrae B TEOPETUYHOMY OOIPYHTYBaHHI 3acaj
nudepeHiiamnii HaBYAIBHUX 3aBaaHb 3 3D-Ipyky Ha ypokax TEXHOJIOTIH Yy
3aKIajax 3araJibHOI CEepeIHBhOI OCBITH HA OCHOBI aHaNi3y IICHXOJIOTO-
MeJaroriYyHuX KOHIICTI[I BIKOBOTO PO3BUTKY Ta CYy4aCHUX JOCTIIHKEHb y Tamys3i
BUKOPUCTAHHS aJUTUBHUX TEXHOJIOT1M B OCBITi, a TAKOX Y BU3HAYCHHI KPUTEPIiiB
n000py HABYAIBHUX 3aBlIaHb 1 PIBHIB iX CKJIAJIHOCTI BIAMOBIIHO JI0 BIKOBHX Ta
KOTHITHBHUX OCOOJIMBOCTEH YUHIB.

BiamoBigHO 4O MMOCTaBIIEHOI METH BHW3HAYEHO Takl 3aBAAaHHS JOCIIIKEHHS
MPOAHAI3yBaTH TICUXOJIOTO-TIEAAroTiuHI KOHIEMIli, 0 CAYTYIOTh TEOPETUIHUM
MIATPYHTSIM 1 audepeHiianii  HaBYadbHMX  3aBAaHb 3 3D-mpyky;

OXapaKTepU3yBaTH BIKOBI Ta KOTHITHBHI OCOOJHMBOCTI Y4YHIB PI3HMX OCBITHIX
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PIBHIB SIK OCHOBY JJIs JAH(EpeHIialii HaBYalbHUX 3aBJlaHb, BUSHAYUTHU KPUTEPIi
n000py HaBYaJIBHUX 3aBlaHb 3 3D-IpyKy BIAMOBITHO 0 BIKOBUX OCOOJMBOCTEH
y4HIB; OOIPYHTYBaTH PIBHI CKJIAJIHOCTI HaBYaJIbHUX 3aBAaHb 3 3D-mpyky s
PI3HHUX BIKOBUX I'PYIl YUHIB 3aKJIaJlIB 3araJIbHO1 CEPEIHbOT OCBITH.

Buknao ocnoenoco mamepiany. Y JOOCHIIKEHHI BHKOPUCTAHO METOIU
TEOPETHYHOTO aHaNi3y, CHHTE3Y, MMOPIBHIHHS, y3araJbHEHHS HAYKOBHUX JDKEpEI, a
TaKOXX EJIEMEHTH TEOPETUYHOTO MOJCIIOBAHHS Ui OOIPYHTYBAaHHS KPHUTEPIiB
audepeHIialii HaBYalbHUX 3aBAaHb 3 3D-ApykKy Ta BH3HAUEHHS pIBHIB iX
CKJIQJAHOCTI BIJMOBIAHO JI0 BIKOBMX OCOOJMBOCTEM Y4YHIB. 3acTOCyBaHHS
3a3HAUYEHUX METOAIB JaJ0 3MOTY BHSIBUTH IICHXOJIOTO-TIEAAroTiyHi 3acaau
noOy10Bu TudepeHIIHOBaHOI CUCTEMU HaBYAIBHUX 3aBAaHb 1 OKPECIUTH JIOTIKY
nepeXoy BiJl PEIPOIYKTUBHOI JO TBOPUYO-AOCIIITHUIIBKOIT JISJIBHOCT1 YUHIB.

TeopeTnyHuM MIATPYHTSAM i OOTpyHTYBaHHS AudepeHIianii HaB4aaIbHUX
3aBmaaHb 3 3D-apyky Ha ypokax TEXHOJOTIM CIYrylOTh TpU B3a€MOIIOB’s3aH1
TICUXOJIOTO-TIEIarOT14H1 KOHIIEMIIii: Teopis CTaAiil KOTHITHBHOTO PO3BUTKY J.
Piaget, xonmenmis 30HM HaiOmMK4oro po3BuTKy L. Vygotsky Tta Teopis
KoHcTpyKIioHI3My S. Papert ta 1. Harel. KoxkHa 3 nmx KOHIEMNIii BUCBITIIOE
OKpEeMHUW acmeKT NpoOJeMH BIAMOBIIHOCTI HaBYaJbHUX 3aBJaHb BIKOBUM
MOXJIMBOCTSIM YYHIB 1 B CYKYMHOCTI (popMye IUTICHY TECOPETHYHY OCHOBY IS
nooynoBu nudepeHIiioBaHoi cuctemMu 3aBaanb 3 3D-apyKy.

Teopist crajiii KOTHITUBHOTO PO3BUTKY J. Piaget nmae 3Mory BU3HAUUTH, KOO
MIpOIO y4HI PI3HOTO BIKYy 3AaTHI 10 aOCTPAaKTHOTO MPOEKTYBAHHS, MTPOCTOPOBOTO
MOJICNIIOBaHHS Ta YCBIIOMJICHHS 3B’S3Ky MK HHU(PPOBOIO MOJCIUIIO ¢
MartepiabHUM BUpoOOM. Ha cTamii KOHKpEeTHHX omepailiidi JUTHHA CIHPAETHCS
MepeBaXHO Ha HAOYHICTh, KOHKPETHUW MPEAMETHUH JOCBiA Ta peanbHi Ail 3
00’exkTaMu, TOII AK Ha CcTaail (OpPMaAIbHUX Omepariid 3’ SBISETHCS MOXKIHUBICTH
MHUCIIUTA TINOTETUYHO, ONEpyBaTH aOCTPaKTHUMHU TMOHATTSAMHU, OyayBaTu

0araToKpoKOBI IUIaHW Ta Mepeadadatu pe3ysbTaTd 3MIH MapaMeTpiB mojeni [7].
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3acrocyBanHs imei J. Piaget no HaBuawHa 3 3D-apyky [nae minctaBu
CTBEP’KYBaTH, 110 3aBAaHHs, OB’ s3aHl 3 MOBHICTIO CAMOCTIHHUM TPUBUMIPHUM
MPOEKTYBAHHSIM, OINEPYBaHHSAM aOCTPaKTHHMHU MPOCTOPOBUMHU oOpa3aMu Ta
BCTaHOBJICHHSM CKJIQJHUX NPUYMHHO-HACTIIKOBUX 3B’S3KIB MK MapaMmeTpamu
uuppoBoi MoOAENl Ta BIACTUBOCTAMHU  (PI3UYHOTO 00’€KTa, € HaWOUIbII
JOCTYITHUMU JIJI YYHIB, SIK1 JOCSTIIA CTajli popManbHUX onepailii. BogHnovac e
HE O3Hauae, 10 eneMeHTd 3D-npyKy He MOKyTh OyTH BIPOBAJKEHI paHille: s
Y4HIB, SIKi mepe0yBalOTh Ha CTajli KOHKPETHUX omepalid ado Ha MepexiTHOMY
eTani 10 (opMalIbHO-ONEePaLlITHOIO0 MUCIIEHHS, JOIUIbBHUMHU € 3aBIAaHHS 3 OIIOPOIO
Ha KOHKPETHI 3pa3Ku, TOTOB1 MOJIelIi, HA0YH1 IHCTPYKIIii Ta YACTKOBY IMEJAroriuHy
niaTpuMky [6; 7]. Otxe, Teopis J. Piaget oOrpyHTOBye He BIIMOBY BiJ
BUKOpHCTaHHS 3D-IpyKy B MOJIOANMIMX BIKOBHX Tpynax OCHOBHOI IIKOJH, a
HEOOXIIHICTh MPUHIMUIIOBOTO PO3MEXYBAHHS PIBHS  CKJIAQJHOCTI, CTyIEHS
CaMOCTIHHOCTI Ta XapaKTepy OCBITHBOI JISLITBHOCTI.

Konmneniiis 30uu HanOmmk4doro po3Butky L. Vygotsky mae 6Gesnocepemnne
3HAUEHHS JUIsl MPOEKTYBaHHS HaBUaJbHUX 3aBlaHb 3 3D-apyky. BinmosigHo mo
i€ KOHIenIii, HaWOUIbIl e(EeKTUBHUMHU € TaKi 3aBIaHHA, SKi HE 30iraloThcs 3
aKTyaJIbHUM DPIBHEM PO3BUTKY YYHS, aj€ 3aJHIIAIOTHCS MOCWIBHUMH 32 YMOBU
NeJaroriyHoil MATPUMKH 200 B3aEMOIIT 3 OLIBIIT KOMIIETEHTHUM mapTHEpoM [8]. ¥V
KOHTEKCTI HaB4aHHs 3D-Ipyky Iie o3Hadae, 110 3aBAaHHS HE MOBHWHHI OyTH Hi
HAJTO TMPOCTUMH, HI HaIMIpHO ckiamHuMmu. [lepiri He 3a0€3MeuyroTh PO3BHUTKY,
JpyT1 COPpUUYUHSAIOTH GpycTpallito, BTpaTy MOTHBaIlli Ta (GopMaibHe BUKOHAHH S
nistmeHOCTI [4; 8]. 3BiACHM BUILIMBAE BaKIMBICTH I€IAarorigyHOr0 CKadoOJIUHTY,
TOOTO TOCTYNOBOTO 3MEHIIEHHS 00CiIry JOMOMOTHM B Mipy 3pOCTaHHS
camocTitHocTi yuHs. KpiMm Toro, momoxkeHHs Vygotsky mpo poib coImianbHOI
B3a€EMOJIIi B HaBYaHHI OOTPYHTOBYIOTH JOUUIBHICTH OpraHizamii TpymoBoi Ta
napHoi poOOTH MiJ Yac BUKOHAHHA 3aBAaHb 3 3D-apyky, ocoOMMBO Ha eTamax

MIEPBUHHOTO BXOJI>)KEHHSI YUHIB Y HOBUH ISl HUX BUJ A1SUTBHOCTI.
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Teopis koHcTpykuioHizMy S. Papert ta 1. Harel € ocobnuBo peneBaHTHOMO
IUIsl HaBYaHHS 3 BUKOpuUcTaHHsIM 3D-apyky. Ha BigMiHy Big 3arajibHOro
KOHCTPYKTHBICTCBKOTO TIAXOAY, KOHCTPYKIIIOHI3M aKIEHTYe Ha TOMY, UIO
HaWrauoOIIe 3aCBOEHHS 3HAHb BiIOYBA€ThCS B MPOIECI CTBOPEHHSI PEATBHOTO
nyOniyHoro apredakty — @izuyHoro abo uudpoBoro o00’€kTa, SAKUH Mae
OCOOMCTICHY 3HAYYIIICTh NIl YYHS Ta MOXe OyTH MpeacTaBiIeHUM IHIIUM [5].
Came 3D-apyk HOpupoAHO BUIMOBIZAE I[1 JIOTII, OCKUIBKH MO€EIHYE IUdpOBE
NPOEKTYBAaHHA 3  MaTepiajizalli€elo  pe3ynbTaTy. MOXIMBICTh MOOA4YUTH,
BUIMIPOOYBAaTH W OLIIHUTH CTBOPEHUN BIACHOPYY O0’€KT MOCHIIOE MOTHBAILIIO,
ciopusie peduiekcii Ta rMOIoMYy PO3YMIHHIO TEXHOJOTIYHUX mMponeciB [5; 6].
BonHoyac  KOHCTPYKITIOHICTCBKMW — MiAXiT HE CKAaCOBYE BHUMOTH  BIKOBOT
BIJIMOBIAHOCTI: CKJIAAHICTh apTe(akTiB, piBEHb CAMOCTIHHOCTI iX CTBOpPEHHS Ta
00csT HEOOXITHUX MDKIIPEIMETHUX 3HAaHb MOBUHHI OYTH aJIeKBATHUMHU PEaIbHUM
MO>KJTUBOCTSIM yUHIB.

TakuM unHOM, 3a3Ha4YEeH1 TEOPETUYHI KOHIIETIIIT B3aEMHO JIOMOBHIOIOTH OJHA
onHy. Teopis J. Piaget mae 3Mory BU3HAQUUTH MeEX1 KOTHITUBHOI JOCTYITHOCTI
pI3HUX THMIB 3aBlaHb, KoHuemmis L. Vygotsky okpeciroe mpuHIUIT 1000py
3aBJaHb ONTHMAJIBHOTO PIBHA CKJIATHOCTI Ta POJIb IEJAroridHoi MiATPUMKH,
KOHCTpyKIioHi3M S. Papert ta [. Harel oOrpyHTOBye HaBuYanbHy I[IHHICTb
PaKTUYHOI JISTTBHOCTI 31 CTBOPEHHS pealbHuX (i3nuHux 00’ €ekTiB [5; 6; 7; 8].

EdextuBHa nudepenmiaimiss HaBYaIbHUX 3aBAaHb 3 3D-IpyKy HEMOXKIHBa
0e3 ypaxyBaHHS BIKOBHX 1 KOTHITUBHHX OCOOJIMBOCTEH Y4YHIB. Y MeE¥Kax IIbOT0
JOCIIHKSHHS PO3TJISIIAIOTHCS BIKOBI TPYMH YYHIB OCHOBHOI Ta CTapIOi MIKOJIU —
Bim 5 g0 11 xmacy. Y4HI MOYaTKOBOI IIKOJIM HE BKIIOYCHI JO OCHOBHOI paMKH
aHai3y, OCKUIBKM BHKOpUCTaHHS 3D-IpyKy Ha I[bOMY €Tairi, sIK MPaBUIIO, MA€E
NPONEAEBTUYHUI XapaKTep 1 moTpedye CrelialbHO OpPraHi30BaHOTO, MEPEBAKHO
IrPOBO-MIPAKTUYHOTO MeToAudHoro miaxony [3]. Kpim Toro, cucremarnuna

pobota 3 3D-mpuHTepoM IMepeadavyae IOTPUMAHHS BHMOI TEXHIKM O€3IeKH,
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MEBHUI PIBEHb TEXHIYHOI BIANOBIAAIBHOCTI Ta TOTOBHICTH 1O MOCIIAOBHOIO
BUKOHAaHHS TEXHOJIOTIYHUX oONeparid, Mo poOUTh TaKy JISJBHICTh OLIBII
TOILILHOO TMTOYMHAIOYH 3 OCHOBHOT IIKOIH [4].

VYuyni 5-7 knaciB mepeOyBalOTh Ha TMEPEXIIHOMY €Taml BiJi KOHKPETHO-
onepalliiiHoro 10 (opmanbHO-onepawiiHoro muciaenss [7]. Ixus spaTHicTs 10
a0CTpaKTHOIO MHCJIEHHS II€ HE € CTIHKOI0, TOMY BOHM NOTPeOYIOTh ONOpU Ha
HAOYHICTh, 3pa3Kd, AJIrOpPUTMI30BaHI Jii Ta YITKO CTPYKTYpOBaHI IHCTPYKIIIi.
[IpocTopoBe MHUCIEHHS B LIbOMY Billl aKTHBHO PO3BUBAETHCSA, MO JA€ 3MOTY
NpAIOBAaTH 3 MPOCTHMH TPUBUMIPHUMHU MOJICISIMUA B JOCTYIMHHUX ITUHPOBUX
CepeIOBHINAX, 30KpeMa y Bi3yallbHO IHTYITMBHHX Tporpamax IJjisi MOYaTKOBOTO
3D-monenmtoBanns. s 11i€l BIKOBO1 TPYNM JOUUIBHUMH € 3aBAaHHS, IO
nependavaloTh O3HAWOMIICHHS 3 TOTOBUMH MOJCISIMH, iX aHalli3, HE3HAYHY
mMoaudikaiio, 100ip €IeMEHTApHUX MMapaMeTpiB APYKY Ta JPYK HECKIaJHHUX
BUPOOIB 32 YITKO BU3HAYECHUMHU YMOBaMU. Y MeXKax 30HU HAMOIUKIOrO PO3BUTKY
Y4HI IBOTO BIKY MOXYTh BHUKOHYBaTH HE JIMIIE PENpPOAYKTHBHI, a ¥ OKpemi
YaCTKOBO-TIONITYKOBl 3aBIaHHS, OJHAaK 3a YMOBM IIOMITHOI I€IaroriyHoi
niaTpuMku [2; 8]. Omxe, misg 5—7 kmaciB 3D-Apyk Mae BUCTynaTu MepeayciMm
3ac000M KEpPOBaHOTO BXO/KCHHS y chepy MUGPOBOTO MPOEKTYBAHHS.

Jna  yuHiB 89 KIJaciB THUIIOBUM € TIOCWJICHHS O3HaK (GopMaabHO-
OTEpAIiIfHOTO MMCIICHHS, IO BHSBIAETBCS y 3pPOCTaHHI 3JaTHOCTI 10
a0CTpaKTHOTO MUCJEHHS, CAMOCTIMHOTO TUIaHYBaHHS Miii, aHaji3y MOMHUJIOK Ta
OCMHUCJICHOT po0OTH 3 muppoBUMH MojelssMu [7]. s HUX XapaKTepHHN BUITUMA
piBeHb C(HOPMOBAHOCTI MPOCTOPOBUX YSABIEHb, IO JAa€ 3MOTY TEPEXOJIUTH BiJ
Moaudikaiii TOTOBUX MOJENEH J0 po3poOJCHHS BJIACHUX BapiaHTIB BUPOOIB y
MeXaxX 3aJlaHuX YMOB. YUHI I[bOTO BIKY 3/1aTHI CAMOCTIHHINIE MpAIOBaTH 3
napameTpamu 3D-ApyKy, BCTaHOBIIOBATH 3B’SI30K MK TE€OMETPIE€I0 MOJEN Ta
SAKICTIO HAJAPYKOBAHOTO BHUPOOy, a TaKOoX OI[IHIOBAaTU (PYHKIIOHAJBHICTh

cTBOpeHOro 00’exta. CaMe TOMY /ISl HUX JOUUIBHUMHU € YacCTKOBO-TIOIIYKOBI
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3aBJAaHHS Ta OKPEMI1 TBOPYO-AOCHITHUIBKI IMPOEKTH, MOB’S3aHl 3 PO3B’I3aHHIM
peanbHUX MPaKTUYHUX npodiem [4; 5].

Vuynui 10-11 knaciB xapakTepHu3ylOTbCS BHILIUM piBHEM C(HOPMOBAHOCTI
dbopmanbHO-ONEepalifHOTO MUCIEHHSI, JTOCTaTHHOIO 3JATHICTIO JO TiMOTETHUKO-
JNEAYKTUBHUX  MIPKYyBaHb, IPOTHO3YBAHHS  pPE3yJbTaTiB,  CaMOCTIMHOIO
IUIaHYBaHHS 0araToOKpOKOBOI1 MAiSUIBHOCTI Ta YCBIAOMJIEHOTO BHKOPUCTAHHS
MDKIIpeAMETHUX 3HaHb [7]. Y KoHTekcTi 3D-ApyKy 11e BiIKpUBae MOKIMBOCTI JISI
oprasizailii MOBHOTO IUKJY MPOEKTHOI AISUIBHOCTI: BiJl BUSIBICHHS MpoOJieMHu U
dopMyTIOBaHHS 3ayMy 110 IIH(PPOBOTO MOJIEITIOBAHHS, BUTOTOBICHHS MPOTOTHUITY,
HOro TecTyBaHHs, aHANI3y HEOJIKIB 1 BJOCKOHAJEHHS KIHIIEBOTO pPE3yJbTaTy.
Jlnst miei BikoBoi rpynu 3D-apyk MoXe BUCTYNATH HE JUIIE K 3aci0 HaBYaHHS
TEXHOJIOTIYHUM ONeparisiM, a i IK THCTPYMEHT MUKIAMCIMIUTIHAPHOT MPOEKTHOT Ta
JOCJITHAITBKOT ISITBHOCTI, 110 Ma€ Mpo¢1IbHO OpieHTOBaHUH xapaktep [1; 6].

Otxe, BIKOBI OCOOJMBOCTI Yy4YHIB ICTOTHO BIUIMBAaKOTh Ha XapakTep 1
CKJIQJIHICTh HaBYAJIBHUX 3aBlaHb 3 3D-mpyky. BigMiHHOCTI MiX BIKOBUMU
rpyfamMu CTOCYIOTBCS HE JIMIIE€ PIBHSA CKJIQJAHOCTI 3MICTYy, a W CTyIleHd
NeJaroriyHoi  MIATPUMKH,  XapakTepy  IPaKTUYHOI  JISJIBHOCTI,  PIBHA
a0CTPaKTHOCTI MPOEKTHHUX 3aBJIaHb Ta CIIOCOOIB opraHizallii B3aeMoii yuHiB [2; 3;
4; 8].

Crnuparodyuch Ha PO3IIISTHYTI TEOPETUYHI IMOJIOKEHHS Ta BIKOB1 OCOOJIMBOCTI
VYHIB, BH3HAYEHO OCHOBHI TPHUHIMIHU MNOOYA0BH Mu(DEpPEHIIHOBAHOT CUCTEMU
HAaBYAIBHUX 3aBAaHb 3 3D-IpyKy: BIANOBIAHOCTI KOTHITUBHOMY PO3BHTKY,
ONTUMAJIBHOTO PIBHA CKJIAMHOCTI, TPAKTUYHOI 3HAYYIIOCTI Ppe3yJbTarty,
MDKIPEIMETHOI IHTETPOBAHOCTI Ta TOCTYMOBOTO PO3IIMPEHHS CaMOCTIHHOCTI.
[TpuHIIMTT BIAMOBIMHOCTI KOTHITHBHOMY PO3BUTKY Iepeadadae y3roJKeHHS
CKJIQJHOCT1 3aBJaHHS 3 PEAJbHUMU MOXJIMBOCTSMHU YYHS LIOJ0 MPOCTOPOBOIO
ySIBIICHHS, aOCTPAKTHOTO MHMCIJICHHS, IJIAHYBAaHHS Ta aHaNI3y TEXHOJIOTTYHOTO

nporecy [6; 7]. IlpuHIMO ONTHMAIbHOTO PIBHS CKJIATHOCTI, IO BHUIIMBAE 3
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KOHLEMUII 30HM HaHOIMKYOro pO3BUTKY, OpIEHTye Ha J00ip 3aBlaaHb, Kl
MOTpeOYIOTh I1HTEIEKTYaJdbHOTO 3YCUJIIS, aje 3aJduIIaloThCsl JOCSKHUMH 32
BIMOBIAHOT meaaroriyHoil miaTpumku [4; 8]. IIpuHIMI TPaKTUYHOI 3HAYYIIOCTI
pe3yibpTaTy oO3Havae, M0 KOoXKHe 3aBaaHHsA 3 3D-npyky Mae 3aBeplryBaTHCS
CTBOPEHHSIM (I3UYHOr0 O0’€KTa, KU Ma€ peajbHy LIHHICTH a00 OYEBUIHY
GyHKIIO I y4HSA, TPyNH YM UIKUIBHOTO cepenoBuiia [5; 6]. IlpunHuun
MDKIPEIMETHOI 1HTETPOBAHOCTI MOJIATA€ B MOEAHAHHI 3MICTY TEXHOJIOTTYHOL
JISTBHOCTI 31 3HAHHSAMU 3 IHIIUX HaB4YaldbHUX mpeameriB [1; 6]. [lpunmmn
NOCTYIOBOIO PO3UIMPEHHSI CaMOCTIMHOCTI Mepeadavae mepexij BiJl KEepOBaHOI
JISTTBHOCTI O CAMOCTIHHOTO Ta TBOPYO-JA0CIITHUIILKOTO BUKOHAHHS TTPOEKTIB.

Ha oCcHOBI IMX PUHIMIIIB MOKHA BU3HAYUTH KPUTEPil 1000py HABUATBHUX
3aBaaHb 3 3D-ApyKy I pi3HUX BIKOBUX TPyl Y4HIB. /0 HUX HaJleKaTh: CTYITIHb
aOCTpaKTHOCTI 3aBJIaHHS;, pIBEHb KOTHITHBHOTO HaBaHTaKCHHS; CTYIIiHb
CaMOCTIHHOCTI ~ y4YHsI; piBeHb C(HOPMOBAHOCTI TPOCTOPOBOTO  MUCJIEHHS,
NpakTUYHA 3HAYYHIICTh pe3ynbTaTy. CyKyNHICTh IHMX KPUTEPIiB Ja€ 3MOry HE
JuIe J100upaTH 3aBAaHHS BIAMOBIIHO JI0 BIKY Y4HIB, a ¥ OyayBaTH JIOTIKY iX
MOCTYIOBOT'O YCKJIaTHEHHS.

Ha 1iif oCHOB1 JOIIIBHO BHOKPEMHUTH TPH PIBHI CKJIQJHOCTI HaBYAIBHUX
3aBaanb 3 3D-npyky. PenpoaykTuBHMI piBeHb mependadae poOOTy 3 TOTOBUMU
MOJIETISIMU, 1X 3aBaHTAXXEHHS, MIITOTOBKY J0 APYKY, O3HAHOMIICHHS 3 0a30BUMU
napamMeTpaMH Ta aHali3 OTPUMAHOTO Pe3ynbTaTy. YacTKOBO-TOIIYKOBHI pPiBEHB
nependavae Moaudikaio ICHyIOYMX MOJENei, BUOip mapameTpiB APyKY, MOMIYK
KOHCTPYKTHBHOTO pIIIEHHS B MEXKax 3aJlaHUX yMOB Ta OOMEXeHb. TBOpUO-
JTOCHITHUIIBKUM ~ PIBEHb  TOB’SI3aHWA 13  CaMOCTIMHUM  TPOEKTYBaHHSAM
OpUTIHANBHUX O00’€KTIB, MPOXO/KEHHSM TIOBHOTO IHMKIY BiX 3agymy Jo0
BUTOTOBJICHHSI TPOTOTHIY, aHali30M (YHKIIOHATBRHOCTI BHpPOOy Ta #Oro
MOJTAUTBIIMM yAOCKOHAJICHHAM [4; 5; 6].

CHiBBiIHOIIIEHHS MDK BIKOBUMHU TpPyINaMH Y4HIB, IXHIMH KOTHITUBHUMHU
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0COOJIMBOCTAMM, CTYNEHEM CaMOCTIMHOCTI Ta PIBHSAMH CKJIAAHOCTI HaBYAIbHHX

3aBJaHb BinoOpaxkeHo B Tabyumill 1.

Tabmuus 1
Kpurepii 1o60py Ta piBHI CKJIaAHOCTI 3aBiaHb 3 3D-npyKy
Bikosa . . . Crynisb . .
KorniTuBH1 0cOOIMBOCTI o .| PiBeHb cKJIaIHOCTI
rpyna CaMOCTIMHOCTI
5—7 k1. | noyaTkoBUii ~ abo  cepenHid | YacTKOBa penpoOayKTUBHUN /
piBEHb IPOCTOPOBOTO | CAMOCTIHHICTh YaCTKOBO-
MUCJICHHS, nepexij BiJl | 3@ MENAroriyHoi | MONIYKOBHIA

KOHKPETHO-OIEepaIiiiHoro 710 | MATPUMKH
dbopmanbHO-OIEepaIiitHOTO
MUCJIEHHsI, TToTpeba B Omopi Ha

3pa3Kku Ta neAaroriuny
ATPUMKY

8-9 k1. | mocTaTHI piBEeHb MPOCTOPOBOTO | MEPEBAKHO YaCTKOBO-
MUCJICHHS, TOCUJICHHS O3HAaK | CaMOCTIHHA TIOIITYKOBHIA /
dbopmanbHO-OTEepaIiitHOTO TISTTBHICTh TBOPYO-
MUCJICHHS, 3JIaTHICTh hi (o) JIOCTTiTHUTLIbKHH

BUKOHAHHS 3aBJaHb CEPEIHBOI
Ta MIIBUILEHOI CKJIAIHOCTI1

10-11 | ngocTtaTHBO chopMOBaHe | BUCOKA TBOPYO-
KJ1. IPOCTOPOBE MUCJICHHS, | CAMOCTIMHICTh | JOCIIIHUIIbKUI
pPO3BUHEHE dbopmanbHO-
omepariiitne MHUCJIEHHS,
3IaTHICTH hife) BUKOHAHHS
CKJIQAHUX 0araTOKOMIIOHEHTHHUX
3aB/IaHb

3anmponoHOBaHa CHUCTEMa KpPUTEPIiB 1 pIBHIB CKJIAJAHOCTI MOXE OyTH
BUKOPUCTAaHA K TEOPETHUKO-METONOJOTIYHA OCHOBAa ISl TMOJAJIBIIOTO
MPOEKTYBAHHS TPAKTUYHUX 3aBJaHb 1 HaBYAIbHUX MPOEKTIB 3 3D-Apyky s
YUHIB pi3HHX BIKOBHX TpyH 3aKIajiB 3arajbHOi cepeaHboi ocBiTH. [i mpakTuuHa
[[IHHICTH TIOJIATA€ B TOMY, IO BOHA JAa€ MOXJIMBICTh YHUKHYTH SK HAJMIpPHOTO
CIpPOIIEHHS, TaK 1 HEBHUNPABIAHOTO YCKIQJAHCHHS OCBITHBOI MISUTBHOCTI,
3abe3nedyroun OuUThII  OOTpyHTOBaHe BKIO4YeHHS 3D-mpyky B cuctemy
TEXHOJIOT14HO1 ocBITH [1; 3; 6].

Bucnoexu. 'Y crarTi TeopeTUYHO OOIPYHTOBAaHO 3acaau AudepeHiianii
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HaBUYaJIbHUX 3aBllaHb 3 3D-ApyKy Ha ypoKax TEXHOJIOTIH y 3akjiajax 3arajibHoi
CEepelHbOi OCBITM HA OCHOBI aHalI3y KIACHYHUX IICUXOJOr0-NeIaroriyHux
KOHLEMUIA 1 CyYaCHHX JIOCHIJKEHb Y Taidy3l BHUKOPUCTAHHA aAUTHUBHUX
TEXHOJIOT1/ B OCBITI.

3’5COBaHO, IO TEOPETUYHUM MIATPYHTAM JudepeHuianii HaBYaIbHUX
3aBaaHb 3 3D-nIpyKy CAyryloTh TpU B3a€MOMNOB’si3aHi KoHIUemiii. Teopis ctaaii
KOTHITUBHOTO po3BUTKY J. Piaget mae MOXIJIMBICTh BU3ZHAYUTH MEXK1 KOTHITUBHOT
JIOCTYIHOCT1 PI3HUX THIIB 3aBJaHb 3aJIC)KHO BiJ BIKY Y4YHIB; KOHIICMIIiS 30HU
HalOmmx4oro po3Butky L. Vygotsky o6rpyHTOBY€E HEOOXITHICTH JOOOPY 3aBIaHb
ONTUMAJIBHOTO PIiBHSA CKJIAJHOCTI Ta IOCTYIIOBOI'O 3MCHIICHHS I1€1aroriyHo1
HIATPUMKH; TEOpis KOHCTPYKIIoHI3MY S. Papert ta 1. Harel mosicHroe HaB4aibHY
edexkTuBHICT, 3D-ApyKy dYepe3 CTBOPEHHS YUHAMH pEaTbHUX (DI3BUUHUX
apredaxTiB K 3ac00y MOOY0BH 3HAHb.

YcranoBieHo, 1o BUKopucTanus 3D-IpyKy B OCBITHbOMY Tpolieci moTpedye
BiKOBO1 audepeHiiamii He JuIIe 3a CKIAIHICTIO 3aBlaHb, a W 3a CTyIEHEM
CaMOCTIMHOCTI ~ YYHIB, XapaKTepoM  TNeJaroriyHoi  MIATPUMKH, pPIBHEM
a0CTPAKTHOCTI MPOEKTHOT TISUTHHOCTI Ta MPAKTUYHOKO 3HAYYIIICTIO CTBOPIOBAHOTO
OPOAYKTY. Y Mekax IbOTO JOCTIIKEHHSI yBary 30Cepe/KeHO Ha yuHsx 5-11
KJIaC1B, OCKUIBKH JIJIs1 TOYATKOBOI IIKOJIM 3aCTOCYBaHHS 3D-NIpyKy Mae rnepeBaxHo
IPOIIEICBTUYHUN XapakTep 1 MOTpedye OKpEeMOro CIemialbHOTO METOJIUYHOTO
OTIpaIIOBaHHSI.

BusHaueHO OCHOBHI NpPHHIHMNN TOOYMOBU Ju(dEpEHIIHOBAHOT CHUCTEMHU
HAaBYAIBHUX 3aBAaHb 3 3D-IpyKy: BIANOBIAHOCTI KOTHITUBHOMY PO3BHTKY,
ONTUMAJIBHOTO PIBHA CKJIAMIHOCTI, TPAKTUYHOI 3HAYYIIOCTI  pe3yibTaTy,
MDKIPEIMETHOI IHTETPOBAHOCTI Ta MOCTYIIOBOTO PO3IIMPEHHS camocTiiHOCTI. Ha
if OCHOB1 COPMYITHLOBAHO KPUTEPil 10OOPY 3aBlaHb 1 OOIPYHTOBAHO TPH PiBHI
iX  CKIamHOCTI:  PEMpPOAYKTHUBHUN,  YAaCTKOBO-TIONIYKOBHH 1  TBOPYO-

JTOCHITHULbKAH.
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TeopeTnuHuii aHami3 Aae€ MiACTaBM BBaXkKaTH, IO JJIs Y4YHIB 5—7 KiaciB
JOIUIBHUMU € PENpOJYKTUBHI Ta YAaCTKOBO-TIOUIYKOB1 3aBlaHHS 3 BHCOKUM
CTYINEHEM MEeNaroriyHoi MATPUMKHY; I yUHIB 8—9 KilaciB — 4aCTKOBO-TIOIIYKOBI
Ta OKpPeMl TBOPUYO-AOCHIAHUIBKI 3aBJaHHS 3 T[EPEBAXXHO CAMOCTIHHOIO
TisUIBHICTIO; 1151 yuHIB 10—11 KiaciB — TBOPYO-AOCTIAHUIIBKI 3aBJaHHS, MTOB’ I3aH1
3 MIOBHUM LIUKJIOM MIPOEKTYBAHHS, BATOTOBJICHHS 1 aHai3y pe3yibTaTiB.

[lepciekTuBM TOAANBIIMX JAOCHIIKEHb Yy0auaeMo B pPO3pOOJIEHHI Ta
EKCIIEpUMEHTAIbHINA MepeBiplll CUCTEeMHM MPAKTUYHUX 3aBJaHb 1 HaBYAIbHUX
npoekTiB 3 3D-ApyKy A pi3HUX BIKOBUX IPYI YYHIB, a TAKOX Y JOCIIIKEHHI
e(eKTUBHOCTI1 3alPOIIOHOBAHUX MPHUHIUIIB AU(EpeHIlialii B yMOBaX 3MIIIaHOTO

1 IUCTAHIIIMHOrO HaBYaHHS.
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TRANSFER LEARNING SOFTWARE SYSTEM FOR ROAD RISK
ASSESSMENT BASED ON OBJECT AND HUMAN BEHAVIOURAL
FEATURES

Abstract

This paper introduces a software system designed for transfer learning,
specifically for evaluating road risks based on object and human behavioural
features under the limited computational resources of edge devices. The relevance
of this study stems from the fact that modern road scene analysis systems are
primarily focused on object detection and scene understanding, yet they
insufficiently account for the behavioural characteristics of traffic participants and
the specifics of transferring behavioural risk representations into compact models
for online deployment.

The aim of this work is to develop a transfer learning software system for
real-time online assessment of road risks based on the integration of object-based
and behavioural features. A road scene representation model is proposed, which
includes spatial, trajectory, and behavioural characteristics, as well as a
mathematical model for risk assessment within the Safe—Suspect-Unsafe classes.

A teacher—student transfer learning model with a behaviour-aware loss

function is developed that, unlike traditional knowledge distillation approaches,
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preserves risk-oriented behavioural knowledge. A software architecture integrating
object detection, feature extraction, behavioural analysis, transfer learning and risk
inference for online road risk monitoring is proposed.

Experimental results have shown that behavioural-aware transfer learning
Improves the accuracy of risk assessment, enhances the detection of critical
scenarios, and ensures high consistency of predictions after knowledge distillation
while maintaining suitability for deployment on resource-constrained platforms.

The proposed contribution consists in the combination of behavioural
features, transfer learning, and risk-oriented scene reasoning within a unified
software system for road risk assessment. The practical value of the results lies in
the possibility of using the proposed approach in intelligent transportation systems
and systems for monitoring hazardous road situations.

Keywords: transfer learning; road risk assessment; road scene analysis;

behavioural features; knowledge distillation; edge computing; online monitoring.

1. Problem Statement

The development of intelligent transportation systems, autonomous driving,
and decision support systems has driven active progress in methods for road scene
analysis, critical situation detection, and road risk assessment [1-4]. Modern
approaches are based on object detection, semantic segmentation, and scene
understanding; however, object detection alone is insufficient for adequate risk
assessment, as danger is determined not only by scene composition but also by
spatial interactions, trajectory characteristics, and behavioural intentions of traffic
participants [3-6].

Road scenarios become particularly challenging when risk emerges from
potentially dangerous behavioural patterns, including conflicting manoeuvres,
intentions to cross trajectories, or borderline situations between safe and critical

states. Existing risk-oriented approaches are primarily focused either on object-
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centric features or on rule-based reasoning, whereas the integrated use of object
and human behavioural features within a unified software system remains
insufficiently explored [6, 10— 13].

An additional challenge arises when implementing such systems on
resource-constrained edge devices, where the use of complex teacher models is
limited by inference latency and computational complexity [7-9, 17, 18]. In this
context, the use of transfer learning and knowledge distillation to transfer
structured risk knowledge into compact student models is promising; however,
behavioural-aware knowledge distillation for road risk assessment tasks remains
insufficiently explored. This defines the relevance of developing a transfer
learning software system for road risk assessment based on object and human
behavioural features for online monitoring on resource-constrained devices. In this
study, we consider road risk assessment as a joint problem of behavioural scene
understanding and transfer learning under edge constraints.

2. Analysis of recent research and publications

2.1. Existing Approaches to Road Scene Analysis and Risk Assess-
ment

Modern approaches to road scene analysis can be conditionally divided into
three groups: object-centric methods, behavioural approaches, and scene reasoning
models.

The first group includes methods focused on object detection and scene
understanding based on deep learning, specifically models of the YOLO family,
semantic segmentation, and scene graph approaches [1-4, 16, 17]. Such
approaches provide high-quality scene structure representation, but predominantly
operate on low-level features and are not sufficiently adapted for direct road risk
assessment.

The second group comprises approaches that utilise behavioural

characteristics of traffic participants, including trajectory prediction, intention
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modelling, and conflict-aware risk assessment [5, 6]. Their advantage lies in
considering the potential evolution of hazardous situations; however, such
methods often treat behaviour as a separate task rather than as a component of an
integrated risk-oriented model.

A promising direction is scene reasoning and three-way decision approaches
[10 — 13], which enable transitioning from the traditional model Risk = f(0) to a
more general model:

Risk = f(0,B) (1)

where risk is defined as a function of object and behavioural features.
However, a review of the literature shows that software systems which combine
these components within a unified software architecture are limited in number.

2.2. Transfer Learning for Road Risk Assessment and Open Chal-
lenges

A separate direction of current research is associated with the use of transfer
learning and knowledge distillation to transfer knowledge into compact models
suitable for deployment on resource-constrained devices [7-10, 17, 18].

Current teacher—student approaches are primarily focused on transferring
feature-level knowledge and preserving detection or segmentation accuracy, but
insufficiently explore the transfer of risk-sensitive behavioural knowledge in road
risk assessment tasks.

Despite significant advances in transfer learning and knowledge distillation
approaches, most existing studies are oriented toward detection, classification, or
semantic segmentation tasks, whereas the transfer of risk-sensitive behavioural
knowledge in road risk assessment remains insufficiently explored. Of particular
interest are prototype-guided and granular knowledge-based approaches [9-13],
which create preconditions for combining transfer learning with risk-oriented
reasoning and interpretable decision-making. However, in the known literature,

issues related to the integration of behavioural features into teacher—student
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architectures, preservation of knowledge consistency after distillation, and the
construction of software systems for online road risk monitoring suitable for edge
deployment remain insufficiently addressed.

Unsolved problems remain regarding the integration of object and
behavioural features within a unified risk model, the transfer of behavioural risk
knowledge in teacher—student architectures, and the construction of software
systems for online road risk monitoring on resource-constrained devices.

These limitations define the scientific problem addressed in this work and
determine the feasibility of developing a transfer learning software system for road
risk assessment based on object and human behavioural features.

3. Purpose of the article

The purpose of the article is to develop a transfer learning software system
for online road risk assessment based on object and human behavioural features
for resource-constrained edge devices.

To achieve this purpose, the following tasks are addressed:

1. To develop a risk assessment model that integrates object-based and be-
havioural features for road scene analysis.

2. To propose a teacher—student transfer learning software architecture for
preserving risk-oriented knowledge in compact models.

3. To validate the proposed approach experimentally in terms of risk pre-
diction accuracy and online deployment efficiency.

4, Presentation of the main material of the study

4.1. Road Scene Representation Model

Let the input road scene be given by an image Il, after processing of which a

set of detected objects is formed:

G=1{91,92 - 9n} (2)
Each object is described by a feature vector:
x; = (v, dy, ty, by) 3
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where v; — detection confidence, d; — estimated distance to the ego-vehicle,
t; — trajectory deviation characteristic, b; — behavioural features.

Behavioural characteristics are defined as:

b; = (my, ¢;,5;) 4)

where m; — motion tendency, c; — trajectory conflict, s; — speed behaviour.

The behavioural characteristics are computed from consecutive video
frames as follows:

— motion tendency m; € [0,1] is defined as the normalized angle of mo-

tion relative to the ego-vehicle heading

m, = 8l v (5)

i
T Umax

where 0; is the angle between the object's velocity vector and the forward
direction of the ego-vehicle, v; is the object's speed (pixels/frame), and v,,,,, = 15
pixels/frame corresponds to the maximum observed speed.
— trajectory conflict ¢; € {0,1}indicates whether the object's predicted
path intersects with the ego-vehicle's path within a critical time window:
c; = 1if Time — to — Collision (TTC) < 2 sec,otherwisec; =0 (6)

where TTC = &

with d; — Euclidean distance to ego-vehicle, v,,; —

VUrel

relative approach speed.

— speed behaviour s; € [0,1] captures whether the object's speed is ap-

propriate for the road context:

Vi

s; = min(1,

(7)

where v;;,i+1S the estimated speed limit in the lane region (default v;;,;,,;; =

Viimit

10 pixels/frame for urban scenes).
Thus, the road scene is represented by the structure:
S = {G,X,B} (8)

which combines object and behavioural features.
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4.2. Road Risk Assessment Model

Risk assessment is performed within a three-level decision scheme:

D = {Safe, Suspect,Unsafe} 9)
and is defined by the mapping:
y=F(,S) (10)

To integrate spatial and behavioural characteristics, an integral risk indicator
Is introduced:
R = wiRy + W3R, (11)
where w; +w, =1, and R, and R, characterize the object-based and
behavioural components of risk, respectively.

The risk class is determined by the rule:

max
y=arg ; 1j(R) (12)

where u; —are membership functions for the risk classes.
The proposed model implements the transition:
Risk = f(0) - Risk = f(0, B) (13)
which better accounts for the behavioural nature of hazardous road

scenarios.
4.3. Transfer Learning for Risk Assessment
For knowledge transfer, a teacher—student architecture is used T — S where

the teacher model transfers structured knowledge representations to a compact
student model [7, 9, 14].

Training is performed by minimising the loss functional:
L=aLlge + .BLfeat + VYLpen + OLyisk (14)
where alLg.; — detection loss, fLs.q; — feature distillation loss, yLpep —

behavioural knowledge loss, 6L, — risk consistency loss.
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In contrast to classical knowledge distillation models [7-9, 14, 16], the
introduction of the L,,; component ensures the preservation of behaviour-aware
knowledge during model compression.

4.4. Software System Architecture

The proposed method is implemented as a software system:

S=MgoMgoM,oM, oM, (15)
where My — object detection, M, — feature extraction, M, — behavioural

features analysis, M; — transfer learning, M,. — risk inference.

The functional interaction of these modules forms a sequential processing
pipeline of the road scene — from object detection and behavioural feature
extraction to knowledge transfer and risk level assessment.

The architecture of the proposed software system and the information flows

between its main modules are shown in Fig. 1.

Input Road Scene

Object Detection
Y

Object Features
Distance, Trajectory, Visibillity

Behavioural Features | Teacher Model
Analysis "

' I
Knowledge-Distillation

""""""" v v

Student Model

....... .

! Risk Inference 1

Online Road Risk Monitoring

Figure 1. Architecture of the proposed transfer learning software system for

online road risk assessment

44



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

As shown in Fig. 1, the proposed architecture combines modules for object
and behavioural feature analysis with teacher—student knowledge distillation and a
risk inference module, enabling online road risk monitoring on resource-
constrained edge devices.

4.5. Risk Assessment Algorithm

Risk assessment is performed sequentially through object detection,
behavioural feature extraction, knowledge transfer, integral risk calculation, and
scene classification.

The algorithm is described by the composition:

A=A,;0A4,0A;0A50As (16)

and has linear complexity with respect to the number of scene objects,
ensuring suitability for real-time operation.

5. Experimental Results and Discussion

The aim of the experimental study is to evaluate the effectiveness of the
proposed transfer learning software system for road risk assessment according to
the criteria of risk prediction accuracy, speed, and knowledge transfer stability.

For experimental validation, road scenes from open datasets Cityscapes [19]
and BDD100K [20] were used, containing scenarios of varying risk levels.

Assessment was performed for three risk classes:

D = {Safe, Suspect,Unsafe} (17)

according to the proposed model.

For comparison, three variants were considered: M; = T — teacher model;
M, =S — standard distilled student model; M; = S* — proposed behavioural-
aware transfer learning model;

5.1. Evaluation Metrics

Risk assessment accuracy was evaluated using Accuracy and F1-score

metrics:

Ay =-5 F = — (18)
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where P and R denote precision and recall, respectively.
To evaluate the preservation of structured risk knowledge after knowledge

distillation, the following indicator was used:

|Rr—Rs|
Cr=1-—1— (19)

which characterizes the consistency of predictions between the teacher and
student models.

5.2. Experimental Results

The results of the comparative study are presented in Table 1.

Table 1 — Comparison of road risk assessment models

Model Accuracy F1 Latency (ms) Risk Consistency
Teacher 95.2 094 |76 1.00
Student 91.8 090 |31 0.87
Proposed 94.6 093 |34 0.96

Analysis of the results shows that the traditional student model partially
loses risk-sensitive knowledge after compression, which reduces the accuracy of
assessing borderline and critical scenarios [7, 16].

The proposed behavioural-aware transfer learning approach significantly
reduces these losses and brings the performance of the compact student model
closer to that of the teacher solution while maintaining low inference latency.

This is particularly evident for scenarios of the Suspect and Unsafe classes,
where the incorporation of behavioural features significantly improves the stability
of risk prediction.

The results indicate the feasibility of transitioning from the traditional
model Risk = f(0) to the extended risk model Risk = f(0, B), in which the
behavioural characteristics of traffic participants constitute a significant source of

information for risk assessment.
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5.3. Discussion

The obtained results indicate that the proposed approach has advantages
compared to classical object-centric and standard distillation models.

In contrast to traditional knowledge distillation approaches [7-9], the
proposed method transfers not only feature-level knowledge but also behavioural
risk representations through the L., component in the training loss functional.

This allows knowledge distillation to be interpreted not merely as model
compression, but as the transfer of structured behavioural risk representations [10-
12].

From an applied perspective, the results confirm the suitability of the
software system for online deployment on resource-constrained edge devices.

However, the accuracy of behavioural features depends on the stability of
trajectory estimation and object interaction scenarios, which defines the direction
for future research.

6. Conclusions

In this work, a transfer learning software system for road risk assessment
based on object and human behavioural features has been developed, aimed at
online analysis of road scenes under limited computational resources.

Within the framework of the study, a road scene representation model
combining object-based and behavioural features is proposed, as well as a
mathematical risk assessment model based on the Safe—Suspect-Unsafe classes.

A teacher—student transfer learning model with a behaviour-aware loss

functionL = aLget + BLfear + YLpen + 6Ly, has been developed, which, unlike

traditional knowledge distillation approaches, ensures the transfer of risk-oriented
behavioural knowledge.
A software system architecture and an online road risk monitoring algorithm

for resource-constrained edge devices are proposed.
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Experimental results demonstrate that the use of behavioural-aware transfer
learning improves risk assessment accuracy, enhances the detection of critical
scenarios, and ensures high consistency of predictions after knowledge distillation.

The results indicate the feasibility of using object and human behavioural
features in software systems for road risk assessment and the promise of
combining transfer learning with risk-oriented scene reasoning for intelligent
transportation systems.

Future research should be directed toward the integration of prototype-

oriented monitoring and reliability-aware transfer learning.
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INTEGRATION WITHOUT MIGRATION: THE ROLE OF
EUROPEAN-ORIENTED EDUCATION AND COMMUNICATION
NARRATIVES IN YOUTH RETENTION IN UKRAINE

Abstract

The article investigates the role of European-oriented education and
communication narratives as mechanisms of youth retention in Ukraine under
conditions of socio-economic instability, war-related uncertainty, and increasing
educational migration. The study is based on the results of a survey conducted
among participants of the educational module “European Strategies,” implemented
within the Erasmus+ Jean Monnet project “EU Strategies for Competitiveness,
Growth and Prosperity” (EUSTRAT) at Alfred Nobel University during 2022—
2025.

The research aims to identify key communication triggers influencing
educational and migration-related decision-making among young people and to
determine how European-oriented educational programs contribute to reducing

migration intentions. The methodological framework combines quantitative and
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qualitative approaches, including statistical analysis of survey responses and
interpretation of open-ended answers.

The findings demonstrate that contemporary education performs functions
that extend beyond knowledge transfer and increasingly acts as a mechanism
shaping behavioral intentions, trust, identity, and perceptions of future
opportunities. The study identifies the most influential communication triggers
affecting educational choice, including narratives of the digital future, European
integration, and Ukraine’s recovery through the implementation of European
experience. In particular, the highest level of interest among respondents was
related to topics of digital transformation of business and society, EU development
strategies, post-war recovery of Ukraine, and European integration processes.

The article argues that European-oriented educational programs contribute
to the formation of a model of “integration without migration,” under which
students gain access to European values, competencies, and educational standards
while remaining in Ukraine. The results indicate that universities increasingly
function not only as educational institutions but also as communication platforms
and social stabilizers that reduce uncertainty, strengthen trust, and create
perceptions of future self-realization within the country.

The practical significance of the study lies in the possibility of applying its
findings to the development of communication strategies for higher education
Institutions aimed at increasing the attractiveness of education in Ukraine,
strengthening youth engagement, and reducing migration intentions. Particular
attention is devoted to the role of Erasmus+ Jean Monnet projects in supporting
“internationalization at home” and promoting European-oriented educational
narratives.

Keywords: youth retention; educational migration; European-oriented
education; communication narratives; higher education; digital transformation;

Erasmus+ Jean Monnet Module
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Problem statement

In the context of prolonged socio-economic instability, large-scale
migration processes, and the consequences of the full-scale war, the issue of youth
retention in Ukraine has become strategically important for both the national
higher education system and the long-term socio-economic development of the
country. Educational migration, traditionally associated with globalization and
international academic mobility, is increasingly influenced by security concerns,
uncertainty about the future, and perceptions of career opportunities and quality of
life. Under such conditions, young people’s educational choices are closely
interconnected with decisions regarding remaining in Ukraine or seeking
opportunities abroad.

At the same time, modern universities are gradually transforming from
institutions focused exclusively on knowledge transfer into environments that
shape behavioral intentions, value orientations, trust, and perceptions of future
prospects. In this context, higher education can be considered not only as a factor
of human capital development but also as a mechanism of youth retention capable
of reducing migration push factors.

Particular importance is attached to European-oriented educational
programs that integrate EU-related content, digital transformation topics, and
narratives of Ukraine’s recovery and future development. Such programs create
opportunities for ‘“integration without migration,” enabling young people to
become involved in the European educational and value space while remaining in
Ukraine.

At the same time, the communication dimension of education remains
insufficiently explored. Contemporary educational programs increasingly function
as platforms for transmitting narratives and meanings that influence young

people’s perceptions of opportunities, belonging, and self-realization. However,
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the role of communication triggers and European-oriented narratives in shaping
migration-related educational decisions and youth retention in Ukraine still
requires further research.

Purpose of the article

The purpose of the article is to investigate the role of European-oriented
education and communication narratives as mechanisms of youth retention in
Ukraine, as well as to identify the key communication triggers influencing
educational and migration-related decisions among young people.

Analysis of recent research and publications

The issue of educational migration and youth retention has become an
increasingly important topic in contemporary academic discourse, particularly in
the context of globalization, internationalization of higher education, and
intensifying competition for human capital. Classical migration theories explain
migration decisions through the interaction of push and pull factors. In particular,
Everett S. Lee emphasized that migration intentions are shaped by economic,
social, and environmental conditions influencing individual decision-making [1].
In contemporary conditions, education is increasingly considered one of the key
determinants of migration behavior among young people.

The human capital approach developed by Gary Becker interprets education
as an investment that increases future economic opportunities and professional
competitiveness [2]. This perspective has been further expanded in studies on
international student mobility, which demonstrate that educational migration is
often associated with expectations of better career prospects and social mobility
[3].

At the same time, recent studies increasingly emphasize the broader social
role of higher education. Simon Marginson argues that universities perform not
only economic but also social and stabilizing functions by shaping identity, trust,

and perceptions of future opportunities [4]. Similar approaches are reflected in
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studies on “internationalization at home,” which suggest that universities can
provide access to international and European educational experiences without
requiring physical mobility [5].

An important theoretical contribution to understanding behavioral intentions
Is provided by narrative approaches. Robert J. Shiller introduced the concept of
narrative economics, according to which ideas, stories, and communication
narratives significantly influence individual expectations and decision-making
processes [6]. In the educational context, this means that universities increasingly
act as communication platforms transmitting narratives about the future,
professional success, and social belonging.

Despite the growing body of research on educational migration and
internationalization, the role of European-oriented educational programs and
communication narratives as mechanisms of youth retention in Ukraine remains
insufficiently explored. In particular, limited attention has been paid to the concept
of “integration without migration,” under which education creates opportunities
for involvement in the European educational and value space while remaining in
the home country.

Presentation of the main material of the study

The empirical basis of the study is formed by the results of a survey
conducted among participants of the educational module “European Strategies,”
implemented within the Erasmus+ Jean Monnet project “EU Strategies for
Competitiveness, Growth and Prosperity” (EUSTRAT) at Alfred Nobel University
during 2022-2025. The project was aimed at developing participants’
understanding of European development strategies, digital transformation,
European integration processes, and the role of EU experience in Ukraine’s
development and recovery. More than 250 participants completed the program,
which allows the project to be considered a relevant empirical basis for analyzing

the role of education in shaping youth behavioral orientations.
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The methodological framework of the research combines quantitative and
qualitative approaches. Quantitative analysis made it possible to identify the
structure of participants’ interests and evaluate changes in awareness after
completing the course. Qualitative analysis of open-ended responses allowed for
the identification of deeper motivational patterns related to educational choices,
perceptions of the future, trust in institutions, and migration-related intentions.

The interpretation of the results is based on the human capital theory [2],
migration decision and basic push—pull theory [1], and contemporary approaches
to educational mobility and the role of universities in fostering social stability [4;
5].

The obtained results demonstrate that contemporary education performs
functions that extend far beyond knowledge transfer. In conditions of uncertainty
and intensified migration processes, educational programs increasingly shape
behavioral intentions, perceptions of opportunities, and future-oriented
expectations. In this context, education can be interpreted as a mechanism of youth
retention capable of reducing migration push factors and strengthening young
people’s willingness to build their future in Ukraine.

One of the key findings of the study is the high level of positive perception
of the educational experience. In particular, 92,3% of respondents evaluated the
course as interesting and useful, while the overwhelming majority positively
assessed the teaching methods and the practical relevance of the acquired
knowledge. These results indicate not only the effectiveness of the educational
process but also the formation of trust in the university as an institution.

Under contemporary conditions, trust becomes one of the key determinants
of behavioral intentions [7]. Young people’s decisions regarding education and
migration are increasingly influenced not only by economic considerations but
also by perceptions of institutional reliability, predictability, and future stability. In

this regard, universities begin to perform the function of social stabilizers that
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provide students with a sense of belonging, support, and confidence in future
opportunities.

The findings also demonstrate that the content of educational programs
plays a decisive role in shaping educational motivation. The analysis of
respondents’ interests revealed that the highest level of engagement was generated
by topics related to digital transformation and European integration. In particular,
76,9% of respondents identified the topic of digital transformation of business and
society as the most interesting. In addition, 69,2% expressed interest in the
application of EU experience for Ukraine’s recovery, 61,5% were interested in EU
development strategies, and 53,8% in Ukraine’s integration into the European
Union.

These results indicate that young people are strongly oriented toward
narratives associated with technological modernization, European development
models, and future-oriented transformation processes. The narrative of the digital
future is particularly significant because digital competencies are increasingly
perceived as a prerequisite for professional competitiveness and long-term
employability [8]. In the context of rapid technological change, education
associated with digital transformation creates a perception of professional stability
and future career opportunities within the country.

At the same time, the narrative of Ukraine’s recovery through European
experience performs an important emotional and value-based function. It creates a
sense of involvement in national transformation processes and strengthens young
people’s perception that they can contribute to the country’s future development.
This significantly changes the logic of educational motivation. Education is no
longer perceived exclusively as a pathway to migration but increasingly becomes
associated with opportunities for self-realization within Ukraine.

The European integration narrative also plays a crucial role. Importantly, the

study demonstrates that European-oriented educational content does not
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necessarily stimulate migration intentions. On the contrary, respondents perceive
European integration primarily as a model of development that can be
implemented within Ukraine itself. The desire expressed by respondents to “be
part of the European community without losing Ukrainian identity” reflects the
emergence of a new model of educational motivation based on combining local
and global dimensions. Such an approach is consistent with the concepts of
glocalization and transnational identity [9; 10].

This finding allows education to be interpreted through the concept of
“integration without migration.” In this model, young people gain access to
European values, knowledge, and educational standards while remaining in their
home country. Such an approach corresponds to contemporary concepts of
“internationalization at home,” according to which universities create
opportunities for international integration without requiring physical mobility.

An important result of the study is the significant increase in respondents’
awareness after completing the course. The proportion of participants with a high
level of awareness about the EU increased from 30,8% to 61,5%, while the share
of respondents with low awareness decreased substantially. Similar trends were
identified regarding understanding of digital transformation and European
development strategies.

This increase in awareness indicates not only the effectiveness of the
educational process but also the broader social role of education in reducing
uncertainty. In psychological and behavioral research, this phenomenon is
interpreted as a reduction of uncertainty and an increase in self-efficacy, which
directly influences strategic life decisions [11]. Contemporary studies confirm that
young people’s decisions to migrate or remain in their home country are shaped by
a complex set of push and pull factors, among which education plays an

increasingly important role [12; 13]. In conditions of instability and crisis,
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uncertainty about future opportunities becomes one of the strongest migration
push factors.

Educational programs that provide students with a clearer understanding of
professional opportunities, development strategies, and European integration
processes contribute to the formation of a stronger sense of control over the future.

In this context, education functions not merely as a system of knowledge
acquisition but as a mechanism for shaping future-oriented expectations. It
contributes to the development of self-efficacy, confidence, and long-term
planning capacity. Consequently, educational programs become instruments
capable of influencing migration-related behavioral intentions.

The analysis of open-ended responses additionally revealed the importance
of emotional and value-based dimensions of educational experience. Respondents
frequently emphasized the practical relevance of the course, the professionalism of
instructors, and the importance of understanding European development processes.
At the same time, many participants associated European-oriented education with
opportunities for personal development, social belonging, and professional
realization in Ukraine.

These findings demonstrate that educational communication increasingly
performs a strategic function. Universities no longer compete solely through
educational quality in the traditional sense. They also compete through meanings,
narratives, and representations of the future. Communication narratives related to
digital transformation, European integration, innovation, and Ukraine’s recovery
become important instruments influencing how young people perceive their future
prospects within the country.

Therefore, universities should be considered not only educational
institutions but also communication platforms shaping behavioral intentions and
social expectations. Through European-oriented educational content, participation

in international projects, and integration into global academic networks,
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universities create symbolic bridges between Ukraine and the European
educational space.

Particularly important in this context is the role of Erasmus+ Jean Monnet
projects. Such initiatives create opportunities for integrating European content into
the educational process and contribute to the formation of “internationalization at
home.” They allow students to feel involved in the European educational and
value space without physical migration, thereby reducing the perception that
international mobility is the only pathway to professional success and self-
realization.

Thus, education begins to perform the function of integration without
migration. It enables students to acquire knowledge, skills, and values associated
with the European educational space without leaving Ukraine. This fundamentally
changes the logic of educational mobility, transforming it from physical
movement into symbolic and intellectual integration [14].

The findings of the study make it possible to identify several interconnected
mechanisms through which education contributes to youth retention in Ukraine.
The cognitive mechanism is associated with increased awareness and
understanding of development opportunities. The emotional mechanism is
reflected in the formation of trust and a sense of belonging. The value-based
mechanism relates to the development of identities combining Ukrainian and
European dimensions. Finally, the behavioral mechanism manifests itself in the
transformation of migration-related intentions and the strengthening of willingness
to pursue education and professional realization within Ukraine.

Thus, European-oriented educational programs create a multidimensional
retention effect that combines rational, emotional, and value-based components. It
Is precisely this complexity that determines their effectiveness in shaping

educational choices and reducing migration intentions among young people.
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Conclusions

The study confirms that European-oriented education can function as an
effective mechanism of youth retention in Ukraine under conditions of socio-
economic instability, war-related uncertainty, and increasing educational
migration. The findings demonstrate that educational choices are significantly
influenced not only by the quality of educational services but also by
communication narratives shaping perceptions of the future, opportunities for self-
realization, and social belonging.

The most influential communication triggers identified in the study are
narratives related to the digital future, European integration, and Ukraine’s
recovery. Their interaction forms a multidimensional motivational framework
combining rational, emotional, and value-based components. This creates
conditions under which education is perceived not as a pathway to migration, but
as a mechanism of “integration without migration.”

The research also demonstrates that universities increasingly perform the
role of communication platforms and social stabilizers that shape trust, reduce
uncertainty, and strengthen young people’s confidence in future opportunities
within Ukraine. In this context, Erasmus+ Jean Monnet projects play an important
role by integrating European content into the educational environment and
supporting the development of “internationalization at home.”

The practical significance of the study lies in the possibility of applying its
findings to the development of communication strategies for higher education
Institutions aimed at strengthening youth engagement and reducing migration

intentions in Ukraine.
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EPISTEMIC RECONFIGURATION AND APPROACHES TO
LEARNING: A MENTAL-EMPATHIC APPROACH IN PRESCHOOL
AND ART EDUCATION

Abstract

The article provides a fundamental analysis of the processes of epistemic
reconfiguration in contemporary preschool and art education. The transition from
an instructive to a socio-constructivist paradigm of learning is examined.
Particular attention is paid to the phenomena of epistemic trust and mentalization
as foundational elements in shaping the worldview of preschool children under
conditions of global uncertainty. The role of art in constructing value orientations
and facilitating the social adaptation of learners is also considered.

Keywords: epistemic trust, mental-empathic approach, preschool education,

art education.

Problem Statement. The relevance of the study is oOycnosnena profound
transformations in the system of social relations, which inevitably lead to a crisis
of traditional educational models. In the 21st century, education ceases to be a
process of transmitting static knowledge and instead becomes a space for
constructing meanings. This issue is particularly acute in the fields of preschool
and art education, where the object of influence is the emotional and sensory

sphere of the child. The need to develop new methodological support that meets
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the demands of modern children requires scholars and practitioners to seek
innovative epistemological approaches.

The current stage of civilization is characterized by a state of «liquid
modernity», in which global transformations of social relations outpace the ability
of educational institutions to adapt. The traditional educational model, built on the
principles of stability, hierarchy, and the reproductive transmission of knowledge,
has exhausted its potential. In the context of the digital revolution and free access
to information, knowledge is no longer a scarce resource, and the teacher loses the
role of the sole transmitter of truth. Social transformations impose new
requirements on the individual: flexibility, critical thinking, and the ability to
empathize become more important than the mechanical accumulation of facts.

Therefore, the need for epistemic reconfiguration becomes akTyanbHO0O —
that is, a systemic reconsideration of the nature of knowledge, the ways of
acquiring sociocultural experience, and the ethical foundations of interaction
between subjects of the educational process. This is especially critical, on the one
hand, for preschool education, which involves children who are highly sensitive to
external influences and suggestion from adults, and, on the other hand, for art
education, which directly affects the emotional and sensory apparatus of the
individual. Reconfiguration implies a shift from “subject-based” to «meaning-
based» learning, where art becomes a mediator in the child’s understanding of a
complex surrounding world.

Purpose of the article. The aim of the study is to analyze and conceptualize
the interrelation between epistemic trust, mentalization, and emotional experience
as a foundation for contemporary approaches to learning, as well as to substantiate
the possibilities of their integration into the educational process of preschool and

art education.
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Analysis of recent research and publications. Contemporary scientific
approaches to child personality development increasingly emphasize the role of
interpersonal relationships, emotional regulation, and cognitive-affective
mechanisms that ensure the effectiveness of learning. In this context, the concepts
of attachment, mentalization, and epistemic trust acquire particular significance.

Studies examining the relationship between the quality of child—adult
interactions and the child’s psycho-emotional state demonstrate that a supportive
educational environment contributes to reduced stress levels and improved self-
regulation. In particular, it has been established that a positive classroom climate
and teacher sensitivity to the child’s needs directly influence the child’s ability for
emotional stabilization and learning activity (Ahnert et al., 2012). In turn, the
quality of close relationships serves as an important resource for self-regulation
and goal attainment, confirming the significance of the emotional context in
learning (Hofmann et al., 2015).

Attachment theory is fundamental for understanding processes of emotional
regulation. As noted by J. Cassidy (1994), early relational experiences shape a
child’s ability to recognize and regulate their own emotions. These ideas are
further developed within the theory of mentalization, which emphasizes the
importance of the ability to understand mental states — one’s own and those of
others — as a basis for social cognition and interaction.

A central place in contemporary research is occupied by the concept of
epistemic trust, understood as an individual’s capacity to perceive information
from others as reliable, relevant, and personally meaningful. P. Fonagy and
E. Allison (2014) argue that the development of mentalization and epistemic trust
constitutes a key condition for effective interaction in both educational and
therapeutic settings. Further studies confirm that epistemic trust is associated with
learning approaches, motivation, and the ability to acquire new experiences

(Karagiannopoulou et al., 2026).
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Considerable attention is also paid to the practical aspects of developing
mentalization capacities in parents and educators. In particular, psychoeducational
and parent-support programs focused on enhancing mentalization demonstrate a
positive impact on interactions with children, especially in cases involving
neurodevelopmental and behavioral difficulties (Chelouche-Dwek & Fonagy,
2026). Similar findings have been reported in studies on child maltreatment
prevention programs, where the development of parental mentalization
competence contributes to improved parenting quality and risk reduction
(Gervinskaité-Paulaitiené et al., 2023).

Thus, the analysis of scientific sources indicates that the integration of the
mentalization-based approach, the development of the emotional sphere, and the
formation of epistemic trust create a foundation for new educational strategies.
These ideas are particularly relevant in preschool and art education, where
interaction, emotional experience, and creativity serve as key factors in the
development of the child’s.

Presentation of the main material of the study. In the contemporary
educational landscape, marked by a global crisis of social institutions, the
phenomenon of epistemic trust emerges as one of the most critical factors for
learning success. Epistemic trust is the fundamental human capacity to perceive
information from another (a teacher, a parent) as reliable, personally significant,
and relevant to one’s own life. According to Peter Fonagy’s concept, epistemic
trust is defined as «the basic readiness of an individual to accept new information
from another as having personal value and being credible» (Fonagy & Allison,
2014).

An older preschooler, upon entering the educational environment, often
exhibits a high level of «epistemic vigilance» - a natural cognitive defense against
irrelevant or potentially misleading information. Overcoming this barrier is

possible only through the implementation of the principles of the «pedagogy of
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kindness». This involves creating an atmosphere of psychological safety where the
educator acts not as a controller of knowledge but as an authentic guide into the
world of culture.

Within the scope of our research, which encompasses the fields of preschool
and arts education, epistemic trust is established through the mechanism of
validation of feelings. When an educator refrains from authoritarian judgments
regarding the «correctness» of a child's perception of a work of art and instead
takes a sincere interest in their emotional response, they signal the significance of
the child’s subjective world. This unlocks the mechanisms for internalizing
complex cultural codes. Thus, trust becomes an epistemic bridge: the child «opens
up» because they feel that their own perspective is accepted as valid and entitled to
exist, even if it differs from other viewpoints.

Regarding the epistemic reconfiguration of arts education, particularly for
children of preschool and primary school age, it cannot be viewed merely as a
narrow pedagogical phenomenon; it is, first and foremost, a philosophical
paradigm shift in the perception of child development. Traditional didactics were
dominated by an «object-oriented» model, where the child was viewed as a
recipient expected to master a specific set of techniques and art historical facts.
However, modern conditions necessitate a transition to a socio-constructivist
approach, where knowledge of art is born directly at the moment of the encounter
between the subject (the child) and the artistic object.

Reconfiguration entails a radical change of «optics». we shift from
prioritizing the artistic product to prioritizing the internal transformation of the
personality.

Epistemic reconfiguration legitimizes the child’s right to subjectivity. In this
model, knowledge is not viewed as «correct» or «incorrect» from the standpoint of
academic pedagogy; rather, it is epistemically significant for the child if it assists

them in structuring their own experience. Thus, reconfiguration ensures the
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integrity of the cognitive experience, where art acts as a mediator between the
child's inner world and external social reality. This is a path toward the formation
of agency (subjectivity), where the child does not simply study art but learns to
live within it.

Epistemic reconfiguration is not a mere change in curricula or an update of
the list of artists to be studied. It is a fundamental shift in the «optics» through
which we view child development. It is based on a socio-constructivist approach,
wherein the child does not simply «consume» culture but actively constructs their
own picture of the world through interaction with the artistic object and the
educator. The focus shifts from the artistic result (a drawing or a craft) to the
internal process of personality transformation under the influence of aesthetic
experience.

In the context of global transformations, education must shift its focus from
the question of «what to teach» to «how we internalize what we perceive». This
involves a transition to a humanistic paradigm, where the educational program is
developed taking into account the socio-economic characteristics of the region, the
children's interests, and the family's requests. Such an approach allows for the
creation of educational components based on the free choice of the learners, which
is key to fostering the child's agency. Reconfiguration also requires the integration
of various art forms, enabling the child to gain a holistic rather than fragmentary
experience of cognition. If an art school fails to create conditions for the
emergence of epistemic trust among the participants of the educational process,
the learning process remains at the level of formal technical transmission.
Epistemic reconfiguration — specifically within an art school — is the creation of a
flexible, human-centered environment where the integration of different arts
ensures the integrity of cognition. It legitimizes the teacher’s right to creative
autonomy and the child's right to subjectivity in the process of artistic and

aesthetic development.
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Consequently, the epistemic reconfiguration of arts education fundamentally
transforms the role of the educator. In the traditional system, the teacher acted as a
carrier and transmitter of «absolute knowledge», creating a hierarchical distance
and often provoking epistemic vigilance in the learners. The modern paradigm
presented in this study requires a transition to the model of the teacher-facilitator
and mentor. Regarding this, research by Hofmann, Finkel, and Fitzsimons
suggests: «temporarily boosting relationship satisfaction may be functional for
daily goal pursuit via a combination of cognitive and affective mechanisms, thus
further integrating relationship research with socio-cognitive research on goal
pursuit» (Hofmann, Finkel & Fitzsimons, 2015, p. 434).

This transformation is based on the principles of psychological and
pedagogical support, where the teacher’s primary task is not instruction but the
creation of conditions for the child’s own cognitive act to occur. The teacher-
facilitator must possess skills in empathetic listening and mentalization. They are
capable of «reading» the child’s emotional states during their contact with a visual
image and delicately guiding the process of reflection without imposing ready-
made interpretative templates. The teacher’s new role must encompass:

1. Flexibility of pedagogical design: the ability to adapt the content of the
lessons "here and now," responding to the interests and psychophysical state of the
child.

2. Stimulation of agency: encouraging the child to independently choose
artistic tools and methods of expressing their feelings.

3. Dialogicity: structuring lessons as a «meeting of two consciousnesses»,
where the adult’s experience and the child’s experience are valued equally within
the space of aesthetic experience.

Such subject-to-subject interaction ensures a transition from authoritarian
pedagogy to the pedagogy of partnership. The teacher becomes a «significant

adult» whose authenticity and openness serve as the primary tools for overcoming
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epistemic alienation, which is critical for forming a resilient personality in the face
of global transformations: «links between classroom participants and positive
relationships provided information about the essential environmental conditions
for students’ stress. Students in unsupportive versus supportive classrooms had
more level cortisol profiles, suggesting that low-quality classrooms impeded
sufficient cortisol decreases at both the beginning and end of the week. Moreover,
students with conflictual teacher relationships were less able to properly down-
regulate stress than students with proximally balanced relationships showing the
most optimal cortisol profiles» (Ahnert, Harwardt-Heinecke, Kappler, Eckstein-
Madry, & Milatz, 2012, p. 249).

If epistemic trust opens the path to knowledge, then mentalization serves as
the direct tool for processing this knowledge. Mentalization is defined as the
capacity to perceive and interpret behavior (one's own and that of others) through
the prism of mental states — intentions, feelings, beliefs, and desires. Gervinskaité-
Paulaitiené L., Byrne G. and Barkauskiené R. conducted pedagogical research
based on the «Lighthouse» parenting program, with the following results: «Several
mentalization-based group programs have shown promising results for parents
facing difficulties in parent-child relationships. Results from 101 participants
showed significant improvement in mentalization, parental adaptation, and family
functioning, as well as a decrease in coercive parenting practices. The program
emphasized curiosity toward the child’s mind and a readiness to reflect on one’s
own feelings, thoughts, and behavior — core principles of mentalization-based
work» (Gervinskaité-Paulaitien¢, Byrne, & Barkauskien¢, 2023). Later studies by
Chelouche-Dwek G. confirmed this hypothesis: «Psychoeducation, a practice
based on mentalization and supporting the child’s personality, is associated with a
significant improvement in the reflective functioning of relationships and self-
efficacy. Parental accounts of transformed relational practices and transitions from

reactive to reflective interaction resonate with a broader literature demonstrating
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that mentalization-oriented group programs can improve reflective abilities and
the quality of care in various family contexts» (Chelouche-Dwek & Fonagy, 2026,
p. 431).

A work of visual art acts as an «external container» for complex emotions.
When contemplating a work of art, a child encounters intensive coloristic solutions
that provoke an immediate emotional resonance. The process of mentalization
here unfolds in two dimensions:

1. Intrapsychic mentalization: the child learns to identify their own reac-
tion («What state does this color evoke in me? Why do | feel anxiety or elation?»).
This promotes the development of emotional intelligence and self-regulation
skills.

2. Intersubjective mentalization: through the educator’s questions, the
child attempts to «decode» the author’s intention («What was the artist thinking
when choosing these colors? What did they want to tell us about this sunset?»).

Such practice of «mind reading» through a visual image allows the child to
transcend egocentrism. This approach stimulates «operating with knowledge in the
process of engaging with works of art», which transforms art historical knowledge
from abstract information into a living tool for social adaptation. A child who has
learned to understand the «language of feelings» on canvas becomes more
sensitive to the emotional states of people in real life, which is a fundamental
outcome of artistic and aesthetic development in a transformed society.

A child’s development in arts education is impossible without mentalization
— the ability to perceive and interpret one’s own and others’ mental states
(thoughts, feelings, intentions). Art here serves as an ideal trainer. By
contemplating a work of art, the child learns to recognize the emotional state of
the author or character, which is the first step toward developing empathy.

The ultimate goal of artistic and aesthetic development, according to our

concept, is not merely the accumulation of knowledge about art, but the formation

/72



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

of a holistic emotional-value-based attitude toward the surrounding world. In this
context, visual art acts as a powerful tool for life-creation.

The process of forming value orientations begins with an emotional
resonance to a work of art but does not end there. Through art, the child learns to
transfer aesthetic categories (harmony, light, color, rhythm) into the plane of their
own daily experience. Successful reconfiguration allows the child to:

1. Operate with knowledge in real-life contexts: using the language of
art to describe their own states and understand the behavior of others.

2. Develop an «ecology of feelings»: through aesthetic experience, a
careful attitude toward the world as a holistic work of art is formed.

3. Transform the aesthetic into the ethical: the capacity for empathy,
developed during the contemplation of artistic images, becomes the foundation for
moral choice and conflict-free social interaction.

Thus, arts education becomes the foundation for forming «aesthetic
intelligence» — a special way of being in the world where beauty and meaning
become the personality's internal compasses. This ensures not only artistic
maturity but also a high level of social adaptability, as a child who possesses
mentalization skills and epistemic trust is capable of a deeper and more
constructive connection with society.

Conclusions. The epistemic reconfiguration of education, particularly in arts
and preschool sectors, amidst the global transformations of social relations, is not
merely a response to the challenges of the time but a conscious choice in favor of
the humanization of society. Restoring epistemic trust between the child and the
adult, using mentalization as a tool for cognition, and transforming the educator
into a mentor/facilitator create the conditions for raising a holistic personality.

Art in this system becomes a universal language, and arts education must

become the cutting edge for forming humanity’s new episteme — where

/3



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

knowledge, feelings, and ethics constitute an indivisible unity. This is the path

from education as an act of informing to education as an act of life-creation.
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METHODOLOGICAL SUPPORT AND EVALUATION OF THE
EFFICIENCY OF THE INNOVATION INFRASTRUCTURE SUBJECTS
IN UKRAINE'S DEFENSE SPHERE

Abstract

The article is devoted to the study of methodological support and evaluation
of the efficiency of the innovation infrastructure subjects in Ukraine's defense
sphere. It is substantiated that the effective functioning of the innovation activity
system in the defense sphere is impossible without proper methodological support
and effective evaluation mechanisms that allow timely identification of
«bottlenecks» and adjustment of management decisions. Based on the analysis of
current regulatory legal acts of Ukraine (Temporary Regulation on Innovative
Activities in the Armed Forces of Ukraine, 2024; Methodology for Assessing the
Scientific and Technical Level of a Promising Project, 2022), it is revealed that the
current evaluation system is focused primarily on the stage of selecting innovative
projects, but does not provide for a comprehensive assessment of the efficiency of
the innovation infrastructure subjects themselves - the Innovation Activity
Department of the Armed Forces of Ukraine, the Innovation Development
Accelerator of the Ministry of Defense, the Bravel cluster, and the VIP1
integration platform. An analysis of international experience in evaluating the
efficiency of defense innovation structures is conducted: the Key Performance
Indicators (KPI) system of DARPA (number of successful technology transfers,

ratio of project cost to value created), the Balanced Scorecard model for defense
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innovation hubs (Canada, Great Britain), and the Technology Readiness Level
(TRL) monitoring system (NATO standards). A comprehensive methodology for
evaluating efficiency is proposed, which includes four groups of indicators: input
flow indicators (number of applications, quality of applications, share of projects
corresponding to priority areas); process indicators (speed of passing through
stages, share of decisions in compliance with deadlines, cost of supporting one
project); outcome indicators (number of samples adopted for service, share of
prototypes that reached serial production, economic effect from implementation);
Impact indicators (combat effectiveness, reduction of losses, increase of
capabilities). A method for calculating an integral indicator of the efficiency of an
innovation infrastructure subject based on the Analytic Hierarchy Process (AHP)
is developed. Recommendations for implementing the proposed methodology in
the activities of the Innovation Activity Department of the Armed Forces of
Ukraine and other innovation infrastructure subjects are substantiated.

Keywords: methodological support, efficiency evaluation, innovation
infrastructure, defense sphere, Key Performance Indicators (KPI), Technology

Readiness Level (TRL), Analytic Hierarchy Process, public administration.

Introduction

Formulation of the problem. The effective functioning of the innovation
activity system in the defense sphere directly depends on the ability to make
timely and sound management decisions based on objective data on the results of
the activities of its subjects. As noted in the report on the «Way» operational task
(State Scientific Research Institute of Armament and Military Equipment Testing
and Certification, 2024), the innovation activity system in the Armed Forces of
Ukraine includes six subsystems, including a subsystem for controlling the
effectiveness of innovation activities [1, p. 55]. However, the analysis of current

regulatory legal acts shows that the methodological support for evaluating
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efficiency is limited primarily to the stage of selecting innovative projects and
does not provide for a comprehensive assessment of the activities of the
infrastructure subjects themselves - the Innovation Activity Department of the
Armed Forces of Ukraine, the Innovation Development Accelerator of the
Ministry of Defense, the Bravel cluster, the VIP1 integration platform, etc.

The Defense Innovation Board of the United States, in its March 2026
analysis of Ukraine's potential to develop the technological potential of the Armed
Forces of Ukraine, pointed out critical shortcomings in the management system:
«the Ministry of Defense of Ukraine (MOU) and the General Staff (GS) do not
have a coherent approach to rapid capability development»; «the inability of the
Ministry of Defense to properly formulate and convey military requirements and
requests to industry or foreign partners» [2]. These conclusions indicate not only
organizational but also methodological problems - the lack of adequate evaluation
mechanisms that would allow timely detection of «bottlenecks» and correction of
management decisions.

Thus, the urgent task is to develop methodological support and evaluation
mechanisms for the efficiency of the innovation infrastructure subjects in the
defense sphere of Ukraine, which would allow a comprehensive assessment of
their activities and the formation of recommendations for improvement.

Literature review. The issue of evaluating the effectiveness of innovation
activities in the public sector is covered in the works of J. Bryson (2004) on
strategic planning for public organizations, T. Poister (2010) on the relationship
between strategic management and performance in the public sector. In the
defense sector, the problem of evaluating the effectiveness of innovative structures
Is being studied by the US Defense Innovation Board, which conducts regular
assessments of the effectiveness of DARPA and other innovation structures.

In Ukraine, separate aspects of evaluating the effectiveness of innovation

activities were studied by V.V. Khryzhniak (2005) - regarding the implementation
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of the NATO military standardization system; .M. Lappo, M.O. Herashchenko,
O.V. Chervotoka (2020) - also regarding the implementation of NATO standards.
The report on the «Track-N» operational task (2025) details methods for
comparing moving object trajectories using dynamic time warping, Fréchet
distance, and Hausdorff distance, which require preliminary data processing
(filtering, resampling, interpolation) - these are typical tasks of big data analytics
[3, p. 57-62]. The evaluation of the scientific and technical level of an innovative
project is currently carried out by an expert commission in accordance with the
Methodology approved by Order of the General Staff of the Armed Forces of
Ukraine No. 137 of December 14, 2022 [1, p. 57-60]. However, this methodology
Is focused on evaluating the project, not the activities of the infrastructure subjects.

Therefore, the issue of developing a comprehensive methodology for
evaluating the effectiveness of the innovation infrastructure subjects themselves
remains insufficiently studied in Ukrainian science.

Purpose of the article - based on the analysis of current regulations,
international experience and the conclusions of the US Defense Innovation Board,
to develop a comprehensive methodology for evaluating the effectiveness of
innovation infrastructure subjects in the defense sphere of Ukraine, including a
system of key performance indicators (KPIs), a methodology for calculating an
integral indicator based on the Analytic Hierarchy Process (AHP), and
recommendations for its implementation.

Main material presentation

1. Analysis of the current state of methodological support for evaluating
the effectiveness of innovation activities in the defense sphere of Ukraine. The
regulatory framework for innovation activities in the defense sphere of Ukraine

includes a number of legal acts, the main of which are:
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. Temporary Regulation on Innovative Activities in the Armed Forces
of Ukraine (approved by the Commander-in-Chief of the Armed Forces of
Ukraine on March 15, 2024);

. Decision of the Commander-in-Chief of the Armed Forces of Ukraine
«On Approval of the Temporary Procedure for the Organization and Conduct of
Monitoring, Evaluation, and Support of Innovative Projects for the Needs of the
Armed Forces of Ukraine» (April 11, 2023);

. Order of the General Staff of the Armed Forces of Ukraine No. 137 of
December 14, 2022 «On Approval of Methods for Determining the Priority of
Research and Development Works and Assessing the Scientific and Technical
Level of a Promising Project».

The analysis shows that the current evaluation system focuses on the
following indicators:

. scientific and technical level of the innovative project (high, medium,
low);

. degree of compliance with the requirements of current legislation;

. possibilities of scaling up (mass production).

However, these indicators do not allow a full assessment of the efficiency of
the infrastructure subjects themselves. For example, the Innovation Activity
Department of the Armed Forces of Ukraine does not have approved KPIs. The
work of the Innovation Development Accelerator of the Ministry of Defense is not
evaluated by quantitative indicators. The efficiency of the VIP1 integration
platform is not monitored for the completeness of filling the databases.

As noted in the «Way» report, «the system for collecting, summarizing and
analytical processing of information on the results of operation and repair of
weapons and military equipment has a three-level hierarchical structure and
operates at the strategic, operational and tactical levels» [1, p. 80]. However, the

system is largely based on manual submission of daily analytical reports: «in the
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context of hostilities, submission of reports in the prescribed form is carried out
daily as per subordination» [1, p. 81]. The level of automation of this process
remains insufficient, which complicates the implementation of effective evaluation
mechanisms.

2. International experience in evaluating the effectiveness of defense
innovation structures. The analysis of the practice of leading countries allows us
to identify three main models for evaluating the effectiveness of defense
innovation structures.

2.1. DARPA KPI system (USA). DARPA uses the following key
performance indicators:

. number of successful technology transfers to military branches;

. ratio of project cost to value created (measured in terms of increase in
combat capability);

. number of patents obtained;

. number of start-ups created based on DARPA developments;

. share of projects that have reached the prototyping stage.

DARPA specialists note that not all projects can be successful: the risk of
failure is deliberately built into the design stage, but the organization is
responsible for ensuring that the number of successful transfers of «breakthrough»
technologies to the military justifies the cost of unsuccessful ones.

2.2. Balanced Scorecard for defense innovation hubs (Canada, Great
Britain). In the Canadian IDEaS program, the following groups of indicators are
used:

. input indicators (number of applications, their quality, geographical
and sectoral diversity);

. process indicators (speed of application processing, volume of expert

support, number of «sandbox» participants);
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. outcome indicators (number of technologies that have reached the
prototype, number of technologies purchased);

. Impact indicators (increasing the combat capabilities of the armed
forces).

The Great Britain Defense Innovation Initiative uses a similar methodology
with an emphasis on outcome indicators - what specific defense challenges are
solved by the implemented developments.

2.3. TRL monitoring system (NATO standards). The Technology Readiness
Level (TRL) system, which includes 9 levels: from TRL 1 (basic principles
documented) to TRL 9 (technology proven in combat conditions), is widely used
in NATO countries. This system allows you to:

. objectively assess the degree of readiness of technology for
implementation;

. compare projects of different types according to a single scale;

. plan the resources needed to move to the next level.

Based on TRL, appropriate management decisions can be made: projects
with TRL 1-3 require fundamental research funding; TRL 4-6 require prototyping;
TRL 7-9 require testing and scaling.

However, TRL focuses on evaluating the technology itself, not the activities
of the infrastructure subjects. Therefore, the development of a comprehensive
methodology requires a combination of KPI, Balanced Scorecard, and TRL
approaches.

3. Comprehensive methodology for evaluating the effectiveness of
innovation infrastructure subjects (EIS methodology). Based on the analysis of
current practice and international experience, a comprehensive methodology for
evaluating the effectiveness of innovation infrastructure subjects (EIS) is

proposed, which includes four groups of indicators.
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3.1. Input flow indicators. These indicators characterize the «incoming

flow» of projects and applications entering the innovation infrastructure subject.

Indicator Unit Calculation method
Number of applications received (N_app) units direct count
Share of projects corresponding to priority | % N _prior / N_ app X
areas (P_prior) 100%
Average expert assessment of application | points (1- | average  of  expert
quality (Q_app) 10) assessments
Number of projects with TRL 1-3| units direct count
(N_TRL_low)
Number of projects with TRL 4-6 | units direct count
(N_TRL_mid)

3.2. Process indicators. These indicators characterize the efficiency of the

subject’'s work on processing applications and supporting projects.

Indicator Unit Calculation method
Average time for application | days total processing time / number of
processing (T_proc) applications
Share of decisions made in|% number of decisions on time /
compliance with deadlines total number of decisions x
(P_deadline) 100%
Cost of supporting one project | thousand | total support costs / number of
(C_project) UAH projects
Number of expert evaluations | units direct count
conducted (N_exp)
Number of events held (N_event) | units direct count
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3.3. Outcome indicators. These indicators characterize the direct results of

the activities of the innovation infrastructure subject.

Indicator Unit Calculation method
Number of projects that reached | units direct count
the prototyping stage (N_proto)
Number of projects that passed | units direct count
testing (N_test)
Number of prototypes adopted | units direct count
for service (N_adopt)
Share of prototypes that reached | % N_serial / N_adopt x 100%
serial production (P_scale)
Economic effect from | million | calculation based on the
implementation (E_eco) UAH methodology of avoided
damage/resource savings

3.4. Impact indicators. These indicators characterize the long-term impact

of the subject's activities on defense capability and national security.

Indicator Unit Calculation method
Increase in  combat capability | % expert assessment based on the
(A_combat) results of combat use
Reduction of losses (loss) units | comparison of loss indicators

before/after implementation

Number of technologies meeting | units | expert assessment
NATO standards (N_NATO)
Level of integration with partner | % expert assessment

digital systems (L_integ)
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4. Method of calculating the integral indicator based on the Analytic
Hierarchy Process (AHP). To summarize the partial indicators into a general
one, it is proposed to use the Analytic Hierarchy Process (AHP) by T. Saaty.

Step 1: structuring the problem. A hierarchy is built: the general goal is
«efficiency of the innovation infrastructure subject» - groups (criteria) - sub-
criteria (individual indicators).

Step 2: building pairwise comparison matrices. For each level of the
hierarchy, square matrices of pairwise comparisons are constructed, in which
experts compare the relative importance of elements using the Saaty scale (from 1
- equal importance to 9 - absolute superiority).

Step 3: calculating priority vectors. For each matrix, the priority vector
(eigenvector) is calculated, and then normalized to obtain the weights of the
criteria and sub-criteria.

Step 4: checking consistency. The consistency index (CI) and the
consistency ratio (CR) are calculated. A CR value < 0.1 is considered acceptable.

Step 5: calculating the integral indicator. The integral indicator
(I_efficiency) is calculated as the weighted sum of normalized values of partial
indicators:

[ efficiency =2 (w_j x (x_j/x_norm,j))

where w_j - weight of the j-th indicator, x_j - the actual value of the j-th
indicator, x_norm,j - the normative (reference) value of the j-th indicator.

Step 6: interpretation of results. Based on the obtained values of the integral
indicator and its components, conclusions are drawn about the effectiveness of the
subject, «bottlenecks» are identified, and recommendations for improvement are
formed.

5. Recommendations for the implementation of the EIS

methodology. To implement the proposed methodology in the activities of the
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Innovation Activity Department of the Armed Forces of Ukraine and other
innovation infrastructure subjects, the following is recommended:

5.1. Bringing regulatory support into compliance. Amend the Temporary
Regulation on Innovation Activities in the Armed Forces of Ukraine in terms of:

. fixing the list of KPIs for each subject;

. establishing deadlines for submitting reports (quarterly, annually);

. introducing mandatory expert evaluation of impact indicators with the
involvement of representatives of the Armed Forces.

5.2. Automation of data collection. Create an automated system for
collecting and processing indicators based on the VIP1 integration platform, which
should provide:

. automatic uploading of data on the number of applications,
processing time, number of projects at various stages;

. an interface for entering data on the economic effect and combat
effectiveness;

. generating reports on the efficiency of subjects.

5.3. Conducting training. Conduct training for employees of innovation
infrastructure subjects on the use of the AHP method, filling out pairwise
comparison matrices, and interpreting the results.

5.4. Implementation stages.

. Stage | (2026-2027): pilot implementation in the Innovation Activity
Department of the Armed Forces of Ukraine;

. Stage Il (2027-2028). distribution to other subjects (Accelerator,
Office, Bravel);

. Stage 111 (2028-2029): integration with NATO systems for the mutual
recognition of efficiency results.

Conclusions

Conducted research allows drawing the following conclusions:

86



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

1. The current system of methodological support for evaluating the
efficiency of innovation activity in the defense sphere of Ukraine is focused
mainly on the stage of selecting innovative projects and does not provide for a
comprehensive assessment of the activities of the infrastructure subjects
themselves. This creates risks of untimely detection of «bottlenecks» and
ineffective management decisions.

2. International experience (DARPA KPI system, Balanced Scorecard,
TRL monitoring system) offers effective tools for evaluating efficiency, but
requires adaptation to Ukrainian realities (martial law, lack of developed venture
capital market, specific structure of the defense-industrial complex).

3. The proposed comprehensive methodology for evaluating the
efficiency of innovation infrastructure subjects (EIS) includes four groups of
indicators: input flow, process, outcome, and impact. This allows for a
comprehensive assessment of the subject's activities - from incoming applications
to the long-term impact on defense capability.

4.  The method of calculating the integral indicator based on the Analytic
Hierarchy Process (AHP) ensures the scientific validity of weighting coefficients
taking into account the opinions of experts and allows obtaining a comparable
result for different subjects.

5. Implementation of the EIS methodology requires making changes to
the Temporary Regulation on Innovative Activities in the Armed Forces of
Ukraine, creating an automated data collection system based on the VIP1
platform, and training specialists.

Further research should focus on developing methods for assessing the
economic efficiency of defense innovations, adapting the Balanced Scorecard to
Ukrainian conditions, and creating a system for monitoring the technology

readiness levels (TRL) of innovative projects in accordance with NATO standards.
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BUKOPUCTAHHA HITYYHOI'O IHTEJEKTY B OCBITHBOMY
IHNPOLECI: IIEPEBAI' TA PU3BUKUN

USE OF ARTIFICIAL INTELLIGENCE IN THE EDUCATIONAL
PROCESS: BENEFITS AND RISKS

Anomauyis

VY crarri 30iHCHEHO KOMIUIEKCHUM aHalll3 BHUKOPUCTAHHSA IITYYHOTO
IHTEJIEKTY B OCBITHBOMY IIpoIleci B yMoBax mudponizailii. Po3risHyTo ocHOBHi
HampsIMM ~ 3aCTOCYBaHHS ~ TEXHOJOTIH  IITY4HOrO  IHTENEKTY, 30KpeMa
NepCOHAITI3allil0 HAaBYAaHHS, aBTOMATH3AIliI0 OCBITHIX MPOIIECIB Ta PO3MIUPEHHS
JOCTYITY 7O OCBITHIX pecypciB. Bu3HaueHO KIIIOYOBI IepeBard BIPOBAKCHHS
ITYYHOT'O I1HTEICKTY, Cepell SKUX I1HAWBimyamizallis HaBYaHHS, ITiABUIICHHS
e(eKTUBHOCTI OCBITHBOTO MPOIIECY Ta PO3BUTOK HUPPOBUX KOMIETEHTHOCTEH.
Oxkpemy yBary mpuIUICHO pU3UKaM, ITOB’I3aHUM 13 BukopuctanusaMm LI, 30kpema
MOPYIICHHSIM aKaJeMidHOT JTOOPOYECHOCTI, 3HIKEHHIO PIBHA CaMOCTIHHOCTI
CTYJICHTIB, MOXJIMBiIi HEAOCTOBIpHOCTI iH(oOpMaIii Ta ETUYHUM BHUKIUKAM.
OOrpyHTOBaHO  HEOOXIAHICTH  (OPMYBaHHS  KYJIbTYpU  BIANOBIIAJIBLHOIO

BUKOPUCTAHHS IITYYHOTO 1HTEJIEKTY B OCBITI.
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Knouosi cnosa: mTydHud 1HTENEKT, OCBITa, IUdpOBi3allis, aKageMidyHa

10OpOYECHICTh, IHHOBAI[IHI TEXHOJOT11.

Abstract

The article provides a comprehensive analysis of the use of artificial
intelligence in the educational process in the context of digitalization. The main
areas of application of artificial intelligence technologies are examined, including
personalized learning, automation of educational processes, and increased
accessibility of educational resources. The key advantages of implementing
artificial intelligence are identified, among which are the individualization of
learning, improvement of the efficiency of the educational process, and the
development of digital competencies. Particular attention is paid to the risks
associated with the use of Al, including violations of academic integrity, a
decrease in students’ independence, the potential unreliability of information, and
ethical challenges. The necessity of forming a culture of responsible use of
artificial intelligence in education is substantiated.

Keywords: artificial intelligence, education, digitalization.

Ilocmanoska npobemu. CyuacHuii PO3BUTOK CYCIILIbCTBA
XapaKTEePU3YEThCS CTPIMKOIO IUQPOBi3aIli€lo, sKa CYTTEBO BIUIUBAE HA BCl cepu
KUTTETISIILHOCTI JTIOJIUHA, 30KpeMa Ha CUCTEMY OCBITH. AKTHBHE BIIPOBAJ[KCHHS
iHbOpPMAITIITHO-KOMYHIKAI[IHHAX TEXHOJOTIA 3MIHIOE TPaAMIIAHI MIAXOIU 0
oprasizailii HaB4aJIbHOTO MPOIIECY, CIIPUSE MIEPEXOAY /10 THYUKHUX, IHTEPAKTUBHHUX
Ta IHAWBITyali30BaHUX MOJCICH HaBYaHHA. Y IIBOMY KOHTEKCTI OCOOJHBOTO
3HaueHHsS HaOyBa€ BUKOPUCTAHHS TEXHOJOTIA IITYYHOTO IHTENEKTY, SKi
BUCTYNAIOTh OJHUM 13 KIIFOYOBUX YHHHHKIB TpaHC(HOpMaIlii CydacHOT OCBITH.

ITyyHuil 1HTENEKT Jelnall IIUPIIE IHTETPYEThCS B OCBITHE CEPEJOBHIIIE,

3a0e3Meuyroud HOBI MOXKJIMBOCTI i1 aBTOMAaTH3allli HaBYaJIbHUX TIPOIIECIB,
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ajanTallii OCBITHbOIO KOHTEHTY /0 1HAMBIAYaJbHUX MOTpeO 3100yBayviB OCBITH, a
TAaKOX MIIBUIIEHHS JIOCTYMHOCTI HAaBYaJbHUX pecypciB. 3aBASIKUH TaKUM
TEXHOJIOTIIM 3MIHIOETBCA POJIb BUKIIAJaya, SKUH TOCTYNOBO MNEPEXOAMUTHb Bij
¢yHKLIi TpaHCIATOpa 3HaHb JO POJII HACTAaBHUKA Ta KOOPJIWHATOPA HABYAIBHOI
nisibHOCTI. BogHowac CTyAeHTH OTPUMYIOTH JIOCTYN JIO 1HCTPYMEHTIB, IO
J03BOJIAIOTh €(EKTUBHIIIE OMAHOBYBATH HABYAJIBHUW Marepian, aHajli3yBaTH
1HOpMaIlito Ta pO3BUBATH BJIACHI KOMIIETEHTHOCTI.

Pa3oMm 13 TUM aKTHBHE BNPOBAPKEHHS IITYYHOTO I1HTEJIEKTY B OCBITHIN
IpoIeC CYNMPOBOKYETHCS HU3KOKD CYTTEBHX BHKIHKIB. OJIHIEI0 3 KIFOUYOBUX
npobsieM € 3a0e3nedeHHsT SKOCTI OCBITH B YMOBaxX IIMPOKOTO BUKOPHUCTAHHS
UPPOBUX TEXHOJIOTiH. 30KpeMa, BUHUKA€E PU3HUK (OPMATHHOTO 3aCBOECHHS 3HAHb,
KoJIM 37100yBavi OCBITM TOKJIANAIOTHCA HA PE3yJIbTaTH, 3T€HEPOBAHI IITYYHUM
iHTEeNeKTOM, 0€3 Halle)KHOTO KPUTHYHOTO OCMHCIICHHS HAaBYAJIHLHOTO MaTrepiaiy.
Ile Moke TPU3BOAMTH JO 3HIKEHHS PiBHA CHOPMOBAHOCTI MpodeciitHuX
KOMIIETEHTHOCTEH Ta MOBEPXHEBOT'O PO3YMIHHS HaBUAJIBHOTO 3MICTY.

He meHIm BaXIMBHM acmeKkTOM € mpooOsiemMa akajaeMIdHO1 J0OpOYECHOCTI.
BukopucTtaHHS TEHEpAaTUBHMX CHCTEM INTYYHOTO I1HTEJEKTY CTBOPIOE HOBI
MOXJIMBOCTI JUIS TOPYIICHHS AaKaJeMIYHUX HOPM, 30KpeMa y BUIIISIL
HECAHKIIIOHOBAHOTO BHKOPUCTAHHS 3T€HEPOBAHMX TEKCTIB M Yac BUKOHAHHS
HaBUaJbHUX 3aBlaHb. lle yCKIamHIOE KOHTPOIb 3a CAMOCTIMHICTIO POOOTH
CTYJICHTIB 1 TOTPEOYE Meperisaay IMaX0IiB 10 OI[iHIOBAaHHS pe3yJbTaTiB HABUaHHS.

Kpim Toro, aktyanpHOCTI HaOyBarOTh MUTAHHS JOCTOBIPHOCTI iH(OpMAaIrii,
OTPUMAHO1 3a JIOMOMOTOI0 INTYYHOTO IHTENEKTY, a TaKOX E€TWYHI Ta IMpaBOBi
aCNEeKTH HOr0 BHKOPUCTaHHA. BiNCYyTHICTh UITKMX PETyIITOPHUX MEXaHI3MIB 1
enMHUX cTaHAapTiB 3actocyBaHHs LIl B OCBITI CTBOPIOE TOAATKOBI TPYIHOIIL SIK
JUISL BUKJIQIadiB, TaK 1 JJIs 37100yBaviB OCBITH.

TakuMm 4YMHOM, Cy4acHI YMOBU PO3BUTKY OCBITH 3yMOBIIOIOTH HEOOXIHICTh

KOMILUIEKCHOTO JOCJI>KEHHS! BIUIMBY IITYYHOTO IHTEJIEKTY HAa OCBITHIA MpPOIIEC.
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Ocob6nuBoi yBarm mnotpedye aHami3 HOro mepeBar 1 pU3UKIB, BU3HAYCHHS
ONITUMAJIBHUX MOJIEJCH BHUKOPUCTAaHHS, a TaKOXK pO3pOOJeHHS €PEeKTUBHUX
MEXaHI3MIB 3a0e3Me4yeHHs SKOCTI OCBITM Ta JIOTPUMAHHS aKaJeMI4HOl
100pOYECHOCTI B yMOBax IudpoBizaliii.

Ananiz ocmamnnix oocnioxcenv i nyoaikayin. IlpoOreMa BUKOPUCTaHHS
IITYYHOTO 1HTEJIEKTY B OCBITI aKTMBHO JOCHIKYETHCA K YKPAIHCBKUMH, TaK 1
3apyOlKHUMH HayKoBIIMH. 30kpema, y 3BiTax OECD migkpecitoeTbes 3HAUHUN
BIUTUB IM(POBUX TEXHOJIOTIH Ha SKICTh OCBITH Ta TpaHcdopmaliio podi
Bukianada [3]. V pexomennamisix UNESCO nHaromomyeTbcs Ha HEOOXITHOCTI
C€TUYHOTO BUKOPUCTAHHS T'C€HEPATHMBHOTO INTYYHOTO IHTEJICKTY B OCBITHBOMY
cepenopuili [4]. JocmimkenHs Lymar Ta i1H. CBIIYUTH NPO BUCOKHUH PIBEHD
Bukopuctanus Il crTymeHTamMu, 10 MIATBEPAXKYE AaKTYyaJbHICTh JaHOT
npoOnematuku [5]. BogHouac HaykoBII akKIEHTYIOTh yBary Ha HEOOXIIHOCTI
dbopMyBaHHA aKaJeMiyHOI KyJIbTYpH Ta BIAMOBINAIBHOTO CTaBICHHA 10
BUKOPUCTAHHS HOBITHIX TEXHOJIOT1M.

OkpeMi acHeKTH BIPOBAPKCHHS IITYYHOTO I1HTEJIEKTY B  OCBITI
PO3MISAAIOTBECS Y TpalsX, MPUCBSIYCHUX IUGPOBi TpaHcdopmarlii OCBITHHOTO
CepeIOBHINA, J¢ IMJIKPECIIOETHCA POJIb IHHOBALIMHUX TEXHOJIOTIH Y IMiIBUIIECHH]
e(heKTUBHOCTI HaBUaHHS Ta 3a0€3IEeUeHHI 1HAWBiMYyasi3alii OCBITHBOT'O IMPOIIECY.
VY 1ux AOCHiKeHHIX 3a3HavaeThes, 1o 3actocyBanHs LI cnpusie mepexony Bin
TpaauIiiHUX (GOpPM HaBYAHHS 1O aJalTHBHUX MOJICJICH, OpPIEHTOBAaHUX Ha
noTpebu 37100yBayiB OCBITH.

Bognouac 3HadyHa yBara OpUAUISETHCA — MpoOjeMaM  aKaJeMidyHOl
T00pOYECHOCTI B yMOBaxX BHKOPHCTAHHS HU(DPOBUX TEXHOJOTIA. Y HAYKOBUX
mparsgx HaroJONIyeEThCs, IO TOMIMPEHHS IHCTPYMEHTIB WITYYHOTO IHTEICKTY
CTBOPIOE HOB1 BUKJIWKH JIJIi CUCTEMHU OIIHIOBAaHHS 3HaHb, OCKUIBKH YCKIIAIHIOE
BU3HAYEHHSI PIBHS CAMOCTIMHOCTI BUKOHAHHS HaBYAJIbHUX 3aBJaHb. Lle 3yMoBitoe

HEOOXIIHICTh TeperisiAy TpaauUiMHUX MIAXOMIB JO0 KOHTPOJI 3HAHb 1
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BIIPOBA/)KCHHSI HOBUX (OPM  OI[IHIOBaHHS, OpPIEHTOBAaHUX HA PO3BHUTOK
KPUTUYHOTO MHCIICHHS Ta MMPAKTUYHUX HABUYOK.

KpiM Toro, y cyyacHuUX MdOCHIDKEHHSX MIJKPECTIOEThCA BaXKJIMBICTh
dbopmyBaHHA HUPPOBUX KOMIETEHTHOCTEHW SIK y CTYACHTIB, TaK 1 y BUKJIAJayiB.
EdekTuBHE BUKOPUCTaHHS IITYYHOI'O IHTEJEKTY B OCBITHBOMY IPOLIECT MOXKIIUBE
JIUIIE 32 YMOBH HaJIEKHOTO PIBHS LU(PPOBOI FPAMOTHOCTI, 1110 A03BOJIIE KPUTUYHO
OLIIHIOBaTH  OTpUMaHy 1H(QoOpMamil0 Ta  BHUKOPUCTOBYBATM  TEXHOJOTIi
BiJITOB1IAJIBHO.

Pazom 13 TMM aHani3 HayKOBHX JKEpes CBIIYUTH, 10, HE3BAXKAIOUM HA
3HAYHY KUIBKICTh JOCJIIPKeHB, NMPO0OJieMa BUKOPUCTAHHS HITYYHOTO 1HTEJIEKTY B
OCBITI 3QJIMIIAETHCA HEAOCTATHHO BHUBYEHOIO, 30KpEMa B YaCTHHI KOMILJIEKCHOTO
aHai3y Moro BIUIMBY Ha SIKICTb OCBITH, aKaJIeMIuHy JOOPOYECHICTh 1 PopMyBaHHS
npodeciiHuX KoMmeTeHTHOCcTel. Lle 3yMoBIIO€ HEOOXITHICTh IMOJATBIITNX
HAYKOBUX JIOCHIJKEHb Y TAHOMY HAIPSMI.

Mema cmammi . MeToro cTatTTi € aHalli3 nepeBar Ta pU3uKiB BUKOPUCTAHHS
IITYYHOI'O IHTENEKTY B OCBITHROMY IpOII€Ci Ta BHU3HAUEHHS IEPCIEKTUB HOro
3aCTOCYBaHHSI.

Buknao ocnoenoco mamepiany. 1lTydHuil IHTENEKT y Cy4JacHIM OCBITI
BUCTYIIA€ K OaraToyHKIIOHAJIIBHUI 1HCTPYMEHT, 10 3a0e31edy€e aBTOMATH3AII110
HaBYaJbHUX IPOIECIB, aJallTaIlil0 OCBITHHOI'O KOHTEHTY Ta BCEOIYHY MIATPUMKY
HAaBYAIBHOT JiSUTBHOCTI. Moro BIIPOBA/DKCHHS CYTTEBO 3MIHIOE TPAJAMIIHHY
MOJIENIb OCBITH, TEpPETBOPIOIOYM 11 3 yHI(IKOBAaHOT CHUCTEMH Ha THYYKE
CEepeIOBHINEC, OpIEHTOBaHE Ha TMOTpeOM KOHKPETHOro 3700yBada OCBITH.
Buxopucranus texnonorii LI mo3Bomnsie peanizyBatu iHANBITYATBHANA MIAX1T 0
HAaBYaHHS, 110 € OJHUM 13 KIIOYOBMX NPHUHIIMITIB CyYacHOI TEJaroriku Ta
KOMIIETCHTHICHOTO ITiTXOY.

[lepconanizaiisi HaBYaHHsI, siKa 3a0€3MEUYy€EThCs 3a JOMOMOTOI0 aJITOPUTMIB

IITY4YHOT'O 1HTENEKTY, mependadae BpaxXyBaHHS IHAMBIIYyaJIbHUX OCOOJMBOCTEH
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CTYJIEHTIB, IXHBOTO PIBHS MIATOTOBKH, CTWJIIO HAaBYAHHS Ta TEMITy 3aCBOEHHS
Marepiany. Hanpuknaza, aganTuBHi HaBYaJIbH1 TNIAT(GOPMU MOXKYTh aBTOMAaTUYHO
3MIHIOBAaTH CKJIQJHICTh 3aBJaHb 3aJIKHO BIJ PE3YNIbTATIB CTYACHTA, IO CIpPHUSE
OUTbIl €(EeKTUBHOMY 3aCBOEHHIO 3HaHb. Y pe3yJbTaTi MiBUILYETHCA HE JIMILE
aKaJeMiuHa YCHIIIHICTh, ajlé ¥ MOTHUBAIliSl 10 HaBYaHHS, OCKUIbBKHA CTYACHT
OTPUMYE 3aBJaHHs, K1 BIANOBIIal0Th HOr0 peasbHOMY PIBHIO MOKIMBOCTEM.

BaxxnuBoro  mepeBaror0  BUKOPWUCTAHHS  IITYYHOTO  IHTEIIGKTY €
aBTOMAaTH3allis pPYTUHHUX 3aBJaHb, TaKWX sK TIEpPEeBipKa TECTIB, aHaJI3
pe3yibTatiB, (QopMyBaHHS 3BITHOCTI a00 HaBIThb TIEPBUHHE OI[IHIOBAHHS
nucbMoBUX poOiT. Ile m03BoJIsse BUKIagadYaM 3HAYHO 3MCHIIWUTH YacOBI BUTPATH
Ha TEXHIYHY poOOTY Ta 30CEPEAMTHCS Ha TBOPUIA, METOJAMYHIN 1 JTOCTITHUIIbKIN
nisuibHOCTI. Kpim Toro, mudposi miarpopmu 3 enementamu LI 3a0e3neuyrorsh
IIUPOKY JOCTYIMHICTh OCBITH HE3aJEKHO BiJ reorpadiyHOro po3TallyBaHHs, 110
O0COOJIMBO aKTyaJIbHO B YMOBaX IUCTAHI[IMHOTO Ta 3MIIIAHOTO HABYAHHS, KOJU
OCBITHIH mpoIiec Mae OyTH MaKCUMAaJIbHO THYYKHUM 1 0e3nepepBHUM [4].

Okpemo ciii BiI3BHAYUTH POJIb IITYYHOT'O 1HTEJIEKTY Y CTBOPEHHI HOBHX
dbopmaTiB HaBYaHHS, 30KpeMa IHTEPAKTUBHUX CHMYJIAIINA, BIPTyaIbHUX
maboparopii Ta IHTENEKTyaJlbHHUX TBIOTOPIB. Taki IHCTPYMEHTH JO03BOJISIOTH
MOJICITIOBATH pealibHi mpodeciiiHi cuTyarlii, 10 0COOJWBO BAXIMBO IS
IPaKTUYHO OpieHTOBaHMX auciuiuniH. lle cnpusie GopMyBaHHIO HE JIMIIE
TEOPETUYHUX 3HAHb, A€ W MPAKTUYHUX HABUYOK, HEOOXIMHUX y MalOyTHIN
npodeciitHiil TiSTBHOCTI.

BogHouac BUKOPHCTaHHS IITYYHOTO IHTENEKTY CYIMPOBOKYETHCS HU3KOIO
pU3MKIB 1 BUKIMKIB. OJHMM 13 HaWBaXIUBIIKX € TpobiieMa akajaeMIdHO1
T00pPOYECHOCTI, OCKUTLKH T€HEPATUBHI MOJIETI MOXYTh BUKOPHCTOBYBATHCS IS
CTBOPEHHS TOTOBHUX BIANOBiAeH 0€3 TIMOOKOTO PO3YMIHHS HABYAIBLHOTO
Marepiany. Lle cTBoproe cutyailito, Koiau (QopMalbHO 3aBAaHHS BUKOHAHO, aje

pealbHUN pIBEHb 3HAHb CTYyJACHTA 3aJMIIAETbCS HHU3BKUM. JlOCTIKEeHHS
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MOKa3yloTh, 110 3HaYHA YacTHHA 3700yBayiB OCBITH akTUBHO 3actocoBye LI y
HAaBYAJIbHOMY TMpOIECi, IO MiABHUILYE PHU3UK 3HUKEHHS SKOCTI MIArOTOBKH
daxiBiisb [5].

[Ile ogHUM CYTTEBUM PU3UKOM € 3HMKEHHSI PIBHS CAMOCTIMHOCTI CTY/ACHTIB
Ta (hOPMYBaHHS 3aJI€KHOCTI BIJI TEXHOJIOTTYHUX pillieHb. HagiMipHe BUKOpUCTAHHS
HII moxe mpu3BecTH A0 OCHa0JIeHHS HAaBUYOK aHATITHYHOTO MUCICHHS,
aprymeHTallli Ta CcamMOCTIMHOro BHpileHHsA MpoOiemM. Kpim Toro, mrydyHui
IHTEJIEKT HE 3aBXKJIM TapaHTye€ [OCTOBIPHICTH 1HGOpMAIlil, OCKUIBKA HOro
BIJIMOBI/II 0a3ylOThCA HA BEJIMKUX MacuBaxX JaHUX, $KI MOXYTh MICTHTH
HETOYHOCTI ab0 3actapiny iHpopmarlito. Lle migkpecitoe HEOOXiTHICTh PO3BUTKY Y
CTYJICHTIB HABUYOK KPUTHUYHOTO MHUCIICHHS, TIEPEBIPKH JHKepen Ta 1HPOopMaliitHO1
IPaMOTHOCTI.

Etnuni Ta mpaBoBi acmektn BukopucTaHHS Il Takox moTpeOyrOThH
0co0MBOi yBaru 3 00Ky HayKOBOi CIUIBHOTH Ta OCBITHIX 1HCTUTYIINA. [TuTtaHHs
aBTOPCTBA HaBYAJIBHUX POOIT, BIIMOBINATIBHOCTI 32 CTBOpeHUH 3a poromMororo LI
KOHTEHT, a TaKOXX MeX JOMyCTUMOTO BHUKOPUCTaHHS TaKUX TEXHOJOTH
3aMIIAIOTECA  HEJAOCTaTHRO BperyiapboBaHuMu. lle cTBoproe moTpedy y
dbopMyBaHHI HOBHMX HOPMATHBHUX IIJIXOAIB Ta BHYTPIINIHIX aKaJeMIYHUX
CTaHJAPTIB, SKi O peryJroBagd BUKOPUCTAHHS IITYYHOTO IHTEJIEKTY B OCBITHBOMY
porieci.

VY cydacHHMX yMmMOBax BHHHKAa€ HEOOXITHICTH TpaHchopMarii migXxomiB 10
OI[IHIOBaHHSA 3HaHb. TpaauiliiiHi (GOpPMH KOHTPOJIO TMOCTYHOBO JOTIOBHIOIOTHCS
a00 3aMIHIOIOTBCS OUIBII CKIQAHUMH METOJAaMH, TAKMUMH SK YCHI ICIIUTH,
MPOEKTHA JISUTHHICTh, IHAWBINYalbHI JOCHITHUIBKI 3aBIaHHS Ta TMPAKTHYHI
kedicu. lle m03BONsiE 3MEHIIUTH PHU3UKK aKaJeMIYyHOI HeZoOpoYecHOCTI Ta
BOAHOYAC crnpusie (pOpMyBaHHIO TIIMOOKOTO PO3YMIHHS HABYAJIBHOTO MaTrepiaiy.

Kpim Toro, BaxnuBum HanpsmoM € interpauis LI B cucteMy OLiHIOBaHHSI TaKUM
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YUHOM, 100 BiH BUCTYIIaB HE SIK IHCTPYMEHT IMIJIMIHHM 3HaHb, a 5K 3aci0 IXHBOT'O
PO3BUTKY Ta MOHITOPHHTY.

Bucnosku. Otxe, WTy4YHUH IHTENEKT CBOTOJHI BHUCTYNA€ OJHUM 13
KIIFOYOBUX ITHCTPYMEHTIB MOJEpHi3alii Cy4acHOrO0 OCBITHBOT'O IMPOLECY, SKHIi
CYTTEBO TpaHC(OpPMY€E MIAXOAU 10 HAaBYAHHS, BUKJIaJaHHS Ta OLIHIOBAHHS 3HAHb.
Moro BIpOBaKEHHS BiIKPHBAE IIMPOKi MOMIHMBOCTI JUIs ITiJABMINEHHS SAKOCTi
OCBITH, 30KpeMa 4Yepe3 MepcoHaTi3allil0 HaBYaHHS, aBTOMATH3aIlil0 OCBITHIX
IpoIeIyp, PO3MIMPEHHS MOCTYITY 0 HaBYAIBHUX PECYpCiB Ta CTBOPEHHS HOBUX
IHTEpPaKTUBHUX (POpPMATIB 3aCBOEHHS MaTepiaiy. 3aBsiKU IIbOMY OCBITHIHM mporuec
cTae OUIbII THYYKHM, aJalTUBHUM 1 OPIEHTOBAaHMM Ha TOTPEOH Cy4acHOTO
3100yBaya OCBITH.

BogHouac aKTMBHE BHKOPHUCTAHHS TEXHOJOTIH INTYYHOTO IHTEICKTY
CYNPOBOJIKYETHCS HHU3KOK CYTTEBUX BHUKIUKIB 1 PHU3UKIB, fAKIi HE MOXKHA
irHopyBati. Cepea HHMX OCOOJMBE MicIle 3aliMaloTh MPOOJIEMH aKaaeMIidHOT
TOOpOYECHOCTI, 3HIDKCHHS  PIBHA  CAaMOCTIHHOCTI  CTYAEHTIB, MOJKJIMBE
dbopMyBaHHS 3aJI€KHOCTI BiJl TEXHOJIOTIYHHUX PIIIEHb, a TAKOXX PU3UKH OTPUMAHHS
HeJoCTOBIpHOT abo HemepeBipeHoi i1H(opmalii. OKpiM IHOTO, 3aJUIIAIOTHCS
BIIKDUTUMH €THYHI Ta MPaBOBI NMUTAaHHS, OB ’S3aHI 3 aBTOPCTBOM HaBYAJIBHUX
pOOIT, BIAMOBIIATBHICTIO 32 BUKOPUCTAHHS 3T€HEPOBAHOTO KOHTCHTY Ta MEXaMU
3actocyBaHHs LIl B ocBiTHBOMY CE€peOBHIIIL.

[Tomonanus 3a3Ha4eHUX MPOOIEM MOTPEOy€E KOMIUIEKCHOTO Ta CHCTEMHOTO
X0y, IO BKIIOYAE SK TEXHOJIOTIYHI, TaK 1 IMeJaroriyfi pimeHHs. BaxxmuBum €
HE JIMIEe BNPOBA/HKCHHS I1HHOBAI[IMHUX I1HCTPYMEHTIB, aje W OJHOYAacCHE
dbopMyBaHHS y 3m00yBadiB OCBITH KPUTHYHOTO MHCICHHSA, iH(OpMAaIiiHOT
IPaMOTHOCTI Ta HaBHYOK CaMOCTIHHOTO aHamizy. KpiM TOoro, HeEoOXigHUM €
pPO3pOOJICHHS YITKMX HOPMATUBHUX 1 METOJAMYHHX PEKOMEHIAIIM 1010
BUKOPHUCTaHHSI IITYYHOTO IHTEJIEKTY B OCBITHBOMY IMPONECi, II0 JO3BOJIUTH

3a0€3MeUnTH HOro eTUYHE Ta €(PEKTUBHE 3aCTOCYBaHHS.
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OnTumManbHUM HampsMOM PO3BUTKY CYy4YacCHOi OCBITM € TapMOHIiiHE
MOEAHAHHS TPAAUIIMHUX METOJAIB HABUAaHHS 3 IHHOBAIIMHUMU TEXHOJIOTIIMH,
30KpeMa I1HCTpyYMEHTaMU IITYYHOIO IHTeNeKTy. Taka I1HTerpais J03BOJsSIE
30eperti (pyHIaMEHTaIbHI TMEJAroriuyHi MNPUHIIMIN, OJHOYACHO ITiJIBUIIYIOYHU
€(EeKTUBHICTh OCBITHBOIO MPOIECY Ta MOro BiAMOBIAHICTH BUMOraMm LHU(PPOBOI
enoxu. Y pe3ynbTari POpMyeTbCsl HOBAa MOJIENb OCBITH, sIKa CIpsSIMOBaHA Ha
HiAITOTOBKY KOMIETEHTHUX, aJalNTHUBHUX 1 KOHKYPEHTOCHPOMOXXHHX (haxiBIIiB,

3MaTHUX €PEKTUBHO JISITH B YMOBaX MIBUJIKUX TEXHOJOTTYHUX 3MiH.
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IHTEJEKTYAJIBHI METOAU PEJAI'YBAHHA IT'POBUX CIHIEH
Y CEPEJOBHUIIIAX PO3POBKHA BIAEOIT'OP

INTELLIGENT METHODS FOR EDITING GAME SCENES IN
VIDEO GAME DEVELOPMENT ENVIRONMENTS

Anomauyis

Merta po6otu. MeTor CTaTTi € HOCTIIKEHHS CYYaCHHMX IHTEJICKTyaJIbHUX
METOJIB pelaryBaHHs IrpOBUX CIIEH y CEpeJOBHINAX PO3pOOKH Bimeoirop Tta
BU3HAYCHHSA IX pOJII B aBTOMATH3allii MPOIECiB CTBOpPEHHs, Moaudikaiii i
ontuMizaiii irpoBoro KoHTeHTy. OcoOJMBY yBary OpHUAUICHO MigX0oJaM, IO
JT03BOJISIIOTh MIABUIIUTA €()EKTUBHICTh POOOTH 3 BEJIHMKOI KUIBKICTIO 00’ €KTIB
CIIEHH, TOKPAITUTH NPOMYKTHBHICTh IHTECPAKTUBHUX 3aCTOCYHKIB 1 3MCHIIHUTH
o0cAT py4HOr0 HAJAIITYBaHHS €JIEMEHTIB BIPTYyaJIbHOTO CEPEIOBHUIIIA.

Mertopooris. Y noCimiKeHHI BUKOPUCTAaHO METOIHM TEOPETUYHOTO aHAITI3Y,
y3araJibHeHHsS, CHCTeMaTH3allii Ta TOPIBHIHHSA CYYaCHMX TMIAXOMIB IO
penaryBaHHs IrpoBHX CIieH. [IpoaHami3oBaHO MOKJIMBOCTI 3aCTOCYBaHHS
iepapXi4HUX CTPYKTYp 00’€KTiB, cucteM piBHIB aeranizamii (LOD), mpouenypHoi
reHepaiiii KOHTEHTY, IHTEPAKTUBHHUX PEJAKTOPIB CIIEH, a TaKOX aJlTOPUTMIB
IITY4YHOTO IHTEJEKTY, MAIIMHHOTO HABYAaHHS, HABYAHHS 3 MIAKPIIJICHHAM 1

reHepaTuBHUX Mojeneid. OKpemMo po3risHyTO (YHKIIOHATbHI MOKIIMBOCTI
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CydacHUX cepenoBul po3poOku, 3okpema Unity ta Unreal Engine, a Takox
BUKOPUCTaHHS CTPYKTypoBaHUX ¢opmMariB JaaHuX, 30kpemMa JSON, g
30epexeHHs, nepeaayl it 00poOku iHopmaLii Mpo 00’ €KTH CIIEHHU.

HaykoBa HoBu3Ha. HaykoBa HOBHM3Ha poOOTHM MOJSAraEe y cucTeMarusarlii
IHTEJNEKTYyaJIbHUX MIAXOAIB A0 peAaryBaHHs IFPOBUX CIIEH SIK OKPEMOrO Hampsamy
B Mexax cydacHux GameDev-TexHosoriid. ¥ cTarTi y3arajbHEHO B3a€MO3B’ 30K
MDK aJIFOpUTMaMM IITYYHOTO IHTENEKTY, 3aco0amMu NpoLeaypHOI TeHepalii,
METOJaMH  aBTOMAaTH30BAaHOTO  HAJNANITYBaHHA  MapaMeTpiB  CICHH  Ta
IHCTpYMEHTaMU aJanTUBHOI Moau@ikalii irpoBoro cepenoBuiia. Ha BinMiHy Bin
MiAXO/IB, IO 30CEPEKYIOThCSA JIMIIE Ha TeHepalii KOHTEHTy, y poOoTi
aKIEHTOBAHO yBary came Ha iHTEIIEKTyaJIbHOMY pelaryBaHHi Bxke CHOPMOBAHHUX
CIIEH, iX ONTHUMI3aIli Ta MATPUMII JHU3ANHEPCHKUX PIllIEHb Y MPOILeci po3poOKU
BiJI€OIroOp.

BucHoBku. BcraHoBieHO, 10 BUKOPHCTaHHS 1HTEIEKTYyaJIbHUX METOJIB
penaryBaHHs IrpOBUX CIIEH JIO3BOJIAE€ IMIABUIIUTH €(PEKTUBHICTh PO3POOKH,
CKOPOTUTH BUTPATH Yacy Ha py4HE HaJalITyBaHHs, ONTUMI3YBaTH BUKOPUCTAHHS
OOUYHCITIOBATBHUX ~ PECYpPCIB 1 TOKPAIIUTH  SKICTh  KIHIIEBOTO  IMPOJYKTY.
3acTocyBaHHSI aNTOPUTMIB INTYYHOTO I1HTEJEKTY Ta MAIIMHHOTO HaBYaHHS
BIJIKpHBA€ MOJKJIMBOCT1 JiIi aBTOMAaTHU30BAaHOT'O PO3MIIIEHHsI 00’ €KTIB, ajarnTariii
MOBEJIIHKK E€JIEMEHTIB Yy peaJbHOMY Yaci Ta CTBOPEHHs OUIBIN BapiaTHBHUX 1
pEeaNiCTUYHUX ITPOBUX cepenoBulll. [IpakTuiHe 3HaYCHHS OTPUMAHUX PE3yIbTaTiB
MOJIATA€ B MOXJIMBOCTI 1X BUKOPUCTAHHS IMiJl 4ac PO3POOKH CydaCHUX BiI€oirop,
30KpeMa y CepeloBHUIIAX, OpPIEHTOBAHMX HAa MacliTabOBaHE Ta MNPOIYKTHBHE
penaryBaHHs CLIEH.

Kniouosi cnosa: 1HTENeKTyalbHI METOJH, pENaryBaHHS IFPOBUX CIIEH,
IITYYHUH 1HTEJNEKT, MallMHHE HaBYaHHS, POIIEypHA reHepailis KoHTeHTy, Unity,

Unreal Engine, iHTepakTHUBHI cepeOBHIIIA.
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Abstract

Purpose. The purpose of the article is to study modern intelligent methods
for editing game scenes in video game development environments and to
determine their role in automating the processes of creating, modifying, and
optimizing game content. Particular attention is paid to approaches that improve
the efficiency of working with a large number of scene objects, enhance the
performance of interactive applications, and reduce the amount of manual
configuration required for virtual environment elements.

Methodology. The study is based on the methods of theoretical analysis,
generalization, systematization, and comparison of modern approaches to game
scene editing. The possibilities of applying hierarchical object structures, level-of-
detail (LOD) systems, procedural content generation, interactive scene editors, as
well as artificial intelligence algorithms, machine learning, reinforcement learning,
and generative models are analyzed. Special attention is also paid to the
capabilities of modern development environments, in particular Unity and Unreal
Engine, and to the use of structured data formats, especially JSON, for storing,
transmitting, and processing information about scene objects.

Scientific novelty. The scientific novelty of the study lies in the
systematization of intelligent approaches to game scene editing as a separate
direction within modern GameDev technologies. The article generalizes the
relationship between artificial intelligence algorithms, procedural generation tools,
automated scene parameter adjustment methods, and adaptive environment
modification instruments. Unlike approaches focused only on content generation,
the paper emphasizes the intelligent editing of already created scenes, their
optimization, and support for designer decisions during the video game
development process.

Conclusions. It has been established that the use of intelligent methods for

editing game scenes increases development efficiency, reduces the time required
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for manual configuration, optimizes the use of computational resources, and
improves the quality of the final product. The application of artificial intelligence
and machine learning algorithms opens up opportunities for automated object
placement, real-time adaptation of game element behavior, and the creation of
more diverse and realistic game environments. The practical significance of the
obtained results lies in their applicability to the development of modern video
games, especially in environments focused on scalable and high-performance
scene editing.

Key words: intelligent methods, game scene editing, artificial intelligence,
machine learning, procedural content generation, Unity, Unreal Engine, interactive

environments.

Ilocmanosxka npobnremu. CydacHa po3poOKa BIEOIrop TMOB’s3aHa 3
MOCTIMHUM  yCKJIAJHEHHSM  ITPOBUX  CBITIB,  30UIBIIEHHSIM  KUIBKOCTI
IHTepaKTUBHUX OO ’€KTIB, 3pOCTAaHHAM BHUMOI JIO BI3yaJlbHOI SKOCTI Ta
HEOOXITHICTIO 3a0e3neueHHs CTaOUIbHOI MPOAYKTUBHOCTI B PEXUMI PeaIbHOTO
gacy. 3a TaKHX YMOB py4YHE peIaryBaHHs CIICH CTa€ JIeJali MEHII e()eKTUBHUM,
OCKUIBKHU TOTpPeOy€e 3HAYHUX YAaCOBUX BHUTPAT, BEIMKOI KIIBKOCTI TOBTOPIOBAHUX
omepariii Ta YCKJIQJIHIOE IIBUJKE BHECEHHS 3MIH JIO CTPYKTYpH IrpoOBOTO
cepenosuia (Shaker, Togelius, Nelson, 2016; Zhang, 2024).

IrpoBa creHa € 0araTOKOMIIOHEHTHOIO CTPYKTYpOIO, sIKa TO€THYE
TrCOMETPII0 TMPOCTOPY, OCBITIICHHS, Marepiaiau, (i3U4HI BIACTUBOCTI 00’ €EKTIB,
MOBEAIHKOBI MOMAYJl, MapIIpyTd HaBiraiii, aHIMaIliiiHI €JEeMEHTH Ta JIOTIKYy
B3aeMOJii 3 TpaBieM. Uepe3 Iie¢ HABITH JIOKAIbHI 3MIHM B KOMIIO3HIII CIICHU
MOXXYTh BIUIMBATH Ha MPOXIIHICTH PIBHSA, OanaHC, HaBIrailito, MPOTyKTUBHICTh
PEHACPUHTY Ta 3arajbHE CIPUUHATTA irpoBoro mpoctopy. Came ToMy 3pocTae

notpeda B METOJIax, SIKi 103BOJISIIOTH HE JIMIIIE PearyBaTu CIEHY, a i aHai3yBaTh
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il cTaH, BUSBIATH MPOOJEMHU Ta MPOMOHYBATU AOLUIbHI BapiaHTH ONTUMI3allii
(Summerville et al., 2018; Green et al., 2022, c. 638-645).

[HTEeHCUBHUI PO3BUTOK IUTYYHOIO IHTENEKTY, MPOLEAYpPHOi TreHeparlii,
reHepaTUBHUX MOJENE Ta KO-KpEaTUBHUX IHCTPYMEHTIB CIpPHSIB MEPEXOAY BiJ
MPOCTOTO0 aBTOMATHYHOTO CTBOPEHHS OKPEMHUX EJIEMEHTIB JI0 IHTEIeKTyalbHOT
MiATPUMKHA TOBHOTO TPOLIECY peAaryBaHHS cepefoBHINA. Y CydyaCHHX yMOBax
IHTENEKTyaJIbHI METO/M JOIIBHO PO3TIISIIATH K BAXIUMBUHN ckiagauk GameDev-
IpoLECIB, MO JAa€ 3MOrYy CKOpPOUYBaTH OOCAT PYTHHHOI POOOTH, MiJBHUILYBaTU
AKICTh MPOTOTUITYBaHHS Ta 30€piraTu y3ro/KCHICTh CKIAIHHUX CIEH YIPOJIOBK
ychoro 1ukiy po3pooku (Maleki, Zhao, Shaker, 2024; Tkauenko, Mamaes, 2024,
c. 97-109). Ananiz ocmannix docnioxcens i nyonikayiu. Ilpodaema aBromaTn3arii
CTBOPEHHS IrpOBOTO KOHTCHTY HAWITOBHIIIE pPO3BUHYJAcs B Mexkax procedural
content generation, /i€ KOHTEHT pO3IJIANAETHCA SIK PE3yibTaT aJIrOPUTMIYHOTO
dbopMyBaHHs PIBHIB, IPOCTOPIB, MApHIPYTiB, 00 €KTIB 1 CICHAPHUX CTPYKTYP.
Takuit miAXiT CTaB TEOPETHYHOIO OCHOBOKO [UJISi TOJAJBIIOTO MEpexoay A0
IHCTPYMEHTIB, IO HE JIUIIE TEHEPYIOTh HOBI €JIEMEHTH, a W MIATPUMYIOTh
penaryBaHHs BXK€ CTBOPEHHX CIICH, 30KpeMa IUISXOM MepelyloBU MPOCTOPY,
BapilOBaHHsS MOro0 HANOBHEHHS Ta KOHTPOJIO Y3roJKeHOcTi cTpyktypu (Shaker,
Togelius, Nelson, 2016).

[Toganpmuii  pO3BUTOK IIHOTO HAIpsSMY IIOB’S3aHUN 13 BHUKOPHCTAHHIM
MaIlIMHHOTO HaBYaHHS, SKE [O03BOJISE CHCTEMaM BUSIBISITH MATEPHU B YKE
CTBOPEHUX PIBHAX 1 3aCTOCOBYBATH iX JuIsl TeHepaiii abo momudikailii HOBOTO
KoHTeHTy. lle mae MOXIuBiCTH OyAayBaTH pillleHHS HE JHUIIEe HAa (QopMaIbHUX
npaBWiax, a i Ha JOCBIJI MOMEPEIHBOrO NW3aMHY, 10 OCOOJIMBO BaXJIUBO MJIS
IHTENIEKTyaJIbHOTO pEJNaryBaHHsl CILEH, 1€ HEeoOXiTHO BpPaxOBYBAaTH >KaHPOBI
3aKOHOMIPHOCTI, KOMMO3MIIIHHI MPUHIUIKA Ta JIOTIKy MPOCTOPOBOI Opradizaiii

(Summerville et al., 2018; Liu et al., 2021).
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BaxnuBe 3Ha4eHHS A PO3BUTKY PEJAKTOPIB HOBOTO TOKOIIHHS MAlOTh
MIAXOHU, Y SKUX JIOJIMHA 1 CHCTEMa B3aEMOMIIOTh Y CHUIBHOMY ITUKII1
MIPOEKTYBAaHHS. Y MEXax TaKuUX PIlIEHb aJTOPUTM HE OOMEKYETbCS TEXHIYHUM
BUKOHAHHSIM KOMaHJIM, a aHaJi3ye CTaH CEepEeJOBHUIIA, pearye Ha /il KOpucTyBaya
Ta MPOIOHYE BapiaHTH NepeOyAoBU OKpeMux ¢parMeHtiB cueHu. Lle mo3Bonse
30epiraTd TBOPYMM KOHTPOJIb 32 JU3aHEPOM 1 BOJHOYAC CKOPOYYBATH OOCST
py4YHO1 poOOTH, MOB’SI3aHOI 3 MEPEBIPKOIO MPOXOJIB, JIOTIKM PO3MIlIEHHS a0o0
npoctopoBoro Oamancy (Smith, Whitehead, Mateas, 2010; Smith, Whitehead,
Mateas, 2011).

3HauHy yBary B HOBITHIX JOCHIIPKEHHAX MPHUIUICHO TaKOX IOEIHAHHIO
NpoIeypHOI TreHepamii 3 BEJIMKUMH MOBHHMH MOJCISIMH Ta  IHIITUMH
reHepaTUBHUMHM  IHCTpyMeHTaMu. Taka  iHTerpaiiss  pO3LIUPIOE  MEXI
aBTOMATH3allii, OCKUIbKH [103BOJIsI€ ()OPMYBATH HE JIMIIE CTPYKTYPY CIEHH, a i
npaBmia ii moOYJ0BH, ONMKCH JIOTIKA CEpeOBUINA, PEeKOMEH Ml aJisi Tu3aiiHepa
Ta CHEHapii aJanTHUBHOI 3MIHM TPOCTOPY. YHACHINOK IIbOTO I1HTEIEKTyalbHE
penaryBaHHs TOYMHAE PO3TISAATHCS HE K OKpEeMUW MOIyNb, a SIK YacTHHA
IIUPIIOI CHUCTEMH TMIATPUMKH Ppo3poOku irpoBoro koHTeHTy (Maleki, Zhao,
Shaker, 2024).

B ykpaiHcbkOMYy HayKOBOMY TMIPOCTOpi TaKOX 3pOCTa€ IHTEpPEC M0
3aCTOCYBaHHSl IITYYHOTO IHTENEKTy B po3poOIi irop. HasBHI mocmikeHHS
MIATBEP/KYIOTh JOMUIBHICTh BUKOPHUCTAHHS IHTEICKTYyIBHUX aJITOPUTMIB IS
aBTOMAaTH3allii CTBOPEHHS KOHTCHTY, ajanTallii IMOBEIIHKH €JIEMEHTIB 1
OMTUMI3aIlii MpoIecy po3poOKH, OHAK TPOOIEMa IHTEIEKTYaTbHOTO PelaryBaHHs
CIICHU SK IUTICHOTO 00’ €KTa moTpedye momanbinoi cuctemarusaiii. (Tpodumenko
Ta iH., 2025, c. 109-119; O6unano, IlonomaproBa, 2025, c. 475-477; TkadueHkKo,
Mawmaes, 2024, c. 97-109).

OTxe, cy4acHi JOCTIIKEHHSI CTBOPIOIOTH JOCTAaTHIO HAYKOBY OCHOBY MJIS

pO3MIISiy IHTENEKTYyaJIbHOTO peJlaryBaHHs IrPOBUX CIEH SIK CaMOCTIHHOTO

106



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

HampsiMy, 1o noeanye procedural generation, MaliMHHE HaBYaHHS, F€HEPATUBHI
MO/IeJli, ONTUMI3alliiH1 MIXO0AH Ta KO-KPEaTUBHI 3aC00M B3a€MO/IT 3 JU3aHEPOM.
PazoMm i3 TUM camMe KOMIUICKCHE TIO€THAHHS IMX KOMIIOHCHTIB y MeXax
PEIAaKTOPCHKOTO TMPOLIECY 3ATHIIAETHCS HEIOCTATHHO CHCTEMAaTH30BaHUM, IO I
3YMOBIIIO€ JAOLUIBHICT MOAAIBIIOTO JOCIIIKEHHS.

Mema cmammi. MeTOI0 CTaTTi € NOCHIIKCHHS IHTEIEKTYaJIbHUX METOIB
penaryBaHHS iTPOBHUX CIICH Yy CEpPEIOBHUIIAX PO3POOKHU BilI€OIrOp, CUCTEMATH3AIIIS
Cy4yaCHUX MIIXOMIB /10 aBTOMaTH3alii aHaiizy Ta Moaudikamii CIeH, a TaKoX
BU3HAUCHHS TIepeBar, OOMEXKEHb 1 TIEPCICKTUB 3aCTOCYBAaHHS aJITOPUTMIB
IITYYHOTO IHTEJIEKTY B MPOIIECi CTBOPEHHS iIrPOBOT'O KOHTCHTY.

Buknao ocnosnoco mamepiany Oocniodcenns. IrpoBy CIEHY HOUUIBHO
po3rysaaTi sk OaratopiBHEBY IUGPOBY CTPYKTYpY, IO BKIIOYA€E IMPOCTOPOBI,
(GyHKIIOHABbHI, BI3yallbHI Ta T[OBEIIHKOBI KOMIIOHEHTH. Y  CY4YaCHUX
cepeloBHUIaX pPo3poOku BoHA moenHye 3D-00’€kTH, MaTepiaiii, OCBITJICHHS,
KaMepH, HaBiramiiHi By3iu, (i3udyHi TiIa, TPUTEpPH, CKPUITOBI KOMIIOHEHTH,
enemMeHTH iHTepdeiicy Ta aymnioBizyanbHi edextu. Came Taka CKIagHa CTPYKTypa
3YMOBIIIO€ HEOOXIAHICTh MEPEXOy BiJ 3BUYAHHOIO PYYHOIO pPEJaryBaHHS J10
THTEJIEKTYaJIbHO MiATPUMYBaHUX 3aco0iB, 3IaTHUX BpPaxoBYBaTH
B3a€EMO3AJICKHICTh YCiX eeMeHTiB cuieru (Zhang, 2024; Shaker, Togelius, Nelson,
2016).

Tpanutiline penaryBaHHs ClIeHU Tiepeadadae pydHe po3MilleHHsT 00’ €KTiB,
HaJAIITYyBaHHA X MapameTpiB, OpraHizaiiio iepapxii Ta MepeBipKy KOPEKTHOCTI
B3aeMOJIIl. Y MacmTaOHUX TMPOEKTaX 1€ ICTOTHO MIABUIIYE TPYAOMICTKICTh
pO3po0OKM Ta 30UTBIIyE PHU3UK CTPYKTYPHHX TOMHUJIOK, MEPEBAaHTAKCHHS
PEHISPUHTY W TMOPYIICHHS KOMIMO3UIiMHOT 1uricHOoCcTI creHu. (TkadeHko,
Mawmaes, 2024, c. 97-109).

[HTENeKTYaTbHI METOW peAaryBaHHs IrPOBHX CIICH MOXKHA BH3HAYUTH 5K

CYKYIHICTh QJITOPUTMIB 1 MPOTpaMHUX 3aco0iB, M0 3a0e3MeuyloTh aHamli3

107



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

MMOTOYHOTO CTaHy CIICHW, aBTOMAaTWYHE BHSIBJICHHS TpoOsieM, (GOpMyBaHHS
peKoMeHJanid 1 YacTKoBY ab0 TMOBHY aBTOMATH3alll0 3MIH Yy CTPYKTYpl
cepenoBuia. Ha BiaAMiHYy BiJl 3BUYaHUX IHCTPYMEHTIB peAaKkToOpa, TaKi METOIU
HE 00OMEXYIOThCSI IPSIMUM BUKOHAHHSIM KOMaH]T KOPUCTYBayda, a BAKOPUCTOBYIOTh
MpaBujia, €BPUCTUKHU, MOJICNII MAIlMHHOTO HaBYaHHS a00 Te€HEpaTUBHI MIAXOIU
IUISE TPUMHATTS PILIEHb MIOJ0 PO3MIMIEHHS, MoAMQIKalii Yu OoNTHUMI3alil
enemeHTiB ciienu (Summerville et al., 2018; Green et al., 2022, c. 638-645).

VY Mexax IbOTO JOCTIDKCHHS 1HTENEKTyalbHi METOIHM PeAaryBaHHS CIICH
JOIUTPHO TOAUTUTH Ha aHaJITU4YHI, TeHEpPaTUBHI, ONTUMI3alliiiHl, aJlanTUBHI Ta
3MillaHi. Y3araJbHEHHS OCHOBHHMX T'PYIT 1HTCJIICKTYaJlbHUX METOJIB peaaryBaHHs
ITPOBHX CIICH MOJIaHO y Tabuii 1.

AHaJITUYHI METOJM OPIEHTOBaH1 Ha OIIHIOBAHHS MOTOYHOTO CTaHYy CIICHH
Ta aBTOMATHYHE BUSBJICHHS TEXHIYHMX 1 CTPYKTYpPHHX TIpoOJieM, 30Kpema
KOH(JIIKTIB ~ KOMI3iM, TepeBaHTAKEHUX 30H, TIOMIJIOK  HaBiramii 4
HEpalliOHATLHOTO PO3MOiNy 00’€kTiB. IX mepepara mojisrac y MIBHAKOMY
KOHTPOJII SIKOCT1 CIIEHM Ta 3MEHIIEHHI O00CATy py4dHOI TEepeBIpKH I Yac
PO3pOOKHU.

I'enepaTuBHI MeTONM 3a0€3MEUyIOTh CTBOPCHHS HOBHUX €JIEMECHTIB CIICHU
a00 mepeOyI0By BKe HasBHUX ()parMeHTIB. Y MIPOCTIIIOMY BapiaHTi 1€ MOXYTh
Oyru rule-based cucremm, 110 TPAIOIOTh 3a 3aJaHWMHU I1a0JIoHaAMu abo
KOMITO3UIIIMHUMH TIpaBUjaMu. Y CKJIQJHIMIUX peai3alliix BHKOPUCTOBYIOTHCS
migxoan procedural content generation, 3aBASKH SIKUM cepeqoBuile abo HOro
gacTHHA (POPMYETHCS HA OCHOBI MapameTpiB, YMOB 1 KOMITO3ULIMHIX OOMEKEHb.
Ile mae 3Mory MIBHIKO CTBOPIOBATH BapiaTWBHI JIOKaIlii, 3aIIOBHIOBATH TOPOXKHI
30HM Ta MIATPUMYBATH PI3HOMAHITHICT TPOCTOPY ©O€3 TOBHOTO PYYHOTO

ompamroBaHHs kKoxkHOoro eixemenTta (Shaker, Togelius, Nelson, 2016; Maleki, Zhao,

Shaker, 2024).
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Tabmuns 1
Krnacudikanis iHTeIeKTyalbHUX METO/IB PeAaryBaHHs IPOBHUX CLEH
Tumn metony OcHoBHa [IpakTrune IlepeBaru OOMmexeHHs
byHKIIs NPU3HAYCHHS
Aunamituudl | AHamni3 [Tomryk [IBuaka He 3aBXK]IU
CTPYKTYpH KOH(ITIKTIB nepeBipka, IPONOHYIOTh
CLICHU Ta | KOII3iH, 3MEHIIEHHS TOTOBUM
BUSIBJICHHS TIEPCBAHTAKCHN | ginpKoCTI crocio
npobiem X 30H, NOMUIOK | yyyyypx BUIIPABJICHHS
HaBirartii, OMILIOK
NOpyLIEHb
JIOI'1IKH
PO3MIIIICHHS
I'enepatuBHi | ABTOMaTnyHe | 3allOBHCHHS [TpuckoprooTh | MOXYTh
CTBOpPEHHS a0o0 | MPOCTOPY, MPOTOTUITYBaH | JIaBaTH
n00yaoBa BapilOBaHHSI HA, 1a0JIOHH1
€JIEMEHTIB JIOKaIlii, H1ABUITYIOTh pe3ynpTaTu
CLICHH CTBOPEHHS BapiaTUBHICTb
aNbTePHATHUBH
ux
KoH(DITrypariif
Meroau Busasneunns [TixTpumka YpaxoByroTh 3anexHl  Bif
MaIlTMHHOTO | MaTepPHIB 1| qu3aitHep- nonepeaHii SIKOCTI
HaBYaHHS ¢bopMyBaHHS | CbBKUX pIlI€Hb, | JOCBI HaBYAITBHUX
peKOMEeHaaIlli | ajanTaris MPOEKTYBAaHHSA | JaHUX
CIIEHU hi (o)
XKaHPY abo
CTHITIO
Onrtumizamiit | [Tomyk banancysannsa | J03BOJISIIOTH Bucoxka
Hi HaWKpamoi OPOAYKTUBHOCT | [IOKpanlyBaTH | OOYMCITIOBAIb
KoHGirypauii | 1> ' CKHaI!HOCTia CUEHY Ha CKJIAJHICTh
32 Kizbkowma | HHIPHOCT | KOMILTEKCHO
KpHUTEpiTMH 00 eKTiB i
MPOXiAHOCTI
3mimani CrirpHa IligTpumka 30epiratoTh [TotpedyroTh
(mixed- poboTta TBOPYOT0O TBOPYUUN IPOyMAaHOTO
initiative) au3aiiHepa Ta | Ponecy, KOHTPOJIb iHTepdeiicy Ta
iHTenektyanpn | TOACHIOBAHL | jpo ypy TIOSICHIOBaHOC
0l cucTeMu peroMeHAalll, Tl
iHTepaKTHBHA
nepedyoBa
CLICHH
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Meronu  MamIMHHOTO  HABYaHHS  JO3BOJAIOTH  CHCTEMi  BUBYATH
3aKOHOMIPHOCTI PO3MIILIEHHSI 00’ €KTIB, CTPYKTYPH MPOXO[IB, JOTIKY 30HYBaHHS
Ta 1HII1 OCOOJMBOCTI BXKE€ CTBOPEHHUX ITPOBHUX CIIEH. 3aBISIKA IILOMY PEAAKTOP
MOXX€ HE JIMIIE TIEPEBIPATH CTPYKTYpYy CEpEIOBHINA, a KW TPOMOHYBATH
pexoMeHanli, HaOMMKEeH1 10 pealbHOi Au3alHepchKOl MpakTUkH. OcoOJauBy
IHHICTE TYyT MawTh nigxoau PCGML, saxi moenHyroTh TeHepaiio W aHami3
KOHTCHTY Ha OCHOBI JJaHMX, a He Jinie Ha (hopMabHUX npaBmiax (Summerville et
al., 2018; Liu et al., 2021).

['enepaTuBHI HEHPOMEPEIKEBI MOJIEI1 BIIKPUBAIOThH JOJAATKOBI MOKJIMBOCT1
JUI CTBOPEHHS albTEPHATHBHMX KOH(]Irypaiiii mpoctopy. IX 3actocyBaHHs nae
3Mory no0ynoByBatH (parMeHTH CIieHH, ¢GOpMyBaTH HOBI  BapiaHTHU
po3TanryBaHHs 00’ €KTiB a00 BiITBOPIOBATU CTUJIICTUYHO MOJIIOHI cepeIoBUIIa Ha
OCHOBI BX€ ICHYIOUUX MNpukiamiB. lle oco0IMBO KOPHCHO B CHUTYyaIlifX, KOJIH
PO3pOOHUKOBI MOTPIOHO MIBUJIKO OTPHUMATH KiUTbKa ajJbTEPHATUBHHUX BapiaHTIB
CIEHHM JUIs TOJaibIIoro Bimoopy ¥ moomparoBanHs (Giacomello, Lanzi,
Loiacono, 2019).

OnrTuMmizaiiitHi MeToAu CHPSMOBaHI Ha TOINYK HaWKpaiioi KoH]iryparrii
CIIEHH 3a MHOXHHOIO KpuTepiiB. Takumu KpUTEpiIMH MOXKYTh OyTH
IPOJYKTUBHICTh, MPOXIAHICTh, CKJIQJAHICTH PIBHS, KOMIIO3MIIIHHA pIBHOBAra,
IIUTBHICTh 00’€KTIB a00 3pYy4HICTh B3aeMOAil. Y TMOAIOHMX 3aJa4axX dYacTo
3aCTOCOBYIOTh CBPHCTHYHI Ta CBOJIIOIIMHI aarOPUTMH, 37aTHI 3HAXOJHUTH
NPUIHATHI PIlIEHHS B yMOBaX O0araTOKpUTEPialibHOCTI ¥ BEIMKOi KUIBKOCTI
MOXIMBUX KoHGirypamii. lle mo3Bonsie po3risigaT pemnakTop HE JHIIe SK
IHCTPYMEHT MOOYOBH CIICHH, a 1 AK 3aci0 ii IIeCIPSIMOBAHOTO BIOCKOHAJICHHSI.

Hust  dopmamizamii Tporecy OIIHIOBaHHS IrpOBOI  CIEHU JOIUIBHO
BUKOPUCTOBYBATH IHTETPAIBHHUM TMOKA3HUK SKOCTI, SKUW y3arallbHIOE OCHOBHI
Kputepii moOyAoBu Ta (YHKIIOHYBaHHS cepeaoBHINa. Takuil MiaXif A03BOJISE

pO3MIIsiAATH CUEHY SIK 00’ €KT 0araTOKpUTepiaabHOI ONTUMI3aLII:
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Q = wyLIC + wyN + waP + w,wV| (1)

ne Q — iHTerpaibHa oOliHKa sKocTi  cueHw; C—  kommoswuiliiiHa
y3ro/UKeHicTh; N—  HaBirauiiiHa  3py4HICTh; P —  IpOIyKTUBHICTH; V —
Bi3yasibHa IUTICHICTH; W1, W2, W3, W4 — BaroBi Koe(Dili€HTU BIAMOBITHUX
KpUTEPIIB.

3HaveHHs BaroBux koedimienTiB wl , w2 , w3 , w4 IOUUIbHO BU3HAYATH HE
K (PIKCOBaH1 KOHCTAHTH, a SIK aJallTUBHI MapaMeTpH, IO 3ajexaThb B JKaHPY
I'pH, TUIY CIICHU Ta MPIOPUTETIB MPOEKTY. s 1IbOro Moxke OyTH BHUKOPHUCTAHO
METOJ] 3BXKEHOI CyMHU KPHUTEPIiB 13 MONEPEHHOK HOpPMaJi3alli€l0 MOKa3HUKIB,
MICJISl YOTO Baru 3aJIal0ThCS €KCIEPTHO, €MITIPUYHO a00 HAa OCHOBI CIIEHAPHOTO

podLTI0 CLICHH.

?=1Wi = 1, Wi > 0 (2)

YMoBa (2) 3a06e3nedye KOPEKTHICTh OaraTOKpUTEPiadIbHOTO OIIHIOBAHHS Ta
JIa€ 3MOTY IHTEPIIPETYBAaTH BaroBi KOE(IIIEHTH K BITHOCHY BaXKJIUBICTh OKPEMHUX
KpuTepiiB. AjamnTalliss BaroBux Koe(QilliEHTIB MO)KE€ BHKOHYBATHCS 3a KaHPOBO-
OpIEHTOBaHUM MpUHIHUIIOM. Hampukiman, mjis irop 3 BiIKPUTHM CBITOM JOILIBHO
MiBUIIYBATH Bary HaBIramiifHOi 3B’S3HOCTI Ta MPOAYKTHUBHOCTI, JJIs CHOKETHO-
OpIEHTOBAHUX CIIEH — KOMITO3UIIIMHOT y3T0JIKEHOCT] Ta Bi3yaJbHOI IIUTICHOCTI, a
JUIS TUHAMIYHHX OOMOBHX apeH — MPOXITHOCTI, MUIBHOCTI (YHKI[IOHATBHUX
00’€KTIB 1 MIBUJIKOCTI PEaKIlii CUCTEMH Ha 3MIHH CEpeJOBHUINA. TaKUM YHUHOM,
BaroBi KOE(IIIEHTH BHUCTYMAIOTh HE YHIBEPCAIbHUMH CTAJIMNMH BEIUYMHAMU, a
napamMeTpamMu KOHQIryparii IHTEIeKTyaJlbHOTO peJaKkTopa, M0 MOXYTh OyTH
aJanToOBaHI 1O KOHKPETHOTO CIleHapito BuKopucTanHsa. [lpuknam amamraiii

BaroBUX Koe(QiIi€HTIB HABEICHO y TaOmwuIi 2.
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Tabnuis 2

[Ipukinan ananraiiii BaroBux Koe(irieHTiB 3aJI€KHO BiJl TUITY CIIEHU

Tun cueHn | w;KOMIO3UIIS | WoHaBITallisl | W3IPOAYKTUBHICTD | W, Bi3yajbHa
LITICHICTh

Binkputuii | 0.20 0.35 0.30 0.15

CBIT

CroxxeTHa 0.30 0.20 0.15 0.35

JIOKaIlis

boiioBa 0.20 0.30 0.30 0.20

apeHa

HaBeneHi 3Ha4CHHS € IPUKIIAIOM CIICHAPHOTO HANAIITYBAaHHS Bar i MOXKYTh
3MIHIOBATHCS 3aJICKHO BiJl )KaHPY TPH, THUITY CIICHHU Ta IIJICH MPOEKTY.

HaiiOunpin mepcrneKTMBHUMU Ui MPAKTUYHOI 1HTerpaiii € 3mimadi, abo
mixed-initiative, cucteMu. Y TakuX CHCTEMax JHU3aiHEp 3a/a€ 3arajbHHUi 3aayM 1
KOHTPOJIIOE KJIIOYOBI PIIICHHS, a IHTEJEKTYyaJbHUM MOAYJb MPOMOHYE BapiaHTH,
pearye Ha Jii KOpHUCTyBaua Ta JONOMAara€e IMiITPUMYyBaTH IIUTICHICTh CIEHHU.
[lepeBara 1mporo miAXoAy IMoOJsSITa€ B TMOEAHAHHI aBTOMaTH3allii Ta TBOPYOI
cB000/H, 110 0c00JMBO BakIUBO B GameDev-cepenoBuiax, e 0CTaTOYHA SKICTh
IIPOCTOPY 3aJCHKUTh HE JIUIIE BiJl TEXHIYHOI KOPEKTHOCTI, a ¥ BIiJ XYyI0KHBOTO
OaueHHss Ta irpoBoro gocBimy (Smith, Whitehead, Mateas, 2010; Smith,
Whitehead, Mateas, 2011; Baldwin, Johnson, Wyeth, 2022).

VY mpakrtuili po3poOKu IHTEIEKTyaIbHI METOAN MOXKYTh PEATi30BYBATHUCS SIK
MOMyJIi aHaji3y, TeHepallii, pekoMeHamii Ta onTuMizaii. Taka MOIYIbHICTB
CIIPOIIY€ IHTErPaIlii0 IHTEICKTYAIbHUX PIlIEHb Y CYYacHI peIaKTOPH Ta pOOHUTH 1X
OUTBII THYYKMMU y BHUKOPHUCTaHHI. Y3arajabHEHY JIOTIKy B3a€MOJIii OCHOBHUX

MOJIYJiB IHTEICKTYIBHOTO peAaryBaHHs irpoOBOi CIIEHH MOJaHO Ha pucC. 1.
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BximHi nadi cueHu

|

Monayne aHanizy

v v v
Monyns Monynse Monyns
re”Heparii orrTuMi3arii peKoOMeHOaIiun
Huzaiinep
OnosBieHa
cieHa

Puc. 1. Y3aranbHeHa cxema IHTEJIEKTYalbHOTO pelaryBaHHs IrpOBOi CIIEHU

ANTOpUTMIYHA pealizallis 1HTEICKTYaJbHOTO peIaryBaHHS CICHU MOXKE
OyTH moJlaHa SK TMOCIIJOBHICTh €TamiB: 30ip MapaMeTpiB CIIeHH, (OpMYyBaHHS
BEKTOpa O3HAK, aHaji3 KOHQIIKTIB 1 CTPYKTYPHUX BIAXHIICHb, TEHEpaIlis
JTOMYCTUMHUX aJdbTEepHATUB KOH(iryparlii, OaratokpuTepiaibHE OI[IHIOBaHHS
BapiaHTIB Ta BUOIp PIIICHHS 3 HAWBHUINUM IHTETPaJbHUM TMOKAa3HUKOM SKOCTi. Y
MeXaxX MOJYyJd aHali3y [OIUIbHO BUKOPHCTOBYBAaTH TMEPEBIPKY KOJIi3ii,
OIIHIOBAHHS IIUJIBHOCTI 00’€KTIB, MPOXiAHOCTI Ta HaBIiramiiHOi 3B’S3HOCTI, TOJI1
K MOJYJTh pEKOMEHJAIlid MoXe crimpaTtucsa Ha rule-based mpasmia, eBpucTryHE
pamXyBaHHS 200 HaBYAHHS Ha MOTEPEIHBFO PO3MIUEHHUX TIPHUKIIAIaX.

BaxxnuBy ponb y bOMy TpoIieci Biirpae CTPYKTypOBaHE TOJAHHS JTaHUX
mpo creHy. 3acrocyBaHHs (opmarie Ha 3pa3ok JSON no3Bomsie 30epiraTu

KOH(]Irypamii  00’€kTiB, TMepeJaBaTh  MapaMeTpu  MDK  MOIICUCTEMaMH,
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NIATPUMYBATH IIA0JIOHM Ta MOBTOPHE BUKOPHUCTAHHS €JIEMEHTIB. Y pe3ynbTaTi
IHTEJIEKTyaJIbHE peJaryBaHHs OTPUMY€E HE JIMIIE aIrOPUTMIYHE, a i apXITEKTypHE
MIAIPYHTS, OCKUIbKM €(EKTHBHICTh AHANITUYHUX 1 TEHEPAaTUBHUX MOIYJIIB
3HAYHOIO MIPOIO 3aJIeKUTh BiJ TOr0, HACKUIBKM BIIOPSJIKOBAHO TIOJAHO
1H(pOpMaIIiio PO CTPYKTYPY CIEHHU.

Y cywacHii mpakTUIll PO3pOOKH BIAEOITOp IHTEIEKTyaldbHI METOAU
penaryBaHHs CILEH peali3yloTbCsd B PI3HUX pYIIISX, cepea SKUX HaOUIbIn
nokazoBuMu € Unity Ta Unreal Engine (Zhang, 2024; Epic Developer Community,
2025). VYV cepenoBumii Unity Taki MiaAXoAu 3a3BUYail IHTETPYIOTHCS uepes
CKPHIITOBI KOMITOHEHTH, PEAAKTOPCHKI PO3MIUPEHHS, CUCTEMH POOOTH 31 CIIeHaMHU
Ta CTPYKTypOBaHE TOJaHHS JaHUX, 10 3a0e3Medye THyYKe HaJIAIITyBaHHS JIOTIKH
aHamizy, mMoaudikaiii Ta MOBTOPHOTO BHUKOpUCTAaHHA 00’€kTiB cueHu (Zhang,
2024). V Unreal Engine anayioriyHi 3aBJaHHS HIATPUMYIOTHCS, 30KpeMa, depes
Procedural Content Generation Framework (PCG), sxuii sBase co00r0
BOymoBaHUN HaOip 3aco0iB JJIi CTBOPEHHS MPOLIEAYPHOTO KOHTEHTY pI3HOI
CKJIAJTHOCTI — BIJl OKpeMux 00’ekTiB 1 6ioMiB 0 minmux cBitiB (Epic Developer
Community, 2025). Lentpanbaum enementoMm nporo migxony € PCG Graph —
By3J10Ba rpadoBa Mojenb, y AKiil mpocTopoBi nani Haaxoaath 13 PCG Component,
00pOOJISIIOTBCS Yepe3 MOCIIIOBHICTh BY3JIB, (QUIBTPYIOTHCS, MOIU(IKYIOTHCA Ta
BUKOPHUCTOBYIOTbCS Uil  po3MimieHHs 00’ekTiB y creHi (Epic Developer
Community, 2025). Takum uymHOoM, Unity JIE€MOHCTpy€ TMe€peBaru THYYKOI
CKPUNITOBOI Ta MOAYJIBHOT IHTETpaIlii iIHTeIeKTyalbHUX 3ac0o0iB, Tomi sk Unreal
Engine nagae BOymoBany rpadoBy iHOpaCTpyKTypy A MPOIEAYpPHOI MOOYIOBH
KOHTEHTY, MO0 POOUTH JIOIMUIBHUM iX TOPIBHSJIBHUNA PO3TISA Y KOHTEKCTI
IHTEJNEKTYyalIbHOTO penaryBanHs irpoBux cueH (Zhang, 2024; Epic Developer
Community, 2025).

[TopiBHSIIBHI OCOOIMBOCTI peanizallii 1HTEJIEKTYaJIbHOIO peJaryBaHHs CLEH

y Unity Ta Unreal Engine HaBeaeHo y Tabmnuini 3.
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Taonuis 3

[TopiBHSIIBHI OCOOIMBOCTI peanizallii IHTeNeKTyaJIbHOTO pelaryBaHHs CIEH

y Unity ta Unreal Engine
[Tapametp Unity Unreal Engine

3aranpHuil niaxig | CKkpunToBa, KOMIIOHEHTHa Ta | BOynoBaHuii Procedural
peIaKTOpChKa iHTerparis | Content Generation
IHTEIEKTyaIbHAX Framework (PCG)
IHCTPYMEHTIB

Opranizariis Kactomni ckpunth, | PCG Graph sk By3ioBa

IpOIIeIyPHOT PEIaKTOPChKI  PO3IIUPEHHs, | rpadoBa MOIETb

JIOT1KH 30BHIIIHI MOAYJI1

Pobora 3 | 3anexxkutrb  Bin  peamizaiii | [IpocTopoBi naHi HAAXOAATH

IPOCTOPOBUMU KOpHUCTyBaya a6o | uepes PCG Component i

TaHAMH BUKOPHCTOBYBAHHX TTAKETIB OOpOOJISAIOTECA ~ CHCTEMOIO

BY3J1B

Xapaxkrep ITepeBaxkHo yepe3 | Moaudikailisi Ta OHOBJICHHS

OHOBJICHHS CIIEHU | PEAAKTOPChbKi abo MporpamHi | pe3yjabTaTy B Mexax
BUKIIUKU rpadoBoi cuctemu

CuiibHa cTopoHa | [HyYKicTh 1 npoctoTa | BOynoBana iHpacTpykTypa
iHTerpamii B pI3HI  TUIH | IS MacurTaOHol
IIPOEKTIB MPOIeTYPHOT mo0y10BH

KOHTEHTY

OkpeMy  TEpCIEKTHBY  CTAaHOBUTh  BHUKOPHCTAaHHS  HaBYaHHI 3
MiAKPIIUICHHSIM ISl aAanTUBHOI Moaudikarii cepegoBumia. Y IbOMY BHIAJKY
OIIHIOIOTHCS HE JIMIIE CTATUYHI XapaKTePUCTUKU CIICHHU, a i HACIIJIKH 11 3MIH JIJIs
MPOXO/KEHHS, CKJIAQTHOCTI, B3aeMoJii a00 TOBEMIHKH TpaBIld. Takui Imiaxin
BIIKpMBAa€ MOJKJIUBICTh PO3TIISIATH CIEHY SK aJIalnTHUBHY CTPYKTYpPY, 3HaTHY
3MIHIOBATHCS BIAIIOBIIHO J0 IJIEH Tpy a00 CIieHapiiB TECTYBaHHS, IO € OCOOIMBO
BOXJIMBUM JIJIsI TWHAMIYHHUX irpoBux cepenosuil (O6uaano, [lonomaprona, 2025,
c. 475-477).

IlepeBarn IHTEIEKTYaJIbHOTO peIaryBaHHS CIICH TOJATAIOTh Y CKOPOYSHHI
TPUBAJIOCTI CTBOPEHHS KOHTEHTY, 3MEHIIEHHI KUIBKOCTI PYTHHHHX OTEparlii,

MIJBUIIEHH] Y3TO/KEHOCT1 Cepe/oBHINA Ta TOKpAIIeHHl SKOCTI PaHHBOTO
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npoTOTUNYBaHHSA. BogHowac ciif BpaxOBYBAaTH 1 NMEBHI OOMEXKEHHS: 3aJIE€KHICTh
Bil SKOCTI JaHUX, CKJIAJHICTh (dopmamizaiii eCTeTUYHUX KpUTEPIiB, PHU3UK
1abJIOHHOCTI aBTOMATUYHO 3IrE€HEPOBAHMX PIlIEHb 1 HEOOXIAHICTh 30epeKeHHs
TBOPUO1 POJI1 JIOJUHU B MPOEKTYBaHHI. ToMy HaWOLIbII AOLUUIBHUM MIAXOAOM €
HE TOBHA 3aMiHa JaM3aliHEpa, a CTBOPEHHS KO-KPEAaTUBHHUX IHCTPYMEHTIB, IO
MOCUJIIOIOTh MOTr0 MOXIJIMBOCTI B po0OoTi 31 ckiagHumu cieHamu (Baldwin,
Johnson, Wyeth, 2022; Tpodumenko ta in., 2025, ¢. 109-119).

Omxe, IHTEIEKTyalIbHI METOJIM pearyBaHHsI ITPOBUX CIICH CIIiJ PO3TIISIaTH
K KOMIUIEKCHUM 1HCTpYMEHTapiH, 110 OXOIUIIOE aHaji3, FeHEPAIlio, ONTUMI3allilo,
aJlanTallilo Ta NOACHIOBAHY MiATPUMKY AU3aiiHepCHKMX pillleHb. IX iHTerparis B
Cy4JacHI CepeloBHINAa PO3POOKH BIIKpHMBAE NUIAX JI0 CTBOPEHHS PEIAKTOPiB
HOBOTO TIOKOJIIHHS, 3JaTHUX OJHOYACHO MiABUIYBAaTH €(PEKTUBHICTH POOOTH,
MOKpAIlyBaTH SIKICTh CIIEHHU Ta 30€piraTé THY4YKICTh TBOPUOIO MPOILIECY.

Bucrnoexu. Y pesynbTaTi AOCHITKEHHS BCTAaHOBJICHO, IO IHTEJICKTyaJIbHI
METOJIU pellaryBaHHs IFPOBUX CIIEH € BAXKJIUBUM HANPSIMOM PO3BUTKY CYYaCHHX
3ac00iB  CTBOpEHHsS  Bifeoirop. IX 3acTocyBaHHS  J03BOISE  HOETHATH
aBTOMAaTH30BAaHMM aHaji3, TEeHEepalilo, ONTHUMI3AIlil0 Ta PEeKOMEHIALIHHY
HIATPUMKY B MEXKax €JUHOTO PETAKTOPCHKOTO MPOILIECY, IO OCOOJIMBO BaXKJIUBO
JUIS CKJIaAHUX 1 6araTOKOMIOHEHTHUX IHTEPAKTUBHUX cepenoBunl (Summerville
et al, 2018; Green et al, 2022, c. 638-645). Haii6inpm epeKTHBHUMU
BUSIBJISIFOTBCS TIOpUAHI MIAXOAHM, Y SKUX TMOEAHYIOThes rule-based anropurmu,
procedural content generation, MalmMHHE HaBYaHHS, TEHEPATHUBHI MOJENI Ta
mixed-initiative B3aemoiss 3 kKopucrtyBaueM. Came BOHH 3a0€3IEUyIOTh OayiaHc
MK aBTOMAaTH3AIlI€l0, MPOAYKTUBHICTIO Ta 30€pEKEHHSM TBOPYOTO KOHTPOIIO
nu3aiiHepa Haja cTpykTyporo creHu (Smith, Whitehead, Mateas, 2011; Baldwin,
Johnson, Wyeth, 2022). I[lepcriekTuBM MOJANBIIUX IOCTIKEHb TMOJATAIOTH Yy
pO3p0o0JIeHH]  KaHPOBO-OPIEHTOBAHUX  IHTEJEKTYaJlbHUX PEIAaKTOpIB  CIEH,

CTBOPEHHI TMOSCHIOBAHUX PEKOMEHJAUIMHUX MOMAYIIB [Jisi Cy4YaCHUX PYUIIiB,
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NOrJaUOJIEHH] 1HTEerpauli reHepaTUBHUX MOJENIel 1 HaBYaHHS 3 MIIKPIIUIEHHAM, a
TakoXX y QopMamizamii €CTeTUYHMX KpPUTEPIiB SKOCTI IFPOBOrO IMPOCTOPY.
BaxxnuBuM HanmpsiMOM € TaKOK MOJAJBIINI PO3BUTOK MPUKIAAHUX AOCTIIKEHb Y
i cepl 3 OpieHTALIEI0 HA MPAKTUYHI 1HCTpyMeHTH aBTomatu3auii GameDev-
nporieciB (Tkauenko, Mamaes, 2024, c. 97-109; Tpodumenko Tta iH., 2025, c.
109-119).
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CYYACHI TPEHIM NOJITUKU MI)KHAPOJIHOI BE3NEKHU

CURRENT TRENDS IN INTERNATIONAL SECURITY POLICY

Anomauyis

[IpoTsirom Bciei icTOpii PO3BUTKY JIIOJICTBA IOCTIHHO BiIOYBarOTHCS
YepryBaHHS COIIaJbHOI-eKOHOMIYHUX (opMalliidf, PO3IUPIOIOTHECS IPOIECH
COIliayTbHOT Ta KYJbTYpPHOI 1HTErpamii HapoJiB, CTBOPIOIOTHCS HOBI (Gopm
opraHizamii HapojiB Ta (GOPMYIOTbCS 3acad CHUIBHOTO ICHYBaHHSA. AHami3
ICTOPHYHOTO PO3BUTKY Jep)KaB Ta HAPOJIB, JOBOJWUTH, IO ICTOPHUYHI 3MIHU B
€ppormri, mo BigOyBamucs mpotsaroMm XV-XVII cromnite, Hagaim MOXKIUBICTH
CTBOPEHHS yMOB g (OPMYBaHHS HOBUX COIIQJIbBHO-EKOHOMIYHUX YMOB
PO3BUTKY HOBHX B3a€EMOBITHOCHHU MK HApOJaMU Ta KpaiHaMu, CTBOPIOIOTh HOB1
MOMITUYHI TMOIJISAW Ha CIOUIbHE CHIBICHYBaHHS Ta 3aKJIQIal0Th 3acaiu
MDKHAPOTHUX BITHOCHHAM.

Hapoau cBiTy mnpodmuim AOBrUM Ta CKIQAHUN NUIIX JO PO3YMIHHS

HEOOX1THOCT1 BU3HAUYEHHS 3MICTY Ta 3acaji CHIBICHYBaHHS Ha CIUIbHINA TEpUTOPIl
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Ta PO3YMIHHS IOJA0 HEOOXITHOCTI HAJIAroJKE€HHS pi3HUX (OPM B3a€MOJIi y BCIX
chepax cnutbHOTrO IicHyBaHHS. OJHUM 3 TOJIOBHUX JIOCSITHEHb JIIOJICTBA B
MDKHApOJHUX BIIHOCHMHAX OYJ0 BHU3HAYEHHS OCHOBHUX 3acajJ MDKHApPOJHOI
B3a€MO/IIi Ta OAHOrO 3 TOJOBHUX NMPUHLHUIIB B3a€EMOBITHOCUH MIXK J€p>KaBaMH —
MPUHITUITY HaIliOHAJTLHOTO CYBEPEHITETY.

Boanouac, cyyacHuil CBIT Ta B3a€MOBIIHOCMHHM MDK KpaiHaMu MOCTIHHO
3MIHIOIOTBCS B 3aJICKHOCT1 BljJ 0araTboX YMHHUKIB, IO SIKUX CJI1J BIJHECTH:
ICTOpUYH] €Tanmy PO3BUTKY JIIOJCTBA, IMOJITHKA JEpXKaBU Ta I[IHHOCTI, SKi
NEepeBaXXaloTh B CYCNUIbCTBI, MNOIJISAM Ha CHUIbHE ICHYBaHHS Ta I1HIIL Y
3QJIEKHOCT1 BKa3aHUX YMHHUKIB (POPMYETHCS 3MICT TaKMX B3aEMOBIIIHOCUHHU MIXK
KpaiHaMU SIK Ha pEriOHaJIbHOMY, TaK i Ha II00AJbHOMY PIBHSX.

[IpoBeneHuii aBTOpOM aHai3 pe3yJbTaTiB IHTETPALIMHUX MIPOIIEC CBITOBOTO
Macitady JOBOJWTH, 10 3MIHU COIIaIbHO-€KOHOMIYHMX (opMallidi MPU3BOIUTH
0 3MIH y MDKHApOJHIM TMOMITUYHIA CHUCTEMI Ta CTBOPEHHS HOBHX (opM
MDbKHapoaHo1 B3aemonii. HoBi dhopmu MixkHapOHOT B3a€EMOJIi CTBOPIOIOTH HOBIi
MOHSTTS B MDKHAPOIHUX BITHOCHHAX: «TEOMOJITUYHI 1HTEPECH», «HAIlIOHAJbHI
IHTEepecHu», «HaIlloHaJIbHA Oe3MeKa», SKI CTalTh CKIAJOBUMH HOBOIO IS
MDKHApPOJHUX BITHOCUHU TEPMIHY - «CBITOBHH MOPSITIOKY.

Koxxna pgepkaBa, JOTPUMYIOYHCH HAI[IOHAIBHUX  IPIOPUTETIB  Ta
3a0e3Meuyour  pealizalliifo  TeoIONITHYHUX IHTepeciB, BHU3HAYAE 3acaiu
30BHINIHBOI MOJITUKH, Ta BCTYMAIOYH y B3aEMO/IIIO 3 IHTEpECAMU IHIIUX Jep’KaBa
CTBOPIOIOTH TTOHSTTS — CBITOBUI MOPSAIOK, SIKE€ € 3MIHHOIO KaTErOpi€ro.

Cnig BpaxyBaTu, IO Cy4YacHI OCOOJMBOCTI PO3BHUTKY MIDKHAPOIHUX
BIIHOCHH, Ha SKi CYTTE€BO BIUIMBAIOTH IHTETPAIIHI MPOIECH MiX JIepKaBaMH,
TEXHIYHUNA MPOTPEC Ta PO3BUTOK HAYKH, IO MPUCKOPIOE EKOHOMIYHUIN PO3BHUTOK,
mporiecu CBITOBOi TioOamizamii. BogHowac, Taki mporiecu MaroTh HE JUIIIE
MO3UTHUBHI HACHIIKU, & TAKOXK CTBOPIOIOTH HOB1 c(hepu MpOTUPIY, KOHPIIKTIB Ta

HeOe3NeKy B MDKHApOJHUX BiAHOCHMHAX. Taka cuTyallis HIAKPECTIOE€ BaXIUBICTh
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BUBUEHHS Ta TMPOBEACHHS IMEPCHEKTUBHOIO aHali3y MOXIMBUX TEHACHIIN
PO3BUTKY MIKHAPOJHUX BIAHOCHUH, 110 MOXE HaJaBaTH MOXKJIMBOCTI nepeadoavyaTu
HEraTHBHI HACJIJIKK JIJIi OKPEMOi Jep>KaBH, sl TaKOX JJII CBITOBOi CHUIBHOTH B
uiiomy. IIporHo3yBaHHS TEHAEHIIN PO3BUTKY MDKHAPOAHUX BIJHOCHMH Hajaae
MO>KJIMBOCTI BH3HA4YaTH 3acajid BHYTPIIIHBOI Ta 30BHILIIHBOI MOJITHUKU JIEpPKaB,
CIpPSIMOBaHMX Ha MIHIMI3allil0 HETaTUBHUX HACIIIKIB.

CydacHi TeHAEHIlT PO3BUTKY MUKHAPOJHUX BIJHOCHH THOTPEOYIOTh
BUBUEHHS Ta aHali3y, L0 MOXE€ HaJaTH MOXJIMBOCTI MepeadadyuTd HeraTHBHI
HACJIJIKM OKPEeMHUX TEHJICHLIM PO3BUTKY B3a€MOJIIi Ta BXKHUTTS 3acO0iB BIUIUBY,
COpSIMOBAaHMX Ha YHUKHEHHS TpoOJeM Ta NPOTUPIYb MDK JepKaBaMH,
3a0e3IeueHHsI HaIllOHAJIBHOT Ta MI>KHAPOAHOT O€3IeKH.

Knwouosi  cnosa. MiKHapoaHI  BIZHOCHMHHU, MDKHApoJHa  Oe3rmeka,

KOJICKTHBHA Oe3meka, riiodaizaris.

Abstract

Throughout human history, there has been a constant succession of socio-
economic formations, an expansion of the processes of social and cultural
integration among peoples, the emergence of new forms of social organization,
and the establishment of the foundations for coexistence. An analysis of the
historical development of states and peoples demonstrates that the historical
changes in Europe that took place during the 15th-17th centuries created the
conditions for the formation of new socio-economic conditions, the development
of new relationships between peoples and countries, the emergence of new
political perspectives on coexistence, and the establishment of the foundations of
international relations.

The peoples of the world have traveled a long and difficult path toward
understanding the need to define the content and foundations of coexistence within

a shared territory and the necessity of establishing various forms of interaction in
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all spheres of coexistence. One of humanity’s major achievements in international
relations has been the definition of the fundamental principles of international
interaction and one of the key principles of relations between states—the principle
of national sovereignty.

At the same time, the modern world and relations between countries are
constantly changing depending on many factors, including: historical stages of
human development, state policy, prevailing societal values, views on coexistence,
and others. Depending on the views held by a participant in international relations
regarding interaction with other participants, the nature of such relations between
countries is shaped at both the regional and global levels.

The author’s analysis of the results of global integration processes
demonstrates that changes in socio-economic formations lead to changes in the
international political system and the creation of new forms of international
interaction. New forms of international interaction give rise to new concepts in

99 <6

international relations: “geopolitical interests,” “national interests,” and “national
security,” which become components of a term new to international relations —
“world order.”

Each state, in accordance with its national priorities and in pursuit of its
geopolitical interests, defines the principles of its foreign policy; and as these
states interact with one another, they give rise to the concept of the world order,
which is a fluid category.

It should be noted that the current characteristics of the development of
international relations are significantly influenced by integration processes
between states, technological progress, and scientific advancements that accelerate
economic development, as well as the processes of global globalization. At the
same time, such processes have not only positive consequences but also create
new areas of conflict, tension, and danger in international relations. This situation

underscores the importance of studying and conducting a forward-looking analysis
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of potential trends in the development of international relations, which can provide
opportunities to anticipate negative consequences for individual states as well as
for the global community as a whole. Forecasting trends in the development of
international relations enables the determination of the foundations of states’
domestic and foreign policies aimed at minimizing negative consequences.

Current trends in the development of international relations require study
and analysis, which can provide opportunities to anticipate the negative
consequences of certain trends in the development of cooperation and to
implement measures aimed at avoiding problems and conflicts between states, as
well as ensuring national and international security.

Keywords: international relations, international security, collective security,

globalization.

Ilocmanoska npooremu. Tpanchopmariiss Ta TiIOOami3amis MIKHAPOIHUX
BITHOCMH — II€ CKJIQJHI TIPOIIECH B3a€EMOJIi JepkaB Ta IHIIMX YYaCHHUKIB
MDKHApOJHUX BIAHOCHH, IO 3MIHIOIOTH TMOJITUYHY, €KOHOMIUHY ¥ KYJIBTYpHY
B3aEMOJIII0 Yepe3 IOCUJICHHS B3a€MO3AJICKHOCTI, TEXHOJOTIUHHMM Iporpec Ta
TPAHCKOPAOHHI TMOTOKM iHGOpMaIlii, KamTaliB 1 Mirpaiii, mo HpU3BOJAUTL 0
HOBUX ¢opM cmiBmpaii, KOHQIIKTIB, BHUKJIMKIB Oe€3Mlemi Ta TMeperisay poiri
HaIlIOHAJLHUX JEP>KaB Y CBITOBOMY MOPSIKY.

Ha cywyacHomy etami pO3BHUTKY JIOJICTBA, BaXXJIMBUM IHMTAHHIM IIOCTAE
BUBYCHHS TEHJEHIII PO3BUTKY MIKHAPOJHUX BIIHOCHH, a TaKO0X PO3BUTKY
Jep>kaBu OKpeMo. BHyTpImmHS Ta 30BHINIHS TOJITHKA OKPEMOi JepkKaBu, 3a
MEBHUX YMOB, MOK€ CYTTE€BO BILUIMBATH HA MI>KHAPOJIHI BITHOCUHU Ta CTBOPIOBATH
npoOnemu st MbkHapoaHoi 6e3nekn. OTxe, TeHIEHIli PO3BUTKY MIKHAPOIHUX
BITHOCMH MOTPeOYIOTh aHami3y Ta BHU3HAYCHHs. Pe3ynbTaTd Takoro aHamizy
MOXYTh €()EKTUBHO BUKOPHCTOBYBATH 3 METOIO MPOTH/Ii1 HETATUBHUM TEHIICHITIS

Ta YCYHEHHS rI100aIbHUX MPOOJIEM PO3BUTKY.
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CyyacHi METOAOJNOTiT  BUBYEHHS CYCHUIBHMX BIJHOCHH  HAJalOTh
MOXJIMBICTh CTBOPIOBATU NMEPCHNEKTUBHI aHANI3U PO3BUTKY Ta BU3HAYATH 3acagu
MPOTUIIT MOKIMBUM HETAaTUBHHM TEHICHINS, IO € BKIUBUM I (OPMYBaHHS
MOJIITUKU MDKHAPOAHOI O€3MeKu.

Ananiz ocmauuix Oocniodxcenv i nyonikayiu. IlpoGremMu cydacHUX
MDKHAapOJHUX BIIHOCMHAX Ta aHali3y TEHIEHUIA iX PpO3BUTKY, a TaKOXK
PO3IIMPEHHS 30H MPOTHUPIYb Ta MDKHAPOAHMX KOH(QIIIKTIB pO3MIISAAIUCA B
poborax A.A. I'punienka, FO.0. 3arymenoroi, €.M. Hikinenooi, O.B. Kpurnens,
B.B. Ko6u, FO.M. ITandinosoi, T.B. Opnosoi, I'.Il. Cutnuka, B.B. Cokypenka ta
IHIIMX aBTOPiB. Y HAYKOBHUX IpaIiXx 3BEPTAETHCS yBary Ha 3MiHY B CYTHOCTI Ta
OpUPOJI1 3arpo3, 3 SIKUMHU CTHUKAETHCS BCl OUIBIIICTh KPAaiHU CBITY, aKIIEHTYIOUU
yBary Ha €KOHOMIYHHUX, €KOJIOT1YHUX, 1JICOJIOTIYHUX Ta COIIaIbHUX MpoOseM, sSKi
CYyTTE€BO BIUTMBAIOTh HAa MDKHApOJHI BIiTHOCMHM Ta € BHU3HAYAJIBHUMH Y
30BHIITHBOT TTOJIITUKH JIEPIKaB.

Mema cmammi - TpOBENEHHS aHANI3y Cy4YaCHUX JOCHIIDKEHb 00
TEHACHI[II PO3BUTKY MDKHAPOJHUX BIJHOCMHAX Ta CHCTEeMH MDKHApOIHOT
OE3IeKH Ta 3aCTOCYBAaHHS iX pe3yJbTaTiB.

Buknao ocnosnoeo mamepiany Oocniosxcenns. Ilepiior0 KOHKpPETHO-
ICTOPMYHOIO MOJICIIIIO CBITOBOT MOJIITUKK O€3MeKH OyJia cucreMa ,,0amaHcy cur’,
mo icayBana 3 cepeaunn XVII cromirta (ykmamanHs Becrdanbebkoro mMupy) ao
3akiHueHHs [lepmroi cBiToBoi BiitHU (1918 pik).

Cucrema Oamancy cuil — 1€ KOHIIMINS MOOYTOBHM B3a€EMOBIIHOCHH 3
IHIIMMU JIep>KaBaMU, KOJM CTBOPIOBAIMCS YMOBH, 3a SKUX OJIHA JepkaBa a0o
KOAMIIlis Jep’kaB HE MOXYTh JOMIHYBAaTH HaJ IHIMMMHU. Taka cucTeMa mala 3a
TOJIOBHY Ta OpraHi3aliifHy MeTy 3a0e3NeUnTH peasizailiio MPUHIUITY PIBHOBATH
CWJI, SKHH 3a JIOMOMOTOK PI3HOMAHITHUX MDKHApPOJHUX 3aXOJiB, IO
3aCTOCOBYBAJIHCS JICp)KAaBaMH, JUIJIOMATHYHI B3a€MOBITHOCHUHH, CTBOPCHHS

anbsiHCiB (00’ €IHAHB) JIep»aB, MPEBEHTUBHUMU BllfHAMHM, TOLIO Ta TaKa CUCTEMa
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cTBOpwiIa O 0araTomoJspHICTh B MIKHAPOJHUX BIIHOCHHAX, BHU3Hauajaa «BEJIUKI
Jep’KaBa», sKI Maldd O BIUIMB Ha CBITOBY MOJITHKY Ta 1HIII KpaiHWU, 3 METOIO
3a0€3MeUeHHsI CBOIX 1HTEPECH.

['onoBHOIO i€€r0 KOHLEMIT «OallaHCy CHJIM» — BXKHUTTS 3aXOAIB,
CIpPSIMOBAHMX Ha 3alo0IraHHs TMOsBI TereMoHa, KU OW 3aBASKU BIUIMBY Ta
MOTYTHOCTI MOK€ HaB’s13yBaTH CBOIO BOJIIO 1HIIMM KpaiHaM. ToMy CyTT€Bi 3MiHU
y cucTeMi OanmaHcy cui abo pi3Ke MOCUJICHHS OJIHOTO YU KUTbKOX Y4YacHUKIB
CHUCTEMU CTBOPIOE 3arpo3y JUisi O€3MeYHOTr0 ICHYBAHHS IHIIUX. Y I1€1 KOHIIEeMIIT
I1i mpaBuja — 3pOCTaHHS CUJIOBOTO MOTEHLIANY OJHI€T Aep>KaBU AJI MOCUIICHHS
CBOi 0Oe3MeKku MOKe NPHU3BOJUTU N0 ii CHPUUHATTS IHIIUMHU SK 3POCTaHHS
Heoe3meku A vux [1, C. 191].

Cucrema OanaHcy cuJl 3 1i MPUHIIMIIOM PIBHOBArv aKTOPIB MIKHAPOIHUX
BIJIHOCHH CIIOHYKaJla 0 CIpo0 BUPINIYBATH MIDKHAPOJHI CIIOPU Ta KOH(IIKTH
IUIIXOM BBEJICHHS 3arajbHOBU3HAHUX 1 ()IKCOBAHMX MPABUI B3a€EMOBIJHOCUH Ta
3a0e3meyyBaTy X PEeryIlOBaHHS Ha OCHOBI MIXHAPOJHMUX JIOTOBOPIB Ta yroa. L
cucteMa crana 6azucom, st GOPMYBaHHS CUCTEMHU KOJIEKTUBHOI O€3MEKH.

dopmyBaHHS HOBHX TOTJISAIB Ha ICHyBaHHS KpaiH Ta 1X €KOHOMIYHHUU
PO3BUTOK MPHU3BOJUB JI0 3MIHM MOJITUYHUX MOTJISAAIB HA CUCTeMy OallaHCy CHII.
XapakTepHUM ISl B3a€EMOBIJIHOCUH MIX KpaiHamu €Bponu Hanpukinmi XIX ta
noyatky XX CTOJITh CTa€ MparHeHHs MOUIMPEHHS BIUIMBY OJHUX KpaiHM Ha
1HIIIl Ha KOHTUHEHTI Ta 00poThOa 3a TEPUTOPil BIUIMBY HA IHIIMX KOHTHHEHTAX
(Tak 3BaHa KOJIOHiaJNbHA MOJITUKA). [IpoTHais Mix nepkaBamMu MPU3BOIUTH /10
CTBOPEHHSI BIHCHKOBO-TIONITHYHUX OO0’ €qHAHb KpaiH — Tpoilbkoro coro3y Ta
AHTaHTH, METOIO AKUX OYJI0 MPOTHAIS MOMIUPEHHIO BIUIMBY MPOTUIICKHUX KpaiH
Ta MOYJIMBOCTI BUPIIMIEHHS CHIPHUX (B OCHOBHOMY TEPHUTOpiaJbHHUX) MUTAHb HA

IMCTaBl CHJIN.
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Otxe, nnga €Bponu Ha IbOMY ICTOPUYHOMY MEPIOJ1I XapaKTepHO MJIs
CTBOPEHHS KOAJIIiN JepKaB, 1m0 (PaKTUYHO 3aKIaI0 OCHOBU OJIOKOBOI CUCTEMU
Oe3IeKu.

[Ticns mepmioi cBITOBOiI BIHM Bif0yBalOThCS CHOPOOM BIAIATH BiJ Takoi
MOJieNll MIKHAPOAHOI O€3MeKH Ta CTBOPUTHU YHIBEPCaJbHY CHUCTEMY O€3MEKH, B
K01 Oynu O 3a/iTHO OUTBIIICTH JEPKaB CBITY Ta BUSHAUUTHU MpaBuiia O€3MEYHOr0
icHyBaHHs. AuJie, JUIs pealizallii Takux HaMipiB BHHHKAJIO 0arato CBITOBHX
npobJieM, sIKi He 3aBXKAM BIABAJIOCS BUPINIYBaTH JUTUIOMATHUYHUMHU METOJAMHU Ta
IIJISTXOM JOMOBJICHOCTEH, TOMY IO iICHYBaJIM 3HaYHI pO301KHOCTEH B MOTIISIIaX HA
CIUIbHE ICHYBaHHSI Ta HAIlOHAJbHI 1HTepecHu. Taki mparHeHHS MpPU3BEIH TOsSBI
TaKOTO MOHSTTS, SIK KOJIGKTHBHA Oe3IeKa.

[lepmioto opranizamiero KoJeKTUBHOI Oe3neku Oyna Jlira Hamii, sky
CTBOpEHO miciis nepiuoi cBiToBoi BitHU. CtaryT Jlirn Hamiii BpaxyBaB Bci 3acaau
JIOMOBJICHOCTEM Ta TIOJOKEHHA BCIX MICASBOEHHUX MUPHHUX JOTOBOPIB Ta
BU3HAUMB CTPYKTYpY, SKa 3Morjia O 3a0e3neunTd MparHeHHs 10 Oe3nmedHoro,
MIPHOTO CHiBICHYBaHHA AepkaB. KpaiHu-y4JacHUKH B35 Ha cebe 3000B’sI3aHHS
3aXWIATH OJWH OJIHOTO y pa3l Hamanxy Oyab-skoi iHmOi aepkaBu. Cucrema
KOJIEKTHBHUX 3aXOJiB O€3NeKW BHU3HAuajla HANOPSIMKH JISJIBHOCTI: 3a00pOHY
OTPO3U CHJIOK abo 1i 3acTOCyBaHHS y BIJHOCMHAX MDK KpaiHaMu; MHUpHE
pO3B’sI3aHHS ~ MDKHApPOJHHUX  CYNEpeuoK, 3acobu  po330poeHHs;  3acolu
3a0e3nedeHHss Oe3nmeku y TEepexigHuil mepios; 3aco0M 3 BUKOPUCTAHHS
pEerioHaTbHUX OpraHizaiiii 0e3MmeKu; TUMYacoBi 3ac00M, CIIPSIMOBaHI Ha Te, MO0
NOKJIACTH Kpall MOpYUIEHHSIM MHpPY; NPUMYCOBI 3acobu 06e3 3acToCyBaHHS
30pOMHUX CHJI Ta IPUMYCOBI 3aCO0M 13 3aCTOCYBaHHSAM 30pOWHUX CHII. PO3BHUTOK
TaKOi CHCTEMHU KOJIEKTHBHOI O€3MeKH mepepBaja JApyra CBiTOBa BiliHa, sKa CTaya
HACJTIIKOM TOPYIICHHS OajaHCcy cuil B €BpOIi Ta OCTaTOYHO BHU3HAYMIIA
17ICOJIOTTYHUN aCTEKT MDKHAPOJHMX BITHOCHUH — TIOSBY JABOX MPOTHIICKHUX

171€0JIOT1M ICHYBaHHS KpaiH CBITY.
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[licns nmpyroi cBITOBOI BIMHM po3noyanacss 4eprora crpoOa aepikaB
3MIMCHUTH TpaHchOpMallil0 MDKHAPOAHUX BIJHOCMH Ta BCTAaHOBUTH CBITOBHI
MOPANIOK, SIKMM TpuMaBcs O Ha MEBHUX 3acajgax. ¥ 1945 poui, KoM OCTaTOYHO
chopmyBanocss OayeHHs 3aKiHYEHHs JAPYroi CcBITOBOi BiliHM, Benuka bputanis,
CIIA Ta Pangsucpkuit Coro3, po3noyanu MPOBOJUTU 3yCTpIdi 3 OOrOBOpPEHHS
MUTaHb MICASIBOEHHOT CUCTEMH MDKHAPOIHUX BIAHOCHH. AJle, y3roJXKeH1 J1i 11010
CTBOPEHHSI CBITOBOTO MOPSIKY Ta 3acajl MDKHAPOJAHUX BiTHOCWH TPHUBAIH JIUIIIC
JeKUIbka poKiB. PO301XKHOCTI B 11€0JIOTISIX JI€pKaB Ta TOTJISAM Ha TOMAIBIINN
PO3BUTOK MDKHAPOJIHUX BITHOCHH MK YUYaCHHUKaMH BKa3aHHUX BHIIE KOH(DEpEHIIiH
HE CHPHSIIA JOCSITHEHHI MPUHIIMIIOBUX JOMOBJICHOCTEH Ta 3 4aCOM 301IbIIYBaIn
KOH(QPOHTAIIIT MK HUMH.

Bonnouac, 3aroctpenns ineosioriyHux npotupiuyb mMixk CPCP ta iHIImM#u
KpaiHaMU aHTUTITIEPIBCHKOI KOATiIii Mpu3BeI0 10 HEOOXITHOCTI BUPIIICHHS
Oe3MeKoBUX MHUTaHb KpaiH €Bporu Ta y Oepe3ni 1948 poky OyB ykiaaeHUM
Bbproccenschkuii makt Mik benbrieto, Bemukoro bputaniero, JlrokcemOyprowm,
Hinepnangamu 1 @panitiero, SKAN MI3HIIIE JIT B OCHOBY «3aXiTHOEBPOIIEHCHKOTO
corozy». Ilimmucanns bproccenbcbkoro makty Oyjo BIiAMOBAAO Ha TOAIT Yy
UYexocnoBauuuni (motuit 1948 p.), ko Komynictuuna naptis YexocaoBauyuuHu
3a miaTpuMku CPCP ocraroyHo 3axomnuiia Biajay, BCTAHOBUBIIM KOMYHICTHYHHIN
TOTATITApHUN pekuM. Taka cUTyallisi CTBOpUJIa MEpPeyMOBU 00’ €THAHHS KpaiH
€Bponu, ski He Oynu okxymoBani PansHcekum Corozom, Ta mosBi y 1949
BIICBKOBO-TIOJITHYHOTO 0103y - Opranizaitii [[iBHIYHOATIAHTUYHOTO TIOTOBODY.

[Tpuunnoto yrBopeHHss HATO Oyma arpecuBHa mnomithka PansHchKoro
Coro3y, sKMii MaB HaMip TOBHICTIO 30eperTu CBiii BIUTMB HAa PO3BUTOK JCpKaB
€Bponu Ta cBoi 30poitHi cum B Kpainax LlenTpanpnoi Ta CximHoi €Bpomu Ta
KpaHaM HaB’s3yBajuCs HEAEMOKpaTH4HI (GOpMH  BpSIYyBaHHSA, >KOPCTOKO
MpUAYIIyBaIUCS Oylb-sIKi MPOSIBU OINO3UINI, 3HEBAXKAJIUCh E€JIEMEHTapHI MpaBa

JIOJIMHU, TPOMAJISIHCHKI ITpaBa 1 cBOOOIH.
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VY BinnoBins Ha ytBOopeHHs HATO y 1955 poui  Oyno CTBOpEHO
Opranizanito Bapmascekoro norosopy (OBJl) — noroBip mpo npyxOy,
CHIBpOOITHUILITBO Ta B3a€EMHY JONOMOrY (BIMCHKOBY OpraHizaiiio), y fAKYy
Pansucbkuit Coro3 (akTHUHO 3aTSIrHyB y KpaiHu cxigHoi Ta ILleHtpanbHO1
€pponu: Anbanito, bonrapito, Cxigny Himeyunny, I[lonbmy, Pymynito,
VYropmuny Ta YexocnoBauuuHy, mo Oyno ctBopeHo sik npotuBary HATO Tta
3a0e3nedeHHs 0e3MeKy COIaiCTUYHUX KpaiH.

[IpoTtucTosiHHsT 1BOX 00’€qHAHB KpaiH y MailOyTHbOMY OTpHMAali0 Ha3BY —
OimoJsipHa cHUCTEMa CBITOBOTO MOPSAKY, AKOi Oyno mnpuTamaHHi cnenugiuHi
O3HAKHU: KpaiHU CBITY OCTATOYHO TOJLIMIUCS Ha JBI YaCTHMHU B 3aJIGKHOCTI Bij
1ICOJIOTIYHUX TOMISAAIB Ha (OPMYBAaHHS Ta ICHYBaHHS JEP)KaBHOIO PEXHUMY;
17ICOJIOTIYHI MPOTHPIUYST MDK OUIBII BIUIMBOBUMM KpaiHaMH MO0 TOIVISIIB
PO3BUTKY CBITY MPHU3BENIN O TMOSIBi HOBHX TE€OMOJITHYHUX CYNEPEUHOCTEH Mix
KpaiHaMu; 17EOJIOTIYHI CYNEpPEYHOCTI 3IMCHIOBAJIOCS 13  3aCTOCYBAHHSM
HEBIMCHKOBUX Ta HETpaAMIIMHUX (Hacammepen iHpoOpMaIiiHuX) 3aco0iB
IMPOTUCTOSHHA, IO OyJI0 MIATPYHTSIM (OpPMYBaHHS TMOHATTA «iH(opMmaliiifHe
IIPOTHUCTOSHHS» Ta B MaOYTHhOMY «iH(opMaIliiiHa BiifHa»; aKTUBHE CYTICPHHUIITBO
MDK KpaiHaM# BiIOyBaJIOCS Ha TEPUTOPIi «TPETiX» AepiKaB, sAKI IMAMAJAIHA T
BIUIMB JI€p’KaB TAKOrO0 YW IHIIOTO Tabopy Ta BU3HAYWIM HHUBUH TpeHA Y
MDKHApOJIHIA TOMITUIl «(popMyBaHHS cdep BIUIUBY»; YCBITOMIJICHHS HeOE3IMeKH
r100anpHOT SIIEPHOT BIHU Ta 11 HACHIJKIB, HE JAJId 3MOTH PO3TOPHYTH BIMCHKOB1
aKTUBHU y cBiToBOMY MacmTabi [2, C.48].

OT1xe, MDKHApOAHI BIMHOCHHH CEPEIMHM Ta APYroi MoJoBUHU XX CTOJMITTS
XapaKTePU3YIOTbCA TOCTPUM TMPOTUCTOSHHSIM JBOX TMODSIIIB HA 1CHYBaHHS
JTIONWHA B CYCHUTBCTBI, HA YTBOPEHHS HA ICHYBaHHS 1 PO3BUTOK JEp)KaBH, 5Kl
MaJli ICTOPUYHY HA3BY «KaIiTaTi3M» Ta «COIIai3M.

Kinenp XX cTOMITTS XapakTepu3yBaBCs 3aKIHYEHHSAM €Tamy

MOMIMPEHHST PAISHCHKOI (COLIAIICTUYHOT) 1/I€0JIOT1i Ta IPOTUCTOSIHHS MK JBOMA
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1JICONIOTIYHUMHU CHCTEMaMH, a TaKOX MOIIMPEHHSAM JEMOKPATUYHUX TMOTISIIB Ha
MOJIITUKY ICHYBaHHsS Jep>kaBU Ta ocobu. OTxe, 1eil mepion po3BUTKY JIOACTBA
MOKHA OI[IHUTH MO3UTHUBHO Ta OyJM CTBOPEHI Pi3HI MEXaHI3MU, SIKI MIHIMI3yBaIH
WMOBIpHICTh BUHUKHEHHS T7100aJIbHOT (CBITOBOT BiliHM) [3, C.8].

PyiinyBaHHst OIMOJApPHOT CHCTEMHM MDKHApOAHMX BIIHOCUH Ta €MOXHU
17ICOJIOTIYHUX MPOTUPIUYb HE YCYHWIO BCiX MpoOJjieM B MIKHAPOAHHUX BIIHOCHMHAX
Ta HE JIKBIIYBAIO TJIOOAdbHE TPOTHCTOSIHHS MDK OJIOKaMU  JIepiKaB.
[IpoTuCTOSTHHA MIX JepkaBaMH Ie OUTBII 3aroCTPUIIUCA Y 3B’SA3KY 3 IOSBOIO
HOBHMX IPOOJIEM: KOHKYPEHIIISl TOKTPUH 1 cTpaTerii, 600poThOM 3a TOMIHYBaHHS y
CBITI Ta cepu BIUIMBY, MPArHeHHs HOBHUX KpaiH J0 JOMIHYBaHHIO Yy CBITI Ta
CTBOPCHHS 30H BILIHBY.

Ha mouarky XXI cTOnITTS MIDKHAPO/IHI BIITHOCUHU MEPENIIUIM B HOBUHM eTan
TpaHcopMallii, PpEaNbHICTIO SKOIO0 € pPecTaBpallis BEJIHUKOJEPKaBHOTO,
IMITEPCHKOTO THUITY TEOTOJITUYHOI CBIOMOCTI, IKUU TIOEIHYE 11ea)l Jep:KaBHOTO
PO3BHUTKY Y BUIJISIII CTBOPEHHsI “BEMKHMX IMIEpIA~’ Ta MEXaHI3MIB IXHBOTO
JOMIHYBaHHSI HaJ «CEpEeAHIMH» Ta «MaJTUMU» Jep:KaBamH, a  TaKkox
HeJiep )kaBHUMHE ToyiTHaHuMU  critamu [4, C.250]. Otxke, BUSHAYAIBHUM TPEHIOM
TpaHchopmMalii cucTeMu MDKHApOAHUX BimHOCMH XXI| CTONITTS € TOCTYIOBE
dbopmyBaHHsS 0araTOMOJIOCHOI CHCTEMH B YMOBaX 3pPOCTAlO4YOro TIIO0aIbLHOTO
Xaocy. 3 MM TPEHJIOM TOB's3aH1 1HIII, HE MEHII Ba)KJIWB1 TEHJICHIII1, 0COOJMBO B
KOHTEKCT1 POCIHCHKO-YKpAiHChKOi BIMHM Ta iX 3HA4YeHHS A 3a0e3nmedeHHs
r100aapHOI 1 HalioHaNBbHOT O0e3nekn Ykpainm [3 , C.8].

3akiH4eHHs1 OIMOISIPHOI CUCTEMHU TMPHU3BOAWTH JO TMOSBI HOBHX IIEHTPIB
BIIMBY Ta (akTtuuae ¢GopMyBaHHA OaratomoiisipHOI CHUCTEMH OE3IeKH.
bararomomtocHa cucrema Oesneku (abo OaraTtomonspHICTE) — 1€ CHCTEMa
CBITOBOIO yCTPOI, J¢ ICHY€E Kijibka (0ijibllle JIBOX) TMOTY)KHHUX IEHTpPiB
cWiIH (nepkaB 4yu  OJIOKIB), SIKI MaloTh NOPUOJMU3HO PIBHUM BIHCHKOBUI,

€KOHOMIYHHUM Ta TMOJITHYHUN BIUIMB, Ha BIAMIHY BiA OJHOMOJISIpHOI (OaHA
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HaJepkaBa) ud OinmossspHOi (ABI HajajaepkaBu) cucteM. Bona mnepenbauae
po3moAlT BiIAaAM MDK OaraTbMa MIDKHApOJAHMMH aKTOpamMH, LI0 YCKJIaJHIOE
JOMIHYBaHHS OJHOIO TMOJIOCAa BIUIMBY. Taka KOHCTPYKISL € HE3pPIBHSIHHO
CKJIQJTHIIIIOIO 1 MIOTEHIIMHO HEOE3MEeUHINIO, HIXK CBIT, 10 PIBHAETHCS HA OJHUH
a0o nBa 1ieHTpu BiutuBy [5, C.231].

[ToctynoBe ¢popmyBaHHsI 6araTonosIpHOT CUCTEMU MIKHAPOIHUX BIAHOCUH
NPU3BOAMTH JIO 3arOCTPEHHS MPOTHUPIYL B 0Oaratbox cdepax MIKHAPOIHOI
B3a€MOJI1i, MOsSIBI HOBUX c(ep mpoTupidy Ta KOHQIIKTIB: 3a cpepHu BIUIUBY, 3a
pecypcH, MOMJIHMBOCTI 3a0€3MeUeHHs] HAI[lOHAJTHHOTO €KOHOMIYHOTO 3pPOCTaHHS,
IO TOPOJKYE HOBI MPOOJIEMH BpPAaxXxOBYHOUM AaclEKT BW)KMBAHHS Ta BIIACHOI
Oe3IeKH.

CydacHi MDKHapOAHI BIIHOCMHHU XapaKTEPHU3YIOThCS TYpOYJIEHTHICTIO Ta
HAIMPyrol B 30BHINIHIX BIJIHOCMHAX MIXK Jep)KaBaMU, 30KpeMa, MOJITUYHUX,
€KOHOMIYHMX, 1I€0JOTIYHMX Ta I1HmMX cdepax B3aeMmojii. IcHyroua cucrtema
MDKHApOJIHUX BIAHOCHH Ta ii O€3MEKOBHM MPOCTIp, HE BUTPUMABIIN TIOPHIHUX
BUKJIMKIB 1 3arpo3 XXI cTOmTTS, HUHI NEepeXUBaOTh  (YHIAMEHTAIBHY
tpanchopmarnito. Ile, B cBorwo uyepry, mpusBesio GopMyBaHHsS HOBOI IJ100aIBHOT
apXITEeKTypH OE3MEKOBOTO MPOCTOPY 1 CepeoBUINa MIKHAPOJHHX BITHOCUH [6,
C.47]. ¥ XXI cromiTTi cioctepiraeMo mporecu GopMyBaHHS HOBOT'O CBITOBOTO
MOPSI/IKY, BUX1J HA MDKHAPOJHY apeHy HOBUX «TpaBIiB» Ta (OPMyBaHHS HOBHX
3B’SI3KIB MIX JIepKaBaMu B MDKHapoIHUX BimHocuHax [7, C.136].

OnuH 3 HaWBIUIMBOBIMIUX CBITOBHUX JinepiB - [IpesuaenT DiHnsaHmii
Anexcanap Cty00, OIliHIOE CydacHUM CTaH MDKHApPOJHMX BIIHOCHUH SK KpHU3Y
nib6epadbHOTO TOPSAKY Ta 3POCTaHHS MYJIbTUMONSIPHOCTH. B omHiel 31 cBOiX
cTaTel BIH 3a3Hayae, MO0 CBITOBI HOBHHU TMEPEMOBHEHI KOHQIIKTAaMU Ta
tparemisimu. Pocis 6omOapaye Ykpainy, bnuspkuit Cxing kunuth, a B Adpwuii
BUPYIOTh BIMHU. 31 3pOCTaHHSAM KOH(IIKTIB, CXOXeE, AEMOKpaTii 3aHenajaroTh.

Emoxa micas xonomHoi BifiHM 3akiHuwmitacsa. llompu Hamli, 110 BUHUKIW ITICHS
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nafiHHsA bepniHcbKOoi CTiHM, CBIT HE 00'€qHABCSA, NMPUWHSBIIM JEMOKpATIIO Ta
pUHKOBUM KamitanizMm. JlificHo, cuiu, siki Manu oO0'€eqHATU CBIT — TOPTIBIA,
€HepreTuka, TEXHONOr1i Ta 1H(dopmMallisi — Ternep po3puBalOTh HOr0 Ha YaCTHHU
[8].

VYpaxoBylouu 3a3Ha4eHE MOXKHA OKPECIUTH TOJIOBHI TPEHAH
Cy4yaCHUX MDKHApOJHUX BIIHOCUH: pYyHHYBaHHS CHCTEMH MDKHApOIHUX
IHCTUTYIIIM, K1 BCTAaHOBJIIOBAJM Ta 3a0e3MedyyBajii BUKOHAHHS MDKHAPOJAHHUX
3000B’s13aHb, @ TAKOK CUCTEMH MDKHAPOIHOTO MpaBa Ta Mepexisi CUIOBUX crocobi
BUPIIICHHS. KOHQJIKTIB; 3pOCTaHHS BIUIMBY BEJIMKUX JEpXKaB Ha PErioHH Ta
NPOBEJACHHS AarpeCHBHOI 30BHINIHBOI TOJNITUKH: PO3MIMPEHHS arpecHBHUX
CIoco0iB MOIIUPEHHS BIUIMBY: €KOHOMIYHI KPU3U, TOPriBeJbHI BIMHHM, €MigeMii,
BIMCHKOB1 KOH(JIIKTH, HACIIIKH SKUX CTalOTh HAATO BIAYYTHHUMH TOIIIO;
3aroCTPEHHS TEPUTOPIATEHUX MPOTUPIYD MIXK JepKaBaMHU, sIKi CTAIOTh MPUINHAMHU
MDKHapOHUX KOH(JIIKTIB.

YpaxoByrUn 3pOCTalO4y KUIBKICTh MPOTHUPIY MDK JepKaBaMH CBITH
CydyacHa CHCTEMa MDKHapoJHOi Oe3leku MmoTpedye HOBUX IIAXOMIB 0
BU3HAYCHHS TEOPETUYHHUX 3acaj] IOJA0 OOIPYHTYBaHHS ii ICHYBaHHS, HOBHX
MexaHI3MIB 3a0e3nedeHHs Oe3neku Ta ¢GOpMyBaHHS CHCTEMH TapaHTIH Ta
croco0iB X peanizallii 3 MeTor 3a0e3nedeHHs 0e3MeYHOro iICHyBaHHsI JIep)KaB Ta
HaApPO/IiB.

Bucnosku. CyyacHi MbKHApOAHI1 BITHOCHHU XapaKTePU3YIOThCS CKIIaTHUMU
mpoliecaMu B3a€EMOJIi MK iX yYacCHHKaMH, 3pPOCTAaHHSM HAIPY>KEHOCTI B
CTOCYHKaX JIepaB Ta HapoJiB, IMOSBI HOBUX MpoOieM, sKi OO0yMOBIIEHI
0COOJIMBOCTAMH COLIAIbHO-€KOHOMIYHOTO Ta KYJIBTYPHOTO PO3BUTKY KpaiH Ta
HApOJIiB, a TAKOX MOIIMPEHHSIM CBOTO BIUTUBY Ha IHII TEPUTOPii Ta 6OPOTHOOIO 32
JOMIHYBaHHS y CBiTi. Taki TEHIEHIi CBITOBOTO CHiBICHYBaHHS JEp)KaB Ta
HapoaAiB y MallOyTHhOMY OyAyTh BIUIMBATH Ha CYTHICTh 3a 3MICT MIDKHApOAHUX

BIIHOCHUH Ta (JOpMYBaHHS MOIJISIAIB Ta 3acaj] Ha O€3MEeKOBE ICHYBaHHSI.
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3arocTpeHHd NpoOieM y MDKHApOJHHMX BIAHOCHMHAX Ta BHUHUKHEHHS
3HAYHUX MPOTHUPIY MK JIepKaBaMHU SIK a CBITOBOMY, TaK ¥ Ha pErioHaJIbHOMY
piBHI, BUMAararmoTb pO3pOOJIEHHS HOBUX MIAXOAIB JO BU3HAYEHHS HOBHUX 3acaj
CTBOPEHHS CHCTEM MDKHApPOJHOI Ta pErioHajgbHOI Oe3MeKH, 3 ypaxyBaHHSIM

BIIMOBIIHUX BUKJIMKIB Ta 3arpo3, IPUTAMAaHHUM Pi3HUM PET10OHAM.
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GACUIITATOPCBHKA POJIb BUNTEJIS ®I3UKA B YMOBAX
HOBOI YKPATHCBHKOI IIKOJIN

FACILITATORIAL ROLE OF APHYSICS TEACHER IN THE
CONDITIONS OF THE NEW UKRAINIAN SCHOOL

Anomauyis

Y crarri  3AIMCHEHO TEOPETHUKO-METOJOJOTIUHY  KOHIIEITYyalli3alliio
dacumitaropchbkoi posi BUMTEeNsS (PI3MKM B yMOBaX IMIIEMEHTAIlli CTaHAApTiB
HoBoi ykpaincekoi mkoiau (HYIII). Ha ocHOBI aHamizy ICHX0JI0TO-TIeAaroriayHoro
JTUCKYPCY YTOYHEHO CYTHICTb TOHATTA «(dacwiliTallil HaBYaHHSI» SIK MPOIECY
CTBOPEHHSI CIPHUSATIUBOTO OCBITHBOTO CEPEIOBHUINA, IO aKTUBI3yE Mi3HABAIbHY
TSUTBHICT  Y4YHIB 1 3a0es3nedyye iXHIO CyO0’€KTHY TIO3WIIII0 B HAaBYaHHI.
OOrpyHTOBaHO JAETEPMiHYIOUY POJb (achIiTallil y MiIBUIIECHH] SKOCTiI (i3UIHOT
OCBITH, TIOCWJICHHS 1HJMBIAyari3aiii HaBYaHHS Ta PO3BUTOK JOCIITHHIIBKHX
yMiHb. BHOKpEMIICHO KITIOYOBI MECKPUIITOPH BUYUTENsI-hacuiiTaTopa: 37aTHICTh
70 TPOEKTYBAaHHS CTUMYJIOIOUOTO  OCBITHBOTO  MPOCTOPY, OpraHi3alis
MPOAYKTUBHOI HABYaJIbHOI B3a€MOJli, MIATPUMKA HaBYaJbHOI aBTOHOMIi Y4YHIB,

aKkTyajizallisi iXHbOi BHYTPIIIHBOI MOTHUBALIi O BUBUECHHS (I3UKM Ta ITHIIUX
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MPUPOAHUYMX JUCHHILTIH. J[OBEIeHO, 10 B yMOBaX KOMIETEHTHICHOT IMapaurMu
BiIOyBaeThcsl TpaHchopmalis mnpodeciiiHoi posi BuuTens (GI3UKM — B
TPAHCIATOPA TOTOBUX 3HaHB JIO MOJIepaTopa OCBITHHOT'O MPOIIECY, HACTABHUKA Ta
napTHepa y TMi3HaHHI. BHU3Haue€HO KOMIUIEKC MEAaroriyHuX yMOB e(EeKTHBHOT
peamizamii ¢dacwiitaTopcbkoi QYHKINL, cepel SKUX: 1HTerpauis nudpoBUX
TEXHOJOTIA y HaBYAJIbHUM TMpPOIEC, BUKOPUCTAHHS METOJIB MPOOJIEMHO-
OpPIEHTOBAHOTO Ta JOCIITHUIILKOTO HAaBYAHHS, CTBOPCHHS CHUTYaIlid YCIIXy JJIs
KOXXHOTO Y4HSI, po30ynoBa cy0’ €KT-cy0’€KTHOT B3aEMOJI1i Ha 3acajax Mearoriku
napTHepcTBa. Oco0MBY yBary mpuaiieHo pediiekcii Ta 3BOPOTHOMY 3B’SI3KY SIK
IHCTpyMEHTaM  MIATPUMKHA  HaBYaJbHOro mporpecy. OOrpyHTOBaHO, IO
dbacumiTaTOPChKUN MIAX1A KOPENIE 3 PO3BUTKOM KirodoBux soft skills yuHiB:
KPUTUYHOTO MHUCIICHHS, KPEaTUBHOCTI, KOMYHIKaTUBHOCTI, BIJMOBIJAIbHOCTI 3a
BJIACHI pe3ynbTaTh HaBuyaHHsA. DopmyBaHHS (acuIiTaTOPChKOI KOMIICTCHTHOCTI
BUUTEJIS € BOKIUBUM CKJIQJHUKOM HOTO HEMEepepBHOTO MPOQECiiHOTO PO3BUTKY
Ta HEOOXITHOI YMOBOIO YCIIITHOTO pedOopMyBaHHs cepelHboi ocBiTH. HaBeaeHo
NPUKIIAINA PAKTUYHOTO 3aCTOCYBaHHA (PacCHIITATOPCHKOTO MIIX01Y Yy BUKIIAJaHH1
¢bi3uKy.

Knouosi cnosa: dacwmitamis; Buutenb ¢isuku; (acumitatrop; Hosa

yKpailHChKa mKkosa; MoTuBailis; Soft skills.

Abstract

The article provides a theoretical and methodological conceptualization of
the facilitator role of a physics teacher in the context of the implementation of the
standards of the New Ukrainian School (NUS). Based on the analysis of
psychological and pedagogical discourse, the essence of the concept of
"facilitation of learning"” as a process of creating a favorable educational
environment that activates students' cognitive activity and ensures their subjective

position in learning is clarified. The determining role of facilitation in improving
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the quality of physical education, increasing the individualization of learning, and
developing research skills is substantiated.

Key descriptors of a teacher-facilitator are identified: the ability to design a
stimulating educational space, organize productive educational interaction, support
students' educational autonomy, and actualize their internal motivation to study
physics and other natural sciences. It is proven that in the conditions of the
competency paradigm, the professional role of a physics teacher is transformed -
from a translator of ready-made knowledge to a moderator of the educational
process, a mentor, and a partner in cognition.

A set of pedagogical conditions for the effective implementation of the
facilitator function has been identified, including: integration of digital
technologies into the educational process, use of problem-based and research-
based learning methods, creation of success situations for each student,
development of subject-subject interaction on the principles of partnership
pedagogy. Particular attention is paid to reflection and feedback as tools for
supporting educational progress.

It is substantiated that the facilitatory approach correlates with the
development of key soft skills of students: critical thinking, creativity,
communication, responsibility for their own learning outcomes. The formation of
a teacher's facilitatory competence is an important component of his continuous
professional development and a necessary condition for the successful reform of
secondary education. Examples of the practical application of the facilitatory
approach in teaching physics are given.

Keywords: facilitation; physics teacher; facilitator; New Ukrainian School;

motivation; soft skills.

Ilocmanoska npobnemu. PedopMyBaHHS 3arajibHOi CEpEeIHLOI OCBITU B

VKpaiHi B KOHTEKCTI BIPOBAJKEHHA KoHIenii HoBoi yKpaiHCBKOI NIKOIU
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(HYII) 3ymMoBmIO€ CYyTTEBI 3MIHM Yy IUISX, 3MICTI Ta OpraHizaiii OCBITHBOI'O
nporecy. Oguum 13 kimtouoBux opieHtupiB HVYII e mepexim Bim 3HaHHEBO-
OpPIEHTOBAHO1 MOJIEJIl HaBYaHHS /10 KOMIIETEHTHICHOI, 110 Mepeadadae aKTHUBHY
y4acTh YUHIB Y HaBUaHHI, PO3BUTOK KPUTHYHOT'O MHUCIICHHS, YMIHHS TIPAIfOBAaTH B
KOMaH/Ii, CaMOCTIHO 3100yBaTH 3HAaHHS Ta 3aCTOCOBYBATH X y MPAKTHYHUX
CUTyallisIX. 3a TakUuX YMOB TpaHCPOpMYeTbCs i mpodeciiiHa posib y4YUTeNs,
30kpemMa BuuTeds (i3UKHU, SKUU JeJali 4yacTillle BUCTYMAE HE JIMIe SK HOCIH
3HaHb, a AK (HACUIITATOP HABYAJIBHOI'O MPOILIECY.

di3uka sIK HaBYAJIBHUHM MpPEeIMET Ma€e 3HAUYHUHN MOTEeHINaN sl GopMyBaHHS
KITFOYOBUX 1 MPEJAMETHUX KOMIIETCHTHOCTEH, OJHAK il TpaauIliiHe BUKIIAIaHHS
4acTO TPYHTYEThCS Ha PENpOAYKTHBHHX METO/JaX HaBUaHHS, M0 OOMEXYE
Mi3HABAJIbHY AaKTUBHICTh YYHIB 1 3HUXKYE iXHIO MOTHBAIlIIO. YIPOBAKEHHS
(dacuIiTaTOPCHKOro MIAXOAY Y BHUKJIaAaHHI (PI3UKM MOTpeOye MEepeoCMUCICHHS
NeJaroriyHuX cTpaTerii, MeToaiB 1 ¢opM poOOTH, CNPSIMOBAHUX HA CTBOPEHHS
NapTHEPCHKOI B3a€MOIi MDK YYUTEIEM 1 YYHSIMH, MIATPUMKY HaBYAJIbHOT
ABTOHOMIi Ta PO3BUTOK JOCIITHUIILKUX YMiHb IIKOJISIPiB.

He3Baxkaroum Ha 3pocTarouuii I1HTEPEC HAYKOBIIB 1 TWPAKTUKIB [0
npoOjeMaTuku ¢acuiiitaiii B OCBITI, MUTAHHSA (PaCHUIITATOPCHKOI POl BUUTEIIS
bi3ukn B ymoBax HoBoi ykpaiHCHKOI IIKOJM 3aJUIIAETBCS HEIOCTATHHO
IOCHIDKEHUM.  30KpeMa, TOoTpeOyIoTh  yTOYHEHHS  CYTHICTh 1 3MICT
dacuIiTaTOPCHKOI AISUTBHOCTI BUMTENS (DI3UKH, MEJaroriyii yMoBH i1 e(peKTUBHOT
peaizallii Ta BIUIMB Ha Pe3yNbTaTH HABUaHHS Y4YHIB. Lle 3yMOBIIO€ aKTyalbHICTh
oOpaHOi TeMHU Ta HEOOXIHICTh MOJAJBIIOT0 HAYKOBOTO OCMUCIICHHS 3a3HAYEHOI
npooaemMu.

Ananiz ocmanuix Oocniodcenv i nybonixayiu. Dacumitatop (Bim aHTII.
facilitate — monermryBatu, CIpusiTH) — OJHA 3 KJIIOYOBHX POJICH YYHTEIs] B

HVIII, 3akpinnena B HopmatuBHuMX nokymeHTax: Konmenuis HYII (2016) [6],
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3akon «IIpo ocsity» (2017) [5], Ilpodcrannapt yunrens (Haka3z Nel225, 2024)
[9], mopaguuk nns puaurtens (2017) [7].

[Ipobnematuka (haculiTaTOPChKOI POJIi aKTUBHO JTOCTIIKYETHCS Y 3B'I3KY 3
Mepexo0M 0 KOMIETEHTHICHOT MoJeni. YKpaiHChKI HayKOBII1 HaroJOmyTh Ha
3MiH1 MTO3UIIIT BUUTEIIS 3 TPAHCIISITOpA HAa OpraHi3aTopa, HaCTaBHUKA Ta MapTHepa.

O.B. bonpapenko aHainizye poji MEHTOpa, MojepaTopa, (acuiitaTopa,
teroTopa [3]. JI.B. [Ipunymeka posrisgae npodeciiiHy miAroToBKY Ta METOJUKY
3aaaTh [10]. H. 'yman ta O. [lomeTyH omucyroTh poJii BUMTENS W BU3HAYAIOTh
OCHOBOIO JUTUHOLIEHTPU3M [4].

P.B. YmaHuiB ananizye mpo0JieMH CUIBCHKOI IIKOJIM, HEOOXIAHICTh 3MIHH
poyi BumTens (memaror 1 TICHUXOJOT), JUIUTBCA JIOCBIIOM  YIPOBAIKCHHS
iHTepakTUBHOrO HapuaHHsg, IKT, irpoBuXx MeETO/iB, HABOJWUTH CTATHCTHUKY
IiABUIICHHS pe3yabTaTiB yuHiB 7—11 kmacis [13].

JlocmiTHUKY BiJ3HAYAIOTh MO3UTHBHUN BIUIMB (pacwiiTalilii Ha MOTHBAIIIIO,
MUCJIEHHS, KOMYHIKAaIlil0 Ta aBTOHOMIiIO y4HIB. OKpemi Tpaili aHali3yloTh
TOTOBHICTh YUMTEIIB A0 (acuiiTallii Ta maroToBKy MaiOyTHIX Me1aroris.

O.M. CemepHs po3riisiia€ METOIUYHY MIATOTOBKY SIK MEXaHI3M MOETHAHHS
TICUXOJIOTO-TIEIarOT1YHUX 3acaj 13 MPaKTUKOw BUKiIamanHs ¢izuku [11]. JL
baxmau mopae aHamiz BUKOpUCTaHHS dacwuiliTallii, ICTOPHYHHN EKCKypc Ta Ti
cyTHICTb [1].

B.M. TkadeHko OOIpYHTOBYe Mojiellb TpodeciiHOi KOMIIETEHTHOCTI
BuuTeNns (i3mkM, 1m0 iHTerpye 0a3oBi Ta cremiainbHi kommoHeHtu [12]. H.IL
BonkoBa Ta A.A. CremaHoBa yTOYHIOIOTH MOHATTS IO3UILIS», «POJIbY, «POTHOBA
MO3UILIS», PO3KPUBAIOTH (PacuimiTaiiio SK MO YHKIIIOHATBEHY B3a€EMOJII0, €
BUKJIaJIad BUCTYMA€E MAPTHEPOM, KOHCYIBTAHTOM Ta CYMPOBOKYIOYOI0 0COO0I0
[2].

Mema cmammi. HinssMu CTaTTI € TEOPETHUYHE OOIPYHTYBAHHS CYTHOCTI

dacunitatopchkoi poii BunTesst (izuku B ymoBax HoBOi ykpaiHCBKOI IIKOJIU Ta
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BHU3HAYEHHI MEe1aroriyHuX MiX0A1B 1 yMOB il epeKTUBHOI peani3allii B OCBITHbOMY
npoueci. CTaTTs CTaBUTh HAa METI MPOBEACHHS aHaji3y HAyKOBUX MIAXOIIB 0
TPaKTyBaHHS  MOHATH  «dacuiiTamis», «nefgaroriyHa  Qacwmirtauis»  Ta
«pacuniTaTopchka poJb YUUTENsS» B CY4aCHHUX IICHXOJIOTO-TIEAaroriyHuX
JTOCHIPKEHHSX; BU3HAUUTU Miclle Ta 3HAYEHHS (DACHIIITaTOPCHKOI POl BUUTEIS
¢13uku B OcBiTHIM mnapaaurmi HoBoi yKkpaiHCBbKOI WIKOJM; OOIPYHTOBYBaHHS
(acuIiTaTOPChKOI AISIBHOCTI yuuTens (i3UKH SIK MeJaroriyHy yMOBY peasizarlii
KOMIIETEHTHICHOTO, JISUTBHICHOTO Ta OCOOMCTICHO OpPIEHTOBAHOIO MIAXOJIB 0
HaBYaHHS; OXapaKTepU3yBaTH OCHOBHI (YHKI[li, NPUHUUION Ta OCOOJHUBOCTI
(dacuiTaTopchkoi B3aeMOZIi B Mpolieci HaBYaHHS (I3UKU; BU3ZHAUYUTH KOMIUIEKC
npodeciiHX YMiHb 1 MEIaroriYHUX HACTAHOB y4uuTens (i3UKU, HEOOXITHUX IS
e(eKTUBHOTO BUKOHAHHS (pacuititaTopcbkoi poni B ymoax HVYIII.

Buknao peszynemamis. CydacHi ocBiTHI TpaHcdopmariii B Mmexax Hosoi
YKpaiHChKOI IIKOJIM aKTyali3yI0Th HEOOXIJIHICTh MEePEOCMHUCTICHHs MpodeciifHOol
nismpHOCTI BumMTeNst (izuku. OcoOiuBoi Barm HaOyBae (acuiaiTaTopchbka poihb
negarora (nar. facilitate — moseruryBaTu, CIpUATH), IO TMOJATaE B OpraHizamii
OCBITHBOT'O CEPEJIOBHINA JIJI1 aKTUBHOI MMi3HABAIBHOI MISUIBHOCTI, CAMOCTIHHOCTI
Ta CITIBMpAIll YYHIB.

[TonsiTTs dacwriTaTopchbkoi poi BBEAEHO B MEXaxX TI'yMaHICTHYHOT
ncuxoJorii, nepeaycim y mpaisx Kapna Pomkepca. Y po6oti «CBoO0ga BUNTHUCS
MOTJISI]] HA T€, YAM MOXKE CTaTH OCBITa» [14] BiH OOTpYyHTYBaB i/1€t0 BUUTENS 5K
dacuiitaTopa, SIKMA CTBOPIOE YMOBH JUIi OCOOHMCTICHO 3HAYYIIOrO Mi3HAHHS Ta
CaMOPO3BUTKY Y4HIB.

YmupoBamkenns konmneniii HYII 3ymoBmio mepexin Bij 3HaHHEBOI MOJIEi
710 KOMIIETEHTHICHO1, OpPI€HTAIlI}0 Ha 3aCTOCYBaHHS 3HaHb y )KUTTEBUX CUTYAIISX,
MOCWJICHHS HaBYaHHA 4yepe3 ALUTBHICTH 1 MocBia. [lemaror mo30yBaerhes GyHKITIT

MOHOIIOJILHOTO TpaHciaTopa iHdopmallii, nepeduparound posib (pacuiitTaTopa Ta
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MEHTOpa, @ YYE€Hb CTa€ aKTUBHUM CYO’ €KTOM 13 BUCOKHMM pIBHEM aBTOHOMIi Ta
B1/IMOBIQILHOCTI.

[Tpuknaa 3MiHM MiAXOAY: 3@ TPAAULUIMHOIO MIIXOY YUHAM 7 KJIacy JA€ThCS
dopmyna tucky P=F/S 1 3apmaui; yunrtens-acunitaTop MpomnoHye po3paxyBaTH,
YOMY Ha Mig0opax-IINUIbKaX Ba)ky€ XOJUTHU MO MICKY, HDK y KpPOCIBKax, abo sk
CKOHCTPYIOBaTH (YHIAMEHT HA M'AKOMY IPYHTI.

CygacHi TpaHcopmarlii MWKUIBHOT (PI3UYHOI OCBITH  3YMOBIIIOIOTH
NEPEOopIEHTAIlII0 LUIEH Bl 3aCBOEHHS CYKYMHOCTI 3HaHb 10 (QOpMyBaHHS
PEeIMETHOI Ta KIIFOYOBUX KOMIIETEHTHOCTEH. Y IEHTPi — 3/1aTHICTh MOSICHIOBATH
¢i3uyHi sBUINA, 3aCTOCOBYBAaTH 3aKOHM B IKUTTEBUX CHTYaIlisIX, PO3BHTOK
HAYKOBOTO CBITOJISY, KpUTUIHOTO MUCJICHHS Ta JOCITITHUIIBKOT KyJIbTYpH.

Pons yuurens ¢izuku TpanchopmyeThes 10 (acwmimitatopa: opraHizailis
JIOCTITHUIIBKOTO, TPOOJEMHOr0 Ta TMPOEKTHOTO HABYAHHS, MeAaroTidHHMI
CYNpOBi 1HIWUBIAYaJbHUX OCBITHIX TPAEKTOpi. VYUeHb 3aIy4aeTbCs MO
MIOCTAHOBKHM TINOTe3, IUJJaHyBaHHS EKCIIEPUMEHTIB, aHalli3y pe3yJbTaTiB.
OHoBneHHS 3MicTy Tiepefdavae  iHTerpamiro (I3UKM 3  MaTeMaTHKOIO,
1HGOPMATUKOIO, TPUPOJHUYUMH  JUCIUIUIIHAMH, TIOCHUJICHHS MPUKIATHOT
CIpsIMOBaHOCTI. BaximBy posib Bifirpae memaroriuna dacwritaris, udpoBi
nabopartopii, KOMIT FOTEPHI CUMYJIALIIT Ta BIPTyaJIbHI €KCTICPUMEHTH.

@DI3MYHUN EKCIIEPUMEHT PO3TJISAIAEThCS HE JIMINE SK LIIOCTpallis, a sK
IHCTpyMeHT mi3HaHHsA. [IpoBimHOro 3HavueHHs  HaOyBae  (GoOpMyBalbHE
OIL[IHIOBAHHS, CAMOOLIIHIOBAHHS Ta B3a€MOOLIIHIOBAHHS.

[Tpuknaan GpacumiTaTOPCHKOTO MiIXOTY:

1. 3akoH ApxiMena: y4uTedb MPOIOHYE MpoOieMHe 3anuTaHHs «Homy
CTajeBUid KopaOeiab HE TOHE, a UBSIX TOHE?», CIPSAMOBYE JHUCKYCII0 — Y4YHI

CaMOCTIMHO MiTXOATh IO PO3YMIHHS BUIITOBXYBAJIBHOI CHIIH.
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2. 3aMeXHICTh CWJIM CTPYMYy B Hampyru: Y4YHI CaMOCTIHHO
bopMynIOIOTh  METy, IUIAHYIOTh €KCIEPUMEHT, BU3HAYAIOTh 3MIHHI —
BIIKPUBAIOTh 3aKOH OMa eMIIPUYHO.

3. 3akoHu 30epekeHHs eHeprii (TpymoBa po0oTa): Kiac IUTUTHCS Ha
Ipyny, KOXXHa TIPOMOHYE CBIA cHoci®d poO3B’SA3aHHS; YYHMTENb MOJEPYE
0OTOBOPEHHSI, 340X0UY€ apTyMEHTAIIII0.

4, AnbTepHAaTUBHI JKepena eHeprii  (MpO€KTHAa ISUIBHICTB): YUHI
o0uparTh TeMy, popmar, mKeperna; yauTellb — HACTaBHUK 1 KOHCYJIBTAHT.

5. Huckycis «Yu MOXIMBHIM BIYHUN NBUTYH?»: YUUTENb OpPraHi3OBY€
TUCKYCiI0, CTUMYJTIOE OTIOPY Ha 3aKOHHM TEPMOIUHAMIKH.

6. Pedrnekcis 3amicTh MiCYMKY: Yy4YHI BIANOBIAAIOTH Ha 3alUTaHHS
(«lo ©Oymo cxmamuum?», «Jle 3acrocyBaTh 3HaHHSA?»), YUUTENh CTBOPIOE
atMocdepy JOBIpH.

Teopernuni 3acaam ¢dacwmirtaiii IPYHTYIOTBCA Ha i1edX TyMaHICTUYHOL
ncuxosorii [14] 1 mepenbavaroTh TpHW TICUXOJIOTIYHI YMOBH: KOHTPYEHTHICTH
(cipaBXHICTh YyuuTeNs1), 0€3yMOBHE MO3UTUBHE CTaBJICHHS (MPUUHSATTS Ta Bipa B
MOTEHITIa] JTUTHHH), eMIaTiiiHe po3yMiHHS (3MaTHICTh TJISHYTH Ha CBIT O4MMa
yUHS).

dacumiTaTopchbka AISTBHICTh YUUTENS (DI3MKA PEATI3YEThCA 4Yepe3 TPH
HATIPSIMKHU :

. JlnzaliH HaBYAIBHOTO CEpPEJOBUINA: MPOEKTYBaHHS HaBYAJIbHUX
cuTyaiiii, 3minrane HaB4aHHs («[lepeBepHyTHil Knacy, «JlaboparopHa poTarisny),
Bukopuctanus LMS-matdopm (Moodle, Google Classroom).

. dacumiTalis  JOCTITHUIIBKOT JISIBHOCTI: IHTETpAIlisl CHUMYJISTOPIB
(PhET, Algodoo), opranizamis JOMAaIIHBOTO EKCIEPUMEHTY, (acumitaris

JUCKYCIi.

144



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

. [linTpuMka caMoperyssmii Ta 3BOPOTHUN 3B'I30K: (opMyBaibHE
ouintoBanHa (Kahoot!, Google Forms), enextpoHHe mnmopT¢oiio, pPO3BUTOK
pediekcii.

MokHa BUAUIMTA TPU OCHOBHI PE3yNbTaTH (HaCUIITATOPCHKOI MIsNIBHOCTI
TUTSL YYHSL:

. [lcuxonoriyni: yCBIJOMJICHHSI CYO'€KTHOCTI, HaBYajbHAa aBTOHOMIS,
NO3UTUBHA SI-KOHIICTIIis, 3HWKEHHS TPUBOYKHOCTI.

. Emorriiini: emoriiiHa Oe3mneka, TMO3WTUBHE CTaBJICHHS 10 (i3uKw,
pagicTh BIAKPUTTS, IPUHHSTTS IIOMUIKH SK PECYpPCY.

. HapuanbHi (KOTHITHUBHI): TJIMOOKE PO3YMIHHS SIBMIN, JOCTITHHUIBKI
HAaBUYKH, KPUTUYHE MUCJICHHSI, 3ACTOCYBAaHHSI 3HAHb Y JKUTTI.

3a manumu MOH Vkpainu [15], ykpaiHCbki y4HI TOKa3zajqd HaWBUIII
pe3yabTaT! 3 MPUPOJTHUYO-HAYKOBOI IPaMOTHOCTI (66% mocsriu 6a30BOTO piBHS,
36% — piBHs 3 1 BummMx), oaHak pi3HuIM 3 KpaiHamu OECP craHOBHTH
npuOJIM3HO TMBTOpa POKY HaB4aHHA. lle CBIAYMTH Mpo HEOOXITHICTH 3MIHH
MiAXOIIB 10 BUKJIaJAaHHs Ta poJii BUuTess [8].

dacumiTaTopchka MISUIBHICTD yUHTENsS (QI3UMKH Iependadae BiIMOBY Bij
MOSICHIOBAJILHO-UTIOCTPATUBHUX METOJMIB 1 MEpexi 10 iHTepakKTUBHUX (HopM, e
YYHI CTalOTh aKTUBHUMHU CyO'ekTamMH. EQeKkTHBHICTH 3a1€KHUTh BiJl TOTOBHOCTI
BUUTENs N0 TmpodeciiHuX 3MiH: copMoBaHOCTI Temaroriqoi peduiekcii,
KOMYHIKATUBHOT KOMIICTEHTHOCTI, 3JaTHOCTI J0 O€3MepepBHOTO PO3BHUTKY.
dacwmitatopchbka posib  yuuTens (GI3MKA BUCTYMA€ BaXJIMBUM UYHWHHUKOM
IJBHUIIECHHS SKOCT1 MPUPOIHUYOT OCBITH.

Buchoexu. Y nmocnimKeHHI BCTAHOBIJICHO, IO BIPOBAKCHHS KOHIICTIIIii
HYIII Ta mepexin g0 npoduIbHOT IIKOIM 3YMOBIIOIOTH HEOOXITHICTH
TpaHcpopMallii MiSUTBHOCTI BUWTEeNs (I3WKHA, 30KpeMa TOCHJIEHHS WOTO
(dacuniTaTopchbKoi PO dacuaiTaTOpChKUiA X1 BIJIIIOB1/1a€

KOMIIETEHTHICHOMY HABUYaHHIO, CIIPHUS€ AaKTHUBI3allli MI3HABAJIBHOI ISJIBHOCTI,

145



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

PO3BUTKY CaMOCTIHHOCTI, KPUTUYHOTO MHUCJIEHHS Ta BMIHHIO MpalOBaTH B
KOMaH/1.

3’scoBaHo, 10 (acuIiTaTopchbka poJb yuuTens (I3UKA TOJIArae B
opraHizamii  JOCTIAHUIIBKOTO Ta  MPOOJIEMHO-TIONIYKOBOTO  CEPEOBUIIA,
MapTHEPChbKIA B3a€MOJIi Ta CTBOPEHHI TIICHUXOJOTIYHO KOM(POPTHHUX YMOB.
OcoOnuBoro 3HayeHHs HaOyBalOThb HaBYaJIbHUN EKCHEPUMEHT, IHTEPAKTHUBHI
METOJM Ta Cy4acHi OCBITHI TEXHOJIOTII.

JoBeneno, 1m0 edekTuBHA peamizaimis (acHIiTaTOPChKOI TisNIBHOCTI
MOXJIMBA 32 YMOBHM TpOoQeCciiHOI TOTOBHOCTI BUMUTENS 10 3MiH, c(popMOBaHOCTI
KOMYHIKATHBHOI ~ Ta  pe(IeKCMBHOI  KOMIIETEHTHOCTEH,  3JaTHOCTI [0
6e3nepepBHOro MpodeciiHOro po3BUTKY. dacuiliTaTopchka MO3UILIS MIABUILYE
MOTHBAIIIIO YYHIB JI0 BUBYCHHS (PI3MKK Ta 3a0e3nedye BIAMOBIAHICTh OCBITHBOTO
npoiiecy 3acagam HVYII. TlepcnexkTuBu MNOMAmbIIUX TOCTIIKEHB: EMITIPUYHE
BUBYCHHS €()eKTUBHOCTI (HaCHIIITATOPCHKOTO MIIX01y, PO3POOICHHS METOUIHUX
pEeKOMEHJAIIN 11 BUMTENIB Ta CTBOPEHHS MOJIENIEH MiATOTOBKH MEJAroriB Jio

dacumitaropchkux PyHKIN y 3aKIagax cepeaHbOI OCBITH.
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DEVELOPING PRICING SKILLS IN FUTURE TECHNOLOGY
TEACHERS DURING THE DESIGN AND MANUFACTURE OF
PRODUCTS

Abstract

The article discusses methodological examples for developing economic
competence in future technology teachers, which is an essential component of
their professional training. As technology and economics are closely intertwined,
especially in the context of a rapidly changing job market, future educators must
not only possess technological skills but also a deep understanding of the

economic processes related to production activities. Studying the basics of pricing
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and the economic aspects of production allows future technology teachers to
effectively organize the educational process, promote the development of students'
competencies in the field of economics, and help students realize the importance
of economic knowledge for their professional future.

The article presents methodological examples covering key stages of
pricing, such as calculating the cost of production, developing costings for
projects, analyzing the competitive environment, and calculating production
profitability. Examining each of these aspects allows students not only to acquire
theoretical knowledge in economics but also to apply it in practice. Specifically,
tasks related to cost calculation, creating costings, and market analysis contribute
to the development of analytical, economic, and organizational skills necessary for
effectively carrying out professional duties in their future teaching activities.

The methodological examples described in the article offer students an
opportunity to deeply study pricing principles during the design and manufacture
of products, develop skills in working with economic data, and practically master
strategies for managing production costs. Students learn to analyze material and
labor costs and consider other factors that may influence the final product price.
Mastering these skills helps prepare future technology teachers for real
professional activities and enables them to teach their students the knowledge and
skills necessary for a successful career.

This article aims to improve methodological approaches to developing
economic competence in future technology teachers, which is an important step in
training professionally competent educators capable of adapting to the demands of
the modern job market and effectively teaching students the basics of production
economics.

Keywords: economic competence, pricing, cost calculation, production

profitability, competitive environment analysis, future technology teachers.
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Problem Statement. Pricing is one of the key components of economic
activity, reflecting the relationship between production costs and the market value
of a product. Developing pricing skills in future technology teachers is an
Important aspect of their professional training, as it not only ensures the effective
organization of the educational process but also fosters the ability to assess
economic indicators, which are crucial for preparing students for real production
conditions.

This process becomes particularly relevant in the context of designing and
manufacturing products, where the future technology teacher must teach students
not only practical skills in product manufacturing but also the ability to properly
assess the cost of materials, technological operations, and maintenance of
production processes. Developing such skills in students contributes not only to
the growth of their economic literacy but also prepares them for professional
activities in the real job market, where the ability to properly assess and price
products is the foundation of a successful career in any production sector [2].

Analysis of Recent Research and Publications. Recent scientific works on
the professional training of future technology teachers emphasize the need to
develop competencies, among which economic competence holds an important
place. For example, in the research by I. Bezpalko, T. Kolienichenko, and others,
the importance of integrating economic education into pedagogical practice is
highlighted, where the training of technology teachers should cover not only
technical aspects but also economic ones, particularly pricing in the manufacturing
of products. Similar research on this topic has been conducted by N. Babich, A.
Tarasenko, who stress the importance of including economic competencies in the
curricula for future technology teachers.

In the context of project-based learning, as one of the main methods of
teaching technology, the development of economic skills is found to be necessary

for the practical application of students' knowledge in real production conditions.
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According to V. Barshtein, T. Zhuk, and others, the development of pricing skills
in future teachers is part of the competence-based approach, which involves not
only economic training but also the ability of teachers to pass on knowledge that is
relevant to the modern job market.

The regulatory and legal framework governing the preparation of future
technology teachers in Ukraine is an important element in the development of
pricing skills. In particular, the Law of Ukraine "On Education™ (2017) defines the
general principles and requirements for the training of teachers, specifying the
tasks related to the development of competencies, including the economic
component. According to this law, the educational process in educational
institutions should aim at developing competencies, including knowledge of
economics and technology, particularly pricing in the context of design and
manufacturing of products.

Also important are the State Standards of Education and educational
programs that define the content and structure of teacher training, including future
technology teachers. They provide the foundation for integrating economic
knowledge into the educational process. However, these standards still do not
contain clear guidelines on the development of pricing skills at the higher
education level for technology teachers, indicating the need for further
improvement of the regulatory framework in this area.

Presentation of the main material of the study. The formation of economic
competence in future technology teachers is an essential component of their
professional training, as this competence not only ensures an understanding of the
basics of economic processes but also develops the ability to apply this knowledge
in pedagogical practice. In modern conditions, where economics and technology
are closely intertwined, especially in the context of the rapid development of the
job market, future technology teachers must have a deep understanding of not only

the technological aspects of product manufacturing but also the economic
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processes that influence production and pricing policy. This enables future
educators to effectively organize the educational process, in which students will
acquire skills that meet the demands of the modern labor market [1].

Student training should include not only economic skills but also the
development of economic thinking, which is an integral part of preparing for real
activities in the market environment. Since economic processes, particularly
pricing, directly affect product manufacturing, future teachers are entrusted with
the important mission of passing this knowledge on to students. In order for
students to master not only theoretical knowledge but also practical skills in this
area, methods that combine theory with practice need to be applied [3].

For this purpose, methodological examples have been developed, which
serve as useful tools for forming economic competence in future technology
teachers. Each of the examples provided allows students to not only study the
basics of pricing but also apply them in practice, developing the necessary skills
for future professional activity. These tasks also contribute to the development of
critical thinking, the ability to work with real economic data, and the ability to
make informed decisions regarding pricing in the process of manufacturing
various products.

Calculating the cost of production is one of the key aspects of economic
training for future technology teachers. This process enables students to not only
learn the theoretical aspects of pricing but also practically apply economic
knowledge to assess the cost of products. This task allows students to understand
the factors that influence the final product cost and how to correctly organize
calculations to ensure the economic efficiency of production.

The process of calculating the cost of production involves several stages,
each of which is important for accurately determining the cost. Let us consider

them in more detail.
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The first stage of the calculation is determining the costs of materials used
for manufacturing the product. This can be any type of raw material, depending on
the nature of the product, such as wood, metals, paint, lacquer, plastic, or fabric.
Students must correctly calculate the amount of material required for making one
product, as well as its cost.

Since the cost of materials can fluctuate depending on the supplier and
market, students should learn to work with different supply options and choose the
most economically favorable conditions. Additionally, it is important to consider
the margin for material losses during processing or deviations from standard
norms. For example, when working with wood, some material may be lost during
sawing or processing, so these losses should be taken into account when
calculating costs.

The second stage involves calculating labor costs required to produce one
item. To do this, students need to account for the number of hours the worker
spends making one product, as well as the worker’s salary rate or hourly wage.
This will allow for an accurate calculation of the labor cost involved in performing
each operation.

An important aspect is correctly determining the time needed to produce the
item, as even small inaccuracies in calculations can significantly impact the final
cost. Therefore, students should be able to assess the time taken for the production
process, considering all stages of work: from material preparation to final
processing. Average time norms for various types of work or practical
observations during production can be used for this purpose.

The third important stage is calculating the depreciation of tools and
equipment used in production. Depreciation is the distribution of the cost of tools
and equipment over their service life, which allows for including a portion of the

tool cost in the overall production cost. Since tools and equipment are often used
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across multiple stages of production, depreciation calculation is necessary for
accurately determining costs.

Students should be able to correctly determine the service life of equipment
and calculate how much of the depreciation costs apply to each product. Various
depreciation methods can be used, such as linear (even distribution of cost over the
entire service life) or nonlinear (where depreciation is heavier in the initial years
of equipment use). Considering the cost of tools and their service life, students
gain valuable experience in calculations that ensure an accurate assessment of
production efficiency.

Once students have determined material costs, labor time, and tool
depreciation, they proceed to the final calculations—determining the production
cost of one product. This allows for an accurate understanding of how much it
costs to produce a single item, taking into account all factors: material costs, labor
costs, and the use of equipment.

Students should be able to compare the production costs of different types
of products and analyze how costs can be reduced without compromising quality.
To do this, they need to study opportunities for optimizing processes, such as
using cheaper materials, reducing labor costs, or more efficient use of equipment.

The final stage involves preparing a report or presentation of the calculation
results, providing students with the opportunity to present the data in a convenient
format. They must learn not only how to calculate costs but also how to present
them clearly, showing how the product price relates to production costs. This stage
Is important for developing the ability to present economic results in a clear and
accessible manner.

The process of calculating the production cost is a crucial part of students'
learning, allowing them to apply economic and technological knowledge in
practice. They gain experience in the calculations necessary to determine the cost

of products, which is an essential aspect of professional training for future
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technology teachers. Mastering these skills will enable students to work
effectively in real production environments and help future educators impart
economic literacy to their students, which is essential for a successful career in any
field.

Developing a cost calculation is one of the key stages in the economic
training of future technology teachers, as this process allows them to acquire
important skills in planning and organizing production processes. Cost calculation
Is not only a necessary tool for determining product costs but also an important
aspect of managing production resources efficiently. Students are tasked with
designing a piece of furniture, such as a chair or table, and developing a cost
calculation for its production.

This process consists of several stages that allow students to better
understand all costs associated with product manufacturing. In the first stage,
students must determine the materials required to manufacture the product. For
example, to make a chair, wood, paint, and varnish are needed. They must
calculate the exact quantity of each material required to make one product, as well
as determine its cost. This allows for an accurate determination of material costs,
which is a major component of production costs.

Another important stage is the calculation of labor costs. Students should
consider how much time the worker spends manufacturing one product, as well as
determine the salary rate for the worker involved in the project. Labor costs are a
significant component of expenses, so it is important to accurately estimate the
number of hours required for different stages of product manufacturing, from
material preparation to assembly.

The third stage of the calculation involves accounting for additional
expenses that may arise during the manufacturing process. These may include
transportation costs for delivering materials to the production facility or rental

costs for the workspace. Additionally, expenses for maintaining equipment and
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tools, as well as other associated costs such as energy, water, or utilities, should be
considered.

The calculation should include all stages of the production process, from
purchasing materials to the final product manufacturing. Students must clearly
specify the necessary costs for each stage in producing one product and calculate
the total costs for manufacturing a single unit. Upon completing the calculation,
they can determine the cost price of the product and compare it with the selling
price, which helps to determine the production profitability.

The process of developing cost calculations helps to develop students’
analytical skills, as they need to consider many factors that affect manufacturing
costs. This task also helps students master budgeting principles, which are
essential for effective management of production costs in real-world
environments. The ability to correctly compile cost calculations will help future
technology teachers teach their students not only technical skills but also the
economic aspects of the production process, which is an important component of
their professional activities.

Analyzing the competitiveness of products in the market is an important
stage in the pricing process, as understanding the competitive environment allows
for effective adaptation of pricing strategies and determining the best positioning
for the product in the market. This task allows students to not only study how
competitive factors influence pricing but also gives them the opportunity to apply
economic principles for practical assessment and improvement of the product.

In this task, students are asked to select a specific product, such as furniture,
home accessories, or other consumer goods, and conduct a market competitor
analysis for this product. The first step is identifying the main competitors offering
similar products. Students need to gather data about these competitors, such as

their prices, product range, quality, and production conditions. This helps to
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understand the price range for similar products, the factors influencing their
competitiveness, and the strategies competitors use to succeed in the market.

The next step is evaluating the quality of competitors’ products. Students
should compare products based on several criteria: price, material quality,
craftsmanship, design, functionality, aesthetic characteristics, and more. This helps
not only to assess competitiveness but also to understand which aspects of the
product are most important to consumers, which can assist in developing their own
pricing strategy and product positioning in the market.

Additionally, students need to identify the strengths and weaknesses of
competitors’ offerings. This may include, for example, competitors' advantages
such as low prices or high-quality products, as well as weaknesses such as lack of
innovation, use of non-ecological materials, or a limited product range. Such an
analysis allows students to understand where their product can occupy a favorable
niche, improve its market position, and ensure its competitiveness.

One of the key stages of the task is to determine which features can be
added to their own product to increase its competitiveness. This might involve
improving the design, using innovative or eco-friendly materials, expanding the
product’s functionality, or providing better after-sales support. Students should
consider various ways to improve their own product, which will not only increase
quality but also impact pricing by adding value and making the product more
attractive to consumers.

This task is highly significant for students as it helps them understand the
importance of market analysis for successful pricing. The ability to conduct a
competitive environment analysis is essential for developing a pricing strategy that
matches real market conditions and for creating products that can compete with
existing goods in terms of both price and quality. Additionally, this task

contributes to the development of strategic thinking in students, allowing them to
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learn how to consider economic factors and adapt their projects to real market
conditions.

The calculation of production profitability is one of the key elements of
economic competence, which allows not only assessing the effectiveness of
manufacturing a specific product but also understanding which factors influence
the profitability of the business in the context of constant market changes. In this
task, students are given the opportunity to apply theoretical knowledge to real
economic situations by calculating the profitability of producing a certain product
and evaluating the potential profitability it can generate.

The primary goal of this task is to teach students how to properly account
for all production costs in order to determine the sales price that will achieve the
desired profit level, as well as how changes in cost or prices can affect
profitability. This allows students to master financial analysis principles and
strategic management of production costs, which are crucial in real production
environments.

The process of calculating profitability involves several key stages. First,
students must calculate the cost price of manufacturing a product. This means
accounting for all material costs, labor time, equipment depreciation,
transportation costs, and other possible expenses required for manufacturing a
single product. The cost price is the foundation for determining how much it costs
to manufacture the product, and thus, how much at a minimum needs to be earned
from sales to cover these costs.

Second, students must consider the sales price of the product. This is
Important because comparing the sales price with the cost price allows students to
determine the level of profitability.

It is important that students not only perform these calculations but also
correctly interpret them, assessing what level of profitability is sufficient for

production to be profitable. They must also learn how to adapt these calculations
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to changes in material or labor costs, as well as consider seasonality of demand or
other external factors.

As a result of this task, students not only master profitability calculations
but also learn to approach cost management and pricing strategically, which are
essential skills for their future teaching careers. This task allows students to
combine economic knowledge with practical skills in real production, an
Important component of their professional training.

One important stage in preparing future technology teachers is creating
projects that allow students to independently apply pricing knowledge in practice.
This process gives students the opportunity to not only master the theoretical
basics of pricing but also learn how to effectively use this knowledge to develop
tasks and projects for middle school students. Specifically, the task of preparing a
pricing project allows students to apply their knowledge in practice by creating
materials that help students calculate the cost of producing simple products, such
as handmade items or small furniture.

The project preparation process includes several important stages. First,
students must select the type of product on which students can learn pricing
principles. These can be simple products that can be made in class, such as
decorative items, handmade products, or small furniture that students can create
during the educational process. Students must determine which aspects of pricing
will be most useful for students, considering their level of knowledge and skills.

The next step is preparing educational materials for students. Students must
create appropriate instructions and guides that clearly explain how to calculate the
cost of producing an item, including the elements of material costs, labor, and
equipment depreciation. It is important that these materials be accessible to middle
school students and consider their level of knowledge. Students must also prepare
example tasks that will allow students to practically apply the theoretical pricing

knowledge they have gained.
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Additionally, students need to develop tasks for students' independent work.
These can be various exercises that allow students to independently calculate
production costs, determine cost price and sales price, and assess how changes in
these indicators can impact production profitability. Such tasks promote the
development of practical skills in children, helping them understand the
importance of the correct approach to pricing and fostering economic thinking.

A special focus is placed on preparing instructions for students that will help
them not only calculate cost price but also determine the sales price correctly. This
task requires students to create clear and understandable instructions that will help
students understand how to use the calculations to determine prices for the
products they manufacture. Students should teach students how to find the optimal
balance between cost price and sales price to achieve the desired profitability and
remain competitive in the market.

This project gives students the opportunity to not only apply theoretical
pricing knowledge in practice but also prepare methodological materials that will
be used in their future teaching activities. Developing tasks and instructions for
students helps students better understand how to ensure effective student learning
in real production conditions, as well as enabling them to develop the skills
needed to understand the basics of pricing and production economics.

Conclusions. Thus, preparing a pricing project is an important part of
training future technology teachers, as it allows students not only to apply
theoretical knowledge but also to develop pedagogical skills that enable them to
foster economic thinking in students.

Tasks related to calculating the cost of production, developing cost
calculations for projects, analyzing the competitive environment, and calculating
profitability contribute to the development of key skills such as analytical

thinking, economic literacy, and the ability to organize production processes.
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These tasks allow students to practically master pricing and budgeting methods,
which are essential in today's rapidly changing job market.

Mastering these skills not only enhances the economic competence of future
technology teachers but also prepares them for effective management of the
educational process, particularly in teaching students the economic aspects of
technological activities. Using these methodological examples allows students to
understand the importance of pricing, economic assessment, and product
competitiveness, which forms the foundation for developing entrepreneurial skills
in schoolchildren.

Since pricing is an important part of production processes, teaching these
aspects helps students develop skills that will be useful not only in their future
professional lives but also in everyday life, where they will be able to correctly

assess the value of goods and services, helping them make informed economic

decisions.
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THOOPMAIIMHA CUCTEMA BI3HEC-AHAJII3Y ITPOJAXKIB 13
BUKOPUCTAHHAM METOIIB ITPOI'HO3YBAHHA ITOIINUTY

INFORMATION SYSTEM FOR SALES BUSINESS ANALYSIS
USING DEMAND FORECASTING METHODS

Anomauyis

VY crarti po3pobiieHO Ta OOrpyHTOBaHO iH(GOpMaIiiHYy cUCTeMy Oi3Hec-
aHaJi3y MPOJaXiB 13 BHKOPUCTAHHAM KUIBKICHUX METOJIB IPOTHO3YBaHHS
nonuty. JlociimkeHo mpobiieMy HEA0CTaTHBOT TOYHOCTI YMPABIIHCHKUX PIIIECHb
HAa  TOPTrOBEJIBHUX  IIANPUEMCTBAX, CIPUYMHEHOI  BIACYTHICTIO  JaHUX-
OpIEHTOBAaHUX  MIAXOMIB.  3alpOIMOHOBAHO  KOMIUIEKCHY  E€KOHOMETPUYHY
METOJIOJIOTII0, IO TOEIHYE aHalli3 YacOBUX PSJIIB, pErpeciiiHe MOJEIIOBaHHS,
QITOPUTMU MAITMHHOTO HAaBYaHHS Ta ONTHUMI3AIlIHI MpoLEaypH. ApPXITEKTypa
CHUCTEMH BKJIIOYAa€ YOTHUPHU B3aEMOIIOB'S3aHI MOAYJI: 30ip 1 momepeaHs oOpoOka
JAaHWX, MOJICJIIOBaHHS TIOMUTY, TMPOTHO3YBAaHHSA TMPOJAXKIB Ta ONTUMI3aIlis
IIHOYTBOPEHHS. Ampo0allis Ha peanbHUX TPAH3aKI[IMHUX MaHUX YKPaTHCHKOTO
piteitnepa minTBepauna 3HmwkeHHS MAPE mpornosyBanus momuty Ha 47,3%,
3pOCTaHHs BajloBOro mpuoOyTtky Ha 9,1% Ta 3MeHIIeHHs BUTpaT Ha 30epiraHHs

3amaciB Ha 14,6%.
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Knrouosi cnosa: mpopmariiiiina cuctema, Ol3HeC-aHaIi3, MPOTHO3YBaHHSA
nonuty, ARIMA, Holt-Winters, perpeciiina Mozeb, JUHAMIYHE L[IHOYTBOPEHHS,

BEJIMKI1 JaH1, MallIUHHE HAaBYaHHS, aHAIITHKA MPOJaXKIB.

Abstract

The article presents the development and substantiation of an information
system for sales business analysis using quantitative demand forecasting methods.
The research addresses the problem of insufficient accuracy of managerial
decision-making in retail enterprises caused by reliance on intuitive rather than
data-driven approaches. A comprehensive econometric framework integrating
time series analysis, regression modelling, machine learning algorithms, and
optimisation procedures is proposed. The system architecture incorporates four
interrelated modules: data collection and preprocessing, demand modelling, sales
forecasting, and pricing optimisation. Mathematical models are presented,
including multiple linear regression for demand estimation, an exponential
smoothing model (Holt-Winters), an autoregressive integrated moving average
(ARIMA) model, a gradient boosting demand estimator, and an optimal pricing
formula derived from profit maximisation conditions. Formulas for evaluating
forecast accuracy (MAPE, RMSE, MAE) are provided. The system was validated
on transactional data from a Ukrainian e-commerce retailer comprising 3.2 million
records over 24 months. Empirical results demonstrate that the proposed system
reduces the mean absolute percentage error of demand forecasting by 47.3%
compared with traditional ARIMA models, increases gross profit by 9.1%, and
decreases inventory holding costs by 14.6%. The practical significance of the
work lies in the readiness of the proposed solution for implementation in
enterprise resource planning (ERP) systems of Ukrainian enterprises. Prospects for

further research include the integration of natural language processing (NLP) for
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sentiment-based demand correction and the use of reinforcement learning for
dynamic pricing.

Keywords: information system, business analysis, demand forecasting,
ARIMA, Holt-Winters, regression model, dynamic pricing, big data, machine

learning, sales analytics.

Ilocmanoska npobnemu 8 3a2anbHoMy 6u2ia0i ma ii 36'A30K i3 8ANCIUBUMU
HAYKOBUMU | NPAKMUYHUMU 3A80AHHAMU

B yMoBax mocuieHHs KOHKYpeHUIi Ha pPHUHKY pO3ApiOHOT TOpriBil Ta
CTPIMKOTO  PO3BUTKY CJIICKTPOHHOI KOMEpIl MNPUUHATTS OOTPYHTOBAaHUX
YIPABITHCHKUX PIMICHB MO0 OOCATIB 3aKyIiBelb, (OPMYBaHHS aCOPTUMEHTY Ta
I[IHOBOi  MOJITUKKW HaOyBa€ KJIIOYOBOIO 3HAuYCHHs sl 3a0e3reueHHs
npuOyTKOBOCTI  mianmpueMcTB. BogHouac 3HaYyHAa YacTHHA  BITYM3HSIHHUX
TOPrOBEJbHUX KOMIMAaHIA J0Ci TOCIYrOBYEThCS I1HTYITUBHUMH a00 CYTO
CTaTUCTUYHUMH (yCEpEeIHEHUMH) METO/IaMH TUIAaHYBAHHSI TIOMUTY, 1110 TPU3BOAUTH
70 CUCTEeMAaTHYHUX MOXUOOK MPOTHO3YBaHHS, HAJJIUIIKOBOTO a00 AEe(IIIMTHOrO
3amacy TOBapiB, YNYIICHOI BUPYYKH Ta 3HWKEHHSA pPIBHA 0OCIyroByBaHHS
KJTIEHTIB.

[IpoGnema € akTyalnbHOIO SIK y HAYKOBOMY, TaK 1 B MPAaKTUYHOMY BUMIpi. 3
HAyYKOBOI TOYKH 30pYy BOHA TIOJIATA€ Yy PO3POOJIEHHI MAaTEMaTUYHO CTPOTHUX
MoOJIeNiel TIOTHTY, 3JJaTHUX BPAaXOBYBATH OJHOYACHO CE30HHI KOJWBAHHSI, BILUIWB
I[IHU, PEKJIAMHUX BUTPAT 1 MAKPOEKOHOMIYHUX (aKTOPiB. 3 MPAKTUIHOTO OOKY —
y ToOyZOBI MPOrpaMHO-aHATITUYHOTO I1HCTPYMEHTY, IHTETPOBAaHOTO B HasBHI
CUCTEMHU yTpaBiiHHsA pecypcamu minnpuemctsa (ERP), 3 MoknuBicTIO OTpuMaHHs
MIPOTHO3Y Y PEKUMI peabHOTO Jacy.

Bupimennss nmanoi mpoOiemu 0e3mocepe/lHbO IOB'SI3aHE 13 3aBIaHHSAMH
nugpoBizallii BITYM3HAHOT €KOHOMIKH, 3aJeKjIapoBaHUMK B KoHIemNIii po3BUTKY

uu(poBOi EKOHOMIKM Ta CyCHUILCTBA YKpaiHU Ta npoaoBxeHuMu B Crparerii
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PO3BUTKY 1H(MOpMAIIITHOTO cycrniibcTBa. [IiIBUIIEHHS] TOYHOCTI MPOTHO3YBaHHS
nonuty Ha 10-15% no3Bosise BUBUIBHUTH 10 8% O0OOOpPOTHOrO Karmitany
MiATPUEMCTBA, IO € CYTTEBUM KOHKYPEHTHUM YHHHHKOM B YMOBaX OOMEKEHOTO
JOCTyIy 10 (hiIHAHCOBUX PECYPCIB.

Ananiz ocmanHix 0ocniodicens i nyonikayiiu

[IpoGnemaTuka NPOrHO3yBaHHS MONUTY Ta NOOYAOBH 1H(OpMALIHHUX
cucteM Ol3Hec-aHai3y [JOCHIJKYETbCS y poOoTax sSK 3apyODKHUX, TaK 1
BITUM3HSHUX HayKoBIiB. Box 1 Jenkins (1976) 3akianu migBaJuHU METOJOJIOTT
ARIMA, ska ¥ [OHUHI 3ajduIIaeTbcsi 0a30BOIO JIA aHANI3y OJHOBUMIPHUX
gacoBux psiaiB [1]. Holt (1957) ta Winters (1960) po3poOunu agantuBHi METOAU
EKCITOHEHITIHHOTO 3IJ1a/DKYBAaHHS 3 YpaXyBaHHIM TPEH]y Ta CE30HHOCTI, BiTOMi 5K
Mozenb XoybTra-Bintepca [2].

Y mapuHi MamIMHHOTO HABYaHHSA IS TPOTHO3YBAaHHS  IOMHTY
BU3HaYaTbHUMU € pobOotu Friedman (2001), skuit 3amponoHyBaB alTOPUTM
Gradient Boosting Machine (GBM) [3], ta Chen 1 Guestrin (2016), 1m0 po3poouiu
616motexky XGBoost [4]. Varian (2014) cucrematusyBaB migxoau Big Data mo
3a/lay €KOHOMIYHOTO MPOTHO3YBaHHS, BHOKPEMHBIIH TEPEBarn METOJIB KpOC-
BaJIijalii Ta peryispusanii [5].

Cepen BITYM3HSIHUX JTOCTIAHUKIB CIIi7] Bim3HauuTH mpaii Marsienka O.B. ta
[Mueina M.M. (2018), mpucBsdeHi apxiTekTypi 1HGOPMAIIHHUX CHCTEM
yIpaBJIiHHS MIANPUEMCTBOM [6], a Takoxk podotu Kpacuroka M.T. (2020) momo
3actocyBanHsi Big Data B Topriemni [7]. [lonmpu 3HauHy KiIbKICTh HaIpallOBaHb,
OUTBIIIICTH 13 HUX PO3TJIAJA0Th a00 JIMIIEe MOJENI NMPOTHO3YBaHHS, abo JHIIe
apXiTEKTYpHI pIIIEHHS CHUCTEM, HE TMPOMOHYIOUYM EJIWHOTO METOAO0JIOTIYHO
OOTPYHTOBAHOTO ITIIXOAY, IO TOETHYBAB OM 0OMIBA BUMIpPH.

TakuM ymMHOM, HEBUPIMICHOK 3AJMINAETHCA 3a7ada IHTErpaiii Cy4acHUX
MeToAiB poruo3zyBaHHs nonuty (ARIMA, Holt-Winters, mamnuHHe HaBYaHHS) Ta

ONTUMIZAI[IMHUX MOJENEH IIHOYTBOPEHHS B €AMHIN apXiTekTypl iHhOpMaLiiHOT
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CUCTEMH, TPHUAATHOI JJI TPOMHUCIOBOTO BIPOBAKEHHS Ha BITUYM3HIHUX
HIAIPUEMCTBAX.

Mema cmammi (nocmanoexka 3a80aHH1)

Mertoro ctarTi € po3poOsieHHs iH(OpMaliiiHOT cucTteMu Oi3Hec-aHali3y
MPOJAXIB 13 BUKOPUCTAHHSIM METO/IIB MPOTHO3YBAHHS MOIMUTY Ta OOTPYHTYBaHHS
11 MAaTEMAaTUYHOIO arapary.

Jist  TOCSATHEHHsT METH BHM3HA4eHO Taki 3aBaaHHs: (1) mnoOymyBaTu
MaTeMaTH4H1 MOJIeJli TMPOTHO3YBaHHS TMOMUTY HA OCHOBI YacOBUX PSAIIB 1
perpeciiHoro aHanizy; (2) po3poOUTH ONTUMIZALIAHY MOJIETb LIHOYTBOPEHHS; (3)
CIPOEKTYBAaTU apXITeKTypy iH(opMaliiHOi cuctemu; (4) MPOBECTH ampooOarlio
CHUCTEMHM Ha PEaJIbHUX JJAHUX 1 OI[IHUTH 11 €()eKTUBHICTb.

Buknao ocnosrnoco mamepiany oocniodicenms

4.1. ApxiTektypa iHpopMaIiiHOT CUCTEMH

3anporionoBana iHdopwmariiina cucrema (IC) ckimamaeTbcssi 3 YOTUPHOX
(GyHKITIOHAIBHUX MOJYJIB: MOJYJIsI 300py Ta momnepeaHboi o0pooku nanux (Data
Ingestion & ETL), moxayns moaemoBanns nonuty (Demand Modelling), Mmoayns
nporHo3yBaHHsi mnpoaaxiB (Sales Forecasting) Ta Momyns ontumizaiii
ninoytBopeHHs (Pricing Optimisation). B3aemonis MomymiB 3A1ICHIOETECS Yepes
neHTpamizoBade cxosuile aaHux (Data Warehouse) Ha OCHOBi1 apXiTEKTYpPHOTO

ma6siony Lambda Architecture (Puc.1).
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{ \
| ApxiTekTypHuii madion: |
] Lambda Architecture |

__________ SR
s N e X R
T . ' 3 B % N
Tpanzakuiitni nani IlenTpaizoBane CXOBHINE JaHHX Moay:1h MOJe OBARHS it
NPOAEKI, OBEPHEHHS, — (Data Warehouse) nonuTy Pe3VILTATH Ta
YekH Demand Modelling) 3 yixrn i
L ) Moxy:ts 360py 7 N (e ( \ g) HITPHMKA pillens
Ta nonepexhoi ( OuiHIOBAHKS GaKTOpiB
N MOMHTY, EIACTHIHICT — —
1 Y 00podKH 1aHHX 1 Batch Layer b )
// 3oBHiwni aaui (Data Ingestion : = N Tportios
ll’l UiH! KOHKYPEHTIB, & ETL) : Mo;u';“, NPOrHO3YBaHHA TORALY
@ peKaami BHTPATH, > 1 NPOAKIB —
MaKpOCKOHOMIYHI r_, (Sales Forecasting)
L TIOKA3HHUKH ) * 36ip 1} S
» Speed Layer i e Tlpornos
-G T CepeHbOCTPOKOBI ik
r ~ MPOTHO3H P
TloBeinkoBi Aani o HopMmanizalis 7 IS <
o . | e =)
R DR S e inTerpauis v A Mojyab onTavizanii = _—
MOITYKOBI 3aHTH, nisioyTBopesms
KITiKH — i <« Rt T > Perverosais
L ) Serving Layer (Pricing Optimisation) @ Lisa
____________________ \ N PEKOMEH/IOBaHI LiHH,
| Mapka, clierapii )
! Obesar nanux: | — J L P P )
! 2-5 I'b/noby !
\

Puc. 1. Apxitektypa iHdopmaliitHoi cucteMu 0i3HEC-aHali3y MPOJIaXxiB

Ha BXin cucremMu HaaXoAsTh TP THIM JaHUX: TpaH3aKI[IHHI a1 (TTpoaaxi,
MOBEPHEHHS, YEKH), 30BHIMHI gaHl (I[IHM KOHKYPEHTIB, PEKJIaMHI BUTpATH,
MaKpOCKOHOMIYHI TOKa3HUKH) Ta TIOBEJIHKOBI JaHi (MEperjsad CTOPIHOK,
MOIIYKOB1 3alUTH, KIIKW). 3arajdbHUil o0cAar oOpoOSIOBaHUX [aHUX IS
MIIIPUEMCTBA CEPEAHBOTO po3Mipy csrae 2—5 I'b Ha n1o0y.

4.2. Monenb MONUTY HA OCHOB1 MHOXXHUHHO1 perpecii

BarampHa ¢yHkmis monuty Q 3amaeThes K JIorapu@MivHO-TiHiMHA

perpeciiiHa MOJIelb:

INQ, =, + InP, + a,InY, + ,InNA +,S, +a.T, + &, (1)
ne Q, — obOcar monmuty y moment t; P — mina ToBapy; Y, — noxin
CTIOKMBa4da; A — BUTpAaTH Ha peKiamy; S, — CE30HHMHA KOMIOHEHT; |, —

TIHIAHUNA TPEHN; & — CTOXacTH4YHa NoxuoOka, & ~ N (O, 0'2).
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IlinoBa enactuyhicTs mnonuty E, BH3HauaeThcs Oe3nmocepeqHbO 3
KoedilieHTa o,

_dnQ )

E.=a = :
' olnP

P

Takox IIHOBY €JacTUYHICTh MOXKHAa TMOAaTH Yy BIAHOCHIA opmi:

£ _0Q/Q
" OPIP’

JUist  OLIHKM TapaMmeTpiB MOJIeNl 3aCTOCOBYETHCS METOJ HaWMEHIIUX
kBazpatis (MHK). BekTop o1iHok koedili€eHTiB:
a=(X"X)*X"y, (3)
ne X — wMarpuus perpecopis posmipocti nx(k+1); y — Bekrop
3a1eXHOoi 3MiHHO1; X' — TpaHcroHoBaHa MaTpuns X .

Kogapiarrifina MaTpuIis OIiHOK:

Var(a)=c"(X"X)?, (4)
, . . RSS

Ie o’ OIIHIOETHCA SIK: S = 1 ne RSS — sammmkoBa cyma
n_ —

KBa/IpaTiB.
4.3. Mopaens XonbTa-BiHTepca 1 CE30HHUX YaCOBUX PSJIIB
JIiss  NpPOTHO3YBaHHS  YacOBMX  PSIIB 3  QJIWTHBHOK  CE30HHICTIO

BUKOPHUCTOBYETHCSI TPUBUMIpHA MOJIeNb XonbTa-BinTepca. PiBHSHHS piBHS pay:

L =a(y,—S.,)+{1-a)L.,+b.) ()
PiBHAHHS TPEHY:
b =A(L-L.)+(1-B)b., (6)
PiBHAHHS CE30HHOT KOMIOHEHTH:
S, =y(y.—L,—h.)+(1-7)S_,. (7)

ne L, — pisens (level); b, — tpenn (trend); S, — ce3onna kommonenTa; m

— JIOBXKHMHA CE30HHOTO LMKNY; &, [, ¥ € [0,1] — MmapaMeTpH 3TJIAIKyBaHHS.
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[Tporuo3 Ha h KpokiB ymepe:
yt+h =L+ hbt + S s (8)
JIst MpaKTHYHOTO 3aCTOCYBAaHHS 1HAEKC CE30HHOI KOMIIOHEHTH KOPHIYETHCS
BIJIMOBITHO /10 JJOBKUHU CE30HHOTO ITUKIIY M.
OntuManbHi 3Ha4eHHs o, B, ) 3HaxXomAThCa MiHiMizaliero cymu

KBaJIpaTiB MPOTHO3HUX MOXUOOK:
(' y")=argmin>(y, - 9.)", 9)
=l
4.4. Moaens ARIMA
ABToperpeciiiHa iHTerpoBana Mozienb koB3Horo cepenuboro ARIMA(p,d,q)
OIUCYETHCS PIBHAHHSIM:

®(B)V'y, =0(B)¢

o (10)
ne B — omeparop nary; V — oneparop pizauii; V¢ — omneparop pizHuIi
d-ro nopsmky; ®(B) ta ©(B) — moniHomu aBroperpecii Ta KOB3HOTO
CEPEIHbOTO.
Omneparop nary Bu3Ha4aeThes Tak: By, =Y,
Omneparop pizHui mae Bursia: V=1-B
[ToninoM aBTOpETpecii:
®(B)=1-¢pB-¢,B*—...—¢ B’, (11)
[ToriHOM KOB3HOTO CEPETHBOTO:
©(B)=1+6B+6,B*+..+6,B", (12)
[Mopsanku P 1 q BusHauatoThes 3a kopenorpamamu ACF ta PACF; mopsimox

inrerpyBanns d — KUIBKICTIO nu()EpEHIIIOBaHb, HEOOXIMHUX IS HOCATHEHHS
CTaIliOHAPHOCTI, 10 mepeBipseThes TecToM Jiki-Dynepa (ADF).
HynwoBa rimotesa tecry Jiki-Oynepa: H, : p =1

AnbrepHaTuBHa rinore3a: H, : ‘ p‘ <1
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I'imore3a H, o3Hayae HasgBHICTH OJMHUYHOIO KOPEHS Ta HECTAI[IOHAPHICTh

4acOBOT'0 PALY.
4.5. AucambneBa moziens Ha ocHoB1 Gradient Boosting
JUis  TMiIBUINEHHS TOYHOCTI TPOTHO3YBAaHHS 3aCTOCOBYETHCS aAITOPUTM

Gradient Boosting Machine (GBM). Moaens Oynyerbesi sik 3BakeHa cyma M

crabkux 6a30BUX y4HIiB — jepeB pimens h (X):

M
I:M (X):Zymhm(x)’ (13)
m=1
Koxne HoBe gepeBo h — migOupaerscs 3a METOAOM HAWIIBUALIOTO
IPalEHTHOTO CIYCKY Y (YHKI[IOHAJIBHOMY MpOCTOpPi —  MIHIMI3ali€r0
nudepeniiiioBanoi yskii Brpat L:
h =arg mhinizzl:L(yi, F..(x)+h(x)), (14)

OnTumManbHul KpOK HABYaHHA ), 3HAXOAWUTHCA O,Z[HOBI/IMipHI/IM IMOIUTYKOM!

7, =argmin SL(y,,F, (%) + 71, (%)), (15)

Jliist 3amo0iraHHs NepeHaBYaHHIO 3aCTOCOBYEThCs L2 -perymspusaitis, ToOTO
mTpad Ha KUIBKICTh JIMCTKIB 1 3HAYEHHS Bar Jepena:
L., =L+Q(h), Q(h)=A||w|[ +T, (16)
ne T — KUIbKICTh JIUCTKIB JIepeBa; W — BEKTOp Bar JHCTKIB, A, ¥ —
napameTpu perysspu3altii.
4.6. [loka3HUKU TOYHOCTI MPOTHO3YBAHHS
JIist  OLIHKM SKOCTI MOJENEH TMPOTHO3YBaHHS BUKOPUCTOBYIOTHCS TPHU

noka3Huk# (Tadi. 1).
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Tabmuns 1

JleckpunTrBHA cTaTUCTHKA HaBYaibHOT BUOIpKH (n = 3 200 000 TpaH3aKiIiii)

Cepennst  abcoJroTHA CepenHbOKBaIpaTH Cepenns
B1JICOTKOBa nmoxuOka | yHa moxubka (RMSE) aOCoMIOTHa  TOXHOKa
(MAPE) (MAE)

1aly, -y : 1o,
t=1 ; n4= t=1

JlonaTkoBO OOYMCIIOETBCA KOE(DIIEHT JeTepMiHaIlii R® s OIHKH

SSI’ES
ss

tot

HMOSICHIOBAJIbHOT 31aTHOCTI Mozeni: R =1—

Takox koediIieHT qeTepMiHaIlii MOXHA MOJJATH Y PO3TOPHYTOMY BUTJISII:

) (Y, -9
R?=1-=2 T 20
2(y, - Y)Y @0

4.7. Moaens oNTUMaIbHOTO IIHOYTBOPEHHS

[{iHa BCTaHOBIIOETHCS 3 YMOBU MaKCUMI3aIlil MpUOYTKY 77 MIANPUEMCTBA:
7(P)=(P-¢)Q(P), 7(P)—>max, (21)
7€ C — TpaHWYHI BUTPATU HA OJAMHUIIO TOBApY; Q(P) — (yHKIIiS TOTIUATY
3a I[IHOI0, OTpUMaHa 3 perpeciiinoi mogeni (1). Judepenuiroroun Bupas (22) 3a P
Ta IIPUPIBHIOKOYH [0 HYJIs, OTPUMYEMO: (;—g =Q(P)+(P-c)Q'(P)
YMOBa MAKCUMyMY:
Q(P)+(P-c)Q'(P)=0, (22)

3 ymoBH (22) OTpHUMYEMO MPABHUIO ONTUMAJIHLHOTO IIHOYTBOPEHHS, TOOTO

npaBuwio AMopoco-PoOiHcoHa:

P‘ ’ (23)
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ne |E,| — abcomoTHe 3Ha4YCHHS iIHOBOT EIACTHYHOCTI MOIKUTY, BU3HAYCHOT
3a dopmynoro (2). Ymoea 3actocoBHocTi: |E,[>1 T06TO mommt Mae Oyrm

€JIACTUYHUM.
VYV nuHaMiuHId Bepcii LIHa OHOBIIIOETHCS 3 KPOKOM 7 3 ypaxyBaHHSIM

MMOTOYHOI €TACTUYHOCTI Ta I[IHM KOHKYPEHTA:

E, (t
R*=ctf—()‘+ﬂ(Pf—R1), (24)
E, (t)|-1
ne P° — miHa KOHKypeHTa y MOMEHT t; ﬂe[O,l] — MapaMmeTp I[IHOBOi

peaxiiii, AKui KaaiOpyeThCs 32 eMIIIPUYHUMU JaHUMHU.
st BpaxyBaHHS OaraToliHOBOro puHKY 3 K KOHKypeHTamHu mnapaMeTrp

KOPEKI[1i PO3IIHPIOETHCS :
1 K *
6, = A2 (R™ =), (25)
K k=1

4.8. Anroput™ BiA0Opy HaWKparioi Moesi
ABTOMaTHYHUH BiOip HaKpaiioi Mojesl MPOTHO3YBaHHS 3/IHCHIOETHCS 32
kpurepiem Minimymy MAPE Ha TtecroBiii BuOipii (out-of-sample validation).

[Iporieaypa BKiIrOUa€E S-KpaTHY KpOC-Bajlialliio:

CV

MAPE

K
-1 SmapE,, (26)
K k=1

Jist  ToOpiBHSHHS ~ MOAeNel 31 3MIHHOIO  KUIBKICTIO — IapaMeTpiB
BUKOPHUCTOBYEThCS 1HGOpMartiitamii kputepiii Akaike (AIC):
A|C=2k—2|n(£), (27)

A

ne k — kinekicTe mapamerpiB Mmogeni; L — wMakcumym  QyHKIi

npasaonoAioHocti. [lepeBara HaaeTbess Moje 3 MiHiMaabHUM 3HaueHHsM AlC .
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Tabonuis 2

JleckpunTrBHA cTaTUCTHKA HaBYaibHOT BUOIpKH (n = 3 200 000 TpaH3aKiIiii)

[TokazHuk Mim. Makec. Cepen. | Meniana | Crt. Biax.
[{ina ToBapy (TpH) 49 89 900 1847 790 3214
Ob6csr mpoaaxis (OJ1./THXK.) 1 12 430 318 142 527
PexkniamHui BuTpatu (THC. 0 740 89 62 94
I'PH/THXK.)
[lepernsiau cTOpiHKU 0,1 182 14,3 8,7 19,6
(THC./THXK.)
Cepenniii uek (TpH) 49 47 200 2134 920 3891

IDicepeno: aemopcoka 0b6pobka mpaH3akyiiHux OaHux pimeuiepa eleKmpoHiKU

(2023-2024 pp.).

Tabmuusa 3
PesynbTaTtu ominku perpeciiinoi moaeni nonuty (MHK, 3anexna 3minHa: In Q)
3MiHHa Koedirient Cr. t- p-

NOXUOKa | CTAaTUCTHKA | 3HAYCHHSI
In P (11iHOBa eacTUYHICTD) -1,923 0,071 —27,08 <0,001
In Y (moxoaHa enacTHYHICTBD) 1,341 0,058 23,12 <0,001
In A (pekitama) 0,287 0,039 7,36 <0,001
S (ce30HHICTD) 0,174 0,031 5,61 <0,001
T (Tpenn) 0,008 0,002 4,00 <0,001
Koncranra oo 4,218 0,184 22,92 <0,001
R2=0,891; Adj. R2=0,889; F
=3241,7;, n=8736

LDicepeno: asmopcuKi po3paxyHKu.
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Tabnuus 4
[TopiBHANBHUE aHANI3 TOYHOCTI MOJIETIEH IPOrHO3YBAHHS NONMUTY (TECTOBA

BUOIpKa, 6 Mic.)

Mopeins MAPE, % RMSE MAE (ox.) R?
(om.)

IIpocTe koB3HE cepenue (k=4) 19,4 87,3 61,2 0,581
HaiBna mopens (seasonal 16,8 74,1 53,4 0,634
naive)
ARIMA(1,1,1)(1,1,0)[52] 12,7 56,4 39,8 0,762
Holt-Winters (agur. 9,8 43,2 31,4 0,821
CE30HHICTB)
Perpeciiina monens (MHK, 8,3 37,1 26,9 0,851
6e3 ML)
Ancam6ss (GBM + Holt- 6,7 29,8 21,3 0,891
Winters + perpecis)

IDicepeno.: asmopcoki po3paxyHku 3a OaHuMu pimetiiepa.

AHcambiieBa MoJienb 1eMOHCTpye HaitHmwkunii MAPE = 6,7%, mo Ha 47,2%
menmie HiK ARIMA (12,7%). Tlokpamennst R* 3 0,762 no 0,891 cBiguuth, 110
BKJTIOUEHHS 3MiHHUX Big Data Ta BUKOpHMCTaHHS MAIIMHHOTO HAaBYaHHS CYTTEBO

MIBHINYIOTH MOSICHIOBAJIBHY 3/IaTHICTh MOJIEII.
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{ X
MAPE, % RMSE, opn.
pocre romsie cepeie (k=4) 19,4 || Tipocre komsre cepec (k=4) | 87,3
Haisra monens (seasonal naive) 16,8 HaiBna moziens (seasonal naive) 74,1
ARIMA(1,1,1)(1,1,0)[52] 12,7 ARIMA(1,1,1)(1,1,0)[52] 56,4
Holt-Winters (agut. ce3omHicTs) 9.8 Holt-Winters (azur. ce3ommicTs) 432
Perpeciiina Mozens (MHK, Ges ML) 8.3 Perpeciiiia Mozens (MHK, 6e3 ML) | 37-1
Asicavs (GBM + Holt-Winters + perpecis) | N ENEEEN 6,7 Ancavms (GBM + Holt-Winters + perpecis) _ 29.8
0 5 10 15 20 25 0 20 40 60 80 100
L %, MAPE ) RMSE, ox.
r N\
MAE, ox. R?
TTpocte xor3ne cepeane (k=4) 61,2 TIpocre ko3ne cepene (k=4) 0,581
Haisra Moiens (seasonal naive) 534 Haigna Moziens (seasonal naive) 0,634
ARIMA(L,1,1)(1,1,0)(52] 39,8 ARIMA(L,1,1)(1,1,0)[52] 0,762
Holt-Winters (auit. ce3oHRicTs) 31,4 Holt-Winters (&, ce30HHICTS) 0,821
Perpeciiina mosens (MHK, 6es ML) | 26,9 Perpeciiina mogens (MHK, Ge3 ML) 0,851
Ancaxns (GBM + Holt Winers+ perpes) - NN 21,3 A (GBM +Holt-Winters + perpec) - N (.39 1
0 20 40 60 80 00 02 04 06 08 1.0
3 MAE, ox. y R2

, 3 Ancam0iieBa Mojenb:
{ ) Menme — kpame mmmm binbue — kpame | @ « MAPE=6,7 %
| 0 (MAPE, RMSE, MAE) (R?) ! .« R2=0,891

+ nokpamensa MAPE simocio ARIMA — 47,2 %

Puc. 2. IopiBHsHHS ()aKTUIHOTO Ta TMPOTHO30BAHOTO MOIHUTY 33 MOJIEIISIMH
(JKepesto: aBTOpCchKa po3pooKa)

Po3spobneno na ocnosi oanux pienmopa

4.9. UucenpbHul MPUKIIAJ PO3PAXyHKY ONTHUMAJIBHOI I[IHH

HaBenemo uumcenpHuil mnpukian 3actocyBaHHs (opmynu (24). Hexait
IpaHUYHI BUTPATH Ha YMOBHHI TOBap, 30KpemMa cMapTdoH, ckianaroTs C=4200
rpH. 3 perpeciiiHoi Mojemni, HaBeI€HOI B TaOJIUI[l 2, OTPUMAHO I[IHOBY

€IaCTUYHICTD TTOIHUTY:

A

E, =-1.923, (29)

[TimcTaBuMO OTpHMaHe 3HAYCHHS €IaCTUIHOCTI y popmyny (24):
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-1923]_ _ 500, 1923

P =4200. 1 <21 _
|-1,923| -1 0,923

~ 8749 rpH, (30)

dakTuyHa cepe/iHs LiHa Ha pUHKY cTaHoBUTh P, =8100 rpu. Toxi pizHuIs

fact
MDK ONTUMAJIBHOIO Ta (DAKTUYHOIO LIIHOIO TOPIBHIOE:

AP =P —P _ =8749-8100 =649 rpn. (31)

paxm
CxopuroBaHuil MOMUT MICIs MIJBULIECHHS LIHU 3 YPaXyBaHHSAM €JIaCTUYHOCTI

BU3HAYAETHCA 32 POPMYIIOIO:

Ep -1,923
* P’ 8749)
-Q-|—| =318 |——| ~318-0,854~271on. 32
Q=0 [8100} h (%2

Gaxm

3MiHa MpUOYTKY Ha THXKJCHb BU3HAYAETHCS K PI3HULS MK IPUOYTKOM TIPH
ONTUMAaJIBHIN 111H1 Ta TPUOYTKOM TIpU (HaKTUUHIN IT1HI:
Ar=P-Q -c-Q -(P,,-Q-c-Q), (33)
[TizcTaBUMO YMCIIOBI 3HAYEHHS
Ar =(8749—-4200)-271—(8100—-4200)-318 ~ Y
~1232779-1240200 ~ —7421 rpH. (34)
Pesynprar (34) cBigumMTh, 110 MPOCTE MIABUILNCHHS IIHK O3 ypaxyBaHHS
KOHKYPEHTHOT'O Cepe/IOBHUIIA A€ HEBETUKHUM HETaTUBHHUM €(EeKT, 110 € TUIIOBUM
JUIS PUHKIB 3 TOCTPOIO KOHKYpeHIrier. [{e miaTBepKyeThesl TaKOXK MOPIBHIHHIM
(haKTUYHUX Ta ONTHUMAJIBHUX IIiH JJIs Tor-10 TOBapHUX KaTEropiid, HAaBEICHUM Ha
puc. 3. Sk BUOHO 3 pHUCYHKA, PO3paxOBaHa OMNTHUMajlbHA IliHA HE MOBUHHA
PO3TIIAIATUCS K MEXaHIUHE IMiBHUIIECHHS BapTOCTI TOBApPY, OCKUIBKH IS PI3HUX
KaTeropii BIAXWJIECHHA MDK (DaKTHYHOIO Ta ONTHMAIBHOIO I[IHOIO MOXeE OyTH
pisauMm. Tomy 1iHOBE pillIeHHS Ma€ BpaxOBYBaTH HE JIMIIE 3HAYCHHS
€IACTUYHOCTI MOMUTY, a ¥ PiBEHb KOHKYPEHIIii, TOTOYHY PUHKOBY CHUTYAIlll0 Ta
MOBEAIHKY CHOXXKHBAadiB. Y TakOMy pasi HEOOXIJHO 3aCTOCOBYBATH IWHAMIUHY
dopmyy (25) 3 mapamMeTpom peakirii A, SKuil KariOpyeTbcs Ha OCHOBI TAaHUX TPO

KOHKYPEHTIB.

179



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 5.

IopiBHsiHHSA (PaKTUYHMX Ta ONTUMAJBHMX WiH 1715 Ton-10 TOBapHUX KaTeropii

8 100
Cmaprdonu %749
26 400
Ayt 27 950
. 18 900
Tenesizopn 20100
* 14 600
[TpanbHi MaIMHKA 15 350
22 100
XONOAMIBHUKA .
9 700
ITnaxweru 10,150
3 200
HaByuHukn 3490
5 400
CMapT-roAUHHUKHA 5 820
[Tunococu 776830 Bl daxtnyna nina
; o 4300 B Ontivanbha nina
MikpoxBrib0BI neyi 4510
0 5000 10 000 15 000 20 000 25000 30 000 35000
Llina, rpH

Puc. 3. TlopiBHsSHHS (aKTHYHUX Ta ONTUMAIBHUX IiH 11 Tom-10 ToBapHHUX
KaTeropii

Po3pobneno na ocrnosi danux pienmopa

Bucnosku

VY crarti po3pobieHo iH(opmalliiHy cucteMy Oi3Hec-aHali3y MpOJaxiB,
sKa IHTerpye MeToaM aHamizy dvacoBux psaniB (ARIMA, Holt-Winters),
perpeciiHoro  MojeNnoBaHHS Ta  MammHHOrOo HapuanHa (GBM) s
MPOTHO3YBaHHS MOMUTY W ONTUMI3AIlil I[IHOYTBOPEHHS. Ampo0allis cucTeMHu Ha
TpaH3aKIIHHUX JaHWX YKPaiHCBKOTO piTeiiyiepa eneKTpoHiku (3,2 MIIH. 3ammuciB,
24 micsmi) miarBepania, mo: ancambiaeBa mojaenb nocsrae MAPE = 6,7% — nHa
47,2% wuwmxde 3a 6a3oBy ARIMA; BnpoBaKeHHS ONTUMAIBHOTO IIHOYTBOPCHHS
3a0e3nedye 3pOCTaHHsS BaJIOBOro mpuOyTKy Ha 9,1%; aBTOMaTHuUHE yHpaBIIHHS

3amacaMy Ha OCHOBI MMPOTHO31B 3MEHIILY€ BUTPATH Ha 30epiranns Ha 14,6%.
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VY pesynbTari JOCHIKEHHS BAAJIOCA JOCATTH TIOEIHAHHS KJIACHYHOT
MIKPOEKOHOMIYHOI T€Opli LIHOYTBOPEHHS 13 CY4aCHHUMH METOJaMH MAIIMHHOIO
HaBYaHHS B €JUHIA OOYMCIIOBaJbHIM cXeMi Ta OOIPYHTYBaTH MIIXIJ J10
JUHAMIYHOTO IIHOYTBOPEHHSI 3 YypaxXyBaHHSM KOHKYPEHTHOTO CEpeJOBHINA 3a
dopmynamu (25-26), a Takox cGOpPMYBaTH YOTHUPUMOAYJIbHY apXITEKTypy
1HpOpMaIlIITHOT CUCTEMH.

[Topganemii gocmikeHHsT OyayTh cHOpsiMOBaHi Ha gociikeHHss NLP-
MOJENeH sl aHa i3y TOHAJIBHOCTI BIATYKIB CIIOXKMBAa4diB, a TaKOX MOJeJeH

rIUOOKOro HaBYaHHS 1 HOBIOCTPOKOBOT'O ITPOTHO3YBAHHA YaCOBUX pSII[iB.
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