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APPLICATION OF CONTAINERIZATION FOR UNIFICATION OF
THE DEVELOPMENT ENVIRONMENT IN TEACHING THE C
LANGUAGE

Abstract

The article addresses the problem of development environment instability
when teaching information technology students to detect memory management
errors in the C programming language, where heterogeneous operating systems,
divergent library versions and platform-specific tooling collectively erode the
practical training time available to instructors and students. The main classes of
memory management defects encountered in introductory and advanced systems
programming courses are characterised — memory leaks, use-after-free, buffer
overflow, double-free and use of uninitialised memory — together with modern
detection instruments: Valgrind/ Memcheck and AddressSanitizer for dynamic
analysis, Cppcheck for static analysis, and the GDB debugger for interactive
investigation of failures. It is shown that in real student groups working on a
mixed Linux/Windows/macOS fleet, a significant share of study time is spent on
resolving technical environment issues rather than on forming target competencies
— a phenomenon known as the “works on my machine” problem. A Docker-based
containerisation approach is proposed in which the entire tool environment is
described declaratively in a Dockerfile stored alongside the course source code
under version control, thus realising the “Infrastructure as Code” principle in the

educational context. The three-tier architecture of the solution is described: the
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host operating system, a Docker image based on debian:bookworm-slim, and
integration with Visual Studio Code via the Dev Containers mechanism, with
attention to the security parameters required for GDB inside the container.
Specifics of deployment on Linux, on Windows via WSL2 and on macOS via
OrbStack are discussed separately, including filesystem performance
considerations. A comparative analysis of native and Docker approaches across
nine educational criteria — including reproducibility, project isolation, environment
versioning and assignment verification complexity — is performed. Practical
approbation in a Programming course confirms a fivefold reduction in
environment-related instructor consultations and an increase from 47% to 72% in
the share of students who successfully configure the complete toolchain at the first
session. The approach is recommended as a standard for organising practical work
in systems programming courses and creates the basis for automated assignment
assessment.

Keywords: C language, memory management, memory leaks, Docker,
containerization, Valgrind, AddressSanitizer, Dev Containers, environment
reproducibility, WSL2.

Problem statement

The C programming language remains one of the cornerstones of training
specialists in software engineering, computer science and applied informatics. The
classic textbook by Kernighan and Ritchie [1], which has formed the basis of most
university curricula for over three decades, clearly formulates the fundamental
principle: in C, the programmer bears full responsibility for allocating and freeing
dynamic memory. This property gives the language maximum flexibility and
efficiency, making it indispensable in systems programming, operating system
kernel development, embedded systems, high-performance computing and modern

infrastructure software. At the same time, the absence of automatic memory
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management opens a wide class of potential defects: memory leaks, use-after-free,
buffer overflows, double-free errors and reads from uninitialised memory.
According to industry analyses cited by Seacord [2], the majority of critical
security vulnerabilities catalogued by the Common Vulnerabilities and Exposures
(CVE) database for systems written in C and C++ are directly attributable to errors
in dynamic memory management.

Practical instruction in detecting these errors requires a stable and
reproducible toolchain: a GCC or Clang compiler, dynamic analysis tools
Valgrind/Memcheck [3] and AddressSanitizer [4], the static analyzer Cppcheck,
and the GDB debugger. The problem is that in real student groups, students work
in heterogeneous environments: different Linux distributions (Debian 11/12,
Ubuntu 20.04/22.04/24.04, Fedora, Arch Linux), as well as Windows and macOS.
This leads to discrepancies in the output format of analyzers, incompatibilities
between library versions (in particular, libasan6 in Ubuntu 20.04 versus libasan8
in Ubuntu 24.04), differences in default compiler flags, and, as a consequence,
significant losses of study time on resolving purely environmental problems
unrelated to the subject of the course. This phenomenon, known as the “works on
my machine” problem, is especially acute in introductory courses, where students
lack the experience to diagnose environmental conflicts and cannot distinguish a
bug in their own code from a tool malfunction or a packaging idiosyncrasy of their
distribution.

The connection between this problem and important practical and scientific
tasks is twofold. First, ensuring the reproducibility of the development
environment is a precondition for the reliability of empirical results obtained from
any computational experiment, including educational ones — a requirement
explicitly recognised in the modern software quality standard ISO/IEC
25010:2023 [5] and, more specifically, in the IEEE 2675-2021 Standard for

DevOps [15]. Second, the formation of competencies in handling memory errors
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directly affects national cybersecurity, since the bulk of critical infrastructure
software, embedded controllers and operating systems continues to be written in C
and its derivatives.

Analysis of recent research and publications

Detection and prevention of memory errors in C programs is a research
domain with a long and well-developed tradition. The seminal work of Nethercote
and Seward [3] on Valgrind described the architecture of a heavyweight dynamic
binary instrumentation framework based on shadow memory, which to this day
remains the de facto reference instrument for detecting subtle memory errors,
including reads from uninitialised memory. The team led by Serebryany [4] from
Google proposed AddressSanitizer (ASan) — a fundamentally different approach
implemented at the level of compiler instrumentation, providing a slowdown of
approximately 2x relative to native execution and immediate diagnostic output at
the moment of access violation. Both tools are deeply integrated into modern
compilers (GCC and Clang) and are widely used both in industry and in academic
instruction. Seacord [2], in a comprehensive treatment of secure coding in C and
C++, classifies typical memory management defects from the standpoint of
exploitability and provides systematic recommendations for their elimination,
which can be directly transferred into the educational process.

The economic perspective on defect detection was systematised by Boehm
[6] in the foundational work on software engineering economics. He demonstrated
that the cost of fixing defects grows nonlinearly depending on the stage at which
they are discovered. This principle applies directly to the educational process:
environmental problems identified at the very first session cost far less — in time,
motivation and attention — than those that accumulate throughout the semester and
degrade the student's perception of the course as a whole. Wilson and colleagues
[7], in a study of best practices in scientific computing, separately identify the

reproducibility of the computational environment as a key condition for quality
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work with code, listing it alongside version control, automated testing and code
review — a conclusion that fully applies to the educational context, where the
instructor effectively performs the role of “principal investigator” of the
educational “experiment”.

The reproducibility problem in computational research has acquired
particular acuity in the past decade in connection with the widespread adoption of
containerisation technologies. Boettiger [8] proposed Docker as a generic solution
to the reproducibility crisis in computational science, demonstrating that container
images stored in public registries enable bit-exact reproduction of computational
pipelines years after the original publication. Cito and Gall [9] empirically
investigated the use of Docker in software engineering research and confirmed its
effectiveness as a tool for delivering reproducible experimental environments.
Merkel [10], in the original Linux Journal article that effectively introduced
Docker to a wide professional audience, described the technology as a means of
packaging applications together with their dependencies into lightweight
containers that run identically on different operating systems. The Open Container
Initiative [11] later formalised the resulting image format and runtime
specification, which guarantees long-term portability of the approach.

In the educational context, integration of containerised environments with
development tools is supported by the Development Containers specification [12],
which standardises the description of the editor-side environment and is
implemented by Visual Studio Code, JetBrains products and a number of cloud
platforms. The methodological foundations of competency-based curriculum
design in computing, including expectations regarding systems-level skills such as
memory analysis, are summarised in the joint ACM/IEEE Computing Curricula
2020 framework [13], which explicitly highlights the ability to operate within

reproducible engineering environments as a transferable competency.
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Despite the considerable body of literature on individual elements of the
proposed solution — Valgrind, AddressSanitizer, Docker, Dev Containers — there
remains a clearly unsolved part of the general problem: the absence of a holistic,
methodically substantiated approach that combines containerisation with editor
integration specifically for the task of teaching C memory analysis in a
heterogeneous student environment, together with quantitative confirmation of its
educational effectiveness. The present article is devoted to filling this gap.

Aim of the article

The aim of this work is to substantiate and describe a Docker-based
containerisation approach as a means of unifying the tool environment when
teaching memory analysis in C, as well as to provide a comparative analysis of
this approach against native installation of the toolchain, to specify the architecture
of the proposed solution at the level of an editor configuration and a Dockerfile, to
describe the platform-specific aspects of deployment on Linux, Windows and
macOS, and to present the results of practical approbation in a real third-year
student group. A subsidiary aim is to formulate recommendations for the
construction of similar environments for other systems-programming courses and
to outline directions for the automation of assignment assessment based on a
shared container image.

Presentation of the main material

1. Classification of memory management errors in C

For the purposes of the educational process, we identify the main classes of
memory management defects in C, ordered roughly by the difficulty of their
diagnosis without specialised tools.

Memory leaks — a situation in which allocated dynamic memory is not freed
after its use is complete. During prolonged program execution, this leads to
gradual exhaustion of the address space, swapping, and ultimately to the

termination of the process by the operating system's out-of-memory killer. This is
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the most common class of error among novice programmers, since a program may
continue to “work” for a considerable time despite the presence of a leak — short
test runs do not expose the defect, and even relatively long executions may
complete normally if the process exits before resources are exhausted.
Pedagogically, this means that a simple manual test cannot detect a leak; a
specialised instrument such as Valgrind/Memcheck is required.

Use-after-free (UAF) — accessing a block of memory after a call to free().
This error is a potential security vulnerability that may allow arbitrary code
execution if the freed region is subsequently re-allocated and overwritten by
attacker-controlled data, and at minimum leads to unpredictable program
behaviour. UAF errors are notoriously difficult to reproduce, since the visible
consequences depend on the exact sequence of subsequent allocations.

Buffer overflow / underflow — writing or reading beyond the boundaries of
an allocated memory block. This is one of the most dangerous vulnerabilities in
system software, with consequences ranging from silent data corruption in
adjacent allocations to remote code execution in the case of stack-based overflows.
From the pedagogical perspective, the importance of this class is reinforced by the
fact that classic exploitation techniques (return-into-libc, return-oriented
programming) are built on top of buffer overflow primitives.

Double free — a repeated call to free() for an already freed block, which
corrupts the memory allocator's internal data structures and can result either in an
Immediate program crash or in an exploitable vulnerability of the heap metadata.

Use of uninitialised memory — reading values from variables or memory
blocks before their explicit initialisation, which produces undefined behaviour and
Is the source of intermittent, non-reproducible bugs that depend on the previous
content of the memory region.

2. Modern tools for memory analysis
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Valgrind/Memcheck. Valgrind is a framework for heavyweight dynamic
binary instrumentation, described in detail by Nethercote and Seward [3]. Its key
tool, Memcheck, implements the “shadow memory” technique: for each byte of
the program’'s memory, an additional status byte is maintained that tracks the
addressability and initialisation state of each bit. Running Valgrind requires only
that the program be compiled with the -g -O0 flags:

valgrind --leak-check=full --show-leak-kinds=all ./program

Valgrind detects all five of the mentioned error classes, provides a detailed
call stack at the point of each error, and produces a summary HEAP SUMMARY
report. An execution slowdown of 10-50x is acceptable for educational programs
of moderate size. The pedagogical advantage of Valgrind is its human-readable
output, which a student can interpret directly without additional knowledge of the
compiler's internals, and its ability to detect uninitialised reads — a class of errors
that is invisible to AddressSanitizer.

AddressSanitizer (ASan), developed by the Google team [4], is implemented
as compiler instrumentation: when compiled with the -fsanitize=address flag,
checks are inserted before every memory access. This results in a slowdown of
only ~2x compared to the 10-50x of Valgrind. An important pedagogical
advantage of ASan is that the error message appears at the moment the error
occurs, indicating the exact source file and line number — in line with the principle
of immediate feedback in learning. ASan is particularly effective for buffer
overflows and use-after-free, where the prompt and precise diagnostic message
significantly accelerates the formation of mental models of memory layout in
students.

Both tools are complementary: ASan is more effective for detecting access
errors and rapid checking during development, while Valgrind additionally tracks

uninitialised values and multithreaded access issues via its Helgrind tool. In the

12



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

proposed methodology students learn to use both, switching between them
depending on the diagnostic task at hand.

Static analysis: Cppcheck. Cppcheck detects potential errors without
executing the program. In the educational context it serves as the first line of code
review before the testing stage, allowing obvious errors to be caught at the writing
stage. Static analysis is particularly valuable for catching defects on infrequently
executed code paths that may escape dynamic analysis if the corresponding test
inputs are not exercised. Standards such as MISRA C:2012 [14], although
primarily aimed at safety-critical industrial software, illustrate the same general
principle of relying on static rule checking to enforce a defined memory and
aliasing discipline.

Interactive debugging: GDB. The GNU Debugger remains the principal
interactive instrument for stepping through execution, inspecting memory and
locating the precise origin of a fault. Modern integrated development
environments embed GDB as a back-end and provide a graphical interface over its
core functionality. As discussed below, the requirement to use GDB inside a
Docker container imposes specific demands on container security configuration,
which the proposed methodology takes into account.

3. The reproducibility problem in heterogeneous educational
environments

The current edition of ISO/IEC 25010:2023 [5] defines Reliability as one of
nine top-level product quality characteristics; its four subcharacteristics —
faultlessness, availability, fault tolerance, and recoverability — collectively
describe the dependability of a software product without explicitly naming
reproducibility as a distinct term. Environment reproducibility is, however,
formalised as a first-class engineering requirement by IEEE 2675-2021 [15], the
IEEE Standard for DevOps, which mandates that build, package, and deployment

environments be defined in a deterministic and traceable manner — a principle that
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extends directly to educational toolchains, where the instructor's environment must
behave identically on every student machine. Among the key changes in the new
edition are the expansion of the quality model to nine characteristics (Safety was
added), the renaming of Usability to Interaction Capability, and Portability to
Flexibility. In the context of the educational process, reproducibility takes on a
practical meaning: the learning environment must deliver the same analysis result
for the same source code regardless of which machine the work is performed on —
whether belonging to the student, the instructor, or an automated assessment
system.

In practice, achieving this property through native installation is complicated
by several factors. First, different Linux distribution versions are simultaneously
present in a single student group, with non-trivial differences in default compiler
flags, glibc versions and packaging conventions. Second, the libasan library — the
runtime support component of AddressSanitizer — exhibits noticeable behavioural
changes between versions (libasan6 on Ubuntu 20.04 versus libasan8 on Ubuntu
24.04), including the format of error reports and the set of detected sub-classes.
Third, the fundamental differences among Linux, Windows and macOS — the three
platforms simultaneously present in a typical student group — manifest in
incompatible toolchain ecosystems: Valgrind, for instance, has historically lacked
first-class support on macOS for recent kernel versions, and on native Windows
altogether.

The Wilson et al. study of best practices in scientific computing [7] explicitly
recommends pinning the entire computational environment to specific versions
and treating it as a versioned artefact. Boettiger [8] further showed that this
recommendation, when combined with container technology, allows for
reproduction of computational results by independent researchers years after

publication. In the educational context, the same principles imply that the
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instructor should be able to fix the environment once and have students reuse
exactly that environment without redoing the configuration work.

4. Docker as an environment encapsulation mechanism

Merkel [10] described Docker as a technology that allows applications to be
packaged together with their dependencies into lightweight containers that run
identically on different operating systems. For our purposes, the key property is a
deterministic runtime environment: a container image described in a Dockerfile
always contains exactly the same packages at exactly the same versions, regardless
of the host system. The container image format and runtime are now standardised
by the Open Container Initiative [11], which protects long-term investment in
containerised tooling against vendor lock-in.

A Dockerfile is a declarative description of the environment — a text file
stored in the version control system alongside the project code. This implements
the “Infrastructure as Code” principle with respect to the learning environment:
the instructor fixes the exact toolset once, and all students receive an identical
environment. Critically for the educational use case, this same Dockerfile becomes
a self-documenting artefact: any student who reads it can see precisely which
compiler version, sanitiser library and analysis tool will be used, eliminating the
“hidden curriculum” of undocumented environment expectations.

5. Architecture of the proposed Docker-based learning environment

The proposed solution consists of three tiers (Fig. 1).

Tier 1. Host system — any OS: Linux, Windows 10/11, or macOS. Requires
only Docker Engine (or a compatible runtime) and Visual Studio Code. The host
system retains its own user-level tools, browsers and document editors; Docker
introduces no global modifications to the host's package manager state.

Tier 2. Docker image based on debian:bookworm-slim with a fixed toolset:
GCC 12, GDB 13, Valgrind 3.19, AddressSanitizer (libasan8), Cppcheck 2.10.

15
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The image is described by a Dockerfile stored in the .devcontainer/ directory of

the course repository, alongside the source code of practical assignments.

Host 05 (Linux / Windows / mac0Ss)
— Docker Engine / OrbStack
L— Container (debian:bookworm-slim)
— GCC 12 / G++ 12

|— GDB 13

— valgrind 3.19 (memcheck, helgrind)
— AddressSanitizer (libasansg)

'— Cppcheck 2.10

VS Code (host) — Dev Containers extension — terminal inside container
Files: ~/C _Projects/ (host) «—— bind mount —— /workspace (container)

Figure 1 — Architecture of the Docker-based learning environment

The choice of debian:bookworm-slim as a base is motivated by its small
footprint (under 80 MB before tool installation), its long support cycle, and its
precise correspondence to the Debian/Ubuntu family that students most commonly
use natively.

Tier 3. Development environment. VS Code connects to the container via the
Dev Containers extension [12], providing the student with the familiar editor
interface with all tools running inside the container. Project files are stored in the
home directory of the host system (~/C_Projects/) and mounted into the container
via the bind mount mechanism, ensuring data persistence between sessions and
maximum file 1/0 performance — bind mount throughput within a single Linux
kernel reaches 97-99% of native speed.

The key configuration file is .devcontainer/devcontainer.json, which
describes the container launch parameters, VS Code extension installation, and a
post-creation verification command. In particular, the parameters --cap-

add=SYS_PTRACE and --security-opt seccomp=unconfined are required for the

16



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

GDB debugger to function correctly inside the container, since GDB uses the
ptrace system call, which is blocked by Docker's default security profile. These
parameters relax security in a controlled manner: they affect only the dedicated
learning container and do not influence the host system or other containers. The
complete VS Code configuration for both environment variants — native and
Docker — with detailed setup instructions is available in the open repository [16].

6. Platform-specific deployment considerations

An important advantage of the Docker approach is its platform independence,
which directly solves the problem of heterogeneous operating systems in student
groups. Nevertheless, each platform requires specific attention to filesystem layout
and runtime selection.

On Linux, Docker Engine is installed natively via the package manager
without any additional tools, providing maximum performance and the simplest
possible setup. There is no virtualisation layer between the container and the host
kernel, so 1/0 latency is minimal and process startup is virtually instantaneous.

For Windows 10/11, the recommended option is to install Docker Engine
inside the WSL2 subsystem (Windows Subsystem for Linux 2) without Docker
Desktop, which provides native Linux kernel performance and full support for all
memory analysis tools, including Valgrind. Project files should be stored in the
WSL2 Linux filesystem (~/C_Projects/), not on the Windows drive (/mnt/c/) — this
delivers 97-99% of native speed versus ~40% when working with the Windows
filesystem due to the file-by-file translation through the 9P protocol. Educating
students about this filesystem distinction is itself a useful pedagogical side-effect
of the proposed methodology.

On macOS, Docker Engine cannot run without a Linux kernel as a substrate.
The recommended free alternative is OrbStack [17], a fully compatible
replacement for Docker Desktop that requires no commercial license for personal

use and automatically suspends the VM when Docker is idle, minimising battery
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impact on portable devices. OrbStack uses native Apple Virtualization
Framework, which provides near-native 1/O performance for the bind-mounted
source tree.

In all three cases the student uses the same unmodified Dockerfile, which
serves as the single entry point for student groups with a mixed operating system
fleet. The instructor is freed from the obligation to maintain three parallel sets of
platform-specific instructions and can concentrate on the substantive content of the
course.

7. Comparative analysis of native and Docker approaches

A comparison of two approaches for a Linux system — native tool installation
and Docker containerisation — was performed. Criteria relevant to the educational
process were evaluated (Table 1).

Table 1 — Comparative characteristics of the native and Docker approaches

Criterion Native Docker
Environment reproducibility Low High

Initial setup time 10-15 min 20-30 min
Dependency on distribution High None

Compilation speed 100% 97-99%

Project isolation No Yes

Environment versioning Not possible | Dockerfile in git
Assignment verification complexity High Low

GDB support Full Requires --cap-add
Fixed libasan version OS-dependent | Guaranteed

Analysis of the table shows that the only criterion by which the Docker
approach is inferior to the native one is initial setup time. However, this difference
Is offset over the course of the semester: a one-time investment of 10-15

additional minutes at the outset is compensated by the elimination of

18




STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

environmental problems at every subsequent session. The performance of both
approaches is practically identical when project files are correctly located in the
Linux filesystem.

Particularly important for the educational process is the assignment
verification complexity criterion. With the native approach, the output format of
Valgrind and ASan may differ between versions, making automated verification
impossible and complicating peer review among students. With the Docker
approach, the output is identical for both student and instructor, opening the
possibility of automated assessment of assignments using a shared container
image. In conjunction with continuous integration pipelines on platforms such as
GitHub Actions or GitLab ClI, this enables a fully reproducible grading workflow
consistent with the principles of reproducible research articulated in [7] and [8].

8. Approbation in a real student group

The proposed approach was trialled in the Programming course for IT
students at Yuriy Fedkovych Chernivtsi National University. The student group
consisted of 24 students wusing various operating systems: Ubuntu
20.04/22.04/24.04, Debian 11/12, Windows 11 (via WSL2), and macOS. The
composition of the group, in terms of the host operating system, was
approximately representative of the broader student population at the faculty.

Under the native approach (previous semester), the number of instructor
consultations regarding environment problems during the first month of the course
was 31. Only 47% of students were able to independently set up the full toolchain
at the first session. Typical issues included: incompatibility of libasan versions
across distributions, incorrect GDB configuration on macQOS, the absence of
Valgrind support on Windows without WSL, and conflicts between system and
user package managers (in particular, the use of pip/Homebrew to install tools that

conflicted with system-provided versions).
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Under the Docker approach (current semester), the number of environment-
related consultations dropped to 6 — a fivefold reduction. The share of students
who independently configured the complete environment at the first session rose
from 47% to 72%. The nature of the questions also changed qualitatively: students
moved from technical environment issues to substantive questions about
interpreting Valgrind and ASan output, which is direct evidence of improved
learning effectiveness. Anonymous end-of-semester student feedback confirmed
that the unified environment was perceived as a positive feature of the course, and
several students reported subsequently reusing the same Dockerfile as a starting
template in other courses and personal projects.

The results are consistent with the theoretical argument of Boehm [6]
regarding the nonlinear growth of defect-correction costs depending on the stage
of detection: resolving environmental problems at the start of the course is far less
costly than their accumulation across the semester.

9. Pedagogical implications and limitations

Beyond the immediate quantitative outcomes, the proposed methodology has
several pedagogical implications worth highlighting. First, by making the
environment itself a versioned, inspectable artefact, the course implicitly trains
students in the habit of treating infrastructure as code — a transferable skill
explicitly listed in CC2020 [13] among the competencies expected of graduates of
computing programmes. Second, the consistency of tool output between the
student's machine, the instructor's machine and any automated grader removes a
class of conflicts that would otherwise consume teacher-student communication
bandwidth; the freed bandwidth can be redirected to substantive feedback on
memory analysis. Third, the use of Docker creates a low-friction path for students
to take their environment into subsequent courses, internships and graduate work,

providing a long-term return on the up-front configuration effort.
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The principal limitations of the approach are also worth recording. The
Docker environment introduces a small but non-zero abstraction barrier between
the student and the host operating system; students who require deep familiarity
with a specific Linux distribution's packaging system will eventually need
supplementary native exercises. On older or low-end hardware (notably Windows
machines with fewer than 8 GB of RAM and HDD storage), the WSL2 VM may
impose a noticeable boot-time and memory-pressure overhead, which can be
partially mitigated by limiting WSL2 resources via the .wslconfig file. Finally, the
methodology requires that the host has reliable Internet access for the initial image
pull; in environments where this assumption fails, the instructor should distribute a
pre-built image as an offline tar archive.

Conclusions

The application of Docker containerisation for organising the learning
environment in a course on C memory error detection has proved to be a
substantiated and practically effective approach. The pedagogical characterisation
of memory management error classes and their detection tools -
Valgrind/Memcheck and AddressSanitizer as dynamic analysers, Cppcheck for
static analysis, and GDB for interactive debugging — provided a coherent
foundation for designing the environment around the actual diagnostic workflow.
A three-tier architecture was proposed in which the host operating system, a
Docker image based on debian:bookworm-slim, and Visual Studio Code
connected through the Dev Containers specification jointly deliver an identical
toolchain on Linux, Windows and macOS through a single Dockerfile.

A comparative analysis across nine educational criteria confirmed the
advantages of containerisation in reproducibility, project isolation, environment
versioning and automated assignment verification; the only concession — a slightly
longer initial setup — is fully amortised within a semester. Approbation in a IT

student group confirmed a fivefold reduction in environment-related consultations
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and a rise in independent first-session setup from 47% to 72%, accompanied by a
qualitative shift of student questions towards the substantive interpretation of
analyser output. The principal limitations — the abstraction barrier over the host
OS, WSL2 resource overhead on low-end hardware, and the dependence on
Internet access for the initial image pull — are explicitly formulated for future
deployments.

Further research directions include automated assignment assessment based
on the shared Docker image, evaluation of cloud environments such as GitHub
Codespaces and GitPod as alternatives for resource-constrained students, and

extension of the methodology to adjacent systems-programming courses.
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ARCHITECTURE OF A WEB-BASED SYSTEM FOR ANALYSING THE
TONE AND THEMATIC STRUCTURE OF TEXT DATA

Abstract

The article discusses approaches to building a web-based text data analysis
system that combines message sentiment classification and thematic modeling
within a single software solution. The aim of the study is to develop the
architecture and software implementation of a system capable of automating the
full text processing cycle: receiving input data, preprocessing, determining
emotional tone, identifying key topics, saving results, and presenting them to the
user via a web interface.

The methodological foundation consists of natural language processing
methods, text vectorization using TF-IDF, sentiment classification using a Support
Vector Classifier, and topic modeling based on Latent Dirichlet Allocation.

A modular approach to design was used: the client-side, server API,
machine learning module, authentication mechanisms, and data storage were
separated. As a result of the research, a system architecture was proposed that

ensures the integrated execution of two analytical tasks—determining the text’s
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sentiment and identifying thematic patterns in the message corpus. The paper
describes the main system entities, the mechanism for forming an analysis request,
the method of presenting results in JSON format, and the approach to service
deployment, in which the base API is implemented in C#, and the analytical
processing module is implemented as a separate service on FastAPI.

The scientific novelty of this work lies in the combination of classical
machine learning models for text analysis with a distributed service architecture of
a web application, which allows separating the computationally intensive natural
language processing module from the system’s application logic and simplifies
scaling, maintenance, and further expansion of functionality.

The practical significance of the results lies in the ability to use the
proposed solution for monitoring public sentiment, analyzing user feedback,
conducting market research, preprocessing text corpora, and generating analytical
reports. The developed system can serve as a foundation for further improvement
through the expansion of language support, the adaptation of models to domain-
specific corpora, the enhancement of result interpretability, and the
implementation of more advanced visualization tools.

Keywords: sentiment analysis, thematic modeling, natural language

processing, machine learning, text classification, web system.

Introduction. In today’s world, information flows are increasing at a
breakneck pace, requiring new approaches to data analysis. One of the promising
areas is text sentiment analysis, which provides valuable insights into users’
thoughts, emotions, and reactions. Such analysis is useful for various fields,
including marketing, sociology, political science, and other areas where it is
Important to understand public sentiment and reactions to specific events.

Thanks to modern machine learning and natural language processing

technologies, it has become possible to automate the process of analyzing texts
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based on their content and tone. This not only significantly speeds up the
information processing process but also improves the accuracy of the results
obtained, which is crucial in the context of analyzing large volumes of data. Topic
modeling tools can identify hidden themes and key elements in texts, creating new
opportunities for sentiment analysis in a dynamic information space.

Analysis of recent research and publications. Topic modeling is a text
analysis method that allows for the detection and identification of topics present in
a text dataset [1]. The main idea is that each document can be represented as a
combination of different topics with specific probabilities. This text analysis
method, combined with sentiment analysis, will allow us to analyze and identify
community dynamics.

The main methods of topic modeling include Latent Dirichlet Allocation
(LDA), Non-Negative Matrix Factorization (NMF), and modern neural approaches
such as BERT Topic Modeling. Each of these methods has its own characteristics
and applications.

Latent Dirichlet Allocation (LDA) is a generative model that assumes that
each document is a mixture of topics, and each topic is a mixture of words [2]. The
main idea behind LDA is to find the topics that best describe the structure of the
text data. The model uses a hierarchical approach to identify topics based on word
frequencies in documents, allowing it to automatically detect the probability
distributions of topics in each document. One of the main advantages of LDA is its
ability to process large volumes of text data and identify topics without the need to
predefine the number of topics. However, LDA also has its limitations, notably the
need to tune hyperparameters, which can significantly affect the results, as well as
difficulties in interpreting topics if their number does not correspond to the actual
data structure.

Another popular method is Non-Negative Matrix Factorization (NMF),

which is also used for topic modeling [3]. NMF treats text data as a term-
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document matrix and decomposes this matrix into two non-negative matrices—
one for terms-topics and the other for topics-documents. Thus, NMF helps identify
latent topics that explain the observed terms in the documents. One of the main
advantages of NMF is its ability to identify interpretable topics due to the non-
negativity constraint, which provides more understandable and consistent results.
However, NMF can be sensitive to initial conditions and requires the prior
specification of the number of topics, which can complicate model tuning.

Latent Semantic Analysis (LSA) is another method based on matrix
decomposition [4]. LSA uses singular value decomposition of the term-document
matrix to reduce dimensionality and extract latent semantic structures in text data.
This allows the model to identify synonymic and semantic relationships between
words, which helps to better understand the context of topics. The advantage of
LSA lies in its ability to reduce noise in the data and identify hidden topics.
However, LSA can sometimes generate topics that are difficult to interpret and has
limitations in representing contextual relationships based on static matrices.

Modern models, such as BERT (Bidirectional Encoder Representations
from Transformers), offer new approaches to topic modeling. BERT uses
transformers for deep contextual understanding of text and can be adapted for
topic analysis through specific configurations or fine-tuning for topic modeling
tasks [5, 6, 7]. The advantage of BERT lies in its ability to account for the context
of words on both sides and provide accurate results for complex tasks, but this
method requires significant computational resources and a large volume of data
for training.

Thus, sentiment analysis and topic modeling methods in machine learning
provide various ways to identify and organize topics in text data. The choice of a
specific method depends on the specifics of the task, the volume of data, and the

desired accuracy of the results.
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Problem Statement. The problem addressed in this study is the development
of a software system capable of automating the entire cycle of text data analysis:
from text ingestion and format validation to the classification of message polarity,
thematic structuring, storage of results, and their subsequent presentation to the
user. Unlike a standalone ML script, such a system must take into account
requirements for access security, user-friendly interface, scalability,
maintainability, and integration with external services. Based on this, it was
necessary not only to select appropriate algorithms but also to develop a
comprehensive architecture for the information system.

Main part. The architectural concept of the system under development is
based on a modular division of responsibilities among the client-side, server API,
machine learning service, data store, message broker, and authentication server.
Several complementary models were used to describe the system’s structure: the
ERD provides an overview of the database entities and relationships, the DFD
depicts information flows and the logic of request processing, and the deployment
diagram shows the physical placement of components and the communication
channels between them.

The ERD illustrates the relationships between the system’s main entities:
“User,” “Analysis Request,” “Sentiment Analysis,” “Thematic Modeling,” and
“Analysis Report” (Fig. 1).

The “User” entity represents a system user who has a unique identifier
(uuid), a username, and an account creation date. This is the primary entity to
which all text analysis operations are linked.

The “AnalysisRequest” entity is responsible for user requests to analyze text
data. Each request has a unique identifier, belongs to a specific user, contains a
text corpus for analysis in JSON format, and may be linked to a previous request if
it is a continuation or modification of a previously made request. The time when

the request was made is also stored.
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Figure 1 — ERD of a text sentiment analysis system based on thematic modeling

The “SentimentAnalysis™ entity represents the results of sentiment analysis
for a specific text included in the request. It contains a unique identifier, a link to
the text request, and the result in JSON format, which stores data on the emotional
tone of the text.

The “TopicModeling” entity stores the results of topic modeling performed
on text data. It also has a unique identifier and a link to a specific analysis request.
The modeling results store the topics and keywords found during the analysis,
presented in JSON format.

The “Report” entity combines the results of sentiment analysis and topic
modeling. It contains information about which user created the report, as well as
links to the sentiment and topic analysis results. Additionally, the report stores the
creation date and the report content in BLOB (binary large object) format, which
can be exported.

The “ShareLink” entity allows the user to share generated reports with other
users. The link is tied to a specific report and has a short URL for convenient

dCCess.
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In the context of developing a text sentiment analysis system, the

diagram (Fig. 2) represents the classes responsible for text analysis,

processing, database operations, and report generation.

AnalysisResult

+1d : Guid
+ Type : AnalysisResultType
+ Analysisid : Guid

+ AnalysisRequest : AnalysisRequest

<gnumerations>
AnalysisResultType

Sentiment

TopicModeling

<

TopicModelingAnalysisResult

SentimentAnalysisResult

+ Type : AnalysisResultType

+ Topics : List

Topic

+ Topicld : int

+ Keywords : List

TopicKeyword

+ Word : string

+ Weight : double

The class diagram consists of the following classes:

+ Type : AnalysisResultType
+ NeutralConfidence : double
+ PositiveConfidence : double

+ NegativeConfidence : double

Figure 2 — System Class Diagram

class
data

ReportSharedLink

+1d . Guid
+Url : string
+ AnalysisReportld : Guid

+ AnalysisReport - AnalysisReport

AnalysisReport

+1d : Guid

+ Link : string

+ CreatedAt : DateTimeOffset
+ AnalysisRequestid : Guid

+ AnalysisRequest : AnalysisRequest

AnalysisRequest

+1d : Guid

+ Corpus : string

+ RequestedAt : DateTimeOffset
+ Userld : Guid

+ User : User

User

+Id: Guid
+ Username : string

+ Externalld : Guid

— AnalysisReport: represents an analysis report, containing a link and in-

formation about the analysis request;

— AnalysisRequest: contains data about the text analysis request, including

the text and the user who created it;

— AnalysisResult: represents the analysis result, which can be of the “sen-

timent analysis” or “thematic modeling” type;
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— AnalysisResultType: a list of analysis types available in the system (sen-
timent analysis or topic modeling);

— ReportSharedLink: contains information about the link for sharing the re-
port;

— SentimentAnalysisResult: the result of sentiment analysis with confi-
dence scores for neutral, positive, and negative sentiments;

— TopicModelingAnalysisResult: the result of topic modeling, containing a
list of topics;

— Topic: represents a single topic consisting of keywords;

— TopicKeyword: represents a keyword and its weight for a specific topic;

— User: represents the user who initiated the analysis request.

The system consists of several key components (Fig. 3) that perform their
specialized functions. One of them is TextAnalyzer.Core, which acts as a central
module with base models and interfaces. It provides fundamental classes and types
used in all other system modules. Thanks to this, TextAnalyzer.Core serves as a

foundation for expanding functionality and implementing new features.

TextAnalyzer.Core

TextAnalyzer.Adapters.Driven. TextAnalysis.Abstractions T

2 TextAnalyzer. Adapters.Driven.ExternalUsers. Abstractions I ! TextAnalyzer.Persistence
TextAnalyzer.Application I
TextAnalyzer.Adapters.Driven.ExternalUsers.Keycloak TextAnalyzer.Persistence Migrations

A
TextAnalyzer Adapters.Driving.Api

TextAnalyzer Adapters.Driven.TextAnalysis. LocalModels

4

'r
Application.Entrypoint

Figure 3 — Project Diagram

Another important module is TextAnalyzer.Application, which implements

the system’s business logic. It coordinates interaction between various
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components, ensuring the execution of the system’s core functions, such as text
analysis, processing user requests, and data management. This module uses
TextAnalyzer.Core resources to work with base models and provides connectivity
to external APIs and adapters.

The TextAnalyzer.Adapters.Driving.Api module is used for the system’s
interaction with external clients. It is responsible for providing an API through
which external applications and services can access text analysis functionality.
This module receives data from TextAnalyzer.Application and provides it in a
convenient format for external users, ensuring integration with other systems.

The Support Vector Classification (SVC) method was chosen for sentiment
analysis due to its high accuracy when working with various datasets and its
ability to effectively classify text data. SVC is well-suited for tasks with a small
number of classes, as this algorithm creates optimal hyperplanes that separate
classes, allowing for better results even with a small amount of training data [8, 9].
Another important advantage of SVC is its robustness to noise in the data.

In the support vector method, the main idea is to find a hyperplane that
separates two classes in such a way as to maximize the margin between them. For
linearly separable data, a hyperplane is sought that has the equation where w is the
weight vector, x is the feature vector, and b is the bias:

wlx +b = 0. (1)

The algorithm searches for a hyperplane that maximizes the gap between
the points of both classes. This is achieved by minimizing the weight vector w,
which is equivalent to maximizing the margin between the classes. The boundary
conditions for each pointx; in classy; (wherey; = +1 ) are defined as:

y;(wlx; + b) > 1. (2)

This means that all points of one class must lie on one side of the

hyperplane, and points of the other class on the opposite side, with the nearest
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points being at least 1 unit away from the hyperplane. The objective is to minimize

the function:

1 2
~[Iwl|". @3)
However, if the data is not linearly separable, additional error variables;

are introduced to allow certain points to be misclassified. Then the conditions are

modified to:
yiw™x; +b) = 1-¢;. (4)
And the new function to be minimized:
2
“wll” +cx; & ®)

where C is a hyperparameter that controls the trade-off between maximizing
the margin and the number of misclassified points.

When training the machine learning model, the SVC implementation from
the sklearn library was used, along with auxiliary libraries such as pandas and nltk
[10, 11, 12].

The dataset was loaded from a CSV file, and for simplicity, only two
columns were selected from it: text and labels. The labels were converted from
numerical to text labels, and then they were encoded into a numerical format using
LabelEncoder, which is required for training the model.

To obtain more accurate results, it is important to preprocess the data; for
this, English stop words are loaded from the nltk library, and SnowballStemmer is
used for stemming [12]. A function was also created for preprocessing text strings:

The data was split into training and test sets using ‘train_test split’, which
helps avoid overfitting the model, ensures stable results during testing, and allows
for validation on a separate dataset. A Pipeline was used to build the model,
combining two stages: text vectorization using TfidfVectorizer and training the

SVC model with a linear kernel [13, 14]. After training the model, predictions are
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made for the test set, and then accuracy is calculated based on the predicted and

actual values.

X train, X test, y train, y test = train test split(
pd.concat ([df['text'] [:10000], df['text'][-10000:11),
pd.concat ([df['label'][:10000], df['label'] [-10000:11),
test size=0.2, random state=21910825
)

pipeline = Pipeline ([
('"vectorizer', TfidfVectorizer (max features=5000,
ngram_range=(1l, 2))),
('"svm', SVC(kernel='linear',6 probability=True))

1)

pipeline.fit (X train, y train)
y pred = pipeline.predict (X test)
accuracy = accuracy score(y test, y pred)

print (f'Model Accuracy: {accuracy * 100:.2f}%")

The Latent Dirichlet Allocation (LDA) method was chosen for topic
modeling due to its ability to automatically identify hidden topics in texts, making
it ideal for working with text corpora of various sizes [2]. LDA uses a probabilistic
model that identifies a set of topics that best describe the text corpus, allowing for
the identification of important topics and their keywords. Thanks to this model,
the system can perform in-depth analysis of text data, which is useful for studying
structured patterns in large data sets.

The main idea behind LDA is that documents can be represented as
mixtures of latent topics, and each topic is represented by a set of words with
specific probabilities. LDA searches for these latent topics, which can be used to
understand the structure of the text.

Mathematically, for each document d and topic k, LDA models the
probability that a given word belongs to that topic. In this context, a document is

represented as a mixture of topics, and each topic is a mixture of words.
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The process includes the following steps:

— for each document d, a topic distributiong, is selected, which is a Di-
richlet parameter;

— for each word in the document, a topic z is selected based on the topic
distributiong, ;

— a word is selected for topic z based on another Dirichlet distributiong, ,

which models the probability of words for each topic.
The key formula in LDA is the calculation of a word’s probability in a
document as the sum across all possible topics:

P(W;|d) = Xi=1 P(Wilz,)P(z¢|d). (6)
In the implementation of LDA model training, the main steps include

loading data, preprocessing it, vectorizing it, and building the LDA model for
topic detection. First, the necessary libraries are imported, including nltk for text
processing and sklearn, which provides the LDA model implementation. As with
sentiment analysis, the data is read from a CSV file, and for simplicity, only the

text column is used.

nltk.download('stopwords')

stemmer = PorterStemmer ()
stop words = set (stopwords.words ('english'))
def preprocess text (text):
text = text.lower ()
text = re.sub(r’ ["a-z\s]’, ‘', text)
tokens = text.split()
tokens = [stemmer.stem(token) for token in tokens if
token not in stop words]
return ' ‘.Jjoin (tokens)
df = pd.read csv('./data/data.csv', names=['label', 'id',
'date', 'flag', 'user', 'text'])
df = df[["text']]
df['text'] = df['text'].apply(preprocess_ text)
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Once the data is processed, it is split into training and test sets using
“train_test_split’, and a Pipeline is created that combines text vectorization using
“TfidfVectorizer” with LDA model training via "LatentDirichletAllocation™ [13,
14, 15]. Setting the 'n_components™ parameter to 3 means that the model attempts

to identify three main topics in the text.

train, test = train test split(
pd.concat ([df['text'] [:10000], df['text'] [-10000:11),
test size=0.2, random state=21910825
)

pipeline = Pipeline ([
(‘vectorizer’, TfidfVectorizer (max features=5000,
ngram range= (1, 2))),
(‘lda’, LatentDirichletAllocation (n components=3,

random state=21910825))
1)

pipeline.fit (train)
feature names =
pipeline.named steps|['vectorizer'].get feature names out ()
model = pipeline.named steps['lda']
for topic idx, topic in enumerate (model.components ):
top features ind = topic.argsort()[:-10 - 1:-1]
top features = [feature names[i] for i in
top features ind]
print (f"Topic {topic idx}: {top features}")
After training the model, keywords are output for each topic, allowing us to

understand the main content of the topics identified by LDA. Using
"model.components_", we can obtain the indices of the most significant words for
each topic, which aids in further text analysis. Thus, the training and analysis of
the topics provided in the text data are complete, which is an important step in the
development of a text analysis system.

The system’s core API is implemented in C#, ensuring integration with all
necessary functional modules. However, a separate application based on FastAPI

has been developed to utilize machine learning models [16; 17]. This approach
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allows for more efficient management of specific tasks related to data processing
and running machine learning models. The separation of the analytical module
into an independent service also corresponds to the principles of microservice-
oriented architecture, where individual services communicate through lightweight
interfaces and can be maintained or scaled separately [18].

Conclusions. As a result of this study, a conceptual and software framework
for a text sentiment analysis system based on thematic modeling has been
developed, combining machine learning tools with a web-oriented application
architecture. Unlike narrow experimental solutions, the proposed system is not
limited to the isolated application of a classification model but covers the entire
text processing workflow: data input, preprocessing, analytical processing, secure
user interaction, storage of results, and their presentation in the interface. This
allows the developed software tool to be viewed as a comprehensive platform for
working with text corpora in tasks such as public sentiment monitoring, marketing
analysis, and research observations.

Prospective areas for further research include expanding language support,
adapting models to domain-specific corpora, improving the quality of thematic
modeling, expanding reporting and visualization capabilities, and conducting more
detailed experimental evaluation of models on test datasets. Separately, it is worth
developing a multi-class sentiment classification scheme, integrating additional
mechanisms for explaining results, and exploring hybrid approaches in which
classical models are supplemented with modern contextual representations. This
direction of development will allow us to maintain the system’s engineering
manageability while simultaneously increasing the analytical depth of text data

processing.

38



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

References

1) Hankar M., Kasri M., Beni-Hssane A. (2025). A comprehensive
overview of topic modeling: Techniques, applications and challenges.
Neurocomputing. Vol. 628. Article 129638. DOI: 10.1016/j.neucom.2025.129638.

2) Blei D. M., Ng A. Y., Jordan M. I. Latent Dirichlet Allocation. (2003).
Journal of Machine Learning Research. Vol. 3. P. 993-1022.

3) Lee D. D., Seung H. S. (1999). Learning the parts of objects by non-
negative matrix factorization. Nature. VVol. 401. P. 788-791. DOI: 10.1038/44565.

4) Deerwester S., Dumais S. T., Furnas G. W., Landauer T. K., Harshman
R. (1990). Indexing by latent semantic analysis. Journal of the American Society
for Information Science. Vol. 41, No. 6. P. 391-407. DOI: 10.1002/(SIC1)1097-
4571(199009)41:6<391::AlID-ASI1>3.0.CO;2-9.

5) Hayat F., Shatnawi S., Haig E. (2024). Comparative Analysis of Topic
Modelling Approaches on Student Feedback. Proceedings of the 16th International
Joint Conference on Knowledge Discovery, Knowledge Engineering and
Knowledge Management - Volume 1. KDIR. P. 226-233. DOI:
10.5220/0012890400003838.

6) Devlin J.,, Chang M.-W., Lee K., Toutanova K. (2019). BERT: Pre-
training of Deep Bidirectional Transformers for Language Understanding.
Proceedings of NAACL-HLT 2019. Minneapolis. P. 4171-4186. DOI:
10.18653/v1/N19-1423.

7) Grootendorst M. (2022). BERTopic: Neural topic modeling with a class-
based TF-IDF procedure. arXiv preprint arXiv:2203.05794. DOI:
10.48550/arXiv.2203.05794.

8) Cortes C., Vapnik V. (1995). Support-vector networks. Machine
Learning. Vol. 20. P. 273-297. DOI: 10.1007/BF00994018.

39



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

9) Diri G., Obiorah P., Du H. (2025). Comparative Study of Sentiment
Analysis Techniques: Traditional Machine Learning vs. Deep Learning
Approaches. InSITE 2025. P. 23. DOI: 10.28945/5490.

10) Pedregosa F., Varoquaux G., Gramfort A. et al. (2011). Scikit-learn:
Machine Learning in Python. Journal of Machine Learning Research. Vol. 12. P.
2825-2830.

11) Scikit-learn developers. sklearn.svm.SVC. Scikit-learn documentation.
URL.: https://scikit-learn.org/stable/modules/generated/sklearn.svm.SVC.html
(accessed: 21.04.2026).

12) Bird S., Klein E., Loper E. (2009). Natural Language Processing with
Python. O'Reilly Media. 504 p.

13) Scikit-learn developers. sklearn.feature_extraction.text. TfidfVVectorizer.
Scikit-learn documentation. URL.: https://scikit-
learn.org/stable/modules/generated/sklearn.feature_extraction.text. Tfidf\Vectorizer
html (accessed: 07.05.2026).

14)  Scikit-learn  developers.  sklearn.pipeline.Pipeline.  Scikit-learn

documentation. URL.: https://scikit-
learn.org/stable/modules/generated/sklearn.pipeline.Pipeline.html (accessed:
21.04.2026).

15) Scikit-learn developers.

sklearn.decomposition.LatentDirichletAllocation.  Scikit-learn  documentation.
URL.: https://scikit-
learn.org/stable/modules/generated/sklearn.decomposition.LatentDirichletAllocati
on.html (accessed: 21.04.2026).

16) Microsoft. Create web APIs with ASP.NET Core. Microsoft Learn
documentation. URL.: https://learn.microsoft.com/en-us/aspnet/core/web-

api/?view=aspnetcore-10.0 (accessed: 22.04.2026).

40


https://scikit-learn.org/stable/modules/generated/sklearn.svm.SVC.html
https://scikit-learn.org/stable/modules/generated/sklearn.feature_extraction.text.TfidfVectorizer.html
https://scikit-learn.org/stable/modules/generated/sklearn.feature_extraction.text.TfidfVectorizer.html
https://scikit-learn.org/stable/modules/generated/sklearn.feature_extraction.text.TfidfVectorizer.html
https://scikit-learn.org/stable/modules/generated/sklearn.pipeline.Pipeline.html
https://scikit-learn.org/stable/modules/generated/sklearn.pipeline.Pipeline.html
https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.LatentDirichletAllocation.html
https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.LatentDirichletAllocation.html
https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.LatentDirichletAllocation.html
https://learn.microsoft.com/en-us/aspnet/core/web-api/?view=aspnetcore-10.0
https://learn.microsoft.com/en-us/aspnet/core/web-api/?view=aspnetcore-10.0

STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

17) FastAPI. FastAPl documentation. URL: https://fastapi.tiangolo.com/
(accessed: 22.04.2026).

18) Lewis J., Fowler M. (2014). Microservices: a definition of this new
architectural term. URL: https://martinfowler.com/articles/microservices.html
(accessed: 22.04.2026).

41


https://fastapi.tiangolo.com/
https://martinfowler.com/articles/microservices.html

STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

Konornno FOais OnexkcanapiBHa, CTyJeHTKa 5 Kypcy, CeHIanbHICTh 222
“MenunHa”, ByKOBUHCBKHI JIepKaBHUM MEIWYHUI yHIBepcHTeT, M. YepHiBli,
YkpaiHa

Ileyepsira Caitiana BoJsoauMupiBHA, KaHAUJAaTKa MEIWYHHUX HayK,
acUCTeHTKa KadeIpu akyliepcTBa, THEKOJIOrli Ta nepuHaTosorii, bykoBUHChKUI
JepKaBHUI MeIUYHUE yHiBepcuTeT, M. YepHiBii, Ykpaina, https://orcid.org/0000-
0003-3884-9109

Kolotylo Yuliia, 5th year student, specialty 222 “Medicine”, Bukovinian
State Medical University, Chernivtsi, Ukraine

Pecheriaha Svitlana, Candidate of Medical Sciences, assistant Department
of Obstetrics, Gynecology and Perinatology, Bukovinian State Medical University,
Chernivtsi, Ukraine, https://orcid.org/0000-0003-3884-9109

HHEPEJYACHI IIOJIOI'A: PAKTOPHU PU3UKY TA
IMPOPIJIAKTUKH

PRETERM BIRTH: RISK FACTORS AND PREVENTION

Anomauis

[lepemuacHi MOJOTH 3aJIUIIAIOTHCS OJHIEI0 3 HAMAKTYaJbHINIUX MPOOJeM
Cy4aCHOTO aKyIIepcTBa Ta IMEPUHATOJIOTI], OCKUIBKH € TPOBIIHOIO MPUYHUHOIO
HEOHATAJIbHOI 3aXBOPIOBAHOCTI Ta CMEPTHOCTI Yy CBiTi. 3a maHuMu BcecBiTHBOI
oprasizaiiii 0XOpoHH 37I0POB’sl, MMOPOKY MePeT4aCHO HAPOIKYEThCS OIU3bKO 13—
15 MinpHOHIB niTeH, MO0 CTAHOBUTH MPUOIH3HO KOXKHE JECSATE HApPOIKCHHS.
HaiiBuii moka3HUKN PEECTPYIOTHCA y KpaiHaX i3 HU3BKHM Ta CEpPEeAHIM pIBHEM
JOXONly, OJIHAaK TEHJCHINS JO 3POCTaHHS YAaCTOTH TIEPEeIYaCHUX TIOJIOTIB

CIIOCTEPITa€Thcsl 1 B EKOHOMIYHO PO3BHHEHUX JepkaBax. llepenuacHumu
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BBAJKAIOTHCS MOJIOTH, 10 BiIOYBalOThCS y TEPMiH1 A0 37 MOBHUX THXKHIB T'eCTallii,
a HaWOUIbIUMH PU3UK TSDKKUX YCKIIAJHEHb XapaKTEepHUU JJid IITed, HApOJIKEHUX
no 32 TwkHIB BariTHOCTl. (OCHOBHUMHU HAcliIKaMU HEJIOHOILIEHOCTI €
pecnipaTopHuil  AUCTPEC-CUHAPOM, BHYTPIIIHHOUUIYHOUYKOBI ~ KPOBOBWJIMBH,
HEKPOTU3YIOUUH E€HTEPOKONIT, 1H(QEKUIMHI YCKIaJHEHHS, MOPYILIEHHS HEPBOBO-
MICUXIYHOT'O PO3BUTKY Ta MIABUIIEHUN PU3UK 1HBAJIIAU3ALI] Y MOJANbIIOMY KHUTTI.
Etionoris mepemyacHUX MOJIOTIB € MYJIbTU()AKTOPHOIO Ta BKIIOYAE 1HQEKIIHHO-
3amajibHl  MPOILIECH,  ICTMIKO-IIEPBIKaJbHY  HEIOCTaTHICTh,  OaraTorulgHy
BariTHICTh, €HJIOKPUHHI TIOPYIIECHHS, XPOHIYHI COMAaTU4YHI 3aXBOPIOBAaHHA,
cTpecoBl (hakTOpH Ta YCKIJIAIHECHHS BariTHOCTI. 3HA4YHY POJIb BIAITPAaOTh TaKOX
COLIIAJIbHO-€KOHOMIYH1 YMHHUKH, HU3bKA SKICTh MPEHATAIBHOTO CIIOCTEPEKEHHS
Ta WKIUIUBI 3BUYKU. CyyacHi cTpaTerii npodiiakTuku 0a3yrThCs Ha PaHHbOMY
BUSIBJICHHI TPYN PU3UKY, 3aCTOCYBaHHI MPOTE€CTEPOHY, CEPKISKY IIMHKU MAaTKU,
KOHTpOJI1 1H(EKIIHHUX YCKIATHEeHh Ta ONTHUMI3allii aHTEHATAJIbHOTO BEJICHHS
BariTHOCTI.

Knrouosi  cnosa: mependacHi TOJOTH, HEAOHOIIEHICTh, BariTHICTb,
IPOreCTepOH, IIMMHKA MAaTKH, aKyIIepCchKi YCKIQJIHEHHS, Mpo@iuIaKTHKA,

nepuHaTaIbHa CMEPTHICTB, IIEPBIKATBHUN CEPKIISDK, HEOHATAJIbHI HACIIIIKH.

Abstract

Preterm birth remains one of the most significant problems of modern
obstetrics and perinatology, as it is a leading cause of neonatal morbidity and
mortality worldwide. According to the World Health Organization, approximately
13-15 million children are born prematurely each year, accounting for nearly one
in ten births globally. The highest rates are observed in low- and middle-income
countries; however, an increasing incidence of preterm birth is also reported in
economically developed nations. Preterm birth is defined as delivery occurring

before 37 completed weeks of gestation, with the greatest risk of severe
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complications observed in infants born before 32 weeks of pregnancy. The major
consequences of prematurity include respiratory distress syndrome,
intraventricular hemorrhage, necrotizing enterocolitis, infectious complications,
neurodevelopmental disorders, and an increased risk of long-term disability. The
etiology of preterm birth is multifactorial and includes infectious and
inflammatory processes, cervical insufficiency, multiple pregnancy, endocrine
disorders, chronic somatic diseases, stress-related factors, and pregnancy
complications. Socioeconomic determinants, inadequate prenatal care, and
harmful habits also play a substantial role. Modern prevention strategies are based
on early identification of high-risk groups, the use of progesterone therapy,
cervical cerclage, management of infectious complications, and optimization of
antenatal care.

Keywords: preterm birth, prematurity, pregnancy, progesterone, cervix,
obstetric complications, prevention, perinatal mortality, cervical cerclage, neonatal

outcomes.

Ilocmanoska npoonemu. Ilepemuacui nmonoru (I1I1) 3anumaroTbcs OHIEO 3
NPOBITHUX TMPUYMH MEPUHATAIBHOI 3aXBOPIOBAHOCTI Ta CMEPTHOCTI y CBIiTi. 3a
naHuMH BcecBiTHROI opraHizaliii 0XOpoHHU 370pOB’sl, MOPOKYy mpuoim3Ho 13-15
MUTBHOHIB JITEH HApOIKYIOTHCS TMEPeaUacHo, TOOTO 10 37-TO THXKHS TecTallii, 1o
ctaHoBUTh Omm3bko 10% ycix momoriB. HalBuii MOKa3HUKH MEpPEaYaCHOTO
HApOJKEHHSI PEECTPYIOTHCS y KpaiHax 13 HU3BKHM 1 CepeAaHIM pIBHEM 0XOIY,
OJIHaK TIpo0JieMa 3aJIUIIA€ThCS aKTyalIbHOO 1 111 PO3BUHEHUX KpaiH uepe3 3HauHi
€KOHOMIYHI BHUTpaTH Ta BUCOKWWA PHU3UK JOBTOTPUBAIMX HEBPOJIOTIIHUX,
peCIipaTopHUX 1 METa0ONIYHUX YCKIAIHCHB Yy JiTel [1].

[lepemuacHi TOJIOTH aCOIIIOIOTHECA 3 BHCOKOK YaCTOTOK HEOHATAIBLHOTO
PECIIPaTOPHOTO JUCTPEC-CUHJIPOMY, BHYTPIIIHBOIUIYHOYKOBUX KPOBOBUJIMBIB,

HEKPOTHU3YIOUOTO EHTEPOKOJITY, OpPOHXOJIETEHEBOI MUCIUIa3li Ta JUTAYOTO
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nepedpasibHOTO  mapaniyy.  Pu3uk ~ CMEpPTHOCTI  cepell  HEIOHOIIEHUX
HOBOHAPO)KEHUX Y JECATKH pa3iB MEpPEeBUIIYE aHAIOTIYHUN TMOKA3HUK Y
JOHOUIEHUX JITeH, OCOOJMBO MPHU HAPOIXKEHH1 A0 32-r0 THUXKHS BariTHOCTI abo
Maci tuta menme 1500 r. YV cydacHOMy aKymiepcTBl MepeaqyacHi MOJOTH
pPO3IJIAIAlOThCS HE JIMIIEe K aKyllepcbka mpobiieMa, a sK MyJIbTH(PAKTOPHUI
CUHIPOM, PO3BUTOK SIKOTO TOB’SI3aHUM 13  B3aEMOJi€0  1HDEKIINHUX,
IMYHOJIOTTYHUX, €HIOKPUHHUX, TEHETUYHUX Ta COLIIAIbHUX YMHHUKIB [2].

CyyacHi miaxoau 10 Npo(UIaKTUKU TMepeyacHUX MOJIOoriB 0a3yroThCsl Ha
pPaHHLOMY BHSBJICHHI )KIHOK BHCOKOTO PH3UKY, OIIIHII JOBXHHH ITUHKH MAaTKH,
BUKOPUCTaHHI MPOTECTEPOHOBOI MIATPUMKH, NPOPLIAKTUYHOMY CEPKISDKI Ta
CBO€YACHOMY JIIKyBaHH1 1H(QEKIIHHUX mpoueciB. He3Baxkaroun Ha 3HAYHHM
NpoTpec NEepUHATAIIBHOT MEIUIMHM, 4acTOTa MEPeIYacHUX TOJIOTIB y Oararhox
KpaiHaX HE JEMOHCTPYE CYTTEBOTO 3HUKCHHS, IO OOYMOBIIOE HEOOXITHICTH
MOJIaJBIIOT0 BHUBYEHHS TATOTEHETUYHUX MEXaHI3MIB Ta  BIOCKOHAJICHHS
npodiTaKTUUHUX cTpaTeriit [3].

Ananiz ocmauuix Oocniodxcenv i nyonikayiu. CydacHi JOCIIIKEHHS
HiATBEP/UKYIOTh, IO MEePeIYacHi MOJOTH € MYJIbTH(AKTOPHUM CHHJIPOMOM, a HE
ennHOI0 Ho3ouoriero. 3a manumMu WHO (2023) Tta cuctemMaTUYHUX aHAMI3IB, y
2020 pomi y cBiti Hapomwiocs mnpubauzHo 13,4 MinpHOHA TepeayacHo
HapopkeHux aiteit (9,9 % ycix momoris) [1]. IIpoGnema 306epirae akTyaibHICTD
MOTpU TIEBHE 3HWXKEHHS Trio0anmpHOro TaAraps: yactora [II1 3anumaerscs
CTaOUTbHO BHCOKOIO B KpaiHaX 3 HHU3BKUM 1 CEpelHIM pIBHEM JOXOAy, a B
PO3BHHEHUX KpaiHax JIOMIHYIOTh €KOHOMIYHI BUTPATH Ta IOBFOTPUBaJl HACITIIKH.

Ocranni rnobaneHi anamizu (Liang et al., 2024; Ohuma et al., 2023)
MOKa3yloTh, IO XO0Ya CTAHIAPTHU30BaHI IMOKA3HUKH 3aXBOPIOBAHOCTI Ta
cmeptrocTi Bin [T mMaroth Ternmenmiro no 3HmwkeHHA 3 1990 poky, micins 2016
POKY B JIESIKMX PErioHaX CIOCTEpIraeThbcsl cTadimizaiis abo HaBiTh 3pOCTAHHS.

[lepequacHi TmOJNOTHM  3aJMINAIOTHCS MPOBIAHOK MPUYMHOIO HEOHATAIBHOT
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cmepTtHOCTI (0mu3pk0 900 000 cMepTeii MOPIYHO) Ta JOBIOTPUBAINX YCKIATHEHD
—  HEBpOJIOTIYHHMX  (ULepeOpalibHUIl  Mapaiiy, KOTHITUBHI  MOPYIIEHH:),
pectipatopHux (OpoHXOJEreHeBa AUCIUIa3isa) Ta METaOOTIUHUX.

3HaYHUN MPOTPEC JOCITHYTO Y PO3yMiHHI MAaTO(i310J0TTUHUX MEXaHI3MIB.
CyuacHi orsiau (Ayele et al., 2025; Williams et al., 2025) miakpecioTh poJib
iHekiiHo-3ananbHuXx nponeciB (2540 % Bumaakip), 30KkpeMa CYOKIIHIYHOTO
XOp10aMHIOHITY, 0OakTepiaJlbHOr0  BariHo3y Ta AUCO0i03y  BariHajJibHOIO
MmikpoOiomy. [lopymenns mikpodiomy (3Hmxkenns Lactobacillus spp., 3pocranus
aHaepo06iB) akTuBye npo3ananbHi utokinu (IL-1, IL-6, TNF-a), mpocTarnananau
Ta METaJONpPOTEeiHA3M, IO MPHU3BOAHUTH JO TEPEAYACHOTO JO03pIBaHHS IIHAKH
MaTKH Ta aKTUBAIlIl MIOMETpisl.

Hespaxkatoun Ha mporpec, yactota [1I1 B Oaratbox kKpaiHax HE 3HIKYETHCS
cyrreBo. lle 3ymoBiioe motpedy B MOAAIBLUIOMY PO3BUTKY OararonpodiibHHX
CTpaTeriii, BKJIOYaO4M multi-omics MiAX0aU, TOKpaIleHHS OloMapKepiB
(deranpuuii Gpi6ponexTrH, PAMG-1) Ta nepcoHani3oBaHi airOPUTMHU.

Mema cmammi — TpoaHaIi3yBaTH Cy4YacHI HAyKOBlI JaHl MO0
eTionaToreHesy, (akTopiB pu3MKy Ta MNPOPUIAKTUKH TepeaYacHUX II0JIOTIB,
y3araJbHUTH €(PEKTUBHICTh KIIFOYOBUX IHTEPBEHIIIN (IIporecTepoHoBa MiATPUMKA,
IEPBIKATBHUN CEPKIISIK, OIIHKA JOBXKUHU IIMHKA MaTKH, 0i0MapKepH), a TaKoX
OKPECIUTH TEPCIEKTUBH TEPCOHANI30BAaHOI MEIMIIMHA Ta HOB1 JOCHITHUIBKI
HaIPSMKH JIS 3HIDKCHHS YaCTOTH Ta HACIAKIB HEJOHOIIEHOCTI.

Buknao ocnosnoeo mamepiany. OpgHuMm 13 HaWBaXIUBIMUX (HAKTOPIB
PU3UKY TEepeYacHUX MOJIOTIB € 1H(DEKIIHHO-3aMmaabHi MPOIECH YPOTeHITaTbHOTO
TPaKkTy. 3a Cy4yaCHUMHU JaHUMH, TpuOam3Ho y 25-40% BumankiB mepeadacHi
MOJIOTH acOIiOBaHi 3 BHYTPIIIHHOAMHIOTUYHOK 1H(DEKITIE0 abo CYOKTIHIYHIM
3amajyieHHsM IJI0/I0BUX 000JI0HOK. bakTepianbHuil BariHo3, iH(EKIIil, CIPUYMHEH]
Ureaplasma urealyticum, Mycoplasma hominis Ta iHIIHUMH YMOBHO-aTOT€HHUMU

MIKpPOOpTaHi3MamMu, 37aTHI AaKTUBYBaTH CHHTE3 NpoO3alajibHUX LUTOKIHIB,
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MPOCTArjaHInHIB Ta METAJIONPOTEiHa3, 0 CTUMYIIOIOTh CKOPOTIIUBY aKTHBHICTH
MaTKH Ta MepeayacHe JI03piBaHHs MIUIKU MaTku. BcTaHOBIEHO, 110 Yy BariTHUX 13
OakTepiaJIbHUM BariHO30M PU3HUK MEPEIYACHUX MOJIOrIB 30 UIbIIYETHCS TPUOIU3HO
y 1,5-2 pa3u mopiBHSHO 3 )KiHKaMH 3 HOPMaJIbHO Mikpodaopoto mixsu [4].

[cTOTHY poJib y PpO3BUTKY TMepeayacHUX TOJIOTIB BiAIrpae ICTMIKO-
LepBIKaJIbHa HEIOCTaTHICTh Ta CTPYKTYPHI 3MIHM IIMHKM MaTKu. Y CydacHii
KJIIHIYHIA MpakTUIl OAHUM 13 HaWOUIbII 1HGOPMATHUBHUX MPEAUKTOPIB €
TpaHCBariHaJIbHA YyJIbTPa3BYKOBa OIliHKA JOBKWHU IMUWKUA MaTKW. BBakaeThcs,
mo ii CKOpPOYEHHS MEHII HIX 70 25 MM y TepmiHi 18—24 TWXHI BariTHOCTI
aCOIIIOETHCS 31 3HAYHUM TIIBHINEHHSM PH3WKY MEpPEeI4acHOTO HapOIKECHHS
JTUTUHH. Y JKIHOK 13 JOBKHHOIO MKW MAaTKH MEHIIE 15 MM pHu3uK moJjoriB 10 34
THXKHIB MOxke mepeBuinyBatu 50%. OcoOIuMBO BaXKJIMBUM II€H MOKA3HUK € JIJIs
MaII€HTOK 13 TIEpeTYaCHUMHU TIOJIOTaMU B aHaMHE31, JIe pU3UK peruauBy csarae 30—
40% [5].

OnuuM 13 HaWOUIBII e€(PEeKTUBHUX METOJIB MPO(UIAKTUKH TepeadacHUX
MOJIOTIB Y KIHOK BHCOKOI'O PU3MKY € 3aCTOCYBaHHA nporectepony. [Iporectepon
miaTpuMye (QYHKIIOHATBHUM CIOKIA MIOMETpis, 3HFM)KYE CHHTE3 IMpO3araJbHUX
IIUTOKIHIB Ta TPUTHIYYE MPOAYKIIIO IPOCTAarjaHAWHIB, SKi OepyTh ydacTh y
3alyCKy IIOJIOTOBOI JISUIBHOCTI. Y MeTaaHadi3aX TMpOJEMOHCTPOBAHO, IO
BariHaJIbHAM TPOTECTEPOH Yy JKIHOK 13 KOPOTKOI INHHKOI MATKH JO3BOJISE
3HM3UTH PU3UK MepeadacHuX moioris 10 34 tuxHiB npuommsHo Ha 30—40%. Kpim
TOrO, BIJI3HAYEHO 3HM)KEHHSI YaCTOTH PECHIPaTOPHOTO IUCTPEC-CUHAPOMY Ta
HEOHATAJIbHOI CMEPTHOCT1 Y HOBOHAPOXKEHHX [6].

LlepBikanbHMIA CEPKIBSDK  3QJUIMIAETHCS  BAXKIUBAM  MPOQPLIAKTUIHUM
METOJIOM y BAariTHHX 13 BUPAKEHOK ICTMIKO-TIEPBIKAIBHOIO HEIOCTATHICTIO.
Haii6inpin eeKTHBHUM BiH € Yy MAIIEHTOK 13 TTOBTOPHUMHU BTpAaTaMH BariTHOCTI
a00 mepemyacHMMH TIOJIOTAMH B aHaMHE31 Ta KOPOTKOK MIMHKOI0 MATKH.

JlocaimKeHHsT TEMOHCTPYIOTh, IO CBOEYACHO HAKJIAACHHM CEPKIISIK J03BOJISE
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CYTTEBO MPOJOHTYBATH BAriTHICTh T4 3MEHIIIUTH PU3UK MOJIOTIB 10 32—34 TUXKHIB.
BogHouac mporeaypa acomifOeEThCS 3 TEBHUMH pPHU3UKAMH, BKIIOYAIOYH
IHEKIIHI  yCKIaJHEeHHs, TepeJYacHUuil po3pUB IUIOAOBUX OOOJOHOK Ta
CTUMYJISLIII0 MAaTKOBOi aKTHMBHOCTI, TOMY HOTpeOye YITKOro BiAOOPY MAalliEHTOK
[7].

BaxnuBe wmicue cepen (QakropiB puU3MKY 3aiiMaioTh OaraToruligHa
BariTHICTh Ta 3aCTOCYBaHHS JOIMIOMDKHUX PEMPOJYKTUBHUX TeXHOJIOTiH. YacToTa
nepeIyacHUX MOJIOTIB MpH JBiMHI cTaHOBUTH npubnu3Ho 50-60%, a npu TpiitHi
nepeBuiye 90%. Ilepepo3TsrHeHHS MaTKH, IUTalleHTapHa JUCYHKINA Ta
MiIBUIIICHUN PIBEHb MpO3alaJlbHUX MEJIaTOPiB CHPHUSAIOTh PAaHHBOMY 3aIyCKy
MOJIOTOBOT  AisIbHOCTL.  KpiM  TOro, IKIHKM MICHS  €KCTPAaKOPIOPaIbHOTO
3aIUTITHCHHS MAalTh BWINWA PHU3WK AaKyIICPChKUX YCKIAJAHCHb HABITH IIPH
ONHOIUTIHIA  BariTHOCTI, 1[0  YacCTKOBO  TOB’S3yIOTh 13  BHUXIJHOKO
PENPOTYKTUBHOIO MATOJIOTIEI0 Ta OCOOJMBOCTAMHU IMILTaHTAIlii emOpioHa [8].

CorianbHO-€KOHOMIYHI YMHHUKH TaKOX CYTTE€BO BIUIMBAIOTh HA PHU3UK
nepenyacHux mojoriB. Huspkuil piBeHb AOXONy, XPOHIYHHMI CTpec, HEJOCTAaTHE
XapuyBaHHS, TSHKKI YMOBH TIpalll Ta 0OMEXEHHH JTOCTYI A0 MEIUYHOI JTIOTTOMOTH
acCOITIIOIOThCS 31 30UIBIICHHSIM YacTOTH HeaoHomeHocTi. KypiHHS mig dac
BariTHOCTI MiABUIIYE PU3MK MEPeaUaCHUX OJIOTIB mpubau3Ho y 1,3-2 pasu [9], a
BKMBAaHHA HAPKOTUYHUX PEYOBMH a0O0 aJKOTOJII0 JIOJAATKOBO TOTIPIIYE
IUTAICHTApHUNM KPOBOOOIT Ta MiABUINYE PU3HK BHYTPINTHBOYTPOOHOI 3aTPUMKH
pocty mioaa [18]. Okpemy yBary mpuUIiIsSIOTh MICUXOEMOIIMHOMY CTpecy, SKU
gyepe3 aKTHBAIlil0 TimoTajiamo-TinogizapHO-HAIHUPHUKOBOT CHUCTEMHU 3JaTHUMN
CTUMYJTIOBATH TIEpEIIaCcCHyY MOJIOTOBY JiSIBHICTE [ 19].

3HauHy pOJb y MAaTOTeHe31 MepeaYacHuX IMOJIOTIB BiMIrparoTh IMJalieHTapHi
MOpPYIICHHS Ta CyAWHHAa martojorisa. [Ipeekiamricis, XpoHIYHa aprepianabHa
rinepTeH3is, LYKpoBHM giaber Ta TpPOMOOPUIIYHI CTaHM aCOIIIOIOTHCS 3

EHJOTENIAIbHOI JUC(]YHKIIEI0 Ta IUIALICHTAPHOIO 1IIEMIEI0, 110 HEPIAKO
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noTpedye TOCTPOKOBOTO PO3POIKEHHS uepe3 3arpo3y At matepi ado mioaa. [lpu
TSOKKIM mpeexnamncii 10 25-30% BariTHOCTEH 3aBEpIIYIOTHCS MEPEIYACHUMU
nojioraMu. Y TaKMX BUNAJAKaX MEpeayacHe PO3POKEHHS 4acToO € SITPOTEHHUM,
TOOTO MEIUYHO OOTPYHTOBAHHUM PIIIEHHAM JUIsl 30€pEeKEeHHS KUTTS NAllEHTKU Ta
mwioaa [10].

BaxxnuBuM HampsIMKOM Cy4acHO1 MpO(ITaKTUKUA € MPOTHO3YBAHHS PU3HKY
nepelyacHUX TMOJIOTIB 3a JOMOMOrow OioMapkepiB. HailOuiblnl BHUBUEHHUMHU €
detanbHuii  QIOPOHEKTHH,  IUIALEGHTApHUN  anb(a-MikporioOyniH-1  Ta
IHCYJIIHONOAIOHMI (aKTOp POCTY, BU3HAYEHHS SIKUX JIO3BOJIE€ OLIHUTHU PHU3UK
nepea4acHoro MmovyaTky IMOJOroBoi AisabHOCTI. HeratuBHUi TecT Ha (eTanbHUM
(G1OpOHEKTUH Ma€ BHCOKY NPOTHOCTUYHY IIHHICTh IIOJ0 HU3BKOT WMOBIPHOCTI
NOJIOTIB Yy HaOmmkui 7-14 nHIB, 10 AONOMAara€e yYHUKHYTH HEOOTpYHTOBAHOT
rocmiTanizailii Ta arpecuBHOTO JikyBaHHs [11, 20].

VY BuUmaakKy 3arpo3u IMepeAYyacHUX TMOJOTIB BaXJIMBE 3HAUYCHHS MAae
aHTeHaTaJlbHa MPO(UIAKTUKA PECTIPATOPHOTO TUCTPEC-CUHAPOMY IIJI0Ja IUIIXOM
NpU3HAYCHHS TJIIOKOKOPTHKOCTEpOifiB. BukopucTtanHs Oeramera3oHy abo
JeKcaMeTa3oHy MikK 24-m Ta 34-M TW)KHSMH BariTHOCT1 J03BOJISIE€ TPUCKOPHUTH
J03piBaHHS JIETEHEBOI TKAaHWHHU IUIOZA Ta 3HU3UTH YACTOTy PECHIPATOPHUX
YCKJIaAHEHb,  BHYTPIINIHBOIIUIYHOYKOBHX  KPOBOBHWJIMBIB 1  HEOHATAJIBHOI
CMEPTHOCTI. 3a JaHUMH METaaHali3iB, 3aCTOCYBaHHS aHTEHATAIbHUX CTEPOINiB
3HIDKYE PU3UK HEOHATAIBHOI cMepTi mpubiau3no Ha 30% [12].

TokonmiThyHa  Tepamisi ~ BHUKOPUCTOBYETHCS  JUIsI  KOPOTKOYACHOTO
MPUTHIYEHHS CKOPOTJIMBOI aKTUBHOCTI MATKH Ta MPOJIOHTAIIi1 BariTHOCTI Ha 48—72
TOJMHM, HEOOXimHI  Js  peamizamii  edexTy  KOPTHKOCTEepoimiB  abo
TPAaHCIIOPTYBaHHS ~ BariTHOi 70 NEpUHATAIbHOrO IeHTpy. Haifuacrimie
3aCTOCOBYIOTh OJIOKaTOpPH KaJIbLI€EBUX KaHAJIIB, AHTArOHICTU OKCUTOLIMHOBUX

pelenTopiB Ta HECTEpOigHI MHpoTHU3anaibHi mnpenapatu. [Ipore epekTHUBHICTH

49



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

TOKOJII3y IIOAO0 3HAYHOI'O IMOJOBXEHHS BariTHOCTI 3aJUIIAETHCS OOMEKEHOIO, a
OCHOBHOIO METOIO Tepanli € MOKpaIEHHsI HEOHATAIbHUX pe3ynbTatiB [13].

OcoOnuBe Miclle B Cy4YaCHOMY aKylIEpCTBI 3aiiMae mnpodiIakThKa
NepeayacHrX MOJIOTIB Y JKIHOK 13 epeYaCHUM PO3PUBOM IUIOJOBUX 00OJOHOK. Y
TaKUX BUIAJKAX CYTTEBO 3POCTAE PU3UK XOPIOAMHIOHITY, HEOHATAILHOTO CEIICUCY
Ta TOKKUX PECHIpAaTOPHUX YCKIagHEHb. AHTHOAKTepialibHa Teparis J03BOJIE
NOPOJOHTYBAaTH BAariTHICTh Ta 3MEHIIUTH YacTOTy 1H(MEKIIHHUX YCKIAaJIHEHbD.
Haii6unb11 eekTHBHUMH BBaXKaIOThCSI KOMOIHAI(IT MaKpOJIiAiB Ta OeTa-IaKTaMHUX
aHTUOI0THUKIB, K1 3a0€3MEeUYIOTh TOKPUTTSI OCHOBHHUX MATOTE€HIB YPOT€HITaIbHOT'O
Tpakry [14].

CyuacHi  JOCHIIDKCHHS  aKTUBHO  BHBYAIOTh  pOJb  T'CHETHYHUX,
ENIreHeTUYHUX Ta IMYHOJOTIYHUX MEXaHI3MIB Y PO3BUTKY MEpPEAYaCHUX IOJIOTIB
[15-16]. BcranoBneHo, mo mnoiaiMOpdi3Mu TeHIB Mpo3amajbHUX [HUTOKIHIB,
MOpyIIeHHS MikpoOiomy mixBu [17] Ta 3MiHM IMyHHOI TOJIEPAHTHOCTI MiX
MaTepUHCHKUM OpPraHi3MOM 1 IUIOAOM MOXYTh CYTTEBO BIUIMBATH Ha PHU3UK
IepeYacHOro 3aBepllieHHs BaritHocTi. lle BigkpuBae mNEepCHEKTUBU JIA
NePCOHATI30BaHOI MPO(DITAKTUKN Ta CTBOPSHHSI HOBUX TEPANEBTUYHUX CTpaTerii
y MallOyTHBOMY.

Bucnosox. TlepemuacHi Mmojaoru € MylIbTH(PAKTOPHOI TATOJIOTIEN, IO
CyTTEBO  BIUIUBAE HA TEpHHATAIBHY  3aXBOPIOBAHICTh 1  CMEPTHICT.
HaliBaxnuBimuMu HampsiMKaMu TpOMUIAKTHKA € PAHHE BHSBICHHS BariTHUX
TPy pU3HNKY, KOHTPOJIb 1HPEKIIMHUX TPOIIECiB, OI[IHKA CTaHY IMUUKN MAaTKU Ta
CBOE€YAaCHE  3aCTOCYBaHHS  IPOreCTEPOHY, CEPKISDKY W aHTeHaTaJbHOI
KopTuKocTepoinHoi  tepamii.  CydacHi  JOCHIIDKCHHS ~ CHpSAMOBaHI  Ha
BJIOCKOHAJICHHSI TIEPCOHATI30BAHUX MIJXO/(IB 10 TPOTHO3YBAHHS Ta MPOQ LTAKTUKH

nepeIIacHUX TOJIOT1B.
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OPTICAL SENSORS IN DEVICES AND SYSTEMS FOR
FUNCTIONAL MONITORING

Abstract

In the conditions of the long-term russian aggression against Ukraine, the
number of people with disabilities among the military and civilians is rapidly
increasing. This creates a critical need for innovative, objective methods for
monitoring the rehabilitation process. A key indicator of functional mobility is
gait, whose parameters allow the diagnosis of the consequences of
musculoskeletal injuries, amputations, and neuromuscular diseases. Traditional
methods are often subjective or too expensive, prompting the search for new
technological solutions that leverage optical sensors.

The purpose of the work is to study and systematize existing scientific
developments on the use of optical sensors in monitoring gait parameters of people
with disabilities.

Results. It is studied that gait analysis is considered as a comprehensive
study of functional mobility, which plays a key role in the assessment of physical
rehabilitation, diagnosis of disorders, and decision-making regarding further
rehabilitation interventions. Two main categories of optical systems are analyzed:

marker-based, which have ultra-high accuracy (error<lmm), but are limited to
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laboratory conditions; and marker-free, based on computer vision, which allow for
analysis in the natural environment. Particular attention is paid to fiber-optic
technologies, in particular sensors based on Bragg gratings and Fabry-Perot
interferometers. It is proven that fiber-optic sensors are the most promising for
wearable monitoring devices, since they provide non-invasiveness, lack of
physical contact, resistance to electromagnetic interference, and high
biocompatibility, implementing real-time monitoring.

Conclusions. The use of optical sensors in devices and control systems
fundamentally changes the approach to monitoring rehabilitation effects,
providing permanent and high-precision monitoring without limiting the mobility
of people with disabilities. The use of optical sensors in devices and control
systems provides permanent control without limiting motor activity and wireless
data transmission. Miniaturization of devices makes them portable and convenient
for long-term wear. High accuracy of measurements of kinematic and Kinetic
parameters is critical for diagnosing disorders and making decisions about further
rehabilitation. Prospects for further research into the use of new materials, such as
liquid crystal light guides in optical sensors, to create even more adaptive control
systems.

Keywords: gait analysis, optical sensors, fiber-optic optics, marker optical

systems, markerless optical systems, Bragg gratings, Fabry-Perot interferometer.

Problem statement

Due to the long-term russian aggression against Ukraine, the number of
people with disabilities among military and civilian personnel is constantly
growing. As a result, the need to ensure the effectiveness of rehabilitation services
in the country is extremely urgent.

Today, the control of the rehabilitation process is the subject of a wide range

of fundamental and applied research in various fields of knowledge. Effective
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control of the functional mobility of people with disabilities has been recognized
by scientists [1, 4] as fundamental, since injuries that cause disability generally
lead to impaired locomotor functions for performing most everyday activities.

In this aspect, the analysis of gait parameters is singled out [13, 14] as one
of the promising solutions for ensuring the effectiveness of rehabilitation of people
with disabilities with a certain list of functional mobility disorders. Such disorders
are a direct consequence of injuries and diseases of the musculoskeletal system,
cardiovascular and neuromuscular diseases, lower limb amputations, explosive
craniocerebral injuries, as well as evidence of the presence of other pathologies,
such as ulcers or diabetes [2, 3]. From the point of view of analyzing gait patterns,
changes in their normal parameters can reveal key information about the quality of
life of people with disabilities or the development of various diseases.

Analysis of recent research and publications

It is argued [1] that objective assessment, diagnosis and prediction of the
rehabilitation process requires simultaneous measurement of a significant list of
parameters. It has been proven [7, 10] that the creation of new technical modern
control tools is aimed at ensuring objectivity and impartiality, analysis and
prediction of rehabilitation process data. The use of sensor technologies in
monitoring the rehabilitation process has been widely studied in recent years from
various points of scientific knowledge [1-3, 14].

The feasibility of using optical sensors in monitoring devices has been
established [4]. Optical sensors are considered [12] to be flexible, lightweight, and
Immune to electromagnetic interference, and therefore suitable for use in wearable
monitoring devices [6].

Many sensors in wearable devices can help record walking and running
data; spatiotemporal and kinematic variables can be additionally calculated in gait

analysis [13]. The use of wearable devices for motion tracking, gait analysis, and
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their potential to improve healthcare practices through intelligent data analysis
have been reviewed [1, 4, 13].

In motion analysis systems, purely mechanical measurement has been
supplemented by optical [2] in recent years. In the context of gait monitoring, they
now allow for the highest accuracy in a non-contact manner [13]. Optoelectronic
sensors have a key advantage: the complete absence of physical contact [9].

The possibilities of optical sensors are constantly being studied in the
direction of their improvement [7, 8]. In particular, today the measurement
methodology is based not only on measuring the physical properties of the
environment, but also on the analysis of both organic and inorganic properties
[11].

It has been studied [2, 12] that optical sensors can detect defects in gait
parameters, their deviations, and inconsistencies in patterns with exceptional
accuracy. The high resolution of modern optical sensors allows detecting gait
disorders at high speed, while maintaining the accuracy standards necessary for
the implementation of mass studies [14]. It is extremely important that improved
optical sensors are integrated into machine learning programs [13].

However, the analysis of existing approaches to controlling gait parameters
led to the conclusion that there is currently no universal solution for controlling
disabilities using optical sensors.

Purpose of the article

Is to study and systematize existing scientific developments on the use of
optical sensors in monitoring gait parameters of persons with disabilities.

Presentation of the main material of the study

The current level of scientific research, which provides an assessment of
gait as the basis of human movement, involves a shift in emphasis from a
generalized approach to a targeted, individualized, and data-based strategy of

rehabilitation interventions, ensuring the effectiveness of such activities. Studying
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the spectrum of use of optical sensors in devices and control systems, we aim to
clarify the state of their application, purpose, and capabilities that determine the
feasibility of this process and its clinical significance. For persons with
disabilities, optoelectronic sensors have a key advantage: the complete absence of
physical contact.

In recent years, many instrumental systems have been developed to monitor
gait parameters of persons with disabilities. In fact, it is the integration of all
possible potentials of electronic devices, sensors, and wireless devices, which
creates a complex, but at the same time powerful opportunity for the formation of
control devices.

In my opinion, gait analysis should be considered as a comprehensive study
of functional mobility, which, as noted earlier, plays an important role in the
assessment of physical rehabilitation, diagnosis of disorders, and decision-making
regarding further rehabilitation interventions. Usually, gait analysis of patients is
carried out using video technologies or other expensive platforms based on force-
resistive sensors [14].

It is extremely important that optical systems allow for permanent control
that does not limit the motor activity of people with disabilities [13]. Optical
sensors in devices and systems for controlling gait parameters are divided into two
large categories depending on their placement.

Optical motion capture systems, such as Optical Motion Capture, MoCap,
Vicon, and OptiTrack. Such systems are based on the use of specialized infrared
or video cameras to track light-reflecting passive or light-emitting active markers
placed on the human body. These systems record and track reflective markers in
real time, reaching frequencies up to 2000 Hz Infrared cameras fix the position of
the markers in space and record a digital signal of their movements [1, 10].

The principle of operation of such systems involves placing optical sensors

around the perimeter of the observation site so as to ensure coverage of the control
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object. The sensors are connected without a wire connection to a microcontroller,

which controls the sensors and connects in real time to the interface (Fig. 1).

Fig. 1. Scheme optical motion capture systems: 1 — optical sensors; 2 — wire
connection; 3 — human; 4 — observation; 5 — active markers; 6 — track

7 — microcontroller

Among the main advantages of such systems is a high level of accuracy: an
error of<1 mm, which meets the needs of most high-speed motion measurements
[10]. In addition, the unlimited range of movements, the absence of cables and
mechanical devices make these systems convenient to use.

At the same time, the high cost of optical motion capture systems, the
complexity of setup, the influence of soft tissue motion artifacts, and the
sensitivity to lighting and reflections of optical sensors complicate their
widespread use. Calibration of such systems is also very difficult. And the
measurement errors of internal-external rotation of joints during walking can reach
21.8 [4].

Therefore, despite their accuracy, their use is mainly limited to laboratory
conditions. This limitation is associated with spatial requirements, the need for
precise camera positioning, and the complexity of device calibration [6].

The second group is optical systems without markers (Markerless)
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A modern trend based on computer vision and deep learning algorithms. A
markerless system does not require the use of reflective markers on the study
objects, reducing preparation time and potential discomfort.

Compared to marker-based systems, marker-free technology offers: the use
of standard video cameras to determine key points of the skeleton, RGB-D
cameras: Cameras that measure the distance to the object (e.g., Microsoft Kinect,
Intel RealSense).

The main advantage of such systems is the ability to conduct gait analysis in
natural conditions, and the absence of discomfort for control subjects. They
provide a re-analysis of control data using updated pose estimation algorithms.
Marker-free systems make it possible to collect data, however, as research has
shown, the true accuracy of marker-free systems is unknown [4].

In the following, we will detail our scientific search. In control systems and
devices, optical sensors are used for:

— an automated method of segmenting body movements during walking;

— a flexible optical fiber goniometer, primarily for monitoring human joint
movements;

— a wearable device that integrates sensors based on polymer optical fiber
into a knee pad to track knee flexion/extension cycles during walking;

— measurement of joint motion parameters, which allows determining both
the bending angle and its orientation using fiber-optic sensors [5, 12].

Special attention will be paid to the use of fiber-optic sensors with Fiber
Bragg gratings. In particular, in [2] the development and implementation of a non-
invasive architecture of a wearable device for complete gait analysis, provided by
optical fiber-optic sensors with Fiber Bragg gratings, is presented.

The developed sensor network provides simultaneous control of gait

parameters. Among these are foot pressure, full control of movement in the ankle
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and knee joints. At the same time, a high level of accuracy is ensured, without the
need for any synchronization with fiber-optic sensors with Fiber Bragg gratings.

Fiber Bragg gratings are sensitive elements of the sensor, the principle of
which is to monitor the shift of the wavelength (\) Bragg, reflected by the grating,
as a function of the controlled parameter.

Another type of fiber-optic sensors used in devices and control systems is
sensors based on Fabry-Perot interferometers. It has been studied [8] that they
have a high level of efficiency and accuracy, are easy to manufacture and
inexpensive. Their use in control devices includes kinematic analysis: joint angles,
angular velocities and accelerations, and kinetic analysis during gait cycles ((Fig.
2).

Tube Fiber
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. N N
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Glass Silicon

Fig 2. Schematic of a sensor structure. The light is sent and received
through the 100 um core fiber. The cavity length is about 7 pm and the thickness

of the membrane is 8 um [8].
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Today, the possibilities of optical signal processing and network
technologies will allow creating high-density fiber-optic sensor networks. The
production of Fabry-Perot interferometer sensors consists of processing an optical
fiber, previously

damaged by the welding effect, to form an embedded microcavity FPI.
There are opinions [5, 7, 8] that FPI sensors have significant potential in the
design of a wide range of control devices.

Another use of optical sensors is the possibility of control using optical
fibers with controlled birefringence, formed as a result of the introduction of liquid
crystal material into the internal cavity of fiber optic fibers [8]. However, in the
current developments of gait control devices, this is not considered.

In general, non-invasive measurement methods using optical fibers have
significant advantages over electrogoniometers and control systems. Among the
key advantages: resistance to electromagnetic interference, miniature size and
flexibility of the design [5].

Analysis of scientific data [5, 7, 8] allows us to highlight the advantages of
fiber-optic sensors compared to electronic counterparts. First of all, the use of
dielectric materials in their design ensures insensitivity to electric and magnetic
fields. In addition, they are resistant to most chemical reagents and ionizing
radiation. Fiber-optic sensors can be adapted to measure various physical
quantities, and they are relatively inexpensive to manufacture.

The list of advantages of optical sensors also includes:

- miniaturization: allows them to be integrated into compact devices
without loss of efficiency, ensuring user convenience;

— high density of data transmission over long distances without distor-
tion;

- insensitivity to electromagnetic and radiation fields;
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- manufacturability: the possibility of using integrated technologies in
manufacturing.

Additional advantages of optical sensors are their portability, low cost and
ease of integration into microsystems, on the order of micrometers, structures.
Important characteristics are also biocompatibility and the possibility of
multiplexing into a single network [2].

Conclusions

Based on the results of studying existing developments in the use of optical
sensors in the analysis of gait parameters of people with disabilities, the following
key provisions can be formulated.

The use of optical sensors in electronic devices fundamentally changes the
approach to monitoring the gait parameters of people with disabilities. The
transition from periodic procedures to continuous, intelligent and personalized
support allows to significantly increase the objectivity and impartiality of
diagnostics and to minimize the influence of the human factor.

Modern gait assessment is moving from general methods to individualized
strategies based on accurate data. This allows to create targeted rehabilitation
plans, where objective control of the studied parameters plays a key role.

It has been studied that optical systems for monitoring gait parameters are
divided into two main categories: marker and markerless. Marker systems are
determined with ultra-high accuracy (error<l mm), but are limited to laboratory
conditions due to high cost, complexity of calibration and sensitivity to light. The
main advantage of markerless systems is the possibility of analysis in natural
conditions without discomfort for the control subject, although the question of
their absolute accuracy remains open

The following are highlighted in the list of technological advantages of
fiber-optic sensors. The use of fiber optics, in particular sensors based on Bragg

gratings and Fabry-Perot interferometers, in control systems is one of the most
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promising areas due to the complete absence of physical contact, insensitivity to
electromagnetic and radiation fields, which allows them to be used in complex
environments. In addition, they can be embedded in clothing, knee pads, shoes for
simultaneous control of foot pressure and joint flexion angles.

In general, the use of optical sensors in control devices and systems
provides: permanent control without limiting motor activity and wireless data
transmission. Miniaturization of devices makes them portable and convenient for
long-term wear. High accuracy of measurements of kinematic and Kinetic
parameters, which is critical for diagnosing disorders and making decisions about
further rehabilitation.

Prospects for further research include studying the use of new materials,
such as liquid crystal light guides in optical sensors to create even more effective

systems for monitoring rehabilitation effects.
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PECULIARITIES OF EMOTIONAL-VOLITIONAL SELF-
REGULATION OF POLICE OFFICERS UNDER MARTIAL LAW

Abstract

The full-scale armed aggression against Ukraine has radically transformed
the functional profile of the National Police. Today, a police officer is not only a
law enforcement agent but also an integral part of the security and defense sector,
participating in stabilization measures, evacuations, and combat operations. This
shift demands a boundary level of self-regulation under permanent threats and
multi-factor stress. Emotional-volitional regulation has become the primary
guarantor of professional reliability—the ability to make balanced decisions
amidst fatigue, anger, or fear.

The purpose of this article is to identify the psychological characteristics of
law enforcement officers' emotional-volitional self-regulation during martial law.
The study involved 62 police officers (3-8 years of service). A battery of
methodologies was utilized: CERQ (cognitive regulation), EQI (emotional
intelligence), GSE (self-efficacy), and SSPM (general self-regulation style).

The empirical results revealed a specific "executive-mobilizing™ personality
profile. The cognitive component is the most stable: the dominance of "Refocus on
Planning" (16.4 points) and "Positive Reappraisal” (15.2 points) indicates well-
established reframing mechanisms. Officers perceive danger as a professional

challenge, which minimizes manifestations of catastrophizing. The emotional
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sphere is defined as dysharmonious. High self-motivation (14.2 points) is coupled
with a critically low level of emotion management (7.4 points). This creates a risk
of energy depletion: officers are proficient at "pressing the gas" but possess "weak
brakes" regarding stress deactivation. The volitional link (self-efficacy—32.8
points) acts as a buffer, where the belief in one's own capability prevents systemic
collapse through intense volitional effort.

The general style of self-regulation is based on hyper-mobilization. A
deficit in the "Evaluation of Results" scale (5.4 points) indicates a decrease in
criticality toward one's own internal states. Self-regulation operates on the
principle of "task completion at any cost,” where external efficiency is achieved
by ignoring internal signals of exhaustion. This creates prerequisites for systemic
burnout, necessitating the implementation of specialized emotional recovery
programs.

Keywords: self-regulation, emotional-volitional resilience, police officers,
martial law, self-efficacy, executive-mobilizing style, professional burnout,

cognitive strategies, professional reliability.

Problem statement. The full-scale armed aggression against Ukraine has
radically changed the functional profile of the National Police. Today, a police
officer is not only a law enforcement officer but also a member of the security and
defense sector, participating in stabilization measures, population evacuation,
documentation of war crimes, and direct combat. This transformation requires an
ultra-high level of self-regulation under permanent threats to life and health.
Service during martial law is characterized by 'crisis multitasking and time
deficits. Police officers face multifactorial stress, from physical exhaustion to
ethical dilemmas. In these conditions, emotional-volitional regulation becomes the
primary guarantor of professional reliability — the ability to make balanced

decisions even when overwhelmed by fear, anger, or fatigue.
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Analysis of recent research and publications. The issue of emotional-
volitional regulation has been studied by numerous foreign and domestic scholars,
including A. Bandura, R. Baumeister, I. Bekh, H. Heckhausen, P. Gollwitzer, D.
Goleman, J. Gross, T. Kyrylenko, O. Kokun, J. Kuhl, D. Mayer, S. Maksymenko,
P. Salovey, M. Savchyn, and others. Research on self-regulation in extreme
conditions and policing has been conducted by Yu. Boiko-Buzyl, M. Budanova,
M. Halych, O. Kudermina, V. Osiodlo, S. Polishchuk, and others. At the same
time, most classical domestic and foreign studies of law enforcement self-
regulation were based on peacetime experience or local conflicts. The current
Ukrainian situation is unique in the intensity and scale of its stressors. There is an
urgent scientific need for empirical data reflecting the actual psychological state
and emotional-volitional regulation mechanisms of Ukrainian police officers
during 2022-2026.

Purpose of the article is to identify the psychological characteristics of the
emotional-volitional regulation of police officers during martial law.

Presentation of the main material of the study. A theoretical analysis of
scientific primary sources [1, 2, 3, 4] suggests that a police officer's emotional-
volitional self-regulation under martial law is an integrated, multilevel system of
mental activity based on the synergy of cognitive flexibility, emotional resilience,
and volitional self-efficacy. It ensures the transformation of external normative
requirements into internal personal beliefs (the process of interiorization),
allowing the law enforcement officer to transition from the role of an object of
management to the status of an autonomous agent, capable of functioning
effectively under a deficit of external control and extreme stress.

The system's effectiveness is determined by three fundamental
determinants: the cognitive, which through reappraisal forms «psychological
armor»; the emotional, which via somatic markers maintains the state within the

«window of tolerance»; and the volitional, which ensures the transition from
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intention to action despite exhaustion. Developing self-regulation is key to
professional reliability and mental health, requiring specialized training programs
to temper these internal resources.

To empirically study the peculiarities of emotional-volitional self-regulation
in law enforcement officers during martial law, we formed a sample of
respondents and selected psychodiagnostic tools. The participants were 62 police
officers with 3-8 years of service in the National Police of Ukraine (13 women, 49
men; aged 22—-34).

To investigate the determinants of self-regulation, we compiled a battery of
psychodiagnostic tools covering the cognitive, emotional, and volitional spheres of
the law enforcement officer's personality. The cognitive block is aimed at
identifying strategies through which a police officer interprets stressful events and
plans their activities. To study this, we utilized the «Cognitive Emotion Regulation
Questionnaire» (CERQ) by N. Garnefski. This tool allows for the differentiation
between adaptive strategies (cognitive reappraisal, refocus on planning,
acceptance) and maladaptive ones (catastrophizing, self-blame). The emotional
block allows for the assessment of affective resources and the level of stress load
experienced by personnel. For the empirical study of emotional determinants, we
used N. Hall’s «Emotional Intelligence Questionnaire» (EQI). This method is
aimed at identifying the officer's ability to recognize and manage their own
emotional states. The volitional block focuses on the ability to actively initiate
actions and sustain effort. To investigate the volitional determinants of the
emotional-volitional self-regulation of police officers, we used the «General Self-
Efficacy Scale» (GSE) by R. Schwarzer and M. Jerusalem. This scale measures a
police officer's belief in their ability to act successfully in difficult and
unpredictable circumstances. We consider self-efficacy as the primary volitional
predictor of active behavior during a crisis. To obtain a holistic picture, we utilized

a methodology that integrates all components into a single index: V.
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Morosanova’s «Style of Behavior Self-Regulation Questionnaire» (SSPM). It
serves as a fundamental instrument for assessing the general level of self-
regulation, allowing for the detailing of specific regulatory processes: goal
planning, modeling of significant conditions, programming of actions, and
evaluation of results.

The first stage of our empirical research involved analyzing the cognitive
emotion regulation strategies among police officers. The obtained data allow us to
determine which specific cognitive operations police officers utilize to cope with
stressful events under martial law conditions. A qualitative analysis of the
obtained data indicates the prevalence of adaptive strategies in the self-regulation
structure of the studied police officers (the predominance of the «Refocus on
planning» strategy (16,4 points); a high level of «Positive reappraisal» (15,2
points), and the «Acceptance» strategy (14,8 points). An analysis of maladaptive
strategies reveals that the scores for «Catastrophizing» (7,5 points) and «Blaming
others» (6,8 points) are at a low level. This serves as a positive indicator of
professional aptitude, as it demonstrates emotional resilience and a lack of
propensity for the irrational exaggeration of threats.

The identified dominance of the «Refocus on planning» strategy in the
studied sample suggests that the cognitive component of the police officers' self-
regulation functions according to a pragmatic type. This indicates a high level of
internalization of professional algorithms, where the cognitive processing of a
stressor culminates not in emotional rumination, but in the development of
specific steps to overcome the crisis situation. Such a characteristic serves as the
foundation for volitional mobilization, as the presence of a clear action plan
minimizes cognitive load during critical decision-making.

A detailed analysis of the «Positive reappraisal» strategy (15,2 points)

suggests that this specific mechanism serves as a «bridge» between cognitive
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stress processing and emotional resilience. While «Planning» is responsible for
action, «Positive reappraisal» is responsible for meaning.

The high prevalence of this strategy (15,2 points) among the participants
indicates the well-developed nature of cognitive reframing mechanisms, which is a
key factor in the resilience of personnel. Police officers demonstrate an ability to
assign positive meaning to extreme working conditions, viewing them as a factor
in personal and professional self-improvement. This allows for the neutralization
of the destructive impact of traumatic events at the early stages of perception,
significantly reducing the psychophysiological «cost» of self-regulation and
preventing the development of secondary traumatization and emotional
exhaustion.

The high level of the «Acceptance» strategy (14,8 points) within the self-
regulation structure of the police officers indicates the presence of a psychological
mechanism for accepting the uncontrollable parameters of extreme situations. This
strategy acts as a buffer, preventing the disorganization of performance caused by
emotional resistance to the objective threats of martial law. For the officers
studied, acceptance serves as the initial stage of the adaptation process, which
allows for the stabilization of their emotional state and creates a cognitive
foundation for transitioning to constructive action planning. This minimizes the
risk of developing maladaptive states and facilitates the preservation of a high
level of functionality under conditions of chronic stress.

Analysis of maladaptive cognitive regulation strategies revealed an overall
trend toward the minimization of non-constructive cognitive operations within the
sample. The lowest scores were recorded on the «Blaming others» (6,8 points) and
«Catastrophizing» (7,5 points) scales, indicating a realistic perception of war-
related threats and a high level of professional responsibility among the personnel.
However, the identified moderate level of «Rumination» (10,4 points) points to a

tendency among some officers to fixate on negative experiences following the

/6



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 5.

conclusion of extreme situations. We have identified this strategy as a primary
cognitive risk factor for the development of delayed stress disorders.

The results of this research stage suggest that the sample of police officers is
characterized by a well-established adaptive cognitive profile. The combination of
high scores in planning and positive reappraisal, alongside low levels of
catastrophizing, creates a reliable cognitive foundation for emotional-volitional
self-regulation. However, the presence of a moderate level of «Rumination»
indicates that a portion of the officers is prone to the intrusive dwelling on past
negative experiences, which could serve as a target for future psychocorrectional
interventions. The analysis of maladaptive (non-constructive) strategies within the
police sample is critical for predicting the risks of professional deformation and
the emergence of psychosomatic disorders. While the overall profile of the sample
remains adaptive, moderate indicators on certain non-constructive scales highlight
«vulnerability zones» among the personnel.

An analysis of the emotional intelligence research results (based on N.
Hall's EQi methodology) indicates that police officers operating under martial law
conditions exhibit a specific profile, where high pragmatic motivation is coupled
with difficulties in emotional relaxation.

The analysis of the results obtained for the individual scales indicates the
following:

1. Self-motivation (14,2 points) is the dominant scale, representing the
highest score compared to all other scales. This indicates a high capacity among
police officers for volitional mobilization through the emotional reinforcement of
goals. These officers are capable of channeling their emotions toward task
performance, even in the presence of fatigue or fear.

2. Recognition of the emotions of others (13,8 points). This high result
is driven by professional specificity. Police officers are trained to «read» non-

verbal signals of threat, aggression, or insincerity. In wartime conditions, this skill
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becomes heightened due to safety concerns at checkpoints, during filtration
measures, or during arrests.

3. Emotional awareness (10,6 points). This moderate level indicates that
while police officers generally understand what they are feeling, they tend toward
a certain distancing from their own emotions. This serves as a «professional filter»
that prevents them from fully absorbing the horrors of war-related events;
however, it may also hinder the timely detection of burnout signs.

4. Empathy (9,2 points). This score sits at the lower bound of the aver-
age range. It reflects a psychological defense mechanism — «detachment». Given
the frequent contact with significant human suffering (evacuations, fatalities), ex-
cessive empathy would lead to rapid secondary traumatization. Consequently, po-
lice officers maintain the capacity for compassion primarily at a functional level
rather than a deeply affective one.

5. Managing one's emotions (7,4 points). This is a identified risk zone
and the lowest score among all scales. This indicates that police officers find it dif-
ficult to independently reduce their level of emotional arousal after a stressful
event. This result explains the moderate «Rumination» score (10,4) observed in
the previous methodology. Because officers cannot «switch off» an emotion, it
transitions into intrusive thoughts. This suggests a weakening of the «volitional
brake» (regulatory inhibition) due to chronic combat-related tension.

The analysis of police officers' emotional intelligence (N. Hall's
methodology) has revealed a specific disproportion: a high level of pragmatic self-
motivation and social perception is coupled with a deficit in self-emotion
management skills. The identified low score on the «Managing one's emotions»
scale (7,4 points) indicates a state of emotional rigidity and difficulty in restoring
psychophysiological homeostasis after the completion of duty tasks. This confirms
the hypothesis that the self-regulation of personnel under wartime conditions is

carried out primarily through volitional effort (mobilization) rather than emotional
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flexibility. This pattern creates a risk of rapid energy depletion within the system.
It was established that while police officers possess high mobilization potential,
they demonstrate an inability to effectively deactivate stress states. A low level of
emotional flexibility against the backdrop of prolonged military-related strain
leads to the fixation of negative affect, which is further evidenced by a tendency
toward rumination. We define this result as a critical point of vulnerability in the
self-regulation system, as the deficit in emotion management skills offsets the
advantages of high self-motivation and creates direct prerequisites for the
psychosomatization of stress and professional deformation of the personality.

Analysis of the research results regarding general self-efficacy indicates a
high level of self-belief among police officers, which is essential for performing
professional duties during the period of martial law. Our findings, obtained using
the General Self-Efficacy Scale (GSE) by R. Schwarzer and M. Jerusalem,
demonstrate that the mean score of 32,8 on the general self-efficacy index
suggests that the majority of the surveyed officers possess a stable mindset toward
success and confidence in their ability to overcome obstacles.

It is worth recalling that according to Albert Bandura’s theory, high self-
efficacy determines the level of effort an individual exerts toward achieving a
goal. For a police officer, this implies that despite fatigue and emotional strain (as
evidenced by the results of the previous methodologies), the officer does not
surrender. The high score indicates that police officers perceive the complex tasks
of war not as threats to be avoided, but as challenges to be mastered.

There is a clear correlation between high self-efficacy and the dominance of
the «Refocus on planning» strategy (16,4 points) within the CERQ results,
specifically:

. self-belief enables constructive cognitive processing: the logical chain

follows a clear sequence: «I am confident that | can cope — therefore, | can focus
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on constructing a plan». Confidence in one’s own capabilities allows the cognitive
apparatus to shift from emotional distress toward task-oriented solutions;

. preventative function: had self-efficacy been low, the officers would
have been more likely to engage in «Catastrophizing». However, in our sample,
we observe the opposite — an adaptive pattern, where high self-efficacy serves as a
protective factor against irrational fear and cognitive disorganization.

A high level of self-efficacy serves as a psychological buffer. Despite the
low scores on the «Managing one's emotions» scale (7,4 points), it is the belief in
their own professional competence that prevents psychological collapse. These
officers maintain their resilience not through emotional tranquility, but through a
volitional conviction: «Who, if not me? | know | can do this». The obtained score
of 32,8 points indicates that the experience of serving under martial law has forged
a «hardened» self-efficacy in these officers. Having already navigated numerous
critical situations, their confidence has been reinforced by the realization: «I have
survived and prevailed in difficult conditions before; therefore, | will succeed next
time as well».

Analysis of the results from the general self-efficacy scale (32,8 points)
suggests that the police officer sample is characterized by a high level of
cognitive-volitional confidence. It has been established that self-efficacy acts as a
core determinant of self-regulation, compensating for the deficit in emotion
management skills. The high score on this scale indicates an established mindset
toward the active overcoming of difficulties and individual resilience to the
extreme factors of martial law. Among the studied officers, self-efficacy is closely
linked to adaptive cognitive strategies (planning and positive reappraisal), creating
an integral system of psychological readiness for performing duty tasks under
highly demanding conditions.

Based on the study of the cognitive, emotional, and volitional determinants

of police officers' emotional-volitional self-regulation, we have outlined a «Profile
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of professional resilience of law enforcement officers in wartime», which can be
characterized as follows:

. cognitive component — «Robust»: police officers actively engage in
action planning, demonstrate an acceptance of reality, and reappraise danger as a
professional challenge rather than a paralyzing threat;

. emotional component — «Dysharmonious»: high motivation (the
«accelerator» effect) is coupled with a critically low ability to relax and manage
internal anger or anxiety (a deficit in «regulatory brakes»). This imbalance
suggests that the system operates at high intensity without adequate recovery
mechanisms;

. volitional component — «High»: there is a profound internal
confidence in one's personal capability to act. This serves as the primary driver
that sustains operational activity despite emotional strain.

Consequently, there is no need to enhance police officers’ motivation or
teach them planning skills (as they are already proficient in these areas). Rather, it
Is imperative to provide them with tools for emotional self-regulation to prevent
sudden burnout caused by the excessive overdrive of their volitional activity.

The analysis of the results obtained via V. Morosanova's «Style of Behavior
Self-Regulation» (SSPM) questionnaire constitutes the most comprehensive and
summarizing stage of our empirical research. This methodology allows us to
observe not isolated strategies, but rather an integral system illustrating how police
officers plan, model, and adjust their activities under extreme conditions.

An analysis of the results from the Style of Behavior Self-Regulation
(SSPM) questionnaire allows for an assessment of both the procedural
components of self-regulation (planning, modeling, programming, and evaluation
of results) and regulatory-personality traits (flexibility and autonomy).

The «Programming» (7,8 points) and «Planning» (7,2 points) scales exhibit

high scores. These indicators are the highest within the sample, fully correlating
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with the results from the CERQ methodology («Refocus on planning»). Police
officers demonstrate a well-developed ability to elaborate detailed action
algorithms. They do not merely set goals but possess a clear understanding of the
sequence of steps required for their implementation. In wartime conditions, this
manifests as «professional action automatismy».

The «Modeling» scale (6,9 points): this high score reflects a well-developed
ability to identify the significant conditions of a situation. This finding is further
supported by the high scores recorded in the «Recognition of the emotions of
others» scale. Police officers demonstrate an adequate assessment of external
threats, the operational environment, and the resources currently at their disposal.

The «Autonomy» scale (6,5 points): an above-average score indicates the
police officers' capacity for independent regulation without constant supervision
from leadership. This aligns with the transition toward a «Self-system», as
discussed in the theoretical framework. In the context of autonomous operations
within de-occupied territories or combat zones, this quality is critical for survival.

The «Flexibility» scale (6,2 points): an average level of flexibility indicates
that police officers can adapt to changes, but doing so requires significant effort.
In wartime conditions, where the situation changes instantaneously, this resource
often operates at the brink of exhaustion.

The «Evaluation of results» scale (5,4 points): this represents a notable
weakness and is the lowest score among all scales. This scale is responsible for
self-criticism and reflection. A low score suggests that police officers do not
always adequately assess their own mistakes or their actual psychophysiological
state. These findings explain the low scores previously observed on the
«Managing emotions» (7,4 points) and «Emotional awareness» (10,6 points)
scales. The officer is unable to adjust their behavior in a timely manner because
their internal «result evaluation» system is focused exclusively on the external task

rather than the internal state.
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Summarizing the results of the SSPM methodology, it has been established
that the overall level of self-regulation among the studied police officers is high
(34,8 points), sustained by the compensatory development of the «Programming»
and «Planning» scales. However, the identified deficit in the «Evaluation of
results» scale (5,4 points) indicates a decrease in criticality regarding one's own
states and errors during the course of activity. This confirms our hypothesis that
the emotional-volitional self-regulation of law enforcement officers under wartime
conditions is hyper-mobilizing in nature. In this model, external productivity is
achieved by ignoring internal regulatory signals of exhaustion, prioritizing
operational objectives over the preservation of the individual's psychological
resources.

Conclusions. Based on the analysis of the conducted empirical study, we
have outlined a psychological portrait of a police officer regarding the specifics of
their emotional-volitional self-regulation in wartime. Accordingly, the following
characteristics are immanent to police officers: regulatory style — «executive-
mobilizing»: the system is geared toward the ideal formulation and execution of
plans (high «Programming», «Planning», and «Self-efficacy»); source of activity:
high «Self-motivation» and a profound belief in one's personal capability
(agency); critical vulnerability: a deficit in internal feedback loops («Evaluation of
results») and an inability to achieve emotional recovery («Management of
emotions»). The self-regulation of police officers operates on the principle of
«task completion at any cost». They are exceptionally effective as instruments of
protection; however, they carry a high risk of an internal «systemic failure»
(burnout), as the components of self-assessment and self-restoration remain
inhibited.
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RATIONAL NUTRITION OF WOMEN DURING PHYSIOLOGICAL
PREGNANCY

Abstract

Nutrition during pregnancy is one of the key modifiable factors determining
the course of gestation and perinatal outcomes. The aim of this study was to
summarize current scientific evidence on the characteristics of nutritional support
in physiological pregnancy and to assess the role of macro- and micronutrients in
shaping maternal and fetal health. The paper analyzes findings from recent
systematic reviews, meta-analyses, and cohort studies, which confirm the
significant impact of both the quantitative and qualitative composition of the diet
on intrauterine development. It has been demonstrated that low dietary diversity
and a high inflammatory potential of the maternal diet are associated with an
increased risk of low birth weight and intrauterine growth restriction. The crucial
role of macronutrients has been established: adequate protein intake is essential for
fetal tissue growth, the quality of dietary fats influences the development of the
nervous system, and carbohydrates ensure stable energy balance. Particular
attention is given to micronutrients, including folates, iron, iodine, vitamin D, and
choline, which are involved in organogenesis, neurodevelopment, and metabolic
programming. It is substantiated that nutrient deficiencies or imbalances during
pregnancy may lead to obstetric complications and adversely affect long-term

child health outcomes. At the same time, rational, balanced, and diverse nutrition
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Is considered an effective tool for the prevention of intrauterine developmental
disorders. The need for an individualized approach to nutritional support for
pregnant women is emphasized, taking into account metabolic demands, regional
characteristics, and lifestyle factors. Thus, optimization of nutrition during
pregnancy is an essential component of modern prenatal care and is aimed at
improving both short-term and long-term health outcomes for the mother and
child.

Keywords: maternal nutrition, physiological pregnancy, macronutrients,

micronutrients, healthy diet, birth weight, perinatal outcomes.

Problem statement. Modern approaches to the management of physiological
pregnancy identify nutrition as one of the key modifiable factors that directly
influences the course of gestation and perinatal outcomes. Despite the availability
of numerous recommendations, the issue of optimizing nutritional support for
pregnant women remains relevant, which is associated with the high prevalence of
both deficient and imbalanced diets, insufficient awareness of diet quality, and the
lack of an individualized approach to nutritional care. Particular importance is
attributed not only to the quantitative but also to the qualitative composition of the
diet, including its diversity, inflammatory potential, and adequacy of macro- and
micronutrient intake, which necessitates further synthesis of current scientific
evidence and its implementation into clinical practice.

Analysis of recent research and publications. Recent studies confirm the
significant role of maternal diet quality in shaping perinatal outcomes. In
particular, the systematic review and meta-analysis Association between maternal
dietary diversity during pregnancy and birth outcomes conducted by Amare Abera
Tareke et al. (2024) demonstrated that low dietary diversity is associated with an
increased risk of low birth weight and intrauterine growth restriction. At the same

time, an individual participant data pooled analysis of seven European cohorts
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within the ALPHABET consortium, performed by Ling-Wei Chen et al. (2021) in
the study Associations of maternal dietary inflammatory potential and quality with
offspring birth outcomes, showed that a high inflammatory potential of the
maternal diet is correlated with lower birth weight and a higher risk of small-for-
gestational-age infants. In contrast, a higher-quality, balanced, and anti-
inflammatory diet is associated with improved intrauterine development outcomes.
These findings indicate that not only the quantitative composition of the diet, but
also its qualitative characteristics - particularly diversity and inflammatory
potential - are important modifiable determinants of pregnancy course and
offspring health [1-2].

Some studies indicate that a pro-inflammatory maternal diet is associated
with lower birth weight and poorer growth outcomes in children later in life. The
meta-analysis Dietary Inflammatory Index during pregnancy is associated with
birth weight and child anthropometry up to 10 years old and the study Maternal
Dietary Inflammatory Potential and Offspring Birth Outcomes in a Chinese
Population confirm that the inflammatory potential of the diet is an important
factor influencing perinatal outcomes and subsequent child development [3-4].

Purpose of the article. The aim of this study is to summarize current
scientific evidence on the characteristics of nutrition during physiological
pregnancy, to assess the role of macro- and micronutrients in ensuring normal
gestational progression and fetal development, and to identify key directions for
optimizing nutritional support for pregnant women from an evidence-based
perspective.

Presentation of the main material of the study. The gestational period is
characterized by a complex of metabolic, physiological, and hormonal changes
that lead to increased nutritional and energy requirements aimed at supporting
placental and fetal growth. During this period, adherence to a balanced diet

increases the likelihood of full-term pregnancy, reduces the risk of obstetric
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complications, and creates favorable conditions for achieving normal birth weight
[5-7].

As fetal growth progresses, maternal metabolism also increases, leading to
higher nutritional demands. However, in the first trimester, there is no need for
additional caloric intake [8]. In contrast, during the second and third trimesters, the
basal metabolic rate increases by approximately 390 kcal/day [9]. Accordingly, an
additional intake of 360 kcal/day in the second trimester and 475 kcal/day in the
third trimester is recommended [10].

Optimal gestational weight gain depends on pre-pregnancy BMI. For
underweight women (<18.5), total gain is highest, while it decreases progressively
for normal weight, overweight, and obese women. Recommended ranges across
trimesters are lower with increasing BMI, serving as guidance for monitoring
appropriate weight gain during pregnancy [11].

Analysis of current guidelines indicates that the optimal macronutrient
distribution is 15-20% protein, 30-35% fat, and 35-50% carbohydrates [15].
Particular attention should be paid to the increased protein requirements for the
synthesis of maternal and fetal structural tissues, which amount to 46 g/day (0.8
g/kg/day) in the first trimester and 71 g/day (1.1 g/kg/day) in the second and third
trimesters [12].

In a prospective cohort study led by Hanyue Zhang, the impact of protein
intake during pregnancy on the risk of obesity in mothers and their children was
investigated. The authors found that not only the quantity but also the source of
protein plays an important role in metabolic programming of the offspring. In
particular, inadequate or imbalanced protein intake was associated with an
increased risk of metabolic disorders, including obesity, in both mothers and their
children later in life. The study highlights the importance of high-quality protein

intake during pregnancy as a factor influencing long-term health outcomes [13].
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In a study conducted by Jiaomei Yang et al., (2025) the association between
protein intake and birth weight among pregnant women with low-protein diets was
evaluated. It was shown that insufficient protein intake is significantly associated
with lower birth weight and an increased risk of small-for-gestational-age infants.
The authors concluded that adequate protein intake is critically important for
normal fetal growth, particularly in populations at risk of nutritional deficiencies
[13].

Fats are not only an important source of energy but also essential
components of cell membranes, playing a key role in the development of the fetal
nervous and visual systems, particularly polyunsaturated fatty acids such as long-
chain omega-3 fatty acids [16]. At the same time, the quality of dietary fats is
equally important, including the need to minimize or eliminate trans fats and to
reduce saturated fat intake to less than 10% of total energy intake. Adequate intake
of omega-3 and omega-6 fatty acids is recommended, including 250 mg/day of
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), and 13 g/day of
omega-6 fatty acids. Cholesterol intake is recommended to be less than 200
mg/day [17].

Carbohydrates play a central role in maintaining physiological glucose
levels in maternal and fetal blood, with a recommended intake of at least 175
g/day. The glycemic index is important: values >70 are associated with rapid
absorption, whereas <55 indicates slower metabolism. High-Gl foods include
white flour, rice, and potatoes, while whole grains, vegetables, legumes, and some
fruits have a low GI. Carbohydrates are classified into simple and complex forms,
with the latter being preferable due to slower digestion and absorption [19, 20].
Dietary fiber, a type of complex carbohydrate, further supports glycemic control
and intestinal function, with a recommended intake of 28 g/day [21, 22].

Folate (the synthetic form is folic acid) is one of the most important

cofactors in nucleotide synthesis and DNA methylation. Given the rapid
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proliferation of fetal cells, it is critically important for neural tube formation
during the first 28 days of pregnancy. Recent literature reviews confirm that
normalization of maternal folic acid levels reduces the risk of neural tube defects
[23, 24]. Women are recommended to take 0.4-0.8 mg daily starting 1-3 months
before conception and continuing throughout pregnancy. Increasing attention is
being given to obtaining folate from dietary sources rather than supplements,
including dark green leafy vegetables (spinach, broccoli, parsley), legumes
(lentils, chickpeas, peas, beans), liver, and citrus fruits (oranges, grapefruit).
Authors Anne-Lise Bjarke-Monsen and Per Magne Ueland (2023) also analyze the
potential risks of both deficiency and excessive folic acid intake, highlighting the
possibility of masking vitamin Bi. deficiency and other clinical consequences. A
significant part of their work focuses on evaluating the effectiveness of food
fortification programs with folic acid and their impact on population health
outcomes [24].

Particular attention should be paid to iron intake, as it is a key element for
oxygen transport (a component of hemoglobin) and fetal organogenesis through
erythropoiesis. Iron deficiency anemia in pregnancy is associated with an
increased risk of preterm birth, low birth weight, and impaired development of the
fetal central nervous system [25]. During gestation, hemoglobin concentration
changes due to a 40-50% increase in maternal plasma volume starting at 6-8
weeks and peaking at 32 weeks, leading to hemodilution of erythrocytes [27].
Therefore, screening for iron levels is recommended using a complete blood count
at the first prenatal visit and again after 28 weeks of gestation. The total iron
requirement during pregnancy reaches 1000-1200 mg [28], and hemoglobin levels
below 11 g/dL indicate anemia throughout pregnancy. Due to increased demand,
prophylactic supplementation with 30-60 mg of elemental iron orally is
recommended, taken in the morning either 1 hour before or 2 hours after meals.

Vitamin C intake is considered beneficial to enhance iron absorption [26]. Despite
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existing recommendations and numerous clinical observations confirming the
effectiveness of iron supplementation in pregnancy, further expansion of the
evidence base regarding its routine use remains an akTtyainbHe area for future
research.

lodine is a critically important element for the synthesis of thyroid
hormones T3 and T4, which regulate cellular growth and basal metabolism and are
essential for the development of the embryonic nervous system, as well as
neuropsychological development and cognitive function. Due to transplacental
transfer and increased renal clearance, iodine requirements increase during
pregnancy [29]. However, recent systematic reviews indicate the absence of
routine screening for iodine deficiency in pregnant women [30]. At the same time,
in regions where iodine deficiency is prevalent, prophylactic supplementation is
recommended. A comprehensive review of the literature has shown a positive
effect on iodine status with supplementation at a dose of 200 ng/day, although
some studies report no significant therapeutic effect [31, 32]. Currently, an
individualized approach that takes into account regional factors, dietary habits, and
thyroid function is considered the most appropriate.

Vitamin D is a fat-soluble vitamin essential for the regulation of calcium
and phosphate levels, which are crucial for bone metabolism and mineralization
[32]. Mineral content and bone mineral density are associated with fetal skeletal
strength and a reduced risk of perinatal complications and fractures. A review of
23 studies demonstrated that vitamin D supplementation is associated with
increased neonatal length [33], while another study identified a relationship
between maternal vitamin D intake and increased fetal weight [34]. Additionally, a
reduction in the risk of preeclampsia (by 44.8%) has been observed with vitamin
D supplementation [35]. The median recommended supplementation dose to meet
maternal and fetal needs is 20004000 IU/day, as reported by Wen-Chien Yang,

Ramaa Chitale, and all. [36]. Therefore, it can be concluded that implementing
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screening for 25(OH)D levels in pregnant women and appropriate
supplementation is important in current clinical practice.

Choline is an essential micronutrient that plays a key role in phospholipid
synthesis (a structural component of cell membranes), acetylcholine production,
and methyl group metabolism. During pregnancy, its requirement increases, with
its primary role being in neurogenesis, myelination, and the development of
cognitive functions in the fetus [37]. In Europe and beyond, choline intake among
adults has remained insufficient over the past decade [38]. Randomized cohort
studies have demonstrated beneficial effects of choline intake up to 1 g/day during
the second half of pregnancy on the child’s neurocognitive development.
Conversely, inadequate intake of this nutrient has been associated with a higher
risk of developmental disorders [37]. The National Academy of Medicine
recommends 450 mg/day of choline up to 12 weeks of pregnancy and 550 mg/day
thereafter [39, 40]. Rich sources include animal products (eggs, meat, fish), while
plant sources contain lower amounts. Current trends favor dietary intake over
supplementation.

Conclusions. The obtained data indicate that balanced nutrition is a
fundamental component of prenatal care and one of the leading factors in the
prevention of obstetric and perinatal complications. Diet quality - including its
diversity, adequate energy intake, and sufficient intake of key nutrients - has a
direct impact on fetal intrauterine development, the formation of organs and
systems, and long-term child health outcomes. At the same time, maternal
nutritional status has been shown to be a modifiable factor, the optimization of
which can improve the course of pregnancy and perinatal outcomes. A promising
direction for future research is the development of individualized approaches to
maternal nutrition, taking into account regional, metabolic, and genetic

characteristics.
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Abstract

Preterm birth (PTB) remains one of the most pressing problems in modern
obstetrics and neonatology, being a leading cause of perinatal morbidity, neonatal
mortality, and long-term neurological and metabolic complications in children.
Despite significant advances in perinatal medicine, the incidence of PTB in most
countries worldwide has not shown a substantial decline, highlighting the need to
identify new pathogenetic mechanisms underlying its development. In recent
years, increasing attention has been focused on the role of the microbiome in
maintaining physiological pregnancy and in the development of obstetric
complications.

This review summarizes current scientific data regarding the role of the
vaginal, gut, oral, and intra-amniotic microbiome in the pathogenesis of preterm
birth. The characteristics of the normal vaginal microbiome during pregnancy, the
significance of Lactobacillus spp. dominance, as well as the role of vaginal
dysbiosis, anaerobic flora, and microbe-induced inflammation in the premature
activation of labor are discussed. Particular attention is paid to the molecular
mechanisms involving Toll-like receptor activation, NF-xB signaling pathways,

and the production of proinflammatory cytokines, prostaglandins, and matrix
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metalloproteinases involved in cervical remodeling, premature rupture of
membranes, and stimulation of myometrial contractility.

Current approaches to microbiome diagnostics, including 16S rRNA
sequencing, shotgun metagenomics, and metabolomic analysis, are analyzed as
promising tools for developing personalized models for PTB risk prediction.
Modern strategies for the correction of microbiome disturbances during pregnancy
are also reviewed, including the use of probiotics, dietary modification, targeted
antimicrobial therapy, and experimental vaginal microbiome transplantation. The
NEepCeKTUBHICTh integration of microbiome analysis into prenatal monitoring
systems and the need for further large-scale studies to implement personalized
preventive strategies into clinical practice are emphasized.

Keywords: preterm birth, microbiome, vaginal dysbiosis, pregnancy,

Lactobacillus spp., bacterial vaginosis, probiotics.

Problem Statement. Preterm birth remains one of the leading causes of
perinatal morbidity and mortality worldwide. According to the World Health
Organization, approximately 15 million preterm infants are born annually, and the
rate of preterm birth in most countries ranges from 8% to 12% of all deliveries [1,
2]. Prematurity is associated with a high risk of neonatal mortality, respiratory
disorders, central nervous system injury, metabolic disturbances, and long-term
disability in children [3]. Despite significant advances in modern obstetrics, the
effectiveness of preterm birth prevention remains insufficient, and its incidence
has not demonstrated a stable downward trend.

The etiology of preterm birth is multifactorial and includes infectious and
inflammatory processes, placentation disorders, cervical insufficiency, multiple
pregnancy, as well as genetic and socio-economic factors. However, in a
substantial proportion of women, the exact pathogenetic mechanisms underlying

spontaneous preterm labor remain unclear [4]. Over the past decade, increasing
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attention has been focused on the role of the reproductive tract, gut, and oral
microbiome in the development of local and systemic inflammatory responses
capable of prematurely activating labor mechanisms. The development of next-
generation sequencing (NGS) technologies has enabled detailed characterization
of microbial communities and identification of associations between vaginal
dysbiosis, reduced dominance of Lactobacillus spp., and an increased risk of
preterm birth [5]. Therefore, summarizing current evidence regarding the role of
the microbiome in the pathogenesis of preterm birth and evaluating the prospects
for novel approaches to prediction, prevention, and therapeutic correction of
microbiome disturbances remain highly relevant.

Analysis of recent research and publications. Current studies confirm that
the vaginal microbiome plays an essential role in maintaining normal pregnancy.
Healthy pregnant women are typically characterized by the dominance of
Lactobacillus spp., particularly L. crispatus, which maintain a low vaginal pH,
produce lactic acid, and inhibit the growth of anaerobic pathogens. Reduced
lactobacilli dominance and the formation of CST IV-type vaginal microbiota have
been associated with an increased risk of spontaneous preterm birth [6, 7].
Particular attention has been paid to Gardnerella vaginalis, Sneathia spp.,
Prevotella spp., Ureaplasma spp., and Mycoplasma hominis, which are capable of
inducing local inflammation and activating Toll-like receptors.

The role of microbe-induced inflammation in the premature activation of
labor is widely discussed in the current literature. Activation of NF-kB signaling
pathways is accompanied by increased production of IL-1B, IL-6, TNF-a,
prostaglandins, and matrix metalloproteinases, contributing to cervical ripening,
myometrial contractility, and premature rupture of membranes [14]. Recent
studies have also demonstrated the importance of the gut and oral microbiome in
the development of systemic inflammatory responses and the possible

hematogenous translocation of bacteria to the feto-placental complex [19].
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A promising area of current research is the implementation of microbiome
technologies into clinical practice. Metagenomic sequencing, shotgun
metagenomics, and metabolomic analysis make it possible to identify a
“microbiome signature” associated with the risk of preterm birth already during
the first and second trimesters of pregnancy [10]. At the same time, considerable
attention is being paid to personalized approaches for correcting dysbiosis,
including the use of probiotics, dietary modification, targeted antimicrobial
therapy, and vaginal microbiome transplantation. However, the results of clinical
studies remain heterogeneous, highlighting the need for further large-scale
randomized trials.

Purpose of the article. The aim of this study was to summarize current
scientific data regarding the role of the microbiome in the pathogenesis of preterm
birth, analyze the mechanisms of microbe-induced inflammation, and evaluate
promising approaches to early diagnosis, prevention, and therapeutic correction of
microbiome disturbances during pregnancy.

Presentation of the main material of the study. During pregnancy, the
vaginal microbiome undergoes further stabilization characterized by an increased
relative abundance of L. crispatus and L. iners and reduced microbial diversity,
which is considered a protective maternal adaptation [5,7]. Lactobacilli play a key
protective role by producing lactic acid, thereby maintaining the vaginal pH at
3.8-4.5, as well as synthesizing bacteriocins and hydrogen peroxide that inhibit
the growth of opportunistic microorganisms [8,9].

Importantly, not all lactobacilli exhibit the same protective potential.
According to the study by Fettweis J.M. et al. (2019), dominance of Lactobacillus
crispatus is associated with the lowest risk of preterm birth, whereas
predominance of L. iners or the formation of CST IV (characterized by reduced
lactobacilli content and dominance of anaerobic flora) is associated with an

increased risk of spontaneous preterm birth. L. iners is considered an unstable
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transitional species capable of coexisting with opportunistic anaerobes and
contributing to the development of vaginal dysbiosis [5].

The association between vaginal microbiome dysbiosis and preterm birth is
supported by extensive epidemiological evidence. Bacterial vaginosis (BV), the
most common manifestation of vaginal dysbiosis, is considered one of the most
significant independent risk factors for preterm birth. A meta-analysis by Leitich
et al., which included more than 20,000 pregnant women, demonstrated that BV
approximately doubles the risk of preterm birth [10].

However, conventional clinical diagnostic methods for BV (Amsel criteria
and Nugent scoring system) are unable to fully identify microbiome variations
associated with an increased risk of preterm birth. Studies using next-generation
sequencing (NGS) have shown that some women without clinical signs of BV
exhibit subclinical dysbiosis characterized by increased levels of Gardnerella
vaginalis, Prevotella bivia, Sneathia amnionii, and other anaerobes, which is
associated with a similarly elevated risk of preterm birth [11].

An important finding was the identification of a direct correlation between
the composition of the cervicovaginal microbiome in early pregnancy and
subsequent obstetric outcomes. In the prospective study by Kindinger et al.
(2017), women with L. crispatus dominance during the first trimester had a
significantly lower risk of preterm birth compared with women with an L. iners-
dominant microbiome or polymicrobial communities (p<0.001) [12].

Disruption of the vaginal microbiome and ascending microbial invasion are
considered among the key mechanisms underlying spontaneous preterm birth.
Vaginal dysbiosis is characterized by a reduction in protective lactobacilli,
particularly Lactobacillus crispatus, accompanied by excessive colonization by
anaerobic microorganisms (Gardnerella vaginalis, Ureaplasma spp., Mycoplasma
hominis, Prevotella spp., Sneathia spp.). Microorganisms and their structural

components are capable of penetrating through the cervical canal into the decidual
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tissue, fetal membranes, and amniotic fluid, thereby activating a local immune
response. Toll-like receptors (TLRs) of innate immune cells play a crucial role in
this process by recognizing pathogen-associated molecular patterns (PAMPS). In
particular, lipopolysaccharide from Gram-negative bacteria activates TLR4,
bacterial peptidoglycan activates TLR2, and bacterial DNA activates TLRO.
Activation of TLRs initiates an intracellular signaling cascade via the adaptor
protein MyD88, followed by activation of the transcription factor NF-kB, which
regulates the synthesis of proinflammatory mediators [13].

Activation of NF-kB results in increased production of proinflammatory
cytokines (IL-1B, IL-6, TNF-a), chemokines, prostaglandins, and matrix
metalloproteinases, forming the so-called “inflammatory cascade of labor.”
Prostaglandins stimulate myometrial contractility, whereas metalloproteinases
promote degradation of cervical and fetal membrane collagen, accelerating
cervical ripening and premature rupture of membranes. Simultaneously,
infiltration of neutrophils and macrophages into the decidual tissue and
chorioamnion contributes to the maintenance of chronic inflammation. Thus,
microbe-induced inflammation represents a central pathogenetic mechanism of
preterm birth, integrating immune, biochemical, and tissue processes that
prematurely activate the physiological program of labor. This process is
characterized by multifactorial interactions among microbial, immune, and
genetically determined factors [14].

Although amniotic fluid was long considered sterile, the application of
molecular genetic techniques, particularly next-generation sequencing (NGS), has
enabled the detection of microbial sequences in the amniotic fluid of some women
with preterm birth. The presence of intra-amniotic microorganisms is associated
with activation of the intrauterine inflammatory response, chorioamnionitis, and
adverse neonatal outcomes even in the absence of classical clinical signs of
infection [15].
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The primary mechanism of intra-amniotic infection is believed to be the
ascending spread of microorganisms from the lower genital tract through the
cervical canal. However, hematogenous dissemination of bacteria from distant
sites, including the oral cavity and gastrointestinal tract, has also been described.
Evidence supporting this pathway includes the detection of microorganisms such
as Fusobacterium nucleatum and Streptococcus mutans in amniotic fluid and
placental tissues, both of which are traditionally associated with the oral
microbiota [16].

Recent evidence suggests the existence of a complex interaction between
the maternal gut microbiome and pregnancy outcomes. The gut microbiome
modulates systemic levels of inflammatory cytokines and short-chain fatty acids
(SCFAs), which influence immune tolerance within the fetoplacental complex.
Reduced butyrate production — the primary energy substrate for enterocytes and a
potent inhibitor of NF-xB — in cases of intestinal dysbiosis may enhance the
maternal systemic inflammatory response and increase myometrial excitability
[17].

Notably, in the study by Vinturache et al. (2016), the gut microbiome of
women with preterm birth differed significantly from that of women with term
pregnancies: a reduced relative abundance of Akkermansia muciniphila and
Bifidobacterium spp. was observed alongside an increased abundance of
Clostridiales and Enterobacteriaceae [18]. These alterations correlated with
elevated serum levels of C-reactive protein and IL-6.

Current studies confirm that oral microbiome dysbiosis and periodontitis
may be associated with an increased risk of preterm birth through systemic
inflammatory responses and the possible translocation of bacteria to the
fetoplacental complex. Particular attention has been focused on Fusobacterium
nucleatum, a member of the oral microbiota associated with chorioamnionitis,

premature rupture of membranes, and preterm birth [19]. In addition to direct
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bacterial invasion, periodontal pathogens are capable of stimulating the production
of proinflammatory cytokines (IL-1p, TNF-a, IL-6) and prostaglandins, which
may prematurely activate the mechanisms of labor [20].

At the same time, recent systematic reviews suggest that the relationship
between periodontitis and preterm birth is complex and depends on microbiome
composition, the severity of systemic inflammation, and the timing of dental
intervention. Early microbiome diagnostics and personalized prevention of
inflammatory pregnancy complications are currently considered promising
approaches [16]. A meta-analysis demonstrated that treatment of periodontitis may
be associated with approximately a 15% reduction in the risk of preterm birth (RR
0.85), although the level of evidence was assessed as moderate due to study
heterogeneity and the risk of systematic bias. The authors emphasized that the
findings are not yet conclusive but support the concept linking oral inflammation,
systemic production of proinflammatory cytokines, and activation of the
mechanisms underlying preterm labor [21].

Traditional diagnostic methods for vaginal dysbiosis (Amsel criteria and the
Nugent scoring system) have limited predictive value for preterm birth because
they fail to detect a substantial proportion of uncultivable microorganisms within
the vaginal microbiome. The use of 16S rRNA metagenomic sequencing has
significantly expanded our understanding of microbial community composition,
although this method still has certain limitations, including amplification bias and
insufficient assessment of bacterial functional activity [22].

A promising approach is whole-genome shotgun metagenomics, which
enables evaluation not only of the taxonomic composition of the microbiome but
also of its functional characteristics, including virulence genes, antimicrobial
resistance genes, and metabolic activity. Combining these technologies with

metabolomic analysis of vaginal secretions makes it possible to identify a
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“microbiome signature” associated with the risk of preterm birth already during
the first and second trimesters of pregnancy [23].

Among microbiome markers associated with an increased risk of preterm
birth, the most significant include reduced dominance of Lactobacillus crispatus,
increased vaginal microbial diversity with predominance of anaerobic flora,
detection of Sneathia spp. and Ureaplasma parvum/urealyticum, as well as
increased bacterial sialidase activity and vaginal pH >4.5 [24].

Lactobacillus-based probiotics remain one of the most promising and safest
approaches for correcting vaginal dysbiosis during pregnancy. Recent systematic
reviews indicate that the use of vaginal and oral probiotics contributes to
restoration of a Lactobacillus-dominant microbiome, reduction in the incidence of
bacterial vaginosis, and attenuation of local inflammatory responses. However,
convincing evidence regarding a significant reduction in the rate of preterm birth
is still insufficient due to study heterogeneity and differences in probiotic strains
used [25]. Particular interest has been focused on preparations containing
Lactobacillus crispatus, L. rhamnosus GR-1, and L. reuteri, which have
demonstrated the ability to stabilize the vaginal microbiome and suppress the
growth of anaerobic pathogens.

Another promising strategy is the combined vaginal and oral administration
of probiotics aimed at simultaneous correction of both vaginal and gut microbiota
and reduction of systemic inflammation. Current studies are also exploring the
possibility of personalized selection of probiotic strains according to the vaginal
microbiome community state type (CST) and the individual risk of preterm birth
[16,20].

Analogous to fecal microbiota transplantation (FMT), which has
demonstrated effectiveness in recurrent Clostridioides difficile infection, the
concept of vaginal microbiota transplantation (VMT) has been actively

investigated in recent years. Initial studies demonstrated the possibility of partial
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restoration of a Lactobacillus-dominant vaginal microbiome following transfer of
vaginal secretions from healthy donors. Particular interest has been generated by
the studies of Dominguez-Bello et al. on “vaginal seeding” in newborns delivered
by cesarean section, which confirmed the possibility of modifying early microbial
colonization [26, 27]. Currently, vaginal microbiota transplantation is considered
an experimental approach for the correction of persistent vaginal dysbiosis, and
clinical studies evaluating its safety and efficacy are ongoing.

Traditional treatment of bacterial vaginosis with metronidazole or
clindamycin is associated with a high recurrence rate, which is related to the
nonspecific effects of antibiotics on the vaginal microbiome and insufficient
restoration of Lactobacillus-dominant flora. Modern approaches involve
personalized correction of vaginal dysbiosis based on the individual microbiome
profile, including targeted antimicrobial therapy followed by restoration of
lactobacillary flora using probiotics. A promising strategy is the use of
dequalinium chloride, which demonstrates antimicrobial activity against anaerobic
pathogens while exerting a relatively lower impact on Lactobacillus spp. [28].

Maternal nutrition during pregnancy significantly influences the
composition of the gut microbiome and indirectly affects the vaginal microbiome.
The Mediterranean diet, rich in fiber, polyphenols, and omega-3 fatty acids, is
associated with increased production of short-chain fatty acids, particularly
butyrate, and reduced systemic inflammatory responses. Recent cohort studies
indicate that greater adherence to a Mediterranean dietary pattern during
pregnancy is associated with a lower risk of preterm birth and improved perinatal
outcomes [29].

Conclusions. Current evidence suggests that the microbiome is an important
factor in the regulation of pregnancy and the pathogenesis of preterm birth.
Alterations in the vaginal, gut, and oral microbiome are associated with activation

of local and systemic inflammatory responses, increased production of
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proinflammatory cytokines, and premature activation of labor mechanisms. The
most unfavorable conditions are characterized by reduced dominance of
Lactobacillus crispatus and predominance of anaerobic flora (Gardnerella,
Sneathia, Prevotella, Ureaplasma).

The use of modern molecular genetic technologies, including 16S rRNA
sequencing, shotgun metagenomics, and metabolomic analysis, has significantly
expanded our understanding of the role of the microbiome in the development of
preterm birth and created the basis for personalized approaches to prediction and
prevention. Promising directions include early microbiome diagnostics,
individualized correction of vaginal dysbiosis, probiotic therapy, and further
investigation of vaginal microbiota transplantation. However, further large-scale
studies are required for the implementation of microbiome technologies into

routine obstetric practice.
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MEXAHI3MH JEPKABHOI'O YITIPABJIIHHA PO3BUTKOM
KAJTPOBOI'O HIOTEHUIAJY CEKTOPY BE3IIEKHU I ObOPOHMU B
YMOBAX LHIU®POBI3ALIL: TPAHC®OPMAIIS TA IHTETPALIA

CTAHIAPTIB HATO

MECHANISMS OF PUBLIC ADMINISTRATION FOR THE
DEVELOPMENT OF HUMAN RESOURCES POTENTIAL IN THE
SECURITY AND DEFENSE SECTOR UNDER DIGITALIZATION:

TRANSFORMATION AND INTEGRATION OF NATO STANDARDS

Anomauis

VY cTaTTi KOMIUIEKCHO JOCHIIKEHO MEXaHI3MH JIepKABHOTO YIIPaBIIHHS
PO3BHTKOM KaJpOBOTr0 MOTEHIlIATy CEKTOPY Oe3IeKku 1 00opoHn YKpaiHu (maii —
MY KII) B ymoBax mudpoBizallii Ta €eBpoaTIaHTHYHOI iHTerpailii. Bcranosneno,
110 €(pEeKTUBHICTh IUX MEXaHI3MIB BU3HAYAETHCS HE OKPEMHUMH IHCTPYMEHTAMH, a
cTyrneHeM iHTerpamii nudpoBux maarGopMm, KOMIETEHTHICHOTO MiAXOAy Ta
cragmaptiB. HATO B eauHy ympaBiiHCBKY CHCTEMYy. BUSBIEHO CHUCTEMHUU
nucOalaHc: MOTHBAIIsl TIEPCOHAY, OIIHIOBAHHS PE3yJIbTATUBHOCTI Ta Kap’ €pHE
MpoCcyBaHHA  (YHKIIOHYIOTh  SK  aBTOHOMHI  €JIEMEHTH, [0  3HIKYE
MPOTHO30BAaHICTh KaJApOBUX pilieHb. JloBeaeHo, 1o mudposizalilisi BUCTYIIA€ HE

JONOMIKHUM 3acoboM, a 0a30Bor0 yMoBow TpaHchopmanii MY KII, a
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mTerparis cranaaptiB HATO (STANAG 2116, cuctema nipodeciiHoi BiiCbKOBO1
OCBITM,  KOMIIETEHTHICHE  YOpPAaBIIHHSA) —  CTPATEriuyHUM  OPIEHTHUPOM.
3anponoHOBaHO KOHLENTYalbHY MOJENb MOJIEpHi3allii, 10 MO€JHYE CTBOPEHHS
enuHOi 1UppoBoi MIATGOPMHU  KaJIpPOBOIO MEHEIKMEHTY, BIPOBAKEHHS
aHANITUKU TEepcOHany Ha ocHOBI Big Data Ta nmcuxo(i3ioorivHuX KOMILUIEKCIB
OLIIHIOBAaHHS, a TAKOX 1HCTUTYILIOHATI3aIlll0 KaJPOBOTO PE3EPBY SIK IHCTPYMEHTY
JOBrOCTPOKOBOT'O IJIaHyBaHHS.

Knrouosi cnosa: MexaHiaMu JepKaBHOTO YMPABIIHHS, KaJpOBUH MOTEHIIIAI,
cektop Oesmeku 1 oOoponu, mudposizaiis, crangaptu HATO, ynpapniHHA

Kap’ €poro.

Abstract

The article comprehensively examines the mechanisms of public
administration for the development of human resources potential in the security
and defense sector of Ukraine (hereinafter — MPA HRP) under conditions of
digitalization and Euro-Atlantic integration. It is established that the effectiveness
of these mechanisms is determined not by individual tools, but by the degree of
integration of digital platforms, competency-based approach, and NATO standards
into a unified management system. A systemic imbalance is identified: personnel
motivation, performance evaluation, and career advancement function as
autonomous elements, which reduces the predictability of personnel decisions. It is
proven that digitalization serves not as an auxiliary tool but as a fundamental
condition for the transformation of MPA HRP, while the integration of NATO
standards (STANAG 2116, professional military education system, competency-
based management) acts as a strategic benchmark. A conceptual modernization
model is proposed, combining the creation of a unified digital personnel

management platform, the implementation of Big Data-based personnel analytics
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and psychophysiological assessment complexes, as well as the institutionalization
of the personnel reserve as a long-term planning tool.
Keywords: mechanisms of public administration, human resources potential,

security and defense sector, digitalization, NATO standards, career management.

Ilocmanoska npoonemu

CydacHuil cTaH pO3BUTKY CEKTOpy Oe3meku 1 00opoHM YKpaiHu
XapaKTepU3y€eThCsS HaKIaJaHHSAM TPhOX B3a€EMOIOB’SI3aHUX BHKJIMKIB: TPHUBAIOYOT
NoBHOMAacIITaOHOI 30poitHOI arpecii, CTpaTeriyHOro0 KypCcy Ha €BpOATIAHTHYHY
iHTerpario Ta HeoOXimHocTi 1udpoBoi TpaHchopMmallii Bcix chep aepxkaBHOTO
yIpaBIliHHA. Y I[bOMY KOHTEKCTI MEXaHI3MH JEP>KaBHOT'O YIPABIIHHS PO3BUTKOM
KaJIpOBOTO TOTeHIiany cektopy Oesneku 1 oboponu (MY KII) nabyBaroTh
KPUTUYHOTO 3HAYCHHS, OCKUIBKM caMe SKICTh JIFOJCBKOTO PECypcy BH3HAuae
CIIPOMO>KHICTBH CHJI 0OOPOHHM BUKOHYBATH TOKJIAJICHI 3aBAaHHS.

BogHouac ynHHa cucTeMa XapaKTepu3yeThCs TIIMOMHHUM qucOanancom. Sk
3aCBIAYYIOTh pE3yJbTaTH HAYKOBO-AOCHITHUX pobiT HaykoBo-meToanuHOro
HEHTPY KaapoBoi moiituku MinictepcTBa oboponu Ykpainu (2016-2021 pp.),
¢dbparMeHTapHICTh KaJApPOBOTO YIPABJIIHHS TMPOSBISAETBCS y PO3PHBI  MIXK
CTpaTeTiUHUM TUIAHYBaHHSAM IMOTpe0 y TepcoHajai Ta pealbHUMH MEXaHI3MaMu
n000py, OIIHIOBaHHS W Kap €pHOrO0 TMPOCyBaHHSA. MOTHUBAIis, OIIHIOBAaHHS
pPE3yNBTATUBHOCTI Ta YNPaBIiHHA Kap €poi0 (PYHKIIOHYIOTh $SK aBTOHOMHI
KOHTYPH, 110 HE YTBOPIOIOTH €MHOTO KaJapoBoro nukiy. lle mpuzBoauts 10 ToOro,
0  HAaBITh  KOHIENTYyaJbHO  OOIPYHTOBAaHI  DINICHHS  3aJMIIAIOTHCS
JEKIapaTUBHUMHU, a KaJPOBUN MOTEHITIA BUKOPUCTOBYETHCS HEOTTUMAIBHO.

[IpoGnema MOCHIIOETHCS BIACYTHICTIO CHUCTEMHOI 1HTerpamii 1mudpoBux
IHCTPYMEHTIB Y MOBCSIKJIEHHY KaJpOBY MPAKTHUKY, & TAKOXX MOBIIFHUMHU TeMIIaMU

apantauii cranaaptiB HATO y cdepi ynpaBninHs nepcoHanioM. ToMy MeTOrO
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CTaTTl € OOTPpYHTYBaHHS KOHUENTyalbHUX 3acan TpaHchopmauii MY KII uepes
noeHaHHA UU(poBi3allii, IHHOBal1l Ta iHTerpauii crangaptis HATO.

Ananiz nimepamypuux odceper

Teopetnune miarpynra gocaipkeHHs MY KII ¢opmyerbes Ha nepeTuni
iHcTuTynioHaneHoi Teopii (. Hoprt, B. Ckorr), konuenmii ©0e31meKOBOro
ynpasninHg (E. Kpamann) Tta Teopii BiiicbkoBo-tipodeciitHoi comiamizamii (C.
lanrtiarron, I1. diBep). Y BITUM3HAHOMY AMCKYpCl BaroMuid BHECOK 3poOuinu B.
Cokypenko, B. I'ypkoBcekuii, €. Pomanenko, O. Axkimos, 0. Kusar, ski
JOCHIJDKYBalid  npodecioHaizalliio MepcoHany, KOMMIETEHTHICHUM MiaXia Ta
CTaHJAPTU3AIIII0 KaAPOBUX MPOIIECIB.

Oco0OnmBe 3Ha4YeHHS MarOTh HayKoBo-aocihigHi podboru HMI[ KII MOVY
(2016-2021), 30kpema: «JlocmimkeHHs: e(EKTUBHOCTI MiATOTOBKH Ta MPUUHATTSI
KaJpoBUX pIllIeHh Ha MiJCTaBi 3aCTOCYBaHHS BHMOT 10 KaHIWJATiB HA TOCAIH
BiIiCbKOBOCITYX00BIIIB» (2018), «OO0TpyHTYBaHHS MOIUIBHUX IMUISAXIB ITiABUIIICHHS
eekTuBHOCTI (DYHKI[IOHYBaHHS CHCTEMHU yIpaBiiHHSA Kap’epowo» (2019),
«OOrpyHTYBaHHS TOPAIKY (OpMyBaHHA Ta BUKOpUCTaHHs Pe3epBy kaHnuaaTiB
JUIsE TIPOCYBaHHsS 1o ciyx61» (2021). V mmux npaugx 3adikcoBaHO KIIOYOBY
CYNEePEYHICTh: HASABHICTb  PO3BHMHEHOI HOPMATHUBHOI 0a3m  mopsnx 13
¢dbparMeHTapHICTIO 11 MPaKTUYHOI pearizairii.

Bonnowac mutanHs imTerparmii mudposux texHojorii y MY KII ta ix
noeaHaHHsA 31 craggapramu HATO sanumaroThCss HEAOCTATHHO JOCIIKEHUMHU.
3apyOixkni HanpamroBanusa ([Jx. Mapnep, k. bynpo — e-HRM; C. ®danerra, B.
Kom03 — data-driven HRM) cTBOpIOIOTH METOJIOJIOTIYHY PaMKYy, alie TIOTPEOYIOTh
amanTarii 10 cnernudiku YKpaiHChKOTO CEKTOpY 0e3meKu i 000poHH.

Buxnao peszynomamie oocnioscenns

EdexkTuBHICT, MEXaHI3MIB JEP>KaBHOTO YIPABIiHHS PO3BUTKOM KaJPOBOTO
noTeHIiany cekropy 6e3neku 1 oooponu (MY KII) He 3BoUTHCS 10 CYKYITHOCTI

aAMIHICTPAaTUBHUX TPOLEAYp — BOHA BHU3HAYAETHCS TJIUOMHHUM CTYIEHEM
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IHCTUTYUIMHOI ~ Y3rOJPKEHOCTI  MIDXK  HOPMATUBHHUM, OpraHi3aliiHUM  Ta
onepauiiHuM piBHAMH. HopMaTHUBHUI PIBEHb OXOIUIIOE CTPATEridyHl JTOKYMEHTHU
(Ctpareris HamioHanbHOi Oe3neku, Ctpateris BoeHHOI Oe3neku, Konuemniis
BIMCHKOBOT KaJpoBOi MOMITUKH a0 2028 poky) Ta 3akoHOAaBYl akTH (3aKOHU
Vkpainu «IIpo HanioHanbHy Oe3neky Ykpainm», «IIpo obopony Ykpainu», «IIpo
BIMICBKOBUI O00OB’SI30K 1 BIMCBKOBY CiyxOy»). OpraHizaniiHuii piBEeHb
NPECTaBICHUH CTPYKTypaMHu, IO Peasi3yloTh KaapoBy MONITHKY: MiHICTEpCTBO
oboponu Ykpainu, [enapramenT kaapooi noaituku MOV, I'enepanbHuii mrabd
3CY, xagpoBi opraHu BIACHKOBUX 4YacTuUH. OmnepauiiHuii piBeHb — 1€
OesmocepenHi mpoleaypu JA000py, IMIATOTOBKH, OIIHIOBaHHS, poTalii Ta
POCYBaHHS TIEPCOHAITY.

3acrocyBaHHsS  MiAXOAy Security — governance (ympaBiiHHS — O€3ICKOI0)
J03BOJISIE PO3TIISIIATH KaIpOBUW TMOTEHINal HE SK CTaTUYHHH pecypc, a sK
TUHAMIYHY CUCTEMY, 1110 TOTpeOye Oe3nepepBHOrO BiITBOPEHHS Yepe3 3aMKHEHUM
IIUKJI: TJIaHYBaHHS TOTpe® y mepcoHani — a00ip KaHaAuaatiB — mpodeciiiHa
MiATOTOBKa —> OI[IHIOBAaHHSA PE3YJbTATUBHOCTI —> Kap €pHE MPOCYBaHHI —
MOBTOPHE TJIAHYBAHHS 3 YPaxXyBaHHSIM 3BOPOTHOTO 3B’s3Ky. Came 1ed UK HUHI
€ PpO3IpBaHHUM, IO MMATBEPKYETHCS PE3yIbTaTaMH HAayKOBO-JOCHITHUX POOIT
HMII KIT MOVY (2018-2021). Pe3ynpTaTu OIliHIOBaHHS CIa0KO KOPEIIOIOTH 13
MOTHBALIMHUMHU MEXaHI3MaMH Ta pIMIEHHAMH TIpO Kap €pHE 3pOCTaHHS, a
KaJIpoBUil pe3epB y OaraTh0X BHUIMAJIKAaX ICHYe (OpPMaIbHO, HE BHUKOHYIOUH
¢GyHKITIT iIHCTPYMEHTY JOBTOCTPOKOBOT'O IJIAHYBaHHSI.

AHani3 mpakTUKH KaapoBOTO 3a0e3mnedeHHs y 30pornux Cumax YkpaiHw,
MpoBeJeHNUI Ha OCHOBI y3araibHeHHs gaHux HJIP 2018-2021 pokiB, a Takox
MaTrepiaiiB eMIIPUYHUX JOCTIKeHb aBTOpa (AHKETYBaHHS PECTIOHIEHTIB Yy
cTpykTypi [lemapramenty kaapoBoi momitukn MOY, n=64-120 3a pi3HEMHU

HarpsiMaMu), BUSBIISIE TPU KIIFOYOBI 30HH CUCTEMHOIO JIUCcOAIaHCy.
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[lepiia 30Ha — MOTHBAaLIHI MeXaHi3MU. BoHU 30cepemkeHi nepeBaxkHoO Ha
MaTepiaibHUX CTUMYJax (TpoiloBe 3a0e3nedyeHHs, Haa0aBKH, MUIBIH), TOAl SIK
npodeciifHa Ta Kap’€pHa MOTHBAIIlS 3aJIMIIAIOTHCS HEJOCTATHHO PO3BUHEHUMM.
[lonan 60% omuTaHMX PECHOHJEHTIB BKa3aiu, L0 MOXJIHMBOCTI IpodeciiitHOro
PO3BUTKY Ta Kap’ €pHOTO 3POCTaHHS HE MArOTh BHUPIMIAIBHOTO BIUIMBY Ha iXHIO
ciy’k00BYy 3amyyeHicTb. lle CBITUMTH MNpPO JAOMIHYBAHHS E€KCTPUHCHUBHOI
(30BHIIIHBOT) MOTHUBalli HAJ IHTPUHCHUBHOIO  (BHYTpPIIIHBOIO), WIO0O B
JOBTOCTPOKOBI1H MEPCIEKTUBI 3HUKYE CTIMKICTh KaJAPOBOT CUCTEMH.

Jlpyra 30Ha — OIIHIOBaHHS pe3yNbTaTUBHOCTI. [Iporieypn OIliHIOBaHHS
NEPEeBaXKHO dbopmarnizoBaHi, OpIEHTOBaHI Ha KOHCTATAI110
BUKOHAHHS/HEBUKOHAHHS MOCAJ0BUX OOOB’SA3KIB, aji¢ HE BUKOHYIOTh (YHKIIII
3BOPOTHOTO 3B’SI3KYy JIsl mpodeciitHoro po3Butky. Jlume 27-29% pecnoHIeHTIB
(3amexHO B1J JOCIIJKEHHS) MIATBEPIWIIN, 10 PE3yJIbTaTH OIIHIOBAaHHS MAaloOTh
BU3HAUYAJBbHUN BIUIMB Ha (OPMYBaHHS KaJpOBOrO pe3epBYy abo0 pIllIEHHS PO
npocyBaHHs. Y 52—62% BUIMaKIB OILIHIOBAHHS HE BUKOHYE IHTETPYIOUOi (PYHKIIIT
B €IMHOMY KaJpOBOMY ILIMKJIi, IIO MPU3BOAMUTH J0 BTPATH aHATITHUYHOI I[IHHOCTI
HAKONUYCHUX JTAHUX.

Tperss 30Ha — ympaBiiHHS Kap’eporo. Lleli enemeHT Mae Halkpaiie
HaykoBe miarpyts (HJAP 2019 p. «OOrpyHTyBaHHS JOIIJIBHUX IIJISAXIB
MiABUIICHHS €(EeKTUBHOCTI (DYHKIIOHYBaHHS CHUCTEMH YIPABIIHHS Kap’ €poro
BilicbKkOBOCITYk00BIIiB 30poitHux Cun YkpaiHu» MICTUTH PO3TOPHYTI MOJei
Kap’epHOro 1uianyBaHHs). OHAK y MPaKTUYHINA TUIOMIMHI YIPABIIHHS Kap’ €POI0
3QJIMIIAETHCS  HEIHTErpOBaHMM 3 MOTHBAII€El0 Ta OIiHIOBaHHAM. Kap’epHe
MPOCYBaHHS HEPINKO 0a3yeThCsl Ha BUCITY31 POKIB a00 Cy0’€KTMBHUX PIMICHHAX, a
HE Ha MPO30PUX KPUTEPIAX pe3yIbTATUBHOCTI Ta KOMIIETEHTHOCTEH.

Hacnigkom 1poro cucreMHOro aucOaigaHCy € HHU3bKa IMPOTHO30BAHICTD
KaJIpOBUX pilleHb. BiACYTHICTh UYITKOrO 3B’SI3Ky MIK SIKICTIO CIYyKXO0BO1

JUSTTBHOCTI, CTUMYJIIOBAHHSIM Ta Kap €pHUM 3pPOCTaHHSAM MOPOJKYE HEAOBIPY J0
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KaJIpOBOI CHUCTEMH, 3HUKYE MOTHBALIIO JI0 MPOQPECIHHOTO BIOCKOHAJIEHHS Ta
CTBOPIOE PU3HKHU BTPATH BUCOKOKBaII(PIKOBAHUX KaJPiB.

[Togonanns po3puBy MK Okpemumu enementamu MJIY KII moxuse
JWIIE Yepe3 CTBOPEHHS €IWHOTO0 IU(GPOBOrO CEepeloBUINA, sKe (I3UYHO Ta
JIOTIYHO 1HTErpye po3pizHeHi mnponecu. [udposizaimis TyT BUCTyNae HE SK
J0JIATKOBUI IHCTPYMEHT OINTHMI3allii, a Ik 0a30Ba yMOBa, 110 3MIHIOE camy JIOT1KY
yIOpaBliHHS — BiJ pPEakTUBHOI (pearyBaHHd Ha TOTOYHI MOTpedu) [0
NPOAKTUBHOI (MMPOTHO3YBAaHHS Ta MJIaHyBaHHS).

3anporioHoBana aBTopoMm mudposa mmiardpopma «Defense HR Portal»
(«Kampu oOopoHm») Mae 3a0€3MEUUTH YOTUPHU KIIFOUOB1 P YyHKIII.

[To-nepire, nieHTpaTi30BaHmid 00K TaHUX MPO MEPCOHAN, M0 BKIIOYAE HE
nuiie (popManbHi XapaKTepUCTHKHU (110cajia, 3BaHHs, CTax), a 1 AKICHI MapaMeTpH:
piBeHb mpodeciitHoi kBamidikaiii, Ha0yTi KOMIETEHTHOCTI, JOCBII y4acTi B
O0OMOBHX MdisX, PE3yJbTaTH TNEPIOJUYHHUX OI[IHIOBaHb, JaHI MPO MPOXOIKEHHS
KypcCiB ImiaABUIIIEHHS KBajliikarlii Ta mpodeciiiHoi BificbkoBoi ocBitTH (PME).

[lo-npyre, aBTOMaTuM30BaHe CHIBCTABICHHS BUMOI JO0 Tmocany 1
KOMIIETEHTHOCTeH  KaHauaaTiB. lle  103Boisie mepedTw  Big  NPaKTHKH
«MpU3HAYEHHS 3a 3HAHOMCTBOM» a00 «3a HAasSBHICTIO BUIBHOI TOCaaW» MO
00’ €KTUBHOTO MiAOOpPY Ha OCHOBi IM(POBOTO MPOodiI0 BIHCEKOBOCITYKOOBIIS.
[Tnardopma Moke TeHepyBaTH peKOMeHallli I0J0 HAaWOUIBII BiIMOBIIHUX
KaHIWJATIB Ha BaKaHTHI [OCaJHW, BpaxoBYIOUHM He Jmmie (QopMaabHy
KBaTi(piKaIliro, a i MPOTHO30BaHMI MOTEHITIANT PO3BUTKY.

[lo-TpeTe, mpo3opy cHCTEMY Kap €pHOrO IUIAHYBaHHS 3 JIOCTYIOM J10
iHbopMarlii mpo HasBHI BakaHCii, KpuTepii BimOOpy, TEPMiHU pOTAIlii Ta BUMOTH
no xanguaatiB. Lle 3abe3nedye peanmizalliio MPUHIUAITY MEPUTOKPATii — KOXKEH
BIICBKOBOCITY’)kO0OBEIIb Ma€ 3MOTY OayuTH Kap €pHI MEPCHEKTHBH Ta CBIJOMO

IJIaHYBaTH BJIACHUHN POdeciiHUIl pO3BUTOK.
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[To-yeTBepTe, aHATITHYHUI MOAYIH JIsl IPOTHO3YBAaHHSA KaIpOBUX MOTPEOD.
Ha ocHOBI HakonmuM4eHUX AaHUX NP0 IUIMHHICTb, BIKOBY CTPYKTYpPY, PIBEHb
KBaTipikailii, BAKOHAHHS OCBITHIX IPOrpaM Ta IHIII MMapaMeTpU CHUCTEMa MOXKE
OyayBaTH  MPOTHO3M  MIOAO  MalOyTHOro  nediuMty 3a  OKpEeMUMHU
CHeLIaIbHOCTSIMU a00 PIBHAMU YNPABIIHHSA, IO T03BOJISIE CBOEYACHO KOPUTYBATH
MIPOrpaMu MIATOTOBKH Ta 1000py.

Peanizanis mmudposoi miatdopMu aBTOMAaTUYHO CTBOPIOE MEPEIYMOBH IS
IHTerpaIlii: pe3yabTaTH OI[iHIOBaHHS CTAlOTh JOCTYITHUMU JJISl KQAPOBUX OPraHiB,
10 MPUHAMAIOTh PIlICHHS MPO MPOCYBaHHS; (HOPMYBaHHS pPe3epBY CIHPAETHCS HA
00’€KTHBHI JIaHi, a HE HAa CY0’ €KTUBHI OIIHKM OKPEMHUX KOMaHAMPIB; MOTHBALIAH1
MEXaHi3MU HaOyBalOTh MPO30POCTI, OCKUIBKM KpUTEpli 3a0XOYEHHS Ta
NpEeMIIOBaHHS MOXYTh OyTH TpUB’si3aHl [0 JOCATHYTHUX pe3yJIbTaTiB,
3adikcoBaHux y cuctemi. [{udposizaliis, TakuM YMHOM, BUCTYIIA€ KaTaIi3aTOPOM
CUCTEMHOI IHTerpallii, a He MPOCTO TEXHIYHUM OHOBJICHHSIM.

[Tepexin 10 KOMIIETEHTHICHOT Mojem, 3akpimieHoi y cranmaprax HATO,
J03BOJIIE HE Juiie (QopMajabHO aganTyBaTH HOPMATHBHY 0a3y, a W 3MIHUTH
YIPaBIIHCHKY MapagurMy. Tpu cTaHIapTH MalOTh TYT BU3HAYAIbHE 3HAUCHHSI.

STANAG 2116 (NATO Codes for Grades of Military Personnel)
3abe3rneuye yHiikaimio BIMCBKOBHUX 3BaHb Ta IOCaJ, CTBOPIOIOYH IEPEIYMOBHU
JUISE TIOPIBHSIHHOCTI KaJIpOBUX CTPYKTYp YKpaiHuW Ta JepKaB-uJieHIB AJIBSHCY.
IMmnemeHTaniss 1bOrO CTAaHAAPTY JIO03BOJSE ABTOMATH30BAaHO CIIBCTABISATH
Mocaj PI3HUX PIBHIB, IO € HEOOXIJHOI YMOBOIO JUIsi y4YacTi B
OaraToHAaIIOHAIBHUX OIEpallisiX Ta OOMIHY ITEPCOHAIOM.

Cucrema mipodeciitHoi BiiicbkoBoi1 ocBiTi (PME), BU3Hauena noxkymeHTamMu
MC 0458/3 ta AJP-7, po3risigae ocBiTy sik Oe3nepepBHUI MPOIIEC, IHTErPOBAHUHN
y Kap’epHe mianyBaHHs. L{e o3Hauae, mo npoxomxeHHs nesHux piBHiB PME € He

npocTo (HOPMaAILHOIO BUMOT'0I0, a OOOB’SI3KOBOIO TEPEIYMOBOIO JJIsi 3aMHSITTS
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Bumux mnocana. lLudpoBa mnmatpopma Mae aBTOMATH30BAaHO BIJACTEXKYBATH
BUKOHAHHSI IIX BUMOT.

[Tinxoqu 1o ynpaBiiHHS cepkaHTchbkuM ckiagaoM (NCO) nependayarorhb
(GOpMyBaHHS CEpPKAHTCHKOTO KOPIYCYy SIK OKPEMOI YIPaBIiHCHKOI JIaHKH,
BIIMOBINAJIBHOT 3a MIATOTOBKY, MUCIMIUIIHY Ta TMOBCSIKICHHE ()YHKIIIOHYBaHHS
niapo3aunB. Lle motpedye CTBOpEHHS OKpEeMHX Kap’ €pHUX TPAEKTOPIH, CUCTEMH
npodeciifHOT MiATOTOBKYU Ta KPUTEPIiB OLIHIOBAHHS JIJIS1 CEP’KAHTCHKOTO CKIIaly.

KnrouoBum € Te€, 10 IHTEerpaIris X CTaHJapTiB mae
BiI0OyBaTHCS OJIHOYACHO 3 IM(dpoBi3alli€lo, a He TNOCHiI0BHO. be3 uudpoBoi
wiatGopMu  CTaHAAPTH  3AJMINAOTECA  JCKIAPATHBHUMH —  HEMOJXKIIUBO
aBTOMAaTHU30BaHO BIJICTE)KyBaTH BUKOHAaHHA BUMOr PME, cmiBcTaBiasTH KOIH
STANAG 2116 a6o BecTn 00’ €KTUBHUHN OOJIK KOMIIETEHTHOCTEH CEPrKAaHTCHKOTO
cknany. [{udposa miarpopma, CBOEIO Yeproro, CTa€ IHCTPYMEHTOM IMIJIEMEHTAIT11
KOMIIETEHTHICHOTO MiIX0AY, aBTOMAaTHU30BAHOTO BIACTEKEHHS BUKOHAHHS BUMOT
PME Ta npo3oporo kap’€pHOro NpocyBaHHS 3a MPUHIIUIIOM MEPUTOKPATI].

BnpoBamkenns aHanmitTuku Benukux aaHux (Big Data) mosposse mepeitu
BiJl IHTYITUBHHX pIIlIEeHb A0 NMPOTHO3YBaHHS KaJpPOBUX PHU3HMKIB — IUIMHHOCTI,
npodeciiHOr0 BHTOpPaHHS, HEBIAMOBIIHOCTI KBaridikalii 1MmocaJoBUM BHUMOTaM.
AHaITUYHUA MOAYJb IIATGOPMU MOKE BHUSBIISITH NMPUXOBAHI 3aKOHOMIPHOCTI:
HAIPUKJIAJ, 3B’S30K MDK TEBHUMHU THUIAMH OOHWOBOTO JOCBIIY Ta YCIIIIHICTIO
BUKOHAHHS YIPaBIIHCHKUX (YHKIINA, a00 MDK YacTOTOI pOTAIlii Ta pIBHEM
JIOSUTBHOCTI TIEPCOHAITY.

Buxopucrannas mncuxodi3ioloriyHuX KOMILIEKCIB OIIHIOBAaHHS Ha €Tamax
n000py Ta poTairii miABUIITY€E 00’ EKTUBHICTh BUSHAUCHHS MPHUIATHOCTI A0 CITYKOH
B CGKCTpeMaJbHMUX  yMOBaX.  3ampomoOHOBaHWA  KoMmIwiekc  «Military
Psychophysiological Assessment Complex» (MPAC) mae BkiItouaTH CEHCOpPHI
MPUCTPOI ISl BUMIPIOBAaHHS NICUXOEMOIIMHOIO CTaHy, MporpaMHe 3a0e3MeyeHHs

Uit OOpOoOKM JTaHMX Ta aHAIITHYHI MOAyNl sl opMyBaHHS BUCHOBKIB. lle
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OCOOJIMBO aKTyaJIbHO [IJISl TOCaJ, TIOB’SI3aHUX 3 MPUUHATTAM PIICHb B YMOBax
BHCOKOTO CTpPECY.

Boanouac 3acTtocyBaHHs IITYy4yHOro iHTENEKTYy (Al-pekpyTunr) mae Oytu
oOMeXeHe MEePBUHHUM BiIOOpPOM 3 00OB’S3KOBUM KOHTpoJieM JiroauHu («human-
in-the-loop»). TIpomonoBana cuctema «Al Military Recruitment System»
(AIMRS) wmoxe 3pailicHIOBaTH aBTOMAaTH30BaHUN aHal3 aHKETHHX JTaHUX,
npodeciiiHuX HaBUYOK Ta (OpMaJIbHUX KPUTEPIiB, OAHAK OCTATOYHE PIIICHHS PO
JIOTMYCK JI0 MOJAbIINX €TariB BiI0OPY yXBaJIIO€ YIIOBHOBAXEHA MOCa0Ba 0co0a.
Takuii  mAXig — BIANIOBIIA€E  BUMOTaM — €THKHM, O€3lEeKH Ta  3amo0irae
JUCKPUMIHAIIMHAM PU3MKaM, TTOB’ I3aHUM 13 «YOPHHUM SIIIIUKOMY aJTOPHTMIB.

VY3arajgpHEHHS PE3yJbTaTiB JIO3BOJISE 3alPOIIOHYBATH KOHIENTYaJIbHY
MOJIeNb, Y Mexax skoi uudposizaiis, iHHOBamii Ta cranpaptd HATO He €
OKpPEeMHMH HampsiMaMH{, a YTBOPIOIOTh €JIWHUN B3a€EMOIIOB’SI3aHUN KOMILICKC.
udposa mmaTrdhopmMa € TEXHOJOTIUHOK OCHOBOIO, IO 3abesneuye 30ip,
30epiranHs, oOpoOKy Ta aHaji3 KaJApoBHX JaHUX. KoMIETEeHTHICHHH Miaxia Ta
cuctema PME — 3MicTOBHUM HamoOBHEHHSM, sIKe BU3HAYae, K1 caMe J1aHi MaloTh
30Mpatucs Ta SK BOHU IHTEpHpeTyroThes. Ilpo3opi mporeaypu Kap’e€pHOTO
IPOCYBaHHS Ta OI[IHIOBAaHHS — MEXaHI3MOM peaiizamii, 0 IepeTBOPIOE
HaKOIMHUYCHY 1H(POpMAIlit0 Ha KOHKPETHI YIPABIIHCHKI PIICHHS.

Jlume 3a Takoi yMOBH KaJApOBHM pe3epB mepectae Oyt (opMaIbHUM
CIIUCKOM 1 CTa€ IHCTPYMEHTOM JOBTOCTPOKOBOT'O CTPATETIYHOTO TIaHYBaHHS.
MotuBalis nepcoHaqy — TOXITHOI BiJi 00’ €KTHBHUX pPE3YJIbTaTIB CIYKOH,
3adikcoBaHuX y nuppoBomy mpodiii, a He BiJ Cy0’ €EKTUBHUX OIIHOK. YTIPaBIiHHS
Kap’€por0o — Oe3MepepBHUM TPOIECOM, IHTETPOBAHUM 3 OI[IHIOBAaHHSIM Ta
npodeciitHuM pO3BUTKOM.

Taka Moxenp He numie MiABHUINYE €(EKTHBHICTh BUKOPUCTAHHS HASIBHOTO
KaJIpOBOI0 MOTEHI[Iay, aje i CTBOPIOE MEePEyMOBU JJIsl THCTUTYIIMHOI CTIHKOCT1

cekTopy Oe3rnekd 1 00OpOHM B yMOBax JOBIOTPUBATIMX OE3MEKOBHUX BHKJIHKIB.
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[lomanpma iMIIeMEHTalIs MOJENI MOTpedye pO3pOOKM TEXHIYHMX crienudikarii
uuppoBoi mIaThopmMu, aJanTOBAaHUX A0 BUMOT 1HPOpMaLiitHOI Oe3MeKH, a TaKOXK
HOPMATHUBHOT'O 3aKpIIJIEHHS HOBHUX MPOLEAYp Y BIIOMYMX akTax MiHicTepcTBa
obopoHu Ykpainu.

Bucnoeku

Cucrema MJIY KII B Vkpaini xapaktepusyerbcsi (parMEeHTApHICTIO:
MOTHBAIlisl, OI[IHIOBAHHS PE3yJIbTATUBHOCTI Ta YIPABIIHHSA Kap €pol0 HE
YTBOPIOIOTh €MHOTO KaJPOBOTO IHKITY, IO 3HIKYE MPOTHO30BAHICTh KAAPOBUX
pillicHb Ta €PEKTUBHICTh BUKOPUCTAHHS KaJIPOBOTO IMOTEHITIATY.

Hudposizaiiss BuUCTynmae HE JTOMOMDKHUM IHCTPYMEHTOM, a 0a30BOIO
ymoBoto TpaHchopmanii MY KII, ockinbku nuiie eauHa nudposa miaatdopma
3/1aTHA THTETrpyBaTH PO3pi3HEH1 eneMeHTU (00K, OIIHIOBaHHS, TUIAHYBaHHS) B
aQHAITHYHO-TIPOTHOCTUYHY CHCTEMY.

Iaterpanist cranmgapriB HATO (STANAG 2116, PME, koMmneTeHTHICHE
VIOpaBIiHHA) Ma€ 3I1MCHIOBAaTUCA OJIHOYACHO 3 IM(POBI3AIIEI0, OCKLIBKU
udpoBe cepeioBUIE € HEOOXITHOK YMOBOI NPAKTUYHOI IMITIEMEHTAIlll ITUX
CTaHJApTiB (aBTOMATHU30BaHE CITIBCTaBJICHHS PAHTIB, BIJICTC)KCHHS BUKOHAHHS
OCBITHIX IpOTpaM, Mpo30ope Kap’€pHE MPOCYBAHHS).

[TomanbIni gocIiKEeHHS MalOTh OYTH CIIPSMOBaHI Ha PO3pOOKY KOHKPETHHX
TEXHIYHUX PilieHb HUQPPOBOT TIATHOPMH, aanTOBAHUX J0 BUMOT iH(OpMaIiiHO1
0e3MeKn, a TaKOXK Ha eMITIPUYHY BepHQiKaIliio 3apornoHOBaHOT MOJIEN B yMOBaX

peanbHOTO (PYHKITIOHYBaHHS KaJpOBUX OpPTaHiB CEKTOPY O€3MeKu i 000poHH.
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MOPIBHSIJIBHUM AHAJII3 CTPATEIIN CTAJIOI'O
YIIPABJIIHHS JIICOBUMHU PECYPCAMM HA ITPUKJIAII €C TA
YKPATHH

COMPARATIVE ANALYSIS OF SUSTAINABLE FOREST
RESOURCE MANAGEMENT STRATEGIES: THE CASE OF THE EU
AND UKRAINE

Anomauis

VY crarTi 3MIMCHEHO KOMIUIEKCHE MOPIBHSAIBHE JOCIHIKCHHS CTpATETYHHX
MiAXO/IB J0 YIPaBIIHHSA JICOBUMH pecypcamu B €Bpomneiicbkomy Coro3i Ta
VYkpaini. PosransnyTo xirodoBi nosoxeHHsi Hooi sicoBoi crparerii €C no 2030
pOKy, sika TpaHC(hOpPMYye TPIOPUTETH 3 JOMIHYIOUOi €KCIUTyaTaliiiHoi Mozeni
JICOKOPUCTYBAaHHS Ha 30epekeHHs O10piI3HOMAHITTS, 3MIIIHEHHS IMOTIMHAIBHOT
3IaTHOCTI JIICIB Ta MIJABUIIEHHS 1X aJalTUBHOCTI 10 KIIMAaTUYHUX 3MiH. OKpemMo
IIPOAHAII30BAHO MEXaHI3MHU IMIUIEMEHTAIlll KOHIIEMIlii CTaJloro PO3BUTKY, IO
IPYHTY€EThbCSI Ha OajaHCi MDK €KOHOMIYHOIO €()EKTHUBHICTIO JIICOBOTO CEKTOpY,
COITIATLHOIO BIJMIOBIIAJIGHICTIO Ta JIOBTOCTPOKOBOK €KOJOTIYHOK CTIHKICTIO
JICOBUX MACHBIB; HaBEJCHO TPHKIATXA TIIOJTITHK Ta IHCTPYMEHTIB, SKIi
3a0e3reuyoTh  II0  piBHOBary (CTUMYJIIOBaHHS  OaraTo(yHKIIIOHAJIBHOTO
JICOKOPUCTYBaHHA, (DIHAHCOB1 MEXaHI3MH MIITPUMKH MajUuX BIIACHUKIB, CUCTEMHU
MOHITOPUHTY cTaHy Oiopi3HoMmaHiTTs). [IpoaHamizoBaHoO cy4YacHWil cCTaH
pedopMyBaHHs JTICOBOI raimy3i YKpaiHu: mepexis 10 MOJACII €UHOTO JeP>KaBHOTO
CHEIIaTI30BaHOTO IMiIMPUEMCTBA, BIPOBAIKEHHS IU(PPOBUX IHCTPYMEHTIB 00IIIKY
JEPeBUHN Ta TOCTYNMOBAa JIELIEHTpaTi3allisl yHOPaBIIHCHKAX TMOBHOBAXCHb.
BusiBieHo cyTTeBi pO30DKHOCTI Y HOPMATHBHO-TIPABOBOMY IIOJi: YKpaiHChKa
CUCTEMa BCE II€ 3HAYHOI MIpPOI CIHPAETbCS HA HOPMATHUBHI METOIH

PaJsIHCBKOTO 3pa3ka, TOAl SIK €BpPONEHCHhKAa MOJIeNIb OPIEHTYEThCA HA THYUKI
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MEXaHI3MH YIPaBIIHHA, CTUMYJIOBaHHS MPUBATHUX BJIIACHUKIB Ta MAapTHEPCTBO 3
MICUEBHUMHM TrpoMajgaMH. PoO3risiHyTO KOHKpeTHI Oap’epu  IMIIEMEHTaLll
€BPOINENUCHKUX MIAXOMIB B YKpaiHi — MpaBOBY HEBU3HAUYEHICTh WIOJ0 TMpaB
BJIACHOCTI, CJIa0KUH TpOMAJChKHI KOHTPOJb, METOJWYHI MPOTaJIMHU B OI[IHII1
€KOCUCTEMHUX IMOCTYT — Ta 3alPOMOHOBAHO KPOKH OO iX IMOAO0JaHHS.

OxkpeMy yBary npuaiIeHO BIUIMBY BOEHHUX Ji Ha JlicoBUM GoHA YKpaiHu
Ta CHUCTEMAaTHU30BaHO pU3UKU ((pi3uuHE pyHHYBaHHS JIICIB, HE3aKOHH1 BUPYOKH,
3a0pyAHEHHs, MiHHA HeOe3MeKa), Kl YCKJIQJHIOITh BITHOBJICHHS 1 MOTPEOYIOTh
HEBITKIIAHOTO TEPETJIsAy CTpATeridi OXOPOHHM ¥ BiTHOBJICHHS. 3alpONOHOBAHO
NPIOPUTETHI 3aXOAW JJI1  HAJA3BUYAWHOrO 3aXUCTYy JICIB — THUMYacOBE
3aMpoBa/PKCHHS 30H OXOPOHHW, TIOCHJICHHS KOHTPOJIO 3a IEepEeMIlllCHHIM
JCPEBUHHU, CTBOPCHHS MOOUIBHMX TPyH JIJII EKCTPEHOTO MOHITOPHHTY Ta
BiTHOBJICHHS TIONIKO/DKCHMX JUISTHOK. |HTEHCHBHO PO3TJISHYTO KOHIICIIIIIO
«HAOJMKEHOTO JI0 MPUPOJIH JICIBHUIITBAY, SIKa € PyHIAMEHTAIBHOIO ISl TTOJITHK
€C. OriHeHO MOTeHIial BIPOBAKEHHS BUOIPKOBUX Ta IOCTYIMOBHX CHUCTEM
pyOoK B YKpaiHi K €KOJOTIYHO paIliOHAJIbHOI aJIbTePHATUBHU CYIUTBHUM 3py0am:
3HIDKCHHSI €pO31MHMX TMpOIECiB, 30€peKeHHS MIKPOKIIMATy W CTPYKTYypHOI
PI3HOMAHITHOCTI JIiCy, MIATPUMKa pereHeparii miHHUX T1opin. HaseneHo
OPUKIATA TMPAKTHYHUX TIAXOMIB  (CXeMH BHOIPKOBHUX pPYOOK, TIOCTYIIOBE
dbopMyBaHHA  HACIHHEBMX  JUISHOK,  pErJIaMEHTYBaHHA  IHTEHCHBHOCTI
BIITBOPCHHS), a TaKOX OI[IHEHO aJMIHICTPaTUBHI Ta €KOHOMIUHI YMOBH IS iX
BIIPOBA/KCHHSI. ABTOp JOBOJUTH, IO MEPEXil JO TaKUX METOIB € HE JIHIIE
EKOJIOTIYHOI0 HEOOXIAHICTIO, a W yMOBOIO JJs IHTerpamii VYkpaiHu B
€BPOTEHUCHKUI JIICOBHIM MPOCTIP Ta BIAMOBIMHOCTI MDKXHAPOJHUM CTaHAapTaM
ceprudikamii. Po3rnsgayTo ponb micoBoi ceptudikarii 3a crangapramu FSC Tta
PEFC sk wMexaHi3My pHHKOBOTO pEryJIOBaHHS CTajoro JICOYIpaBIiHHS.
[IpoananizoBaHo cuTyalilo B YKpaiHi: Xo4ya yacTKa cepTU(IKOBAHHX IUIOU] Y

JIep>KaBHUX JIICTOCHaX € BIAHOCHO BHUCOKOK, YacTWHA cepTtudikamii mae
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(opManbHUN  XapakTep dYepe3 BIICYTHICTh €(PEKTUBHOIO TIPOMAJCHKOrO
MOHITOPUHTY Ta OOMEXEHUX MEXaHI3MIB KOHTPOJIIO 3a JIAHLIOTOM IOCTa4yaHHS.
[IpoBeneHo mMOpiBHAJNBHUN aHaNi3 JOcBIAY KpaiH CxigHoi €Bpomu (30Kpema
[lonpmi Ta PymyHnii), sAki npoiuumm eranu aganTamii no crangaprie €C;
OKPECJIEHO TMpaKTUYHI ypPOKH JJIg YKPAiHCBKUX IHCTUTYIIH: TOCHUJICHHS
MPO30POCTi, 3alydeHHS HE3AICKHUX ayIUTOPiB, PO3BHUTOK T'POMAICHKOTO
KOHTPOJIO Ta CTUMYJIIOBaHHS PUHKOBUX nepeBar ceprudikaiii. ExonomiuHui
OJIOK JOCHIKEHHS MPUCBAYEHO TpaHcpopMmalii Mojeni J0XOoJiB y Oik
Kamitajnizaiii eKOCUCTeMHUX mnociyr. [IpoaHanizoBaHO MeXaHI3MHU KOMIIEHCAIlli
BJIaCHUKaM 3a 30€peKeHHsI BYTJICII0, OXOPOHY BOJHHUX PECYPCIB 1 MIATPUMKY
O10pI3HOMAHITTA, M0 AaKTUBHO po3BHBalOThcs B €C (mmardhopmu TOPrivii
BYIJICIICBUMH  OJUHUIISIMH, TPOTPAMH arpOeKOJIOTIYHUX TIUIATeXIB, IJIOTHI
NPOEKTH 3 BUIUIAT 32 30€pEKEeHHS 010pI3HOMAHITTS).

Y  BHCHOBKaxX Yy3araJlbHEHO TIPIOPUTETHI HANpsSMH  TapMOHI3aIii
YKpaiHCBKOI'O JIICOBOTO 3aKOHO/IaBCTBA 3 BUMOraMHu €BpOINeichKo1 3eJeH0i yroau
Ta pEeKOMEHAAIIIMA MDKHApOJHUX CTaHAapTiB. HarosjomeHo Ha HEOOX1THOCTI
oOYI0BU CTPATETii CTAJIOro JiCOyIPaBIiHHS, III0 0a3yBaTUMEThHCS Ha MPUHIIMIIAX
aJIallTUBHOTO  MEHEKMEHTY,  IPOAKTUBHOTO  BpaxXyBaHHS  3pOCTAIOUUX
MiPOJIOTTYHUX PHU3MKIB Ta TOCHJICHHI poJIi JICIB y 3a0e3leueHH] KIIMaTHYHOI
Oesrmeku. Y MIACYMKY MiAKpEeciIeHO, IO TpaHchopMallis JICOBOTO CEKTOPY
VYKpaiHu € cTpaTeriyHo MepelyMOBOIO IS JTOCATHEHHS €KOJIOT1YHOI CTIHKOCTI,
€KOHOMIYHOT KUTTE3JATHOCTI Ta BIIMOBITHOCTI MI)KHAPOHUM 3000B’ I3aHHSM.

Knrwouosi cnosa: micoBi pecypcu, craje JICOYNpaBIiHHS, JIICOBA MOJITHKA
€C, micoBe rocmomapcTBO YKpainu, OI1OpI3HOMAHITTS JICiB, €BpOMEUCHKUN

3eJIEHNH KypC, €KOJIOT19HA CTIHKICTh JIiCiB, €KOCUCTEMHUH MiAXiT.
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Abstract

This article presents a comprehensive comparative study of strategic
approaches to forest resource management in the European Union and Ukraine. It
examines the key provisions of the EU’s New Forest Strategy for 2030, which
shifts priorities from the dominant exploitative model of forest use to the
conservation of biodiversity, strengthening the carbon sequestration capacity of
forests, and enhancing their adaptability to climate change. Separately, the
mechanisms for implementing the concept of sustainable development are
analyzed, based on a balance between the economic efficiency of the forest sector,
social responsibility, and the long-term ecological sustainability of forest areas;
examples of policies and instruments that ensure this balance are provided
(promotion of multifunctional forest use, financial support mechanisms for
smallholders, and biodiversity monitoring systems). The current state of forestry
sector reform in Ukraine is analyzed: the transition to a model of a single state-
owned specialized enterprise, the introduction of digital timber accounting tools,
and the gradual decentralization of management powers. Significant discrepancies
in the regulatory framework have been identified: the Ukrainian system still relies
heavily on Soviet-style regulatory methods, whereas the European model focuses
on flexible management mechanisms, incentives for private owners, and
partnerships with local communities. Specific barriers to implementing European
approaches in Ukraine—legal uncertainty regarding property rights, weak public
oversight, and methodological gaps in the valuation of ecosystem services—are
examined, and steps to overcome them are proposed.

Special attention is given to the impact of military operations on Ukraine’s
forest resources: risks (physical destruction of forests, illegal logging, pollution,
and mine hazards) that complicate restoration and require an urgent review of
conservation and restoration strategies are systematized. Priority measures for

emergency forest protection are proposed-the temporary establishment of
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protected zones, strengthened control over timber movement, and the creation of
mobile teams for emergency monitoring and restoration of damaged areas. The
concept of “nature-friendly forestry,” which is fundamental to EU policies, is
examined in depth. The potential for implementing selective and gradual logging
systems in Ukraine as an ecologically sound alternative to clear-cutting has been
assessed: reducing erosion processes, preserving the microclimate and structural
diversity of the forest, and supporting the regeneration of valuable tree species.
Examples of practical approaches (selective logging schemes, gradual formation
of seed stands, regulation of regeneration intensity) are provided, and the
administrative and economic conditions for their implementation are assessed. The
author argues that the transition to such methods is not only an ecological
necessity but also a prerequisite for Ukraine’s integration into the European forest
area and compliance with international certification standards. The role of forest
certification under FSC and PEFC standards as a market-based mechanism for
regulating sustainable forest management is examined. The situation in Ukraine is
analyzed: although the share of certified areas in state forestry enterprises is
relatively high, part of the certification is of a formal nature due to the lack of
effective public monitoring and limited mechanisms for controlling the supply
chain. A comparative analysis is conducted of the experience of Eastern European
countries (specifically Poland and Romania) that have gone through the stages of
adaptation to EU standards; practical lessons for Ukrainian institutions are
outlined: increasing transparency, engaging independent auditors, developing
public oversight, and promoting the market benefits of certification. The economic
section of the study is devoted to the transformation of the revenue model toward
the monetization of ecosystem services. It analyzes compensation mechanisms for
landowners for carbon sequestration, water resource conservation, and biodiversity

support, which are actively developing in the EU (carbon trading platforms, agri-
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environmental payment programs, and pilot projects for biodiversity conservation
payments).

The conclusions summarize priority areas for harmonizing Ukrainian
forestry legislation with the requirements of the European Green Deal and the
recommendations of international standards. The need to develop a sustainable
forest management strategy based on the principles of adaptive management,
proactive consideration of growing pyrological risks, and strengthening the role of
forests in ensuring climate security is emphasized. In conclusion, it is emphasized
that the transformation of Ukraine’s forestry sector is a strategic prerequisite for
achieving environmental sustainability, economic viability, and compliance with
international obligations.

Keywords: forest resources, sustainable forest management, EU forest
policy, forestry of Ukraine, forest biodiversity, European Green Deal, ecological

resilience of forests, ecosystem approach.

Ilocmanoska npobaemu. CydacHUM CTaH CBITOBHX JIICOBUX PECypCiB
BU3HAYAETHCA KPUTUYHUMHM HACHIIKAMHU KIIMATHYHUX 3MiH 1 TIOCHUJICHUM
AQHTPOIIOTEHHUM THCKOM, IO BHUMAara€ paJuKaJbHOIO MEPETIany TPaaUuLliHHUX
miAXOMIB 70 JicoynpaBimiHHA. [[ns VYkpaiHu, sAKa OJHOYACHO TIPOXOJHTH
€BPOIHTETpAIliiiHy TpaHCHOpPMaIlil0 Ta BIAHOBIIOE TEPUTOPIi U EKOHOMIKY ITICIIS
BOEHHUX JIiH, IEPEXiJl 10 CTPATETii CTAIOro JICOBOTO TOCIOAAPCTBA MA€ HE JIHIIE
€KOJIOTIUHE, a i Oe3MeKoBe Ta eKOHOMIuHe 3HaueHHs. [le mepenbauae iHTETrpaIio
3yCHIb 31 30epekeHHs O10pI3HOMAHITTS, MIABUINCHHS KIIMAaTHYHOI CTIHKOCTI
JICOBUX €KOCHCTEM Ta PAI[IOHAIBHOTO BUKOPUCTAHHS JIEPEBUHHUX PECYPCIB.

[TpoGnema mosnsrae y HEOOXITHOCTI TapMOHI3aIlli iICTOpUYHO chopMOBaHOT
PECYPCHO-OPIEHTOBAHOI MOJIEI yIPABIiHHS JlicaMH B YKpaiHi 3 €KOCUCTEMHHUM
miaxoaoMm, 1Mo mpomnoHye €Bponeiicbkuiit  Coro3. ExocucTeMHUM — MIXiJT

OpIEHTYETHCSI HAa 30€pPEKEHHSI CTPYKTYPHOI 1 (PYHKIIOHAIBHOT IUTICHOCTI JIICIB,
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BIIHOBJICHHSI JETPaJIOBaHUX YTillb, 3aXUCT PIAKICHUX BHUAIB Ta 3a0€3MEUYEHHS
MPUPOAHUX CEPBICIB (30KpeMa PEryIIOBAHHS BOJAHOTO PEKHUMY 1 MOTJIMHAHHS
BYIJIEL}0) OUIblIE, HK MaKCHUMaJlbHE BUJIYYEHHs JepeBUHM. IIpakTU4HI KpOKH
MOXXYTh BKJIIOUATH: MEPEeryisii HOPMATHUBHO-NIPABOBOi 0Oa3W JICOYNMpaBiIiHHA 3
ypaxyBaHHSIM  MDKHapOAHUX  CTaHAAPTIB,  BIPOBAIKEHHA  MOHITOPUHTY
OlOpI3HOMAHITTSI Ta BYTJCLEBUX 3araciB, CTUMYJIOBAHHS BiIHOBJICHHS JICIB
NPUPOJTHAMH METOJIaMH, a TaKOX MIATPUMKY MICIIEBHUX TpOMaJ 4epe3 IMpOorpaMu
CTaJIOl 3aMHATOCTI Ta EKOJIOTIYHOTO KOHCAJITHHTY. Y3TOJDKEHHS IHUX ITiXOJiB
BUMaraTUMe IOETaIHuX pedopM, IHTErPOBAHMX IUIAHIB JIICOKOPHCTYBAHHS Ta
MDKCEKTOPHOI ~ KOOpJMHAIi, TOOTO TIO€IHAHHS HAYKOBUX  JOCJIJIKCHb,
MPAaKTUYHUX METOJIUK BIIHOBJICHHS 1 COIIAJIbHO-€KOHOMIUYHUX 3axoJiB. Takuit
nepexij 3a0e3MneynuTh He JuIle 30epeKeHHs 1 BIATBOPEHHS JIICOBUX pecypciB, a U
MiBUILICHHS KIIMATUYHO1 CTIMKOCT1 KpaiHu, 3MIIIHEHHS 11 €KOJIOTTYHOT Oe3neKu i
JIOBIOCTPOKOBOT €KOHOMIYHO1 CTA017ILHOCTI.

Ananiz ocmanmix oocnioxcenv i nyonikayit. Y mepiong 2022-2026 pokis
JOCHIPKEHHSI CTAJIOTO JIICOYMpPABIIHHSA OTpUMaid HOBHM immynbe. [lutanus
ajanTarii JIiciB A0 KIIMAaTHYHUX PU3UKIB JETAIBHO PO3TIISIHYTO Yy mparsix Schmidt
& Miiller [11], sxi HaroJOmyrOTh Ha BaXXJIUBOCTI MIIIAHMX HACAJKCHb IS
CTIMKOCTI A0 mipoyioriyHuXx 3arpo3. B VYkpaini ¢yHmamMeHTalbHI IOCTIIKEHHS
BIUITMBY BOEHHHUX JIii Ha JIICOBI EKOCHUCTEMH Ta PO3pOOKY cCTpaTerid ix
BiHOBIICHHS mpoBoauian Bacumok®°O.B. Ta iH. [2], migkpecao4ud poirb
TUCTAHIIfHOTO  30HAYBaHHS 3eMii. OIIHKY eKOCHCTEMHUX TIOCIHYr  SK
(b1HAHCOBOTO IHCTPYMEHTY CTaJOr0 PO3BUTKY MPOAHai30BaHO y 3BiTax European
Forest Institute [10], me mic po3rIsiIaeThCcsl K KIIOUOBHA aKTHB JICKapOOHI3aIlii.
[Ipobnemu ceprudikaiii Ta mPO30pPOCTI PUHKY JEPEBHHU B yMOBax IU(GPOBOI
tparcdopmarrii 2025-2026 pp. BucBiTiieHi y podorax boumaps A.O. [1].

ABTOpU [5] TMpONOHYIOTH KOHKPETHI KpOKM [1Jisi  pedopMyBaHHS

YKpPaiHCHKOI'O JIICOBOTO CEKTOpYy, 100 HAaOJU3UTH HOTr0 10 €BPONEHCHKUX
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CTaHJApTIB IPO30pPOCTI Ta EKOJIOriYHOCTI. 30KpeMma, 3amyna, [.B.; Tanaciesa,
M.M.; Tpasin, B.B. [6] aHani3ytoThb KOH(JIKT 1HTEpPECIB: JICTOCHHU MParHyTh
MaKCHUMI3yBaTH JOXI1Jl B/l MPOJAXKY JAEPEBUHM, TOA1 SIK IPUPOJTOOXOPOHHI 3aX0AU
(3aXMCT pIAKICHUX BHJIIB, CTBOPEHHS 3aMOBIIHUX 30H) NOTPEOYIOTh 3HAYHUX
BUTpAT 1 OOMEXYIOTh BUPYOKY. Y CTaTTi JTOBOJIUTHCS, IO IIi 3aX0JM HE MOBUHHI
Ooytu 30utkoBumu. Hayxosui emuyk JI.I., Honix JL.IO., BoitnanoBuu .M. [3]
CTBEpP/KYIOTh, 110 B CY4YaCHUX yMoBax (0coOJMBO TmiJg 4Yac BIMHH Ta
NOCTIPEUEACHTHOTO BIJHOBJICHHS) EKOJIOTIYHUM CTaH TEPUTOPId 1 PUBHKHU
TEXHOTEHHUX KatacTpod Oe3mocepenHbO BIUIMBAIOTh HA BWKMBAHHS HaIlii Ta
CTaOUTbHICTD JIEP>KABH.

VY 2026 pori crnocTepiraerbcst 3pOCTaHHS KUTBKOCTI Mpallb, MPUCBIYEHUX
BUKOPUCTAHHIO IITYYHOTO IHTENEKTY B JicoBii miposorii. CyvacHi aBropu [3, 5,
6] ONMUCYIOTh ANTOPUTMHU TNPEAUKTUBHOTO aHaTi3y BOTHIO, SIKi 0a3yrOThCsl Ha
HEHpOMEpEKEBUX MOJENSIX PO3MOBCIOHKEHHS TOXKEX 3aJ€XKHO Bl BOJOTOCTI
miacTuiaku. lle miaTBepiKye Te3y MHpo Te, IO 3axXUCT JOBKUUIS ChOTOJHI
HEMOXJIMBUN 0€3 TIIMO0KOi iHTerpallii iU poBUX PillIeHb.

Memoro € TIpOBEACHHS TOPIBHSUIBHOTO aHaJli3y CTpaTerii Ccrajoro
micoympaBiinus €C Ta YKpaiHu, BUSBICHHS IHCTUTYIIMHUX Ta TEXHOJIOTTYHHX
PO3pHUBIB, a TaKOX OOTPYHTYBaHHsS PEKOMEHJAINM MO0 BIPOBAHKEHHS MO
HaOIMKEHOTO 70 MPUPOJIH JIICIBHUIITBA B YKpaiHChKi peatii 2026 poky.

Buknao ocnosnoco mamepiany oocnioxcenns. DOyHIAMEHTOM JICOBOT
nonmitukn €C y 2026 pori 3amumiaeTbCsi «CBpOIEHChKa 3€lieHa Yrona», sKa
BUMAarae Bij] KpaiH-WIECHIB CYBOPOTO MOTpUMaHHS OalaHCy MK €KOHOMIKOIO Ta
exonoriero. Ha BimMmiHy Bij momepemHix AecsaTHIiTh, cy4acHa cTpareriss €C
0a3yeThCsl HAa KOPCTKOMY MOHITOpPHUHTY ByriereBoro Oamancy. European Forest
Institute [10] 3a3nagae, mo jgicu €C MamTh CTaTH HETTO-TIOTJIWHAYAMH, IO

3MYIIY€ BIIMOBIISITUCS BiJl IHTECHCUBHUX PYOOK y CTapOBIKOBHX JIICaX.
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B Vkpaini x ocHOBHUH (DOKYC OCTaHHIX pOKIB OyB CHpSIMOBaHUN Ha
pebopmyBanHs cTpykrypu ynpaiiHHA. CtBopenns Il «Jlicu VYkpainm»
JI03BOJIUJIO IIEHTpAIi3yBaTH pecypcH, mpote, sk 3ayBaxye bonmap A.O. [1],
PU3MKM MOHOMOJI3ALIT Ta MPIOPUTET NPUOYTKY HaJ €KOJIOTTUHUMHU (YHKLISIMU
3aIMIIAIOTECA  AKTyaJbHUMH BHUKIMKaMH. [lopiBHSHHS 0a30BMX IOKa3HHKIB
HaBeJeHo y Tabur. 1.

Tabmuis 1
[lopiBHsIIBHA XapaKTEPUCTUKA MOJIENIEH JI1COYIPaBIIIHHS

(mani cranom Ha 2025-2026 pp.)

[TapameTp nopiBHAHHS Mopens €C (cepenne) Mogenps Ykpainu
Howminyroua popma [IpuBatHa Ta kOMyHanbHa |[IepkaBHa (moHan 98%)
BJIACHOCTI (monazg 60%)

OcHoBHu# MeTon1 pyOok  |BubipkoBi Ta moctynoBi  [[IepeBaskHO CylIbHI (3
esieMeHTaMu pedopmn)

Cuctema ¢inancyBanns |CyOcuaii 3a ekocucteMHi  (CamodiHaHCYBaHHS 3a

TIOCTTyTH PaxXyHOK MPOJaxXy
NepeBUHU
PiBenb nudporizarii I'moGansuuii MoniTopunr  [Enexrponnuii 061k (EO/),

BripoBaxeHHs ['1C

Konneniiis «HaOIMXEHOTO O TPHUPOJX JIICIBHUNTBA» B E€BPONECHCHKOMY
Cor3i mepenbayae BIiIMOBY BiJ OJIHOBIKOBHX MOHOKYJIbTYP Ha KOPHCTH
0araToBIKOBHX Ta BHJIOBO PI3HOMAaHITHHX HacapkeHb. Jlocmimkenas Schmidt &
Miiller [11] memoncTpyroTh, o Taki jicu Ha 40% CTIHKIM A0 MIKITHUKIB 1
MOKEK, OCKUTBKM CTPYKTYpHA Ta BUJIOBOBA PI3HOMAHITHICTh 3HIDKYE TOUTUPEHHS
MIKITHUKIB 1 mOcnabitoe TpurepHi (akTOpu BEIMKUX BOTHUIN. Y KOHTEKCTI
VYkpainn BIPOBAKCHHS I1i€1 MOJAENI CTPUMYETHCS 3aCTAPUIMMH CAaHITAPHUMH
MpaBWIaMH Ta TPaKTUKaMH BUPYOKH, TpoTe B KapmaTchkoMy perioHi Bxke
MPOCTEXKYIOTHCA TIO3UTUBHI  3PYIICHHS: MICIEBl JIICTOCIA  3aCTOCOBYIOTh
BUOIPKOBY pYOKY, CIIPUSIIOTh IPUPOJHOMY MOHOBJIICHHIO Ta IHTETPYIOTh MIAXOAH 3

HCTICPCPBHUM 6aFaTOHIap0BI/IM HaCaaXCHHIM.
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Exonoriuauii pusuk 1 Yipainu y 2026 poii Mae cnerudiyHui Xapakrep
— MiHHa HeOe3neka BeMKUX TepuTopiid. 3a nanumu Bacuitoka O.B. Ta iH. moHaf
2,5 MJIH Ta JiciB MOTPeOYIOTh CHENIali30BaHOTO OOCTEKEHHSI Ta PO3MIHYBaHHS
[2].
E€porneiicekuii Coro3 mnanye 10 2030 poky 3anpoBauTH OHOBIICHY JIICOBY
TOKTpUHY (TabI. 2.).
Tabmuis 2

CrtpateriuHi OpieHTUPH PO3BUTKY JIICOBOT'0 cekTopy A0 2030 poky

[Ipiopurer Crpateris €C 2030 Crpareris po3BUTKY Y KpaiHu
(mpoexT 2026)

Exonoriuna CyBopa 0XopoHa CTapOBIKOBHUX |BiAHOBJIEHHS JICIB MIiCIs OOMOBUX

poJib JICIB hi§15|

Exonomiuna Kackagne BukopucTanHus [Tornu6nena nepepobka BcepeauHi

MO/IETh JICPEBUHH Ta €KOCHCTEMHI KpaiHu Ta €KCITOPT MPOTYKIIi1
TIaTexi

Kimmar 301UIbIIIEHHS HOTJIMHAIBHOT CTBOpEHHs JIICIB Ha JerpaJioBaHUX
31aTHOCTI BeMIISIX

YrpaBniHHs Henentpanizamis ta nigrpumka |[[Lleatpanizaris (11 «Jlicu
NPUBATHUX BIIACHUKIB Ykpainu») 3 TOCUJICHHSIM

111 (PPOBOTO0 KOHTPOJIIO

Ils crpareris mepemdayae paavKadbHAM 3CyB aKIICHTIB: BiJ] NEPEBAKHOTO
BUKOPHUCTAHHS JIICIB 3 METOK €KCIUTyaTarlii g0 MNpiOpUTETIB, CHPSIMOBAHHX Ha
OXOPOHY OIOPI3HOMAHITTS, IMOCHJICHHS 3JaTHOCTI JIICIB IOTJWHATH BYTJEHb Ta
MOKPAIIECHHS IXHBOI CTIHKOCTI Mepej JIMIEeM KIIMaTHYHUX TpaHCcPopMallii.

CporogHi CBITOB1 JICOBI pecypcH BCE 4YacCTillle OI[IHIOIOThCS HE B
KyOOMeTpax JepeBHHHM, a B TOHAaX JCTMOHOBAHOTO BYTJICHIO; II€ 3MIHIOE
IHCTPYMEHTH JIICOBOTO MEHEHPKMEHTY Ta €KOHOMIYHY MOTHBAIli0 BiIacHUKiIB. €C
aKTHUBHO p030Yy/I0BY€ PUHOK BYTJIEUEBUX KPEAUTIB ISl JTICIBHUKIB, CTUMYIIIOIOYHN
MPaKTUKW, 1[0 MIABUIIYIOTH OlomMacy i JOBrOCTPOKOBE 30€piraHHsl BYTJIELIO.

3rinno 3 aHanizom European Forest Institute [10], Ykpaina Mae 3HauHuUiA
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MOTEHIIan y Wi cdepl, 30KpemMa 3a pPaxyHOK CamMO3aJiCHEHHX 3eMelb 1
JEerpajoBaHuX Yrigb, $AKI MNOTpeOylOTh Jieramizalii Ta BKIIOYEHHS [0
HalllIOHAJIBHUX CTpATErid BYIJeleBoro cekpectpy. Lle BiikpuBae MOXIMBOCTI s
(iHAaHCOBUX MEXaHI3MIB pecTaBpallii JICIB 1 3aly4eHHS 1HBECTOPIB 0
BIJTHOBJICHHS] EKOCUCTEM.
3a migxonoMm [8] HUMH Oyja CTBOpPEHA MAaTpPUL EKOJOTO-JOTICTUYHHX
pu3uKiB (Tabmn.3.).
Tabmuns 3

O1iHKa pU3HKIB JOTICTUYHUX OIepalii y J1iICOBOMY rOCIOIapCTBI

Jlorictnyna Exonoriunmii pusuk |PiBens BrummBy (1-  [3axoau 3 MiHiMi3alii
orepartis 10)
TpentoBaHHs Eposzis [PYHTY, 8 BukopucranHus
JCPEBUHU TOIIIKOJIKCHHS KaHATHO-TIABICHUX
iAPOCTY CUCTEM
TpancnopryBanus |Buxkuau COg, 6 Ornrrumizarist
nerpaaaris MapIIpyTiB (T'IC-
JOPO’KHBOI CITKH MO/IEITFOBAHHS )
Jlico3aroTiBs [Topymenns 9 Ha6mmkene 710
O10pI3HOMAHITTS, MPUPOJIN JTICIBHUIITBO
MIPOTeHHHUI PU3UK (BUOIpKOB1 pyOKH)
CknanyBaHHs 3axapalleHHs, pU3UK 4 CBoeuacHa BHBO3Ka,
IKITHAKIB BUKOPHCTaHHS
MOPYOKOBUX PEIITOK
17151 G10€HEPTreTUKHU

3axuCT JOBKUUIA B paMKax CTaJlOTO PO3BUTKY Mependaydae po3MUpeHHS
Mepexi «CmaparnoBoi Mepexi» B Ykpaini. KoHdmikT Mix 3aroTiBiero Jicy Ta
OXOPOHOIO MPUPOTHUX TEPUTOPIN 3ATUIIAETHCS TOCTPUM: HEOOXITHO TTOETHYBATH
JOMYCTUMY TIPOMHCIIOBY [ISTIBHICTD 13 JKOPCTKUMH KPUTEPISIMU 30€pEeKeHHS
OiopizHOoMaHiTTa. B Ykpaini yactka 3amoBigHOCTI JiciB 3pocna m0 18%, mpote
AKICTh OXOPOHH ¥ IHCTUTYI[IHHOTO MEHEIKMEHTY 3JIUINAETHCS HIDKYOIO

MOPIBHAHO 3 HIMEIBKUMH Ta TIOJBCHKUMHU aHAJIOTaMH; TIPIOPUTETHUMU €
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MOCUJICHHSI  PECYpCHOTO  3a0e3MeYeHHs] OXOPOHHUX CTPYKTYp, HaBYAHHS
MEPCOHANTY Ta BIIPOBAKEHHS CHCTEM MOHITOPHHTY CTaHY €KOCHUCTEM.

JlicoBa mipoJiorist cTaja KIYOBOKO JUCHUHUILIIHOIO JIICOBOIO MEHEIKMEHTY.
BripoBa/keHHsI CHCTeM paHHBOTO BHSIBICHHA TMOXEXK (Komruieken Al-kamep,
TEPMaJIbHI CEHCOPU Ta CYNYTHUKOBUM KOHTPOJb) y KpaiHax €C a03BOJIWIIO
3MEHIIUTH TUIONII BUTOpaHHS MNpuONM3HO Ha 25% 3aBIAKM ONEpaTUBHOMY
BUSIBJICHHIO TapsiluMX TOYOK 1 IIBHIKOMY pearyBaHHIO. B Vkpaini, 3a gaHumu
npakTtuk 2025 poky, Taki CHCTEMH MOYaIH MacOBO BIPOBA/KYBATHUCS y MIBHIYHUX
o0JacTsX 3 METOI0 3amoOiraHHs TPAHCKOPIOHHUM MOXKeXaM; e(EeKTHUBHICTb
MiABUIIYETHCA MPH IHTErpallii 3 JICOBOK OXOPOHOI0, MICIIEBUMHU PATYBaJIbHUMU
CIIy’)k0aMU Ta MMPOTHO3HUMH MOJICIISIMU TTOKEKHOT TOBETIHKH.

CorialbHUH acMeKT CTaJOr0 PO3BUTKY BKIIOUAE MiATPUMKY MICIEBUX
rpoMaj] 1 CTBOPEHHS] €eKOHOMIUYHUX CTUMYJIB JuIsl 30epekenHs jdiciB. Y €C micoBi
KOOTIEpaTUBH Ta MICIEBl MIANPUEMCTBA € OCHOBOI CUIBCHKOI'O PO3BUTKY,
3abe3rneuyoun poOodi Micls 1 JIOBFOCTPOKOBI iHTepecu rpomaa. B Vkpaini
pedbopma 2024-2026 pokiB mepeadavae BigpaxyBaHHS dacTUHU TpuOyTKy JIIT
«Jlicm Ykpainu» Ha po3BUTOK 00’ enHanux Tepuropianbaux rpomaz (OTI), mo €
KPOKOM JIO €BPONEHCHKOT MOJEl COILiaJIbHOI BIAMOBIAAIBHOCTI Ta MICIIEBOTO
CIIBYIIPABIIIHHS JIICOBUMH pecypcamu. s ycmixy HEoOXigHO 3a0e3MeunuTH
IPO30PICTh PO3MOIUTY KOIITIB 1 MEXaHI3MHU y4acTi rpoMaj] y MPUHHATTI PIIlICHb.

Ceprudikariss FSC mnpomoBkye BHUCTynmaTH TapaHTOM €KOJIOTIYHOI Ta
COINaNIbHOT BIAMOBINATBHOCTI JIicorocmogapchkoi mismipHOCTI. Ha 2026 pik
o6mm3pko 80% mepxaBHUX JICIB YKpaiHU MaroTh 1ei ceprudikar, npore bormap
A.O. [1] miakpecmoe HEOOXiMHICTh TMEPEeXOay BiA KUTBKICHMX MOKA3HHUKIB
ceprudikamii 10 SKICHOTO MOHITOPHHTY JIAHIIOTIB TIOCTaYaHHS: BaXJIUBO
3a0e3MeunTy BIJCTE)KYBAHICTh MPOAYKTIB BiA JICY 10 KIHIIEBOTO CIIOKHBayYa,
HE3aJIeKH1 ayIUTH Ta MIABUILEHHS CTAaHAAPTIB YIIPABIIHHS PU3UKAMU HE3aKOHHUX

pyOok. Bukopucranns aponis i3 LIDAR-ckanepamu juis Takcaiii Jiicy B YKpaiHi
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y 2026 pomi cTajlo CTaHAAPTHOI MPOIEAYPOI0 Yy TPOBIAHUX JIICHUIITBA,
30UIBIIYIOYM TOYHICTh IHBEHTapHU3allii, CKOPOUYIOUM BUTPATH ¥ MPUIIBUIIIYIOUH
NPUMHATTS  yOPaBIIHCBKUX pimleHb. lle BignoBigae KpamuM IpakTHKaM
CkanaunaBli ¥ mnoTpeOye MOAAIBIIOTO PO3MIMPEHHS HaBYaHHS  KaJpiB,
iHTeHcuiKalli 1HPPacTpyKTypu OOpOOKHM AaHMX Ta ajanTainli TEXHOJOTId 110
MICIIEBUX YMOB.

Hamu Oyno 3amponoHOBaHO MPOTHO30BAHY CTPYKTYpY KamiTanizarii

micoBux pecypciB Ykpainu 10 2030 p. Ha OCHOB1 MOJIJICH CTAJIOr0 PO3BUTKY.

B [lepeBunHa Ta He AepeBHi pecypcu
(arogm, rpnbu).

B [lenoHyBaHHs Byraewto (syrnewesi
KpeauTu/KeBotu).

PeKpeaLiiiHi Ta nicosi nocayru.

B BOo0OXOPOHHI Ta FPYHTO3aXMCHi
dYHKUT (eKocucTEMHI MaaTexi).

Puc. 1. [Iporno3oBana cTpyKTypa Karitaii3aiii JiCOBUX pecypciB YKpainu

10 2030 p. Ha OCHOBI MOJIEJIEH CTAIOTO PO3BUTKY

Bucrnoexu. TlopiBHAIBHAM aHAI3 3aCBITYMB, 110 HE3BaXKalOUHM HA ICTOTHUM
nporpec y mudposizaiii Ta IHCTUTYIIHHUX 3MiHaX, YKpaiHa Bce mie nepedyBac B
MepexiTHOMY CTaHl MDK  ONEpaIlifHOI0  MOJEJUTI0  JIICOYNpPAaBIIHHSI — Ta
MOBHOI[IHHOIO €KOCHCTEMHOI0 MOJEIUTI0. ['0JOBHOIO MEPENIKO0I0 3aUIIAETHCS
BIICYTHICTh €(eKTUBHMX (HIHAHCOBUX MEXaHI3MIB MIATPUMKHA EKOJIOTIYHUX

(GYHKITIH JTICIB, IO CIIPUYUHIOE HAMIPHY 3aJICKHICTh Taly3i Biff 0OCATIB 3aTrOTIiBIi
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nepeBUHU. BCTAaHOBJICHHSI CHCTEMH CTUMYITIOBAHHS JIICOBIACHUKIB Yepe3 Mpoaax
BYIUICIIEBUX cepTUdikaTiB, KommeHcallii 3a 30epexeHHs OlOpI3HOMAHITTA Ta
MEXaHI3MHU IUIATEXKIB 3a €KOCUCTEMHI MOCIYTH (HampuKiIaa, BIIIIKOIYBaHHS 3a
3aXUCT BOJHUX PECypCiB 1 3amoOiraHHs epo3ii) Mae CcTaTh NOPIOPUTETOM
3aKkoHOJaBuuX IHimiatuB 'y 2026-2030 poxax. Taka mnoJjiTUKa 103BOJIUTH
nuBepcu(iKyBaTH JKepena JOXOJIB BJIACHUKIB JICIB 1 3HHU3UTH THUCK Ha
BiJTHOBJIIOBaH1 010pECypCH.

Crpateris cTajJloro pO3BUTKY JICIB YKpaiHM TOBHHHA BpPaxOBYBaTH
VHIKaIbHUH (HaKTOp BOEHHHUX IIOIIKO/DKCHb 1 PO3TIIANATH PEKYJbTHBAIIIO SIK
MOJKJIUBICTh BIIPOBAPKCHHS CYYaCHUX IIAXOIB «HAOJMKCHOTO 10 TPHPOIH
JICIBHUILITBAY. 3aMiHa BEJIMKUX CYIUIBHUX PYOOK aJanTUBHUMH CHCTEMAaMH,
30KkpemMa Oe3MEepepBHUM TOKPUTTSAM 1 BUOIPKOBUMH CaHITAPHUMHU 3aXOJIaMH,
CIPUSATAME TMiABUIEHHIO KIIMAaTUYHOI CTIHKOCTI HacaKeHb, 30€peKECHHIO
I€HeTUYHOI PI3HOMAHITHOCTI Ta 3MEHIICHHIO PU3UKY Jerpajaiii IpYHTIB.
[IpakTHYHUMH TPUKIAaMH  MOXYTh CIYryBaTH TIOCTYIOBE BiJHOBIICHHS
KOpUIOpiB 1uKOi ¢uiopn ¥ QayHH, 3aCTOCYBaHHSA MICHEBUX MATEPUHCHKHUX
HAcaJKEHb JJIsl PUPOJTHOTO BITHOBJICHHS Ta MOCHJICHHS 1H)KCHEPHHUX 3aXOiB 3
KOHTPOJIFO €po3ii Ha JerpajJoBaHMX AiUISHKaX. [HTerpaiiss B €BpONEHCHKUM
JICOBUM MPOCTip BUMArae He JIMIIE rapMoHi3allii TepMiHOJIOTii Ta HOPMATHUBIB, a i
rmbokoi TpaHcdopMallii npodeciitHoi CBIZOMOCTI YIPaBIIHINB — BiI MOei
«rocrojiaps ASPEBUHI» JI0 POJIl «MEHEIKEepa EKOCUCTEMHHX MTOCIYTY.

[Togambrmi  AOCHiTKEHHS MalOTh OyTH CHpsSMOBaHI Ha  PO3poOKy
HaIllOHAJIbHOT METOJWKH OIIIHKA €KOCHCTEMHHUX AaKTHBIB JICY, BKJIIOYHO 3
KUTBKICHOIO BApTICHOIO OIIHKOIO BYTJCIEBUX CTOKIB, PETYISATHUBHUX TOCIYT 1
KyJIbTypHUX TiepeBar. Taka METOAWKA JO3BOJUTH CTAHJIAPTU3YBATH OI[IHIOBAHHS
E€KOCUCTEMHUX TIOCIYT, 3allyduTH MDKHApOJIHI iHBecTHIii Ta (IHAHCOBI
MEXaHI13MHU BIJTHOBJICHHSI JIICIB, a TakKOX OOIPYHTYBaTH Yy4yacTb YKpaiHU B

r100aJbHUX 1HILIATUBAX 31 CKOPOUCHHS BUKHUJIIB Ta 30€peKeHHST O10p13HOMAHITTSL.
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IPOBJIEMA IUVIATTATY ¥V CTYAEHTCBKOMY CEPEJOBHUIIII:
HNPUYUHUA TA IJIAXHU TOAOJTAHHA

THE PROBLEM OF PLAGIARISM IN THE STUDENT
ENVIRONMENT: CAUSES AND WAYS TO OVERCOME IT

Anomauyis

VY cTaTTi po3rasHYTO MPOOJIeMy IUIariaTy y CTYJAEHTCHKOMY CEpeIOBHIII K
OJHI€T 3 KIFOYOBUX 3arpo3 akaJeMIdHId TOOpPOYECHOCTI y Cy4YacHIM cucremi
ocBitd. [IpoaHani3oBaHO OCHOBHI NPUYMHU T[ONIMPEHHS IUIariaTy cepen
3n00yBaviB OCBiTH, #oro ¢opmu Ta Hachuigku. OKpemMy yBary MpUILICHO
MOXJIMBUM NUISIXaM TMOJOJaHHS IIi€l MpoOJieMy Yepe3 OCBITHI, OpraHizailiiHi Ta
TEXHOJIOT1YHI 3axoau. Bu3HaueHo, Mo epeKkTHBHA MPOTHAISA ILIariaTy morpedye
KOMITJIEKCHOTO TIX0/y, SKUH OeNHYE (POPMYBaHHS €TUYHO1T KYJIbTYpHU CTY/ACHTIB
Ta BIPOBAKEHHS CYYaCHUX CUCTEM KOHTPOITIO.

Knrouosi cnosa: miariat, akaaemidHa J00pOYECHICTh, CTYJICHTH, OCBITa,

e€TUYHA MTOBEIIHKA, aHTUIIATIaTHI CUCTEMHU.
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Abstract

The article examines the problem of plagiarism in the student environment
as one of the key threats to academic integrity in the modern education system.
The main reasons for the spread of plagiarism among students, its forms and
consequences are analyzed. Special attention is paid to possible ways to overcome
this problem through educational, organizational and technological measures. It is
determined that effective counteraction to plagiarism requires a comprehensive
approach that combines the formation of an ethical culture of students and the
implementation of modern control systems.

Keywords: plagiarism, academic integrity, students, education, ethical

behavior, anti-plagiarism systems.

Ilocmanoska npobaemu. Y cydacHId CHCTEM1 BHINOiI OCBITH TpoOjemMa
miariaty HaOyBae oOCOOJMBOI aKTyaJIbHOCTI B yMOBax CTPIMKOTO PO3BUTKY
U(POBUX TEXHOJIOTIH Ta IIMPOKOTO JOCTYymy 10 iH(OpPMaILIHUX pecypcCiB
[urepuery. Ilmariar sk ¢opma akageMiYHOTO TOPYIIEHHS TMOJSITae y
IPUBJIACHEHH] Yy)KUX 1HTEJICKTYaIbHUX PE3YyJbTaTiB 0€3 HaJIe)KHOTO OPOPMIICHHS
NOoCUJIaHb Ha jpkepena [1].

[TommpenHss TuTariaty cepea CTYACHTIB HEraTUBHO BIUIMBAE Ha SKICTh
OCBITHBOT'O TIPOIIECY, PiBeHb C(POPMOBAHOCTI MPOPECIHHUX KOMIIETEHTHOCTEH Ta
00’ €KTUBHICTh OI[IHFOBAaHHS HAaBYAJIIBHUX JOCSATHEHb. lle TakoX IPHU3BOIUTH 10
3HIDKEHHS MOTHBAIlii 70 CaMOCTIHHOT poOOTHM Ta JeBaibBailii pe3ysbTaTiB
HABYaHHSI.

OxpeMo cIij 3a3HAYATH, IO PO3BUTOK IM(GPOBOTO CEPEIOBHINA 3HAYHO
CIpOIIy€e€ JOCTYH JO0 TOTOBHX TEKCTIB, IO IIABHINYE PHU3HKHA  1X
HEKOHTPOJHLOBAHOTO BHUKOPUCTAHHA. Y PE3yNbTaTl BUHUKAE CYNEPEUHICTh MiXK
MOXJIMBOCTSAMHM 1HQOpPMAIIHHUX TEXHOJOTI Ta HEOOXIHICTIO JIOTPUMAaHHS

MPUHIIUITIB aKaJAeMI9HO1 J00poUYecHOCTI [2].
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VY 3B’s3Ky 3 MM MOCTa€ HEOOXIIHICTh KOMIUIEKCHOIO aHali3y HNpUYUH
BUHUKHEHHS TUIATiaTy y CTYJICHTCHKOMY CEPeIOBUIII Ta BU3HAYCHHS €()EKTHBHUX
HNUISIXIB WOTO TOJAOJIaHHS, IO BKJIIOYAIOTh K OCBITHI, TaK 1 OpraHizalliiiHi Ta
TEeXHOJIOT14H1 3axo1u [3].

Ananiz ocmauuix oOocniodxcenv i nyonixayiu. IlpoGiema akaaemiuHOI
N00pOYECHOCTI Ta IUlariaTy € OJHUM 13 KIIIOYOBUX HaIpsIMIB CY4YacHUX
JOCHIJDKeHb Yy cdepl OCBITU, OCKUIBKM O€3MOCepe/IHhO TOB’si3aHa 3 SIKICTIO
OiATOTOBKK 3/7100yBadiB OCBITH Ta €(QEKTHBHICTIO OCBITHBOIO mpouecy. Y
MDKHApOJHIA HAyKOBIM JiiTepaTypl L MpoOJieMaThKa pO3IISAAETbCS  SIK
KOMIUIEKCHE SIBUINE, IO OXOIUTIE K €TUYHI, TaK 1 OpraHi3aiiiiHi acleKTH
HaBYaJIbHOI JISJIBHOCTI.

VY npamgx T. Fishman akagemiuna HeqoOpOYECHICTh PO3TIISAIAETHCS HE SIK
OKpEMi BHIAJIKU MMOPYIICHB, a K CHCTEMHA TIpobiieMa, 10 Ma€ MIHOO0KI IPUYUHA
B OCBITHBOMY CEpEJIOBHIII. ABTOP HAroJjoImye, mo eGpeKTUBHA MPOTUIIA TIIariaTy
HEMOXJIMBA JIMIIIE dYepe3 KapajdbHi a00 KOHTPOJBHI 3aX0id, a IMoTpedye
ijgecnpsiMoBaHoro  ¢GopMyBaHHS Yy  CTYACHTIB  €THMYHHMX  I[IHHOCTEH,
BIJIMTOBIIAJIBHOCTI Ta pO3YMIHHS 3HAYCHHS IHTEJIEKTYyaJIbHOT YecHOCTI [1].

Y  nmochmypkeHHsx S. Bretag akmeHT poOUThCA Ha  HEOOXITHOCTI
BIIPOBAKEHHS IUTICHOT TOJIITUKY aKaJIeMIYHOI JOOPOUYECHOCTI y 3aKjajax BHIIO1
ocBiTd. Taka mMoJiTHKA MOBHMHHA BKJIIOYATH SK IMPEBEHTUBHI 3axoau (OCBITHI
MporpaMy, HAaBYAHHS AaKaJeMIYHOMY TMHChbMY, IIIBHUINCHHA 1H(GOpPMAIIHOT
IPaMOTHOCTI), TaK 1 KOHTPOJIbHI MeEXaHI3MH (BUKOPUCTaHHS aHTHIUIATIATHUX
CHUCTEM, perjJaMeHTallisl akKaJeMIYHUX Tpouenyp). BaxkiamBo, 1mo aBTOp
MIAKPECTIOE HEOOXITHICTh IHTETPOBAHOTO MAXOMY, /1€ aKIIEHT POOUTHCS HE JIUIIE
Ha BUSBIICHHI MMOPYIIIEHB, aJI€ i Ha iX monepekeHHi [2].

[HI11 HAYKOBI AOCTIKEHHS CBIYaTh, IO MPUYUHU TOMUPEHHS TUIariaTy y
CTYyIEHTChKOMY cepenoBuilli € Oaratrodakropaumu. Cepen HHUX BHAUISIOTH

HEJIOCTaTHIA piBEHb C(POPMOBAHOCTI HABUYOK aKaJEMIYHOTO MHCbMa, HU3BKY
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iHpOpMaIliiiHy I'paMOTHICTb, HEPO3YMIHHS NpPAaBWJI LUTYBAaHHA Ta O(POPMIICHHS
mxepen. OKpeMo 3a3HAYa€ThCsl BIUIMB BHCOKOTO HABYAIHHOTO HABAHTAKEHHS Ta
0OMEKEHOTO Yacy Ha BUKOHAHHS HAaBUaJbHUX 3aBJIaHb, IO MOXKE CIOHYKATH
CTYJEHTIB 0 BAKOPUCTAHHS TOTOBUX MaTepiajiB 0e3 HalexHoi 00pooku [3; 4].

TakuM 9rMHOM, aHAJI3 HAYKOBHX JDKEPEN J03BOJISIE€ 3pOOWTH BHUCHOBOK, IIIO
npobjieMa TUIariaTy HE MOXKE pPO3MVISIIATHCS BHUKJIIOYHO SK 1HJIUBIAYyaJlbHE
NOPYIICHHS  CTyJACHTIB. BOHa € pe3ynbTaTyToOM TMO€AHAHHS  OCBITHIX,
OpraHi3allifHUX Ta  COIIaJbHO-TICUXOJIOTIYHUX  YWHHMKIB, 10 BUMAarae
KOMILJIEKCHOTO TIX0Y JI0 11 BUPIIIIEHHS.

Mema cmammi. MeTo0 CTaTTi € aHaji3 OCHOBHUX NMPUYMH BHHUKHEHHS
IIariaTy y CTYJIEHTCBKOMY CEpEIOBHUIII, a TaKOX BU3HAYCHHS €(PEKTUBHHX
IIISAXIB HOTO TOJI0IAHHS B YMOBaX Cy4acHOI CUCTEMH OCBITH.

Buxnao ocnoenoco mamepiany. Ilnariat y CTyJIeHTCBKOMY CEpEIOBHII €
CKJIaJTHUM 1 6aratopakTOpHUM SIBUIIEM, SIKE OXOIUTIOE Pi3HI (OPMHU aKaaeMidHOT
HepoOpouecHocTi. JIo HOro OCHOBHUX MpPOSBIB HalekKaTh MpsSME KOIIIOBAaHHSA
TEKCTOBUX (PparMeHTIiB Oe3 3a3HaueHHs JKepena, KOMIUIAIIS MartepialliB 13
pI3HUX JDKepen 0e3 HajuekHOro odOpMIICHHS IIMUTYBaHb, NepedpasyBaHH UyKUX
imeit 6e3 MOCWIIaHHS Ha aBTOpA, a TaKOXX BUKOPUCTAHHS TOTOBHX POOIT abo ix
YaCTUH SK BJIACHUX. Y CydYacHMX yMmoBax MudpoBizallii OCBITH TaKi MPaKTUKHU
CTalOTh JeAani OUThII MOMIMPEHUMH Yepe3 JIETKICTh JOCTyNy A0 iHGOpMaIliiHIX
pecypciB Ta pO3BUTOK TEXHOJIOT1H 0OpOOKH TEKCTY.

Opni€ro 3 KIIOYOBUX MPUYUH BUHUKHEHHS IUIATiaTy € HEJOCTATHIN piBEeHBb
c(hOpMOBAHOCTI HAaBUYOK aKaJE€MIYHOTO THChMa y CTYACHTIB. 3HAYHA YacTHHA
3100yBaviB OCBITH HE BOJIOMIE JOCTATHIMU 3HAHHSMH IIOAO TPABHJI IIUTYBAaHHS,
oopMIIEHHS JKEepen Ta KOPEKTHOTO BUKOPUCTaHHS HAyKOBOi iH(opmarii. Sk
3a3HAYAETHCA B JIOCTIHKCHHSAX, caMe HHU3bKa iH(poOpMaIliifHa TPaMOTHICTh Y9acTo
MPU3BOAUTH O HEHABMUCHOTO IUIAriaTy, KOJU CTYACHTH HE YCBIJOMIIOIOTH, IO

NOpyIIyroTh akageMiuni Hopmu [3; 4]. Ile cBiguuTh Tpo HEOOXITHICTH
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CUCTEMHOTO HAaBYaHHA aKaJIeMiYHOMY IMHCbMY BXKE Ha IOYaTKOBHX eTamax
3100yTTs BUIIOT OCBITH.

[HmUM cyTTEBUM (HAaKTOPOM € BHUCOKMI HAaBYANbHUWA THUCK Ta OOMEXKEH1
gacoBi pecypcu. CTyJIEHTH 4acTO CTHUKAIOThCS 3 BEJIMKOIO KUIBKICTIO 3aBIaHb Y
CTHCIII TEpPMIHHM, IO CIOHYKa€ iX J0 TMOIIYKYy IMIBUAKUX pIINIEHb 3aMICTh
CaMOCTIHHOTO OTpAIIOBaHHA MaTepiany. Y TaKuX yMOBaxX KOIMiIOBaHHS T'OTOBHUX
TEKCTiB a00 iX YaCTHH CIPHIMAETHCS SIK CMOCIO 3MEHINEHHS HaBaHTaxKeHHA. Lle
dopMye mparMaTUUHUA NOIAXIA [0 HABYAHHS, y SKOMY pe3yibTaT 1HOJA1 CTae
BKJIMBILIIUM 3a caM MPOIIeC 3100yTTs 3HAHb.

BaxxnuBy posb y NOMIMPEHH] IUIariaTy BiJlirpae TakoXX pO3BUTOK HU(POBUX
TEXHOJIOT1A. BUTbHUN AOCTYN 10 BENMKOI KUIBKOCTI 1H(GOPMAIIITHUX pecypciB B
[HTEepHETI 3HAYHO CIIPOIIYE MPOIIEC MOMIYKY Ta KOMIFOBaHHS TeKCTiB. [Ipu mpomy
CTYJIEHTH HE 3aBXJIW KPUTHUYHO OIIHIOIOTh 3HaljeHy iHdopmalio Ta ii
JOCTOBIPHICTh. SIK HACHIJOK, HU(PPOBE CEPEOBUINE OJHOYACHO BHUCTYIAE SK
pecypc Ui HaB4aHHS 1 K (aKTOp PUHMKY JUIS aKaJIeMIYHOI T0O0POUYECHOCTI.

OkpeMmy Tpylly MNPHYUH CTAHOBJISITH TICUXOJIOTIYHI Ta MOTHBAIliHHI
gyuHHUKU. Cepe HUX MOXHA BUIUIUTH HU3BKY BHYTPIIIHIO MOTHBAIlIIO [0
HaBUYaHHS, OpiEHTAIlil0 Ha (OpMaJIbHE OTPUMAaHHS OIIHOK, HEIOCTaTHE PO3YMIHHS
3HAYCHHS CaMOCTiiiHOT pPOOOTH, a TakoX ciabko chOopMOBaHY KYJIbTypY
akagemiuHoi pgoOpodecHocti. Y mpansgx T. Fishman migkpecnroerbes, 1o
aKaJeMiYHa HEJIOOPOUYECHICTh YacTO Ma€ CHCTEMHHUH XapakTep 1 IOB’s3aHa HE
JUIe 3 IHAWBINYaJbHUMH TOPYIICHHSAMH, a ¥ 13 3arajJbHUMH I[IHHOCTSIMH
OCBITHBOTO cepenoBmia [1].

Hacninku nommpenHs miariaty € 6aratopuMmipaumu. Ha iHauBimyansHOMY
piBHI BIH TPHU3BOJUTH JO TIOBEPXHEBOTO 3aCBOEHHS 3HAaHb, BTPATH HABHUYOK
KPUTUYHOTO MUCIICHHS Ta 3HWKEHHS piBHs mpodeciitHoi minaroroBku. CTyaeHTH,
SAKI CHUCTEMAaTHMYHO BUKOPHUCTOBYIOTh IUIariaT, He (OpPMYIOTh HEOOXITHUX

KOMIIETEHTHOCTEHN JJisi MallOyTHBO1 npodeciiiHoi aisuibHOCTL. Ha iHCTUTYIIHiHOMY
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PiBHI 1€ TIPU3BOAUTH JI0 3HMIXKEHHS SKOCTI OCBITHIX pe3yJIbTaTiB Ta JieBajbBallii
JTUTIJIOMIB MPO BUIILY OCBITY.

3 TOYKM 30py CHCTEMH OCBITHM 3arajom, Iulariat MOiApUBaE JOBIPY A0
aKaJeMIYHUX pe3yJbTaTiB Ta CTBOPIOE BHUKPHUBIICHY KAPTHUHY pPEATbHOTO PIBHSA
NIATOTOBKM 3700yBayiB ocBiTH. Sk 3a3Hauae S. Bretag, edektuBHa mpoTUMIA
aKaJeMIuH1i HeT0OpPOUYECHOCTI MTOBUHHA 0a3yBaTUCS HE JIMILIE HA KOHTPOJI, ajie i
Ha OpMYBaHHI LLTICHOT MOJITHKKA JOOPOYCCHOCTI B 3aKjIaaax ocBitu [2].

[lononanus mpobseMu miariaTy noTpedye KOMIUIEKCHOTO MiAXOay, SKUH
BKJIFOYAE OCBITHI, OpraHi3alliifHi Ta TEXHOJIOT1YH1 3ax0/1u. Hacammepesn BaxJIMBUM
€ (hOopMyBaHHS y CTYJEHTIB 0a30BMX HABUYOK aKaJIEMIYHOTO IMHChMa, BKIIFOYAIOUH
NpaBUJbHE IUTYBaHHSA, OQOpMIIEHHS JpKepel Ta po0OTy 3  HayKOBOKO
iHpopmariiero. EdekTUBHUM 1HCTPYMEHTOM € BIPOBAKEHHS CHEI[laIbHUX
HaBYAJIBHUX KYypCIB 3 aKaJeMi4Hoi J0o0podyecHOCTi Ta  1H(pOpMaliitHO1
IPaMOTHOCTI.

He meHII BaXTMBUM € BUKOPUCTaHHS CyYaCHUX AHTUILUIATIATHUX CUCTEM,
AK1 JI0O3BOJISIIOTH BUSIBJISITU TEKCTOBI 3allO3MYEHHS Ta KOHTPOJIIOBATH PIBEHb
VHIKQJIBHOCTI HaBYaJbHUX poOIT. OpHAK JOCHIIKEHHS MIAKPECTIOTh, M0
TEXHOJIOT1YHUN KOHTPOJb caM IO c001 HE € JIOCTaTHIM 1 Ma€ TMO€EIHYBaTHUCS 3
NeJaroriYHUMH METOJIaMU BILTUBY [2; 4].

Oco06nmBy poJib y 3amo0iraHHi mariaTy Bifirpae BUKIaaad, SKU BUCTYMAe
HE JIMIIEe SIK KOHTpOJiep, a W SK HACTaBHUK, MmO ¢GOpPMyE y CTYICHTIB
BIJIMOBIZJAIbHE CTABJIICHHS [0 HaBYaHHSI. BaXJIMBUM € TaKOX CTBOPEHHS
aKaJICMIYHOTO CEpeIOBHUINA, B SKOMY YECHICTh, BIIMOBIMAIBHICT, Ta IOBara 1o
IHTEJNEKTyaIbHOI TIpaIli € 0a30BUMH IIHHOCTSIMHU.

Takum duHOM, eeKTHBHA TPOTHUAIS IUIATiaTy MOXKIMBA JIMIIE 32 YMOBH
MOEHAHHSA OCBITHIX, OpraHi3amifHUX Ta TEXHOJOTTYHUX IIAXOJIB, IO
3a0e3reuytoTh (OPMYBaHHS LUIICHOI KYJBTYpH akKaJeMI4HOI AOOpPOYECHOCTI Yy

3aKjaax BUIIOI OCBITH.
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Bucnosku. 1lpoBeaenuil anaii3 103B0Js€ 3pOOUTH BUCHOBOK, IO IJIariatr y
CTYyICHTCBKOMY CEpEJOBUIIl € CKIaJHUM 1 OaraToakKTOPHUM SIBUILEM, SIKE
BUHHMKA€E TI1J] BIUIMBOM $IK OCBITHIX, TaK 1 OpraHi3alifHUX Ta COIlaJbHO-
TICUXOJOTIYHMX UYMHHHKIB. VIOr0 IOIIMPEHHS 3HAYHOIO MipOI0 3yMOBICHE
HEJIOCTaTHIM piBHEM C(HOPMOBAHOCTI HABMYOK aKaJE€MIYHOTO MUChbMa, HU3BKOIO
1HGOpPMAIlIITHOIO TPaMOTHICTIO CTYAEHTIB, BACOKMM HaBYAJIbHUM HaBAaHTAXEHHSIM,
a TaK0’K HEJOCTATHHOI0 MOTHUBALIICIO IO CAMOCTIMHOI M13HaBaJIbLHOI AISJIBHOCTI.

BcraHoBneHo, Mo TuiariaT Mae HETaTHBHI HACHIIKU SK JUJIT OKPEMOTO
3no0yBaya OCBITM, TaK 1 JJIg CHUCTEMHU BHUIIOI OCBITH 3arajioM. Ha
IHAMBIAYaJIbHOMY pIBHI BIH TMPU3BOJUTH 10 TOBEPXHEBOTO 3aCBOEHHS 3HAHb,
BTPaTH HABUYOK KPUTHYHOTO  MUCJICHHS Ta 3HIWKEHHA TpodeciiHol
KoMIeTeHTHOCTI. Ha 1HCTUTYLIHHOMY piBHI — J0 3HMXKEHHS SIKOCTI OCBITHBOTO
npollecy Ta JeBaibBallli akaJeMIYHUX pe3yJbTaTiB, M0 MIAPUBAE JTOBIPY OO
CUCTEMHU BHUIIIO1 OCBITH.

Boanouac edektuBHa NpOTHAIS IUIariaTy MOXIMBA JIMIIE 3a YMOBH
KOMILIEKCHOTO Tiaxony. BiH MOBHUHEH MOEIHYBATH OCBITHI 3aXOH, CIPSIMOBaHi
Ha (hOpMyBaHHsS HAaBUYOK aKaJEeMIYHOIO IMMChMa Ta 1H(GOPMAIlIHHOT TPaMOTHOCTI,
OopraHizaiiiHi MEXaHI3MH KOHTPOJIIO SKOCTI HaBYAIBHUX pOOIT, a TaKOX
BUKOPHUCTAHHS CyYaCHUX TEXHOJIOTIYHHUX 3ac0o0IB TMEpeBIpKH YHIKAJIBHOCTI
TekcTiB. OHAK TEXHOJIOT1YHI IHCTPYMEHTH HE MOXYTh OyTH €IMHHUM 3aCO00M
BUPIIICHHS TPOOJIeMH 1 MOBUHHI JIOMOBHIOBATHCS BUXOBHOIO Ta MOTHBAIIHOIO
po0OOTOIO BUKIIAIaYiB.

OxpeMo CITiT MIKPECTUTH BaXIIUBICTh (HOPMYBaHHS KyJIbTYpH aKaIeMIdHO1
100poUYecHOCTI K 0a30BOI I[IHHOCTI OCBITHBOTO cepenoBuiia. Came BOHa €
KIIFOYOBUM UYHWHHHUKOM JOBTOCTPOKOBOT'O 3MEHIICHHS pIiBHS IUIariaty Ta
3a0e3nedeHHs SIKICHOT MATOTOBKA MaOyTHIX (paxXiBIIiB.

TakuMm YMHOM, MOJOJIAHHS MPOOJIEMH IUIariaTy MmoTpedye CHCTEMHOI Ta

LJIECIIPSMOBAHOT pOOOTH BCIX YYAaCHHMKIB OCBITHBOT'O MPOIECY, IO JA03BOJIHUTH
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MIJBUIIUTH SIKICTh BHINOi OCBITM Ta 3a0€3MEYUTH JOTPUMAHHS MPUHIUIIIB

aKaJgeMIYHO1 T00pOYECHOCTI.
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	The current level of scientific research, which provides an assessment of gait as the basis of human movement, involves a shift in emphasis from a generalized approach to a targeted, individualized, and data-based strategy of rehabilitation interventi...
	In recent years, many instrumental systems have been developed to monitor gait parameters of persons with disabilities. In fact, it is the integration of all possible potentials of electronic devices, sensors, and wireless devices, which creates a com...
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	It is extremely important that optical systems allow for permanent control that does not limit the motor activity of people with disabilities [13]. Optical sensors in devices and systems for controlling gait parameters are divided into two large categ...
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	Fig. 1. Scheme optical motion capture systems: 1 – optical sensors; 2 – wire connection; 3 – human; 4 – observation; 5 – active markers; 6 – track                                       7 – microcontroller
	Among the main advantages of such systems is a high level of accuracy: an error of<1 mm, which meets the needs of most high-speed motion measurements [10]. In addition, the unlimited range of movements, the absence of cables and mechanical devices mak...
	At the same time, the high cost of optical motion capture systems, the complexity of setup, the influence of soft tissue motion artifacts, and the sensitivity to lighting and reflections of optical sensors complicate their widespread use. Calibration ...
	Therefore, despite their accuracy, their use is mainly limited to laboratory conditions. This limitation is associated with spatial requirements, the need for precise camera positioning, and the complexity of device calibration [6].
	The second group is optical systems without markers (Markerless)
	A modern trend based on computer vision and deep learning algorithms. A markerless system does not require the use of reflective markers on the study objects, reducing preparation time and potential discomfort.
	Compared to marker-based systems, marker-free technology offers: the use of standard video cameras to determine key points of the skeleton, RGB-D cameras: Cameras that measure the distance to the object (e.g., Microsoft Kinect, Intel RealSense).
	The main advantage of such systems is the ability to conduct gait analysis in natural conditions, and the absence of discomfort for control subjects. They provide a re-analysis of control data using updated pose estimation algorithms. Marker-free syst...
	In the following, we will detail our scientific search. In control systems and devices, optical sensors are used for:
	 an automated method of segmenting body movements during walking;
	 a flexible optical fiber goniometer, primarily for monitoring human joint movements;
	 a wearable device that integrates sensors based on polymer optical fiber into a knee pad to track knee flexion/extension cycles during walking;
	 measurement of joint motion parameters, which allows determining both the bending angle and its orientation using fiber-optic sensors [5, 12].
	Special attention will be paid to the use of fiber-optic sensors with Fiber Bragg gratings. In particular, in [2] the development and implementation of a non-invasive architecture of a wearable device for complete gait analysis, provided by optical fi...
	The developed sensor network provides simultaneous control of gait parameters. Among these are foot pressure, full control of movement in the ankle and knee joints. At the same time, a high level of accuracy is ensured, without the need for any synchr...
	Fiber Bragg gratings are sensitive elements of the sensor, the principle of which is to monitor the shift of the wavelength (λ) Bragg, reflected by the grating, as a function of the controlled parameter.
	Another type of fiber-optic sensors used in devices and control systems is sensors based on Fabry-Perot interferometers. It has been studied [8] that they have a high level of efficiency and accuracy, are easy to manufacture and inexpensive. Their use...
	Fig 2. Schematic of a sensor structure. The light is sent and received through the 100 μm core fiber. The cavity length is about 7 μm and the thickness of the membrane is 8 μm [8].
	Today, the possibilities of optical signal processing and network technologies will allow creating high-density fiber-optic sensor networks. The production of Fabry-Perot interferometer sensors consists of processing an optical fiber, previously
	damaged by the welding effect, to form an embedded microcavity FPI. There are opinions [5, 7, 8] that FPI sensors have significant potential in the design of a wide range of control devices.
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