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UKRAINE’S RESISTANCE TO MILITARY AGGRESSION

Abstract

This article offers a conceptual and analytical examination of prolonged
energy collapse in wartime and post-crisis environments as a form of vital-crisis
reality, in which infrastructural instability becomes a multidimensional challenge
at the individual level. The study focuses on individual vital competencies as key
determinants of security, understood as an integrated system of resources enabling
individuals to preserve vitality, sustain life, and maintain professional
functionality under conditions of resource scarcity, disrupted communication, and
persistent threat.

The research addresses a methodological gap in existing literature, where
energy collapse is primarily analysed within technical and security frameworks,
while the individual’s competency-based capacity to function under prolonged
instability remains insufficiently conceptualised. To address this gap, the article

develops an integrated model of vital competencies encompassing physical-vital,
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psychological-mental, cognitive-orientational, moral-value, and professional-
functional dimensions.

Drawing on Ukraine’s empirical experience of resistance to military
aggression, the study demonstrates that energy collapse functions as a systemic
condition requiring continuous mobilisation of individual resources. In this
context, vital competencies act as practical determinants of security, ensuring life
preservation and sustained professional responsibility.

The findings contribute to competence-based approaches within the European
lifelong learning framework by introducing a crisis-oriented perspective grounded
in real conditions of prolonged instability.

Keywords: vital competencies; vital security; energy collapse; individual

resilience; life preservation; professional responsibility; military aggression.

Introduction. Contemporary wartime and post-crisis transformations
necessitate a reassessment of established conceptions of security, as the
vulnerability of critical infrastructure increasingly assumes not only material but
directly life-sustaining significance for the population. Under such conditions,
energy instability ceases to be merely a background technical factor and instead
emerges as a systemic determinant that reshapes everyday life organisation, the
structure of labour activity, communication regimes, and access to essential
services, thereby exerting sustained pressure on the physical, psycho-emotional,
cognitive, and moral-value resources of the individual [2; 3].

In contemporary scholarly discourse, the phenomenon of energy collapse is
predominantly examined within technical, energy, managerial, and security-
oriented research, with a primary focus on energy system stability, the protection
of critical infrastructure, risk management, and the minimisation of socio-
economic losses. At the same time, humanitarian and social approaches

(resilience, human security, crisis management, psychosocial resilience)
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significantly broaden the analytical framework; however, they tend to focus on
isolated consequences of crisis conditions or stress responses rather than providing
a comprehensive, integrative perspective [4; 6].

As a result, a methodological asymmetry emerges: while the infrastructural
dimension of the problem has been extensively elaborated, the subject-centred
dimension — namely, the individual’s internal readiness to act under conditions of
prolonged instability and their competency-based capacity to sustain both the
individual’s viability and professional functionality — remains insufficiently
integrated into a coherent analytical framework.

Particular importance arises from the need to combine life-preserving tasks
with the fulfilment of labour and professional responsibilities under conditions of
limited access to time, heat, light, water, communication, and information. In such
circumstances, professional responsibility transcends its purely normative
character and becomes a practical capacity of the individual to maintain discipline,
quality of performance, communicative reliability, and moral integrity under
conditions of prolonged resource scarcity [4; 9].

Accordingly, the analysis of individual vital competencies should be
conceptualised as the study of an integrated system of interrelated resources—
physical, psycho-emotional, cognitive, moral-value, and professional-functional—
that define the boundaries of human viability and socio-professional reliability
under conditions of chronic instability.

Further analytical relevance is provided by the European competence-based
approach to lifelong learning, which conceptualises competencies as an integrated
set of knowledge, skills, abilities, and psychological dispositions developed
through formal, non-formal, and informal learning. Under conditions of wartime
infrastructural disruption, competencies acquire a pronounced security dimension,

transforming into mechanisms of life preservation [1; 2].
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In this context, Ukraine’s experience of prolonged energy collapse, combined
with conditions of resistance to military aggression, constitutes a unique empirical
foundation for refining and advancing competence-based approaches within a
broader European framework, with a particular emphasis on the individual’s
practical preparedness to act under conditions of systemic crises and
multidimensional threats.

Purpose of the study. The purpose of this article is to provide a
comprehensive analytical justification of individual vital competencies as
systemic determinants of security that ensure the preservation of vitality, life
sustainability, and professional functionality under conditions of energy collapse,
as well as to develop an integrated model of individual vital competencies defining
the individual’s capacity to act under conditions of chronic vital-crisis instability.

Analysis of recent research and publications. The issue of blackouts (energy
collapse) in contemporary scholarly discourse is predominantly examined within
technical, energy, managerial, and security-oriented research, where primary
attention is devoted to energy system stability, protection of critical infrastructure,
risk management, and the minimisation of material and socio-economic losses. In
studies on energy security, blackouts are interpreted as indicators of the
vulnerability of national and regional systems, as well as factors threatening
national and economic security. At the same time, individuals are typically
represented as statistical units or passive consumers, lacking agency in responding
to crisis situations in overcoming crisis consequences [2; 3].

Within the humanities and social sciences, crisis-related phenomena are
analysed through the concepts of resilience, human security, crisis management,
and psychosocial resilience. These approaches have significantly broadened the
understanding of security by shifting the focus from institutional frameworks to
human needs and vulnerabilities. However, most such studies remain conceptually

fragmented, focusing either on psychological responses to stress or on community-
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level adaptation mechanisms, without developing a comprehensive model of
individual life competencies under conditions of prolonged energy instability
(energy collapse) [6; 9].

The European competence-based approach to lifelong learning conceptualises
competencies as an integrated combination of knowledge, skills, abilities, and
psychological dispositions developed across diverse educational and social
environments, including formal, non-formal, and informal learning [1].

Nevertheless, these frameworks have largely been formed under conditions
of relative infrastructural stability and lack a sufficiently developed crisis-oriented
profile“crisis profile” applicable to prolonged wartime infrastructural disruptions,
in which competencies acquire not only an educational but also a directly vital-
security function. In this regard, there is a growing need to integrate resilience-
oriented humanitarian approaches with competency-based logic focused on
practical mechanisms of life preservation and sustained professional functioning
under conditions of chronic instability [1; 4].

A substantial body of research is devoted to the impact of emergency
situations on mental health, professional burnout, and reduced work capacity.
These studies emphasise the risks of chronic stress, emotional exhaustion, and
maladaptation, which intensify under conditions of prolonged deprivation of
essential life-support resources. However, such research typically is grounded in a
reactive perspective, focusing on consequences rather than on the preventive
development of life competencies as determinants of vital security [5; 7].

In legal and managerial studies, attention is directed towards ensuring the
continuity of institutional and labour market functioning under crisis conditions.
At the same time, professional responsibility is predominantly examined within a
formal-normative framework, without sufficient consideration of the individual’s
internal resources, moral-professional qualities, and capacity to maintain

professional integrity under conditions of extreme strain. As a result, there remains
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a lack of integration between formal requirements for professional performance
and the individual’s actual vital capacities under conditions of prolonged energy
collapse [4; 2].

Overall, the analysis of existing research demonstrates that prolonged
blackouts are predominantly conceptualised either as a technical-managerial
challenge or as a psychological consequence of crisis conditions. At the same
time, the integrated dimension of individual life competencies — that enable
individuals to preserve vitality while maintaining professional functionality —
remains insufficiently conceptualised. EXxisting approaches rarely integrate
physical, psycho-emotional, cognitive, moral-value, and professional-functional
dimensions into a unified analytical framework, despite the fact that these
components interact as an interconnected system under conditions of prolonged
resource scarcity [4; 9].

This necessitates a shift from a fragmented description of crisis consequences
towards modelling an integrated competency-based profile for life preservation,
which enables not only adaptation to episodic disruptions but also the maintenance
of viability and socio-professional reliability under conditions of chronic
instability, which, in wartime contexts, acquires the characteristics of energy
collapse [4; 3].

Thus, the current state of research reveals a significant methodological gap
between infrastructural, psychosocial, and professional analyses of crisis
situations. The issue of comprehensively conceptualising individual life
competencies as a systemic response to the multidimensional challenges of
prolonged energy collapse remains insufficiently developed. This creates the need
for an integrated analytical model that combines physical, psychological,
cognitive, moral-value, and professional characteristics of the individual into a

unified framework of vital security and life preservation [4; 6]
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Problem Statement. Prolonged blackouts in the context of wartime and post-
crisis environments should be understood not as episodic disruptions of the
habitual rhythm of life, but as a systemic vital-crisis condition that transforms the
fundamental conditions of individual existence. Within the framework of this
study, in order to provide a more precise description of this situation, the term
“energy collapse” is introduced as an author-defined analytical construct.

Energy collapse is defined as a prolonged or recurrent mode of systemic
destabilisation of the energy-based life-support system, which extends beyond the
mere interruption of electricity supply and encompasses associated disruptions in
heating, water supply, digital infrastructure, as well as the functioning of medical
and security services. In this sense, the term “blackout” is inherently limited, as it
primarily denotes the absence of electricity supply, whereas “energy collapse”
reflects the complex and multidimensional character of wartime infrastructural
deprivation [2; 8].

The absence of electricity for a significant portion of the day, disruptions in
water supply, limitations in thermal conditions, complications in communication,
and restricted access to information generate a multi-layered pressure on the
individual, within which their capacity for life preservation, self-regulation, and
the performance of socially and professionally significant functions is tested.
Under these conditions, the problem of blackouts / energy collapse extends beyond
the infrastructural dimension and requires interpretation through the lens of
individual vital security, encompassing the physical, psychological, moral, and
professional dimensions of human existence [6; 9].

This issue becomes particularly acute in the contemporary Ukrainian
context, where, during the period of martial law, prolonged blackouts with
electricity outages lasting up to 18-20 hours per day have ceased to be isolated
occurrences and have instead become a recurring and enforced reality of everyday

life. As a result, the absence of light, heat, water supply, and stable communication
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IS no longer perceived as a temporary disruption of comfort, but is transformed
into a persistent mode of existence that requires the continuous mobilisation of the
individual’s internal resources.

The key determining factors are the duration and systemic nature of
such outages, which fundamentally alter the impact of blackouts on the
individual, shifting the problem from the sphere of adaptation to an emergency
event to the sphere of life preservation under conditions of chronic instability,
which, by its characteristics, approaches the regime of energy collapse [3; 5].

The Ukrainian experience cannot be reduced solely to energy instability, as
blackouts in Ukraine frequently coincide with other forms of wartime impact,
including air raid alerts, missile and drone (“Shahed”) attacks, threats to critical
infrastructure, and the risk of renewed escalation even in rear regions. Under such
conditions, individuals acquire vital competencies not so much from theoretical
models as from the practice of everyday self-preservation, shaped under the
pressure of real risks to life, health, and dignity.

The empirical dimension of this problem lies in the fact that the population
is compelled to undergo a process of “learning through crisis,” in which each
new wave of attacks and outages becomes a situation of accelerated formation of
skills, attitudes, and behavioural algorithms aimed at preserving both individual
viability and social functionality [3; 10].

As a consequence, Ukrainian society has been compelled to become a space
of accelerated formation of life competencies that, in other European countries,
have not yet been tested under conditions of a totalised vital-crisis reality. This
assertion is not rhetorical in nature and does not claim normative or moral
generalisation; rather, it reflects an empirically observable difference in the scale
and duration of exposure to wartime infrastructural risks within the European

context.
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The Ukrainian experience thus objectively complements European
competence frameworks, which have been formed under conditions of relative
infrastructural stability and are not designed for systemic and prolonged crises of a
wartime nature [1; 2]. Accordingly, within this study, Ukraine is conceptualised as
a distinctive “laboratory” of life competencies, while the European Union may be
regarded as a potential beneficiary of the generalised experience of life
preservation and the maintenance of professional functionality under conditions of
multidimensional threats.

This approach is consistent with the European understanding of
competencies as an integrated combination of knowledge, skills, and
psychological dispositions, as well as with the principle that key competencies are
developed throughout life through formal, non-formal, and informal learning
across diverse environments, including family, school, the workplace, and the
community.

In the Ukrainian context, informal and non-formal learning has taken the
form of the practical acquisition of self-preservation strategies, where real threats
to infrastructure, prolonged outages, and recurring air raid alerts give rise to stable
patterns of life organisation, resource management, time planning, and the
maintenance of work capacity. This implies that the competence-based framework
inherent in European educational discourse acquires a unique empirical dimension
in the Ukrainian case, as life competencies are developed under conditions of
enforced instability, where errors may carry direct consequences for health and life
[1; 3].

Under these conditions, a significant proportion of the population is
compelled to combine the provision of basic self-preservation needs with the
fulfilment of labour and professional responsibilities, often in the absence of
adequate infrastructural support. Work performed in darkness, in cold

environments, and under conditions of limited access to information and
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communication tools becomes an everyday practice, thereby bringing to the
forefront the issue of the individual’s internal readiness to act responsibly while
maintaining professional functionality and social reliability.

In the absence of external guarantees of stability, it is precisely life
competencies that determine the limits of work capacity, endurance, and the
ability to prevent the degradation of professional roles, as well as to preserve
moral integrity under conditions of scarcity, uncertainty, and heightened risk [4;
2].

Despite these risks, the accumulated lived experience of individuals who
have functioned over extended periods under conditions of systemic blackouts
and wartime threats demonstrates the formation of informal yet practically
effective behavioural models grounded in self-discipline, responsible planning,
moral maturity, and a readiness to accept constraints.

At the collective level, this experience manifests as the capacity for self-
organisation, mutual support, rational allocation of resources, and rapid restoration
of functioning following each new episode of destruction or disruption. At the
individual level, these practices constitute manifestations of resilience that emerge
“from below” and are validated through action rather than declarative norms,
thereby conferring particular value upon this experience as an empirical
foundation for the scientific conceptualisation of individual vital competencies
[3; 10].

In this context, the central scientific problem lies in the absence of an
integrated model of life competencies capable of ensuring not only physical
survival, but also the preservation of personal integrity, dignity, and professional
functionality under conditions of prolonged deprivation of essential life-support
resources and persistent security threats.

A blackout thus functions as an anthropological test, within which the actual

level of individual resilience is revealed, along with the individual’s readiness for
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responsible decision-making, their capacity to act under pressure, and, at the same
time, to maintain social trust, professional discipline, and moral responsibility.

For this reason, within the framework of this study, there arises a need to
develop a scientific and analytical model of life competencies as a meta-
competency framework that integrates physical endurance, psycho-emotional
regulation, moral responsibility, professional resilience, and the capacity to act
under conditions of scarcity, conceptualising it as a supra-systemic category of
vital security [6; 4].

The first logical block of the problem is associated with the physical-vital
dimension of human functioning under conditions of prolonged energy collapse,
which, in wartime, is intensified by additional risk factors, including the need for
rapid relocation to shelters, disruption of sleep patterns due to air raid alerts, and
physical exhaustion resulting from prolonged stress.

This refers to the body’s capacity to adapt to decreased temperatures in
residential and working environments, a lack of adequate lighting, limited access
to water, and disruptions in nutrition and recovery routines. In this context,
physical preparedness should not be reduced to athletic endurance; rather, it is
understood as a fundamental life competency that includes the ability to rationally
allocate energy, maintain a basic level of physical condition, avoid hypothermia
and overexertion, prevent injuries in darkness or during forced movement, and
ensure minimal conditions for bodily safety.

Failure to adapt at this level results in rapid exhaustion, reduced work
capacity, and an increased risk of illness, which renders the fulfilment of
professional responsibilities impossible and undermines the overall viability of the
individual, thereby creating the preconditions for vital vulnerability [9; 5].

The second logical block of the problem encompasses the psychological
and mental dimension of life competencies, which, under conditions of systemic

energy collapse and wartime threat, acquires critical significance. Chronic
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uncertainty, disruption of habitual life rhythms, lack of control over events, and
the constant threat of repeated outages, air raid alerts, and attacks give rise to a
state of prolonged psycho-emotional strain.

Under such conditions, psychological resilience ceases to be an abstract
characteristic and becomes a practical capacity of the individual to maintain inner
balance, regulate emotional responses, prevent panic, apathy, or aggressive
breakdowns, and sustain the ability to engage in purposeful activity. Mental health
should be understood as an integral capacity to maintain cognitive clarity,
emotional stability, and motivation for action even in the absence of comfortable
conditions, as well as the ability to preserve meaning-oriented frameworks and
prevent the degradation of personal autonomy [5; 9].

Within the European competence-based approach, the importance of
internal resilience, as well as the ability to manage uncertainty and stress, is
explicitly recognised as part of personal and social competence; however, in the
Ukrainian context, these capacities undergo particularly intensive practical testing.
Volitional qualities, self-discipline, and the capacity for self-regulation become
decisive factors that enable the individual to maintain their life trajectory and
preserve readiness for the responsible fulfilment of professional functions under
conditions of multidimensional exhaustion [1; 5].

The third logical block of the problem is associated with cognitive-
orientational competencies, which, under conditions of blackouts and wartime
threats, acquire particular significance due to the combination of information
scarcity with information overload and manipulative influences. Disruptions of
established communication channels, limited access to official information,
instability of communication networks, as well as the spread of rumours and
anxiety-inducing messages, create a situation in which the ability to orient oneself

In time, space, and events becomes a critically necessary competency.
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This involves not only physical orientation in darkness, in public spaces, or
during movement to shelters, but also the cognitive capacity to correlate incoming
information with reality, distinguish reliable data from manipulation, make well-
informed decisions under conditions of uncertainty, and maintain rational
judgement in critical situations [1; 6].

The ability to think critically, make decisions, overcome difficulties, and
manage information is directly aligned with the European understanding of
lifelong learning competencies; however, the Ukrainian context demonstrates that
these abilities perform not only an educational but also a vital-security function.
Within the sphere of professional activity, cognitive-orientational competencies
ensure the capacity to maintain effectiveness, organise working time under
unstable conditions, sustain reliable communication with colleagues and clients,
and avoid errors caused by stress and information deficits [1; 4].

The fourth logical block of the problem concerns the moral-value and
ethical-professional dimension of life competencies, which, in the context of
war, acquires particular acuteness due to the risks of moral fatigue, social
frustration, a decline in levels of trust, and the temptation to justify behaviour
through a “survival mode” rationale. Under conditions of prolonged energy
collapse and resource scarcity, the likelihood of moral disorientation, interpersonal
conflict, violations of norms of mutual respect and mutual support, as well as the
erosion of professional ethics, significantly increases [6; 3].

In this context, the moral and professional qualities of the individual should
be conceptualised as a key element of vital security, determining the boundaries
of acceptable behaviour under conditions of constraint, while at the same time
ensuring the preservation of human dignity, social trust, and professional
reputation. Moral responsibility, in this regard, manifests itself in the capacity to

act with integrity in the absence of external control, to fulfil obligations, to refrain
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from shifting responsibility for one’s decisions onto circumstances, and to sustain
cooperation and solidarity, which are critical for community resilience [4; 6].

The importance of attitudes such as cooperation, perseverance, integrity, as
well as the willingness to overcome prejudice and seek compromise, is explicitly
emphasised within the European understanding of social competence. This
provides grounds for interpreting moral-professional qualities not as a secondary
“ethical superstructure,” but as a core component of practical life preservation in
conditions of crisis.

The fifth logical block of the problem encompasses professional-functional
competencies of the individual, which ensure the capacity to perform work-
related responsibilities under crisis conditions. Prolonged blackouts significantly
transform working conditions, complicating the organisation of working time,
access to technical resources, and communication processes, while also creating
new risks for the quality and safety of professional performance.

During the period of martial law, these challenges are often intensified by
the need to respond to air raid alerts, interrupt work processes due to the threat of
attacks, and combine professional responsibilities with caregiving functions and
the provision of basic life-support needs for the family [2; 8].

Under such circumstances, professional responsibility acquires a renewed
meaning, combining the requirement for performance outcomes with the need to
adapt work processes to conditions of resource scarcity, while simultaneously
preserving professional dignity and ethical standards under increased workload.
The ability to maintain work capacity, plan activities under conditions of
instability, adhere to labour discipline, and ensure an acceptable quality of
outcomes becomes an indicator of both personal and professional maturity [4; 1].

Within this analytical framework, competencies of self-management,
effective time and information management, internal resilience, as well as the

ability to manage one’s learning and career development—identified as
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components of personal and social competence within the European framework —
acquire, for Ukrainian workers, a distinctly practical dimension as instruments for
maintaining professional functionality under conditions of blackouts / energy
collapse.

A distinct component of the problem statement concerns the issue of the
institutionalisation of vitality and vital security within the lifelong educational
process of each individual as a mechanism for the transmission of life
competencies. The European logic of key competencies is grounded in the premise
that education and training should ensure the fullest possible development of each
individual’s potential, while states are encouraged to support high-quality
education, schooling, vocational training, and continuous lifelong learning.

In the Ukrainian context of martial law, this principle acquires additional
significance: education must encompass not only academic knowledge, but also
life competencies related to self-preservation, psychological resilience, moral
responsibility, and professional functionality under conditions of vital-crisis
situations [1; 10].

Vital competence, as a supra-systemic category, may be conceptualised as a
meta-competency framework capable of integrating physical endurance, psycho-
emotional regulation, moral responsibility, professional resilience, and the
capacity to act under conditions of scarcity, thereby ensuring not only adaptation
to risk, but also the preservation of dignity, autonomy, and social reliability [4; 6].

In this regard, the Ukrainian experience of prolonged blackouts and wartime
threats may be conceptualised as a practical basis for the development of
recommendations within a broader European context, particularly with respect to
preparing populations for crisis modes of life activity, enhancing individual and
collective resilience, and strengthening self-preservation competencies under
conditions of large-scale infrastructural disruption associated with prolonged

interruptions in energy supply, water provision, heating, communication, and the

18



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 6.

functioning of other vital systems that ensure the basic conditions of human
existence and socio-professional activity [2; 3].

In this study, blackout is not treated as an end in itself or as the sole object
of analysis, but rather as a representative example of vital-crisis practice that
reveals a systemic need for an integrated model of individual life competencies
capable of preserving vitality and professional functionality under prolonged
conditions of resource scarcity and security threats, which, in its comprehensive
manifestation, may be described as energy collapse [4; 9].

Thus, the formulation of the problem enables the development of a scientific
and analytical model of individual life competencies capable of sustaining
vitality and professional functionality under conditions of prolonged blackouts and
related wartime infrastructural risks. This model is grounded in the integration of
physical-vital, psychological, cognitive-orientational, moral-professional, and
professional-functional components, complemented by an educational mechanism
for the transmission and consolidation of these competencies throughout the
lifespan.

Taken together, these components form the foundation of life preservation
as a conscious, responsible, and socially significant process that ensures not only
the reduction of vital vulnerability, but also the preservation of human dignity,
professional reliability, and the resilience of communities in situations of
multidimensional threats [4; 3].

Conclusions and Recommendations. As a result of the conducted scientific
and analytical inquiry, it has been established that prolonged energy collapse in
wartime and post-crisis environments should be understood not merely as an
infrastructural failure, but as a multidimensional vital-crisis condition that
simultaneously affects the physical conditions of existence, psycho-emotional
balance, moral-value orientation, and professional functionality of the individual
[3; 9].
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In the Ukrainian context, energy collapse acquires particular intensity due to
its overlap with air raid alerts, missile and drone attacks, threats to critical
infrastructure, and the recurring nature of instability regimes, which leads to the
formation of life competencies primarily not at the theoretical level, but through
the practice of everyday self-preservation.

This experience demonstrates that vital competencies emerge as a form of
applied knowledge-in-action that integrates survival skills, self-regulation, and the
maintenance of socio-professional reliability, rather than as an abstract declaration
of resilience [10; 5].

The obtained findings make it possible to substantiate the thesis that
individual vital competencies constitute a key resource for the preservation of
vitality, professional responsibility, and life sustainability under conditions of
prolonged energy collapse, as well as to justify an integrated model of
competencies that ensures both human viability and professional functionality in
vital-crisis situations [4; 1].

The proposed model is meta-competency in nature and is structured around
five interrelated components:

(1) physical-vital competencies (adaptation to cold, lack of adequate
lighting, and limited access to water; maintenance of bodily safety; prevention of
exhaustion);

(2) psychological and mental competencies (self-regulation, stress
management, preservation of motivation and cognitive clarity);

(3) cognitive-orientational competencies (critical thinking, correlating
information with reality, navigation in time, space, and events, decision-making
under conditions of limited data);

(4) moral-professional competencies (ethical responsibility, professional

integrity, social trust, and solidarity under conditions of resource scarcity);
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(5) professional-functional competencies (adaptation of work processes,
discipline, maintenance of work quality, and preservation of professional dignity
under conditions of instability).

Taken together, these components form vital competence as a supra-
systemic category that integrates physical endurance, psycho-emotional
regulation, moral responsibility, professional resilience, and the capacity to act
under conditions of scarcity.

Within the framework of European competence frameworks, it is
substantiated that the Ukrainian experience of prolonged energy collapse and
wartime infrastructural impacts objectively complements the competence-based
approach, as it demonstrates practical scenarios for which frameworks developed
under conditions of relative stability require further refinement and crisis-oriented
“profiling” [1; 2].

The European understanding of key competencies as a combination of
knowledge, skills, and psychological dispositions developed through formal, non-
formal, and informal lifelong learning provides a methodological foundation for
integrating components of vital security and practical preparedness for prolonged
crises into educational policies [1; 3].

It is particularly important that, within the domain of personal and social
competence, the need for resilience and the capacity to act under conditions of
uncertainty and stress is explicitly articulated, with emphasis placed on effective
time and information management, internal self-regulation, and the ability to
manage one’s own educational and professional trajectory—elements which,
under conditions of energy collapse, are transformed from the domain of “useful
skills” into determinants of life preservation.

On the basis of the foregoing, it is appropriate to formulate the following

proposals.
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First, for Ukraine, as well as for the European Union taking into account the
Ukrainian empirical experience, it is advisable, at the level of national, regional,
and institutional education and security policy, to institutionalise vitality and vital
security as a practice-oriented, interdisciplinary component of lifelong learning,
which should be integrated into school education, vocational training, corporate
programmes, and civic education [1; 10]. The content of such a component should
encompass: basic self-preservation algorithms (water, heat, nutrition, sleep,
hygiene), psycho-emotional self-regulation under conditions of threat, practices of
critical thinking and information hygiene, ethical standards of behaviour under
conditions of resource scarcity, as well as the organisation of work under
conditions of systemic infrastructural instability.

Second, it is advisable to develop a standardised “profile of vital
competence” as a set of learning outcomes for different age and professional
groups, which would enable the assessment of the formation of key elements of
life preservation and professional functionality under crisis conditions [1; 4].

Third, it is necessary to establish mechanisms for supporting non-formal
and informal learning that spontaneously emerges in crisis contexts through
methodological guidelines, certification modules, and the training of educators and
trainers, since in Ukraine the high effectiveness of “learning through crisis” has
been empirically demonstrated and therefore requires scientific systematisation
and broader dissemination [3; 10].

Fourth, within the context of European Union policies, it appears
appropriate to develop a set of competence-oriented recommendations aimed at
enhancing population preparedness for wartime infrastructural challenges, drawing
on the Ukrainian practical experience of overcoming systemic crises. Within the
structure of these recommendations, energy collapse should be defined as one of
the baseline stress scenarios characterised by a deficit of essential life-support

resources [2; 3].
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The content of such recommendations should include: the development of
resilience and coping skills for managing uncertainty and stress; the advancement
of practices for effective time management and the regulation of information
flows; the reinforcement of the capacity for critical thinking and decision-making
under conditions of limited data; and the strengthening of moral-value foundations
of social trust, cooperation, and integrity, which ensure the capacity of
communities for coordinated and solidarity-based interaction under crisis
conditions.

The proposed logic for structuring these recommendations makes it possible
to utilise response models developed in Ukraine as a source of empirically
validated practices and instructional case studies for assessing the effectiveness of
competencies in situations of prolonged resource constraint.

Fifth, it is proposed to consider the inclusion, within European lifelong
learning policies, of a distinct cross-sectoral domain provisionally defined as
“vital security and life preservation in vital-crisis situations,” which would
integrate educational, social, medical-psychological, and civil security components
[1; 9].

Such a domain is logically aligned with the overarching objective of the
competence-based approach — to ensure the full realisation of individual potential
and to support systems of education and lifelong learning—while at the same time
complementing them with practical dimensions of crisis preparedness.

Within this domain, it is advisable to develop adaptive modules tailored to
different professional sectors (public administration, healthcare, education, critical
services, business), given that professional responsibility in crisis conditions is not
merely a legal requirement, but also a function of the individual’s internal
resources and moral-professional qualities.

Overall, the formulated conclusions and proposals confirm that energy

collapse — as a representative example of prolonged infrastructural disruption in a
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wartime environment—reveals the necessity of reorienting research and practice
from post hoc response towards the preventive formation of life competencies
within the framework of vital security.

On this basis, the integrated model of competencies substantiated in this
article provides grounds for interpreting life preservation not as a situational
response, but as a systemic capacity of individuals and communities to sustain
vitality, dignity, and professional functionality under conditions of prolonged

vital-crisis situations [4; 6].
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AHAJITUYHUAN MAPKETHHT 3 BUKOPUCTAHHAM IITYYHOI'O
IHTEJIEKTY

ANALYTICAL MARKETING USING ARTIFICIAL INTELLIGENCE

Anomayin. Y ~ cTarTi  JOCIIDKEHO  TpaHchOpMaIlilo  CTPaTeriyHOTO
MapKETHHTOBOT'O aHajli3y B yMoBax MU(poBizaIlii depe3 IHTErparito IITYy4YHOTO
iaTenexkty (LII) Tta wmamuuaHOro HaBuyaHHi. OOIPYHTOBAHO TMeEpeXiJ Bia
PETPOCTICKTUBHUX IIXOIB 10 MPOAKTUBHUX aHAITHYHHX Mojeiei. Ha ocHoBI
npaib 13 Scopus Tta Web of Science cucremMaru3oBaHO KIIIOUOBI HaMpsiMu
3actocyBanHs IIII: moBemiHKOBa cermMeHTaIlis, MOJCIIOBaHHS customer journey,
aBTOMATU30BAaHUW MOHITOPUHT KOHKYPEHTIB Ta CIICHApHE MPOTHO3YBAaHHS PUHKY.

[Ipunineno yBary pusukam ymnpoBajkeHHS Al-iHCTpyMeHTIB (anropuTMmidHa
YIEePEIKEHICTh, MPO0JIeMa «YOPHOI CKPUHBKHY, €TUYHICTh BUKOPUCTAHHS JTAHUX )
Ta MeTojoJIoTiuHMM mporanuHam iHTerpamii LI B mapkeTWHTOBY cTparerito.
Onucano TpakTUYHUW MOCBiJl aHATITUKK B €-commerce, puTeiiai Ta ¢iHTex-
cekropi. JloBeneno, mo LI BUkoHye cucteMoyTBOpIOIOYY (DYHKIIIO, OB’ SI3YIOUH

iHcalith 3 ROI Ta KOHKYpPEHTOCHPOMOXKHICTIO. EQeKkTuBHICTH mMiIXoay
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NOCSTAa€ThCA JIMIIE 3a YMOBM CHHEpPrii ajaroOpuTMIB 3 EKCHEPTH300 Ta
CTpaTeFi‘—IHI/IM MUCJICHHAM MCHCIPKMCHTY.

Knrouosi cnosa: mapkeTunr, nudpoBe cepeloBUIlle, MAPKETUHIOBUN aHATI3,
IITYYHUM THTEJEKT, MAIIMHHE HABYAHHS, aHAIITUKA JAHUX.

Abstract. This article provides a comprehensive theoretical and
methodological investigation into the fundamental transformation of strategic
marketing analysis within the contemporary digital environment, driven by the
rapid integration of artificial intelligence (Al) technologies and machine learning
algorithms. The author addresses a critical systemic challenge faced by modern
enterprises: the explosive growth of available digital marketing data coupled with
the decreasing efficiency of traditional, retrospective market research tools that
fail to handle real-time market dynamics, consumer fragmentation, and extreme
information saturation. By reviewing peer-reviewed academic literature indexed in
prominent global databases like Scopus and Web of Science, the study synthesizes
contemporary scientific approaches to Al-driven data analytics in strategic
management. It systematically categorizes the core functional domains where Al
operates not merely as an isolated technical tool, but as a strategic organizational
capability that establishes sustainable, long-term competitive advantages in a
digitized economy.

The research demonstrates that machine learning models fundamentally
revolutionize consumer behavior analysis by shifting from static demographic
segmentation to dynamic, multidimensional behavioral and psychographic
profiling, which enables precise mapping of complete customer journeys and
predictive modeling of customer responses to marketing stimuli. In the realm of
competitive intelligence, Al architectures introduce automated, continuous
monitoring of competitors' pricing actions, product portfolio adjustments, and
communication campaigns, effectively replacing rigid positioning matrices with

highly agile, dynamic strategic maps. Furthermore, the predictive capacity of
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neural networks and advanced algorithms elevates forecasting from historic
descriptive statistics into complex, proactive scenario planning that adapts to
unexpected macro-environmental shifts and minimizes operational risks.

The article firmly concludes that achieving optimal analytical efficacy
requires a balanced, synergistic combination of advanced automated data
processing capabilities and deeply seasoned human managerial expertise, ensuring
long-term resilience, strategic flexibility, and sustainable corporate growth in the
digital economy.

Keywords: marketing, digital environment, marketing analysis, artificial

intelligence, machine learning, data analytics.

Ilocmanoeéxka  npoonemu.  CydacHWM  eTam  PO3BUTKY  CKOHOMIKH
XapaKTEePU3YEThCS MacIITabHOI HH(pPOBIZAIIE0 OI3HEC-TIPOIIECIB, 3POCTAHHSAM
pouti iHpOpMAaITIHHUX TEXHOJIOTIH Ta aKTUBHUM BHUKOPHUCTAHHSAM JAHUX y CHCTEMI
YIpaBIiHHS IANPUEMCTBAMUA. 3a WX YMOB MAapKETHHT SK (QYyHKI[IOHaJIhbHA
CKJIaJI0Ba YIPABIIHHS 3a3HA€ CYTTEBUX TpaHchopmallid, OCKLIbKH TpaauIliiHi
OiAXOMW JIO0 aHami3y pPHHKY, CIIOKHMBUYOi TIOBEIIHKM Ta KOHKYPEHTHOTO
CepeZIoBHUINA JeJajdi YacTillle BHUSBISIOTHCS HEAOCTAaTHIMHU JJIi OOTPYHTYBaHHS
cTpaTeriunuXx pimeHb. OcoONMMBO1T aKTyaIbHOCTI HAaOyBae HEOOXIMHICTh ajanTarlii
CTPaTEeTIYHOr0 MapKETHHTOBOTO aHalli3y J0 yYMOB IM(POBOro cepeaoBuINa, IO
XapaKTepU3y€eThCS BUCOKOIO JIUHAMIYHICTIO, 1H(QOPMAIIITHOI HACHUYEHICTIO Ta
HEBU3HAYCHICTIO.

TakuM YHMHOM, IOCHIIKEHHS CTPATEriYHOTO MAPKETUHTOBOTO AaHami3y B
U (POBOMY CEPEIOBHIII 3 BUKOPUCTAHHIM IITYYHOTO THTEJIEKTY € aKTYaTbHUM SIK
3 TEOPEeTUYHOTO, TaK 1 3 MPAKTHYHOTO TOTJSAY, OCKUIBKH CIpPSIMOBaHE Ha
BUPIIICHHS KIIOYOBUX MPOOJIEM aJanTailii MapKEeTHHTOBOTO YIIPaBJIiHHS 10 YMOB

M (PpoBOi EKOHOMIKH Ta MIABUIIEHHS Pe3yJIbTATUBHOCTI JISUIBHOCTI MIATPUEMCTB.
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Ananiz ocmamnnix oocniodxcensv i nyonixayiu. IIpoOreMatnka cTpaTeriyHOTO
MapKETHHTOBOT0 aHali3y B yMOBax HU(GPOBOTO CEPEJOBUINA OCTAHHIMU pOKaMU
Ha0yna IIUPOKOrO0 BHUCBITIEHHA Yy 3apyODKHUX HAYKOBUX JOCIHIIKEHHSX,
iHAeKkcoBaHUX y 0a3zax Scopus Ta Web of Science. YV neHTpi yBaru mOCHiIHUKIB
nepeOyBalOTh MUTaHHS TpaHcopMmallii MapKEeTUHTOBUX (YHKLIA MMiJl BILTUBOM
uu@poBizalii, 3pOCTaHHS poJi BEJIUMKUX JaHUX Ta IHTErpamii TEeXHOJIOT1H
IITYYHOTO IHTEJIEKTY B CUCTEMY CTPATEridYHOTO YIPaBIiHHS MiIPHEMCTBOM.

VY KOHIENTyalbHUX MpalugX 3 MapKeTUHIOBOI TeOpii IITYYHHH I1HTEIEKT
pPO3TIIAIAEThCSA K YMHHHK TIEPEXOAY Bl TpaJAMIIIHHOTO JO aHAJITHKO-
OpIEHTOBAHOTO Ta KITIEHTOIICHTPUYHOT'O CTPATETIYHOTO MapKETHUHTY. 30Kpema, B
JTOCIIDKCHHSIX aKIEHTYEThCS Ha TOMY, III0 BHKOPHUCTAaHHS 1HTEJIEKTYaJIbHUX
aJTOPUTMIB JIO3BOJISIE aBTOMATH3yBaTH 3HAYHY YACTUHY aHAJITUIHUX IMPOIEIYP
Ta TIABUIIMTH OOIPYHTOBAHICTH PIIIEHb y MPOIECi CErMEHTallll, TAPreTUHTY Ta
MO3UIIOHYBaHHS. Y IbOMY KOHTEKCT1 INITYYHUH 1HTENIEKT TPAKTYEThCS HE JIUIIIE
SK 1HCTPYMEHT, a sK CTpaTeriuHa opraHizalliiiHa 3JaTHICTh, IO (opMmye
JIOBFOCTPOKOBI KOHKYpEHTHI mepesaru [1].

3HauYHUA  MacHMB  HAayKOBMX  MyOJIKaIii  NPUCBIYEHO  MUTAHHAM
MapKETHHTOBOI aHAJITUKH B YyMoOBax IudpoBoro cepemoBumia. JlocaigHuKu
BiJI3HAYAIOTh, 110 KIIIOYOBOIO BIIMIHHICTIO CY9acHOTO MapKETHMHTOBOT'O aHAIII3Y €
BUKOPHUCTAHHS BEJIMKUX OOCSTIB pealbHUX MOBEAIHKOBUX JaHUX, sIK1 POPMYIOTHCS
B OHUIAaMH-KaHaJIaX B3acMo/11 31 criokuBadamu. CaMme Il JaHl CTal0Th OCHOBOO IS
MOOYI0BH TPOTHOCTHYHHMX MOJCICH IONHTY, OIIHIOBAHHS >XHUTTEBOI IIIHHOCTI
KIIIEHTIB 1 MOJICTIOBAHHS CITOKUBUMX IUISIXIB [2].

Okpemuii HampsM JOCITIDKCHb 30CEpPeHPKCHUH Ha aHaji3l CIIOKHUBYOL
MOBEAIHKY B TU(POBOMY CEPENOBHUIII 3 BUKOPUCTAHHSIM aJITOPUTMIB MAITMHHOTO
HaBYaHHS. Y TpaIsX HAroJOIIYETHCS, MO IHTEICKTyalbHI aHATITHYHI CHCTEMH
JI03BOJISIIOTH MEPEUTH Bl TPAAMIIINHOI 1eMorpadiuHOi cerMeHTalii 10 UOUHHOT

MOBEJIIHKOBOI Ta TMcUXorpadiyHOi cerMeHTarlii, 10 3HAYHO MiJBUIIY€E TOYHICTh
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MapKEeTUHIOBUX NpOorHo3ie. Ilpu 1bpoMy cTpaTeriyHuii MapKeTHHIOBUM aHalli3
Ha0yBa€e TMEPCOHANII30BAHOTO XapakTepy, IO BIANOBIA€ CyYaCHUM TEHACHIISIM
PO3BHUTKY pUHKY [3, 4, 5].

Y Mekax KOHKYPEHTHOTO aHaji3y [OCITIIHUKH aKICHTYITh yBary Ha
3pOCTaHHI MPO30pOCTi HMU(PPOBUX PHUHKIB Ta MOMKJIMBOCTSIX aBTOMATHU30BAHOTO
MOHITOPUHTY AISIBHOCTI KOHKYPEHTIB. Y HAYKOBHMX HpallsiX 3a3HAYA€ThCS, L0
TEXHOJIOTII IITYYHOTO 1HTEJICKTY PO3IIUPIOIOTH MEKI KIIACHYHOTO KOHKYPEHTHOTO
aHamizy, 3a0esneuyroun Oe3lepepBHE BIJICTEKECHHS 3MIH Yy I[IHOYTBOPEHHI,
ACOPTUMEHTHIN MOMNITHUI Ta KOMYHIKAILIMHIM aKTUBHOCTI KOHKYpPEHTIB [5, 6]. Lle
CTBOPIOE OCHOBY Il (opMyBaHHS JWHAMIYHHUX CTPATETiYHUX MOJCIICH
HO3UINIOHYBaHHS Y 1M poBoMy cepenoBuii [1, 5, 6].

BaxxauBUM HanpsiMOM JOCIIKEHb € TaKOX MPOTHOCTHYHUN Ta CIIEHApHUH
aHali3 y CTpAaTeTYyHOMY MapKETHHTY. Y HAyKOBIU JIITEpPATypl HAroJIOMIy€eThCA, 110
TPaAMIlIiHI METOAM TMPOTHO3YBAaHHS JeJail dYacTille IOCTYNalThCd MICIEeM
IHTEJIEKTYaJIbHUM MOJICIIAM, 3JaTHUM OOpOOJIATH CKJIaJHI HENIHINHI 3aJIe)KHOCTI
Ta BpaxoOBYBaTH BIUIUB 30BHIMIHIX (¢akTopiB. BuUKOpUCTaHHS MITYYHOTO
IHTEJIEKTY, 3a BHUCHOBKAaMH JOCJIJHHKIB, CHPHSIE IIIBUIICHHIO adaNTHBHOCTI
CTpaTeTiYHUX MApKETHHTOBHMX PIIIEHh B YMOBaX HECTaOUILHOrO cepeaoBuiia [6,
7, 8].

Bonnowac y HaykoBuX myOJiKaIisiXx IOPYIIYIOThCS THUTaHHA OOMEKEHb
3aCTOCYBaHHS MITYYHOTO IHTEJIEKTY B MAPKETHHrOBOMY aHami3i. Cepell OCHOBHUX
mpoOJeM Ha3UBAIOThCS PHU3UKH aNTOPUTMIYHOI yIEepeHKEHOCTI, CKIAAHICTh
iHTeprpeTallii pe3yabTaTiB MOJAENeH, a TaKoX €THYHI aCMeKTH BUKOPUCTAHHS
nepcoHaibHux jganmx [9, 10]. Ile miaTBepIkKye HEOOXITHICTH TOETHAHHS
IHTENIEKTyaIbHUX  aHAJNITUYHUX I1HCTPYMEHTIB 13 KIACHYHUMHU METOJaMu
CTpATETIYHOTO aHAJi3y Ta yIpaBIiHChKOIO ekcriepTu3oro [10].

TakuMm YMHOM, aHaNli3 OCTaHHIX JOCIIIKEHb 1 MyOJiKauiil CBIIYUTH PO

dbopMyBaHHS CTIMKOTO HAyKOBOIO 1HTEpeCy JI0 MpoOJeMU CTPATETIvyHOTO

30



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 6.

MapKETUHIOBOTO aHajii3y B HU(POBOMY CEPEOBUII 3 BUKOPUCTAHHAM LITYYHOTO
iHTeNnekTy. Pa3oM 3 THM HEIOCTaTHRO CHCTEMATH30BAHMMH 3aJHUINAIOTHCS
MUTAaHHS METOJOJIOTIYHOI IHTerpalii 1HTEJIEKTyaJdbHUX AHATITUYHUX CHCTEM Y
CTpaTeriuHe YNpaBIiHHS MAPKETUHIOM MIAMPUEMCTB, 1110 3yMOBIIIOE JOIUIHHICTD
MOAANBIINX JOCTIKEHb Y IIbOMY HAMpsIMI.

Memoro cmammi € TEOPETUKO-METOA0JIOT1UHE OOTPYHTYBAHHS POIIl, PYHKIIN
Ta HAMNpsMiB BUKOPHCTAHHS IITYYHOTO IHTENEKTY B CHCTEMI CTpPATeTiyHOTO
MapKETUHIOBOTO aHaJi3y MiANMPUEMCTB y HHPPOBOMY CEpPENOBHUIN, a TaKOXK
BU3HAUEHHS MHOro BIUIMBY Ha IMIJBUIIEHHS OOIPYHTOBAHOCTI CTpaTETriyHUX 1
IHBECTULIIMHO OPIEHTOBAHMX YINPABIIHCBKUX pIllIeHb, (OPMYBAHHS CTIMKUX
KOHKYPEHTHHX TiepeBar i 3a0e3meueHHs] TOBrOCTPOKOBOTO PO3BUTKY Oi3HECY B
yMOBax HU(PPOBOT EKOHOMIKH.

Buknao ocnosnoco mamepiany. MapKeTUHTOBUM aHamiz y Uu(pOBOMY
CEepe/IOBUINl  3a3HAa€ CYTTEBUX TpaHchopMaliii Mg BIUIMBOM  PO3BUTKY
iHGOpMaIITHUX TEXHOJOT1M Ta 3pOCTAaHHS POJl JaHUX Y Mpoliecax yIpaBIiHHS.
Tpamumiiini miAXoauW 10 aHalizy pPHUHKY, SKI TIPYHTYBajluCid TIEPEBaXXHO Ha
BUOIPKOBUX JIOCTIIPKCHHSAX, CTATUCTUYHUX Yy3arajJbHEHHSIX 1 PETPOCICKTHBHIM
OIIHIII PE3ydbTaTIB MISUTBHOCTI, B yMOBax HH(PPOBOI EKOHOMIKH IOCTYIIOBO
BTpa4yaloTh CBOIO e(QeKTUBHICTh. lle 3yMOBIECHO BHCOKOI JWHAMIYHICTIO
PUHKOBHUX TIPOIIECIB, (parMeHTAIlIEI0 CIIOKUBUOTO TIOMHUTY Ta 3pPOCTAHHAM
KOHKYPEHIIIi B TJI00abHOMY ITU(GPOBOMY MPOCTOPi. Y IbOMY KOHTEKCT1 IITYYHUH
IHTEJIEKT BHUCTYMA€ KIIOYOBUM IHCTPYMEHTOM TMOTJIMONCHHS CTPATEri4HOTO
MapKEeTUHTOBOTO aHaji3y, OCKUIBKH JIO3BOJISI€E OOpOOISATH 3HA4HI O0OCITH
CTPYKTYPOBaHMX 1  HECTPYKTYPOBaHUX  JIaHWX, BHUSBISATH  IPHUXOBaHI
3aKOHOMIPHOCTI Ta (h)OPMYBATH MPOTHO3HM PO3BUTKY PUHKY B PEKUMI, OJIM3HKOMY
70 peaJbHOr0 4Yacy. BHKOpHUCTaHHS airOpuWTMIB MAIIMHHOTO HaBYaHHS,
HEUPOHHUX MEPEX 1 METOJIB IHTEJIIEKTYyalbHOI AHANITUKH 3a0e3nedye SKICHO

HOBUU piBEHb OOTPYHTOBAHOCTI CTPATErYHUX MAPKETUHTOBUX PILLICHb.
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OaHuM 13 KIIOYOBHX HampsAMIB 3aCTOCYBAHHS IUTYYHOI'O IHTENIEKTY €
CTpaTeriyHuil aHami3 crnoxuB4oi noBeAiHku. [ludpose cepenosuie dopmye
yHiKaJgpHy 1H(QOpMauiiiHy 0a3y, sika BKIIOYa€ MOBEIIHKOBI JIaHI KOPHUCTYBauyiB,
ICTOpIIO TpaH3akKIlii, B3aeEMOA10 31 IMPPOBUMH KaHajJaMU KOMYHIKaIlli, 8 TaKOX
KOHTEHT, CTBOPEHUM CHoOXuBauamMu. Ha BiAMIHY BIiJ KJIaCHYHUX METOJIIB
CerMeHTallii, IHTEJIEKTYyaJbHl  QJITOPUTMH  JIO3BOJSIIOTH  3A1HMCHIOBATH
O0araroBUMIpHY Ta JUHAMIYHYy CETCMEHTAlll0 pPUHKY 3  ypaxyBaHHSIM
IHAMBIAYATbHUX XapAaKTEPUCTUK CIIOKUBAYIB.

3acTocyBaHHS IITYYHOTO IHTEJEKTY B aHaNi31 CIIOKMBYOI IMOBEIIHKH Ja€
3MOTy MOJIEJIIOBATH MOBHI CHOXKKBYI HUISIXH (customer journey), iIeHTU(IKYBaTH
KJIIOYOB1 TOUKHU B3a€MO/IIi 3 OpEHIOM 1 TPOTHO3YBaTH WMOBIPHY PEAKIIiI0 KIIEHTIB
Ha MapKETWHTOBI CTUMYNHU. Y CTpAaTETIYHOMY acIeKTi e crpuse (HOopMyBaHHIO
NEePCOHANI30BAHUX IIHHICHUX TMPOMO3UIIIA Ta MIABUIIEHHIO JOBrOCTPOKOBOT
KJIIEHTCHKOI I[IHHOCTI, MO0 € BaXKJIMBUM UYMHHUKOM KOHKYPEHTOCHPOMOXKHOCTI
HiATPUEMCTBA.

OkpeMy poJib Yy CTpaTeriyHOMY MAapKETHHTOBOMY aHalli3l Bimirpae
NPOrHOCTUYHA (PYHKITiS IITYYHOTO 1HTEJIEKTY. AJITOPUTMU MAIIMHHOTO HAaBYAHHS
Jal0Th 3MOTy OyayBaTH CKJIagHI MPOTHOCTHYHI MOJEi IOMUTY, OIIHIOBATH
KUTTEBUM IUKJI TPOAYKTIB Ta IPOTHO3YBaTH €(QEKTHUBHICTh albTepPHATHUBHUX
CTpaTeriuHuX pimeHb. Ha BiIMIHY Big TpagulliiHMX METOJIB IPOTHO3yBaHHS,
IHTEJNEKTyallbHI MOJIEJII BPaXxOBYIOTh HE JMINE ICTOPWUYHI JaHi, a ¥ TOTO4YHI
PUHKOBI CHUTHaJIM, IO MIABUINYE TOYHICTh IepeadadeHb. 3aCTOCYBaHHS
MIPOTHOCTUYHOTO Ta CIIEHAPHOTO aHaji3y Ha OCHOBI IITYYHOTO IHTEJEKTY CIPHUSE
TpaHcopMallii CTPaTeriYHOTO MAPKETUHTOBOTO aHATI3y 3 PETPOCTICKTUBHOTO
IHCTPYMEHTY OIIHIOBaHHS PE3yJbTaTIB y MPOAKTUBHUIA MEXaHI3M YIPaBIiHHS
MalOyTHIM pO3BUTKOM MmianpueMcTBa. lle 0coOmmMBO BaXJIMBO B yMOBax

HECTaOLTbHOIO0 €KOHOMIYHOTO CEPEIOBUIIA Ta BUCOKUX IHBECTUIIIHHUX PU3UKIB.
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Bognouac iHTerpamisi IITYYHOrO IHTENEKTY B CHUCTEMY CTpPaTETI4HOrO
MapKETUHIOBOTO aHalli3y MOTpeOye BpaxyBaHHS HU3KM OOMEXEHb 1 PU3HKIB.
Cepenq HHMX — SKICTb 1 PpEJIEBAaHTHICTh JaHUX, PHU3UKU aITOPUTMIYHOI
yIEepEeHKEHOCT], CKJIAJHICTh I1HTEepIpeTalli pe3ynbTaTiB  IHTEJIEKTyalbHUX
MoOJeiel, a TaKoX eTHYHI AacCHeKTH BHKOPUCTAHHS TMEPCOHATBHUX JaHUX
cnoxkuBaudiB. Tomy e(QEeKTUBHMI CTpaTeriyHMi MapKeTMHTOBUW aHami3 y
U(PPOBOMY CEPEIOBUINI Mae IPYHTYBAaTHUCS Ha TOEIHAHHI aHATITHYHUX
MOJIMBOCTEH IITYYHOTO 1HTENEKTY 3 VIPaBIiHCHKOI EKCIEePTU30I0 Ta
CTpaTeriuHUM Oa4eHHSIM KEPIBHUIITBA MIAMPUEMCTBA.

[IpakTika NPOBITHUX KOMMAHIA CBIIYUTH, IIO IHTErpalisi MTYYHOTO
IHTENIEKTY B CUCTEMY CTPATEriqHOTO MapKETHHTOBOTO aHAJI3y J03BOJSE CYTTEBO
HiIBUIIUTH PE3yJIbTATUBHICTh YIPABIIHCHKUX PIIICHb Y TU(GPOBOMY CEPEIOBHIILI.
Haiibinpin mommpeHnmu chepamMu MPaKTUIHOTO 3aCTOCYBAHHS IHTEIEKTYaabHOI
aHAMITUKU € MPOTHO3YBAaHHS TOIMMTY, aHAJ3 CMOXKMBUOI MOBEIHKH, YIIPaBIiHHS
B3a€MOBIIHOCMHAMHU 3 KJII€HTAMU Ta ONTUMI3AIliSl MApKETUHTOBHUX CTpaTerid y
KOHKYPEHTHOMY CEPEIOBHUIIIL.

Tak, y mpakTuill eIeKTpOHHOT KOMEPIii alrOpUTMHU MAIIMHHOTO HaBUYAHHS
AKTUBHO BUKOPUCTOBYIOTHCS JJI aHAJI3y BETUKUX MACHBIB IMOBEIIHKOBUX JAHUX
criokuBaviB. Ha ocHOBi iH(opMalrii mpo meperiisaau, MOKyINKH, 9ac B3aeMOJIl 3
KOHTEHTOM Ta PEakIlifo Ha MApKETUHTOB1 CTUMYIH (DOPMYIOThCS TIEPCOHAIII30BaH1
pEeKOMEHAIIHHI MoJenil. Y cTpaTeriyHOMy BHUMIpI 1€ JO3BOJISIE KOMIIAHISIM HE
JUIIE MiJBUIYBATH KOPOTKOCTPOKOBI TOKA3HWKU TPOJaxiB, a i (opmyBaTu
JIOBIOCTPOKOBY  KJITIEHTCHKY JIOSUIBHICTB, M0 O€3MocepeHh0 BIUIMBAE Ha
IHBECTHUIIIHY IPUBAOIUBICTH O13HECY.

[IpakTH4HU# 1HTEpEC CTAHOBUTH TAKOX BUKOPUCTAHHS IITYYHOTO IHTEJIEKTY
y CTpaTeriyHOMY KOHKYpeHTHOMY aHamizi. Y uudpoBomMy cepemoBuIli
IHTEJIEKTyaJbHl CUCTEMH 3IMCHIOIOTh aBTOMAaTH30BAaHWM MOHITOPHHT I[IHOBHX

CTpaTerii KOHKYPEHTIB, 3MiH Yy MPOAYKTOBUX JIIHIMKAaX Ta KOMYHIKaIIMHOT

33



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 6.

aKTUBHOCTI B OHJIaiiH-KaHanaX. OTpuMaHi aHAIITHYHI PE3yJbTaTH I03BOJISIIOTH
OTEPaTHUBHO KOPUTYBAaTH BJACHE CTpaTeTiyHE MO3MI[IOHYBAaHHS, IIO 3HIKYE
piBEHb CTpATET1YHUX PU3MKIB 1 MIIBUIIYE aJalTUBHICT MIJIPUEMCTBA.

Y ¢QinancoBoMy Ta I1HBECTULIMHOMY KOHTEKCTI IITYYHHUHA I1HTEJIEKT
BUKOPUCTOBYETHCS JUIsl OL[IHIOBAHHS €()EKTUBHOCTI MAapKETUHIOBUX CTpaTerii 1
MPOTrHO3YBaHHSI I1XHBOTO BIUIMBY Ha (PIHAHCOBI TMOKAa3HUKHU. I[HTENEeKTyallbH1
aQHAJITUYHI MOJENI JO3BOJSIOTh TIOB’SI3yBaTH MApPKETUHIOBI 1HIUKATOPU 3
NOKa3HUKaMu MPUOYTKOBOCTI, PEHTA0EIbHOCTI 1HBECTHUIIA Ta BapTOCTi Oi3HECY.
TakuM YHHOM CTpaTeriuHMN MapKETHHTOBHH aHami3 TpaHCHOPMYEThCS Ha
THCTPYMEHT, 110 0e3MmocepeIHbO MIATPUMYE THBECTHUIIIMHI PIIIICHHS.

VY mpaxTHIli mignpueMcTB cepu MOCIyT 3aCTOCYBaHHS ITYYHOTO IHTEICKTY
CIIpHUsSi€ CTPATETIYHOMY YIPABIIHHIO KIIEHTCHKUM JIOCBIIOM. AHaji3 TEKCTOBUX
BIAT'YKiB, COIIIAJIbHUX MEPEX 1 3BEpPHEHb KJIEHTIB JO3BOJISE BUSBISATH KIFOYOBI
dakTopH 3aJI0BOJICHOCTI Ta HE3aJ0BOJIEHOCTI CIOXKHMBaydiB. BUKopUCTaHHS Takux
aQHAJITUYHUX 1HCANTIB y CTpaTeriyHOMY MAapKETHUHTY 3abe3reuye IiIBUIICHHS
SIKOCT1 CEpBICY Ta 3MIITHEHHS PUHKOBHX MO3UIIIN MIINPHUEMCTRBA.

Hapeneni npukiaayd NpakTUKU TiATBEPIKYIOTh, IO INTYYHHH IHTEIEKT Yy
CTpaTeTiYHOMY MapKETHHIOBOMY  aHalli3l BHKOHYE HE JIOIIOMDKHY, a
CHCTEMOYTBOPIOIOYY (YHKIi0. IOro BUKOPHCTAHHS [O3BOJSIE MiAIPHEMCTBAM
dbopmyBaT OinbIl  OOTPYHTOBaHI, THYYKI Ta IHBECTHI[IHHO OpiEHTOBaHI
MapKETHUHTOBI CTpaTerii, O BiIMOBIAI0Th BUMOTaM IU(PPOBOT EKOHOMIKH.

BucHoBkn. Y nmporeci AOCHIIKEHHS CTPATETIYHOTO MAapKETHHIOBOTO
aHamizy B HHU(QPOBOMY CEpPEIOBHUIINI 3 BUKOPUCTAHHSM IITYYHOTO I1HTEIIEKTY
OTPUMAHO TaKl OCHOBH1 BUCHOBKH.

1. BcranoBneno, mo 1udpoBizaimisi €KOHOMIKH 3YMOBIIOE KapAUHAIBHY
TpaHcPOopMaIlifo TPATUIINHUX MITXOIB /IO CTPATETIYHOTO MAapKETHHTOBOTO
aHaizy. 3pocTaHHA OOCSTIB JOCTYMHUX MapKETHHTOBUX JaHUX, IIIBUIICHHSI

JUHAMIYHOCTI PUHKOBUX TIPOIECIB Ta 3arOCTPEHHS KOHKYPEHTHOI OOpoThOu

34



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 6.

O0OMEXYIO0Th €(DEKTUBHICTh KIACHUHUX AHAJTITUYHUX IHCTPYMEHTIB 1 MOTPEOYIOThH
BITPOBAKCHHSI 1HTEICKTyaJTbHUX aHATITHYHUX CUCTEM.

2. OOrpyHTOBaHO, 10 IITYYHUH  IHTEJEKT BUCTYNA€E  KIIOYOBUM
IHCTPYMEHTOM  MIJBUILNEHHS  AHAJITUYHUX  MOMKJIMBOCTEH  CTpPATEridHOro
MapKeTUHTy, 3a0e3neuyoud OOpoOKYy BEIUMKHX MAaCHUBIB CTPYKTYPOBaHHUX 1
HECTPYKTYPOBaHUX JaHWUX, BHSBJICHHS NPHUXOBAaHUX 3aKOHOMIpDHOCTEH Ta
dopMyBaHHS MPOTHOCTUYHUX MOJIETICH PO3BUTKY pUHKY. Lle m03BOIISE MiABUIIATH
OOTpYHTOBaHICTb  CTpPATEriUHUX MAPKETUHIOBUX pilleHb Yy UUPpoBOMY
CepeOBUIIIL.

3. [loBeneHo, 110 BUKOPHUCTAHHS IITYYHOTO 1HTENEKTY B aHaJi31 CIIOXKHBYOI
MOBEJIIHKH CITPUSIE MIEPEX01y BiJl arperoBaHOi CerMeHTallli 10 1HAUBIyaTi30BaHUX
KIIEHTCHKUX CTpaTerid. MoJIeIIOBaHHS CIIOXKUBYMX IUISIXiB Ta MPOTHO3YBaHHS
MOBEJIHKOBUX PpEAKIId KIIEHTIB CTBOPIOIOTH MEPEAyMOBH i (QOpMyBaHHSA
JIOBIOCTPOKOBO1 KJIIEHTCHKOI ITIHHOCTI Ta 3MIIHEHHS KOHKYPEHTHHX TO3HUIIii
HiAITPUEMCTB.

4. Bu3zHaueHo, 10 IHTeTpallis IHTEeJIEeKTyaJlbHOI aHAJITUKU Y KOHKYPEHTHUM
aHaji3 JIO3BOJISE TMANPUEMCTBAM 3IIMCHIOBATH O€3MEepEepBHUN MOHITOPHHT
PUHKOBOTO CEPEIOBUINA Ta ONEPATHBHO aJanTyBaTH CTpaTerii MO3UIIOHYBaHHS.
[Tepexin Big CTaTUYHUX 10 AUHAMIYHMX MOJEJCH CTPAaTEeTriyHOTO aHalli3y 3HUKYE
PIBEHB CTpATETIUHUX PU3UKIB Ta MiJBUINYE IHBECTUIIHHY TPHUBAOIUBICTh OI3HECY.

5. YcTaHOBNIEHO, 10 3aCTOCYBaHHS IITYYHOI'O 1HTEIEKTY Y IPOTHOCTUYHOMY
Ta CIEHAPHOMY aHaNi3l crpuse TpaHchOpMallli CTPATeTIYHOTO MAPKETUHTOBOTO
aHai3y 3 PETPOCHIEKTUBHOTO 1HCTPYMEHTY OIIHIOBaHHS B MPOAKTUBHUMA MEXaHI3M
VIOpPaBIIHHSI MalOyTHIM pO3BUTKOM minnpuemMcTBa. Lle € ocoOmmBO BaXMBUM B
yMOBaX HECTAOUTHPHOCTI €KOHOMIYHOTO CEPEJIOBHUIINA Ta 3POCTAHHS 1HBECTHUIIITHHIX
PHU3HUKIB.

TakuM YWHOM, TMPOBEACHE MOCIIKEHHS MIATBEPKYE, IO CTPATETIUHUI

MapKEeTUHTOBUHN aHali3 y HU(POBOMY CEPEOBUIN 3 BUKOPUCTAHHSIM LITYYHOTO
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IHTEJIEKTY € BOKJIMBUM YMHHUKOM MIABUILCHHS €(DEKTUBHOCTI MapKETUHTOBOT'O Ta
IHBECTULIIMHOIO YTNpPaBIIHHSA MIAIPUEMCTBAMU Ta CTBOPIOE MEPEAYMOBU IS iX

CTaJI0r0 PO3BUTKY B YMOBaX HMU(GPOBOT EKOHOMIKH.
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CYUYACHHMHU CTAH I IEPCHEKTUBH BIIBOPY O3HAK Y 3AJTAUAX
BATATOKJIACOBOI KJACU®IKAIIIT KIBEPATAK 3
BUKOPUCTAHHSIM MAILIMHHOI'O HABYAHHSI: CHCTEMHMUI
AHAJII3 METO/JIB I TEXHOJIOT' T

CURRENT STATUS AND PROSPECTS OF FEATURE SELECTION IN
MULTI-CLASS CYBERATTACK CLASSIFICATION PROBLEMS USING
MACHINE LEARNING: A SYSTEMATIC ANALYSIS OF METHODS
AND TECHNOLOGIES

Anomauis

JIoCHiPKEHHST TIPUCBAYEHO KOMIUIEKCHOMY aHaji3y CydYacHHUX METO/IB
BimOopy o3Hak (feature selection) y 3amauax OaraTokiacoBoi Kiacu@ikarii
kibepatak. ¥ poOOTi cHCTEeMaTH30BaHO WIICTh OCHOBHUX KaTETOpiii METOHiB:
filter-based, wrapper-based, embedded, meraeBpuctuuni, XAl-keposani ta RL-
kepoBaHi migxonu. [IpoBeaeno anani3z 31 maykoBoi myo6mikarii 2022—2026 poxis,
10 ICMOHCTPYE €BOJIOIIIO BiJl KIACHYHUX CTATHCTUYHUX METOMIB JIO T1IOpHIHUX
Al-driven migxomiB. OcobnuBy yBary MNpUIIIEHO BHKIWKAM 0ararokiiacoBOi
nmocTaHoBKH: severe class imbalance, class-specific feature relevance ta cross-

feature effects. {ocmimxeno 12 benchmark-naraceris Bix legacy (NSL-KDD) no
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HaiicyuacHimux (GeNIS-2025, CICIoMT2024). IlpaktuuHi pexkoMeHIalil
BKJIIOYAlOTh ToTOBHMM technology stack Ta weromonorito Bamigamii aJist
production-grade cuctemM. Y KOHTEKCTI 3arpo3 HACTYIIHOTO TIOKOJIHHS (Ha
npuknaai  Anthropic Mythos Preview) o0rpyHTOBaHO KpUTHUYHICTH edge-
deployable, interpretable Tta adversarially-robust feature selection mis
MaciTaboBaHOI KI0EpP3aXUCTYy.

Kniwouosi cnosa: Bubip o3HaK, OararokiacoBa kiacudikalis, kKideparakw,

machine learning, NIDS, metaeBpuctuka, XAl, SHAP.

Abstract

This research presents a comprehensive analysis of contemporary feature
selection methods in multiclass cyberattack classification tasks. The study
systematizes six primary categories: filter-based, wrapper-based, embedded,
metaheuristic, XAl-driven, and RL-driven approaches. Analysis of 31 scientific
publications from 2022-2026 demonstrates evolution from classical statistical
methods to hybrid Al-driven approaches. Special attention is given to multiclass
challenges: severe class imbalance, class-specific feature relevance, and cross-
feature effects. We examine 12 benchmark datasets from legacy (NSL-KDD) to
state-of-the-art (GeNIS-2025, CICIoMT2024). Practical recommendations
include a ready-to-use technology stack and wvalidation methodology for
production-grade systems. In the context of next-generation threats (exemplified
by Anthropic Mythos Preview), we justify the criticality of edge-deployable,
interpretable, and adversarially-robust feature selection for scalable
cybersecurity.

Keywords: feature selection, multiclass classification, cyberattacks,

machine learning, NIDS, metaheuristics, XAI, SHAP.

Ilocmanoexa npobnemu. EKCIOHEHIIalbHE 3pOCTaHHS Kidep3arpos y

40



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 6.

CydacHOMY UH(PPOBOMY CEpPEIOBUIIl BHUCYBAE KPUTHYHI BUMOTH JO CHCTEM
BusiBIieHHS BTOprHeHb (Network Intrusion Detection Systems (mani — NIDS)).
Oco0OnuBy CKJIaAHICTh MpeAcTaBiisge OaraTokiacoBa Kiacudikailis arak, e
cUCTeMa TOBMHHA HE JIMIIE JCTEKTYBaTH aHOMAJbHY aKTHBHICTh, @ ¥ TOYHO
imentudikyBatu tun araku: DDoS, PortScan, Brute-force, Botnet, Infiltration,
Web-attacks Toro.

Hentpanbuum BUKIMKOM Yy moOynoBi epexktuBHux NIDS e BinOip o3Hak
(feature selection) — mpouec i1aeHTUdIKALIT HAWOUIBII 1HPOPMATUBHUX
XapaKTePUCTUK MepexkeBoro Tpadiky 3 BEIMKOPO3MIPHOTO MPOCTOPY O3HAK.
CyuacHi flow-based ngaraceru mictats Bix 41 (UNSW-NB15) no 78 (CICIDS-
2017) o3Hak, uo ctBOproe mpobinemu curse of dimensionality, ocoOiauBO
kputuyHi 115 edge-deployment cuenapiiB loT/IoT.

Ananiz ocmanuix docaiodcens i nyonikayiv. Panni poboru y cdepi NIDS
30cepemkyBaiancs Ha kiacuyHux filter-meromax. Rehman et al. (2025) [1]
npoaeMoHCcTpyBanu edekTuBHIcTh Fisher Score, Mutual Information Ta
Information Gain g IoMT-mepex, nocarayBmu Fl-score mo 97% Ha
CICIoMT2024. Silva et al. (2025) [2] po3mwupunu Le Mmiaxil, KOMOIHYIOUH
n’sath filter-metonis (Information Gain, Chi-Squared Test, Recursive Feature
Elimination, Mean Absolute Deviation, Dispersion Ratio) mis GeNIS-garacery.

Pepomromitauii Hanpsimok 2024-2026 pokiB — iHTerparis Explainable Al y
feature selection. Chen et al. (2024) [4] 3anpononyBanu SHAP-based miaxim mis
[oT NIDS, ne Shapley values BUKOPUCTOBYIOTBHCSI SIK KpUTEpil BiAOOPY O3HAK
3aMICTh CTAaTUCTUYHHUX MeTpuK. Wang et al. (2025) [5] po3pobuin apXiTeKTypy 3
SHAP-guided pruning + knowledge distillation, sika 3meHITye Mojens Ha TpHU
nopsiaku npu 30epexxenHi macro-F1 > 0.986.

Fathi et al. (2025) [7] npencrasunu nepmmii RL-driven feature selector, e
areHT makcumizye reward = A(AUC) — penalty(subset size). Ha RT-10T2022 1
Android Malware datasets anroputm pocsrays AUC 0.91-0.93 3a 20

41



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 6.

TPEHYBaJIbHUX €MOX, JEMOHCTPYIOUH MOTEHI[1aJl aBTOHOMHOI onTuMizaiii feature
subsets.

Mema cmammi. TlpeacTaBUTH CUCTEMAaTUYHUN aHall3 Cy4yacHOrO CTaHy
MmeroniB feature selection y OararoknacoBiil knacudikamii kibeparak, 6a30BaHHil
Ha aHami3l HaykoBuUX myoOumikamid 2022-2026 pokiB Ta NPaKTUYHOMY JOCBiAl
BrpoBakeHHs production-grade NIDS y enterprise-cepegoBuiiii.

Buknao ocnoenoco mamepiany 0ocniosxceHnHs.

1. AHani3 MOTOYHOTO CTaHY.

1.1 TakcoHOMISI METO/IIB:

Kareropis

OCHOBHI1 METOIH

XapakTepUCTUKHU

Filter-based

Fisher Score, MI, 1G, Chi-
Squared

model-agnostic,
IrHopyroTh feature interactions

IIBuaki,

Metaheuristic

GWO, PSO, WOA, HHO,

95-99% accuracy mnpu 5-15

GTO, riopunu O3HaKax

XAl-driven SHAP,

Gradients

LIME, Integrated | InTepnperoBaHi,

patterns

class-specific

1.2 Benchmark-garaceru.

Amnani3 nokasye eBourolito Bif legacy-nmaracetis (KDD99, NSL-KDD) no
cyuacaux loT/IloT-opientoBanux #Habopis. CICIDS-2017 1 UNSW-NBI15
sanumarThest; gold standard; mist mopiBHSUIBHOTO aHalily, MPOTE HOBI J1aTaceTH
B1100pakaroTh peaiCTUYHIII CIIeHapii:

— CICIoMT2024 — 18 TumiB arak Ha [oMT-tipuctpoi, 19 kiaciB BKIIOYHO
3 benign traffic;

— GeNIS (2025) — monynpHi cueHapii 1ius SME-opranizartii;

— ToN-IoT, BoT-IoT — edge-deployment focus;

—IEC 60870-5-104 — mpomucnosi npotokomu OT/ICS.

1.3 Buknuku 6aratokyiacoBoi kiacudikarrii.
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Severe class imbalance. ¥ CICIDS-2017 Heartbleed ctanoButs <0.01%
JaTaceTy, o0 poOUTh KJIacHu4H1 MeTpuku (accuracy) HeiHdopmaTuBHUMH. Panda
et al. (2025) [8] memoHcTpyrOTh, moO agantuBHa feature selection 3 TF-IDF
weighting nokparrye macro-F1 pigkicaux knacis 3 0.84 no 0.94.

Cross-feature effects. Tpamumiiini SHAP/LIME npunyckatots feature
independence, mo HeaxekBatHO i multi-stage attacks. Lv et al. (2025) [9]
aapecyoTh Mo mnpoonemy uepe3 Decision Tree-enhanced Deep Attention
Networks, k1 Moaeo0Th feature interactions eKCILTIIIMTHO.

2. Metononoriunuii ppeiMBOpK.

2.1 Production-ready pipeline.

bazyrouncr Ha anamizi 31 myOmikamii Ta TOpakTAYHOMY  JIOCBiji,
HPOIOHYEThCs HacTymHui technology stack mms production-grade NIDS:

— Flow extraction: CICFlowMeter, Zeek/Bro aus real-time o6po0kwu;

— Preprocessing: scikit-learn StandardScaler, imbalanced-learn SMOTE;

— Feature Selection: riopuax Mutual Information + XGBoost importance +
SHAP global ranking;

— Classifiers: XGBoost (primary), LightGBM (backup), BiGRU+Attention
(experimental);

— MLOps: MLflow ans model versioning, Apache Spark ms scale-out.

2.2 Bamigamiiiaa MeTO10I0T 1.

Kputnuno BaknuBo BuxmrounTu data leakage. Silva et al. (2025) [2]
MIIKPECIIIOI0Th HEOOXITHICTh BUAIeHHs features, 110 103BOJISIIOTH IHPEPUTH KiTac
3a TOTMOJIOTIE€I0 TECTOBOTO cepeoBHIla 3amicTh behavioral patterns.

PexomennoBani Metpuku: macro-F1 (ocHoBHa), per-class precision/recall,
inference latency (ms), model size (MB). Balanced accuracy xoBae morany
performance Ha MIHOpPHHX KJIacax i1 He HiIXOMuTh I baggage-critical security
applications.

3. MaitOyTH1 BUKJIMKH Ta IEPCIEKTUBHU.
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3.1 3arpo3u HaCTYITHOTO NOKOJIIHHSL.

3BiT Anthropic (7 xBiTHs 2026 poky) mnpo Claude Mythos Preview
neMoHCTpye quantum leap y automated vulnerability discovery. Mogenn
aBTOHOMHO BUsBIIsL€ zero-day B OS/6pay3zepax/ VMM, Bkitovarouu 27-piuHuii Oar
y OpenBSD SACK 1 numie noBHouinHi RCE-excmoiitu ans FreeBSD NFS [10].
VY 89% BuMankiB eKCIepTHA BaIiAaIlis MiATBEpIAIIA Severity assessment MOAETI.

Ile xkapauHanbHO 3MiHIOE operational context mns NIDS: oOcsr iHIIUAEHTIB
3pocTe Ha TopsiAoK, patch window 3BY3UThCS 10 TOJMH, JOMIHAHTHUM CTaHE KJac
N-day exploitation. Feature selection pipeline mae onTumizyBaTUCS HE TUIbKHU 3a
accuracy, a # 3a edge-deployment latency, MITRE ATT&CK mappability,
adversarial robustness.

3.2 TexHOJIOr14HI NPIOPUTETH.

Edge-deployable architectures. Wang et al. (2025) [5] meMOHCTPYIOTH
SHAP-guided pruning + knowledge distillation nns otpumanus student-mojenei,
MeHIuX 3a teacher Ha Tpu mopsiaku mpu macro-F1 > 0.986 Ta inference latency
18-22 mc.

MITRE ATT&CK integration. Zhang et al. (2025) [11] po3pobOunu
RADAR-X framework, mo mapped koxny detection na ATT&CK tactic, SHAP-
evidence summary Ta SOAR playbook trigger. Lle essential nns automated SOC
workflows y high-volume incident environments.

Bucnosexu. JlocmigkeHHS BHUSBWIO IIICTh €BOJIOMIMHHMX eTamiB y feature
selection s 6ararokiracoBoi kimacudikarii kibeparax: Bixg filter-meromis qo Al-
driven migxomiB. KiitouoBi BUCHOBKWU:

1. Topunnai minxomu (filter + metaheuristic + XAI) AeMOHCTPYIOTH
Harikpamuii ROI y production environments.

2. XAl-driven selection ctae mandatory mus interpretable security

operations.
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3. Edge-deployment BuMoru kapauHaibHO 3MIHIOIOTH architecture trade-
offs.

4. Maitoytni LLM-renepoBani 3arpo3u norpeOyioTh adversarially-robust
feature selection.

Pexomennyetrbcsi focus Ha practice-oriented gocnimkeHn: temporal
robustness, concept drift adaptation, MITRE ATT&CK compliance, real-world
adversarial testing. AxkageMiuHa CHIIbHOTA Mae mepexoauTu Bia benchmark-

driven g0 deployment-driven evaluation protocols.
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OBSTETRICS

Abstract

Rh incompatibility remains one of the current challenges in modern obstetrics
and perinatology, as it may lead to the development of Hemolytic disease of the
fetus and newborn, intrauterine hypoxia, hydrops fetalis, and severe perinatal
complications, including fetal death. Despite significant progress in the prevention
of Rh alloimmunization, this condition continues to be clinically relevant due to
delayed diagnosis, insufficient prophylactic coverage, and the complexity of
managing sensitized pregnancies.

The article analyzes contemporary approaches to the prevention, diagnosis,
and management of pregnant women at risk of Rh alloimmunization. The main
pathogenetic mechanisms of Rh incompatibility, risk factors for maternal
sensitization, and the role of the maternal immune response in the development of
fetal hemolytic anemia are discussed. Particular attention is paid to modern
methods of prenatal diagnosis, including determination of anti-D antibody titers,
ultrasonography, Doppler assessment of the fetal middle cerebral artery, and
noninvasive fetal RhD genotyping using analysis of cell-free fetal DNA in
maternal blood.

The study emphasizes the importance of timely fetal monitoring for early

detection of hemolytic anemia and prevention of severe forms of fetal hemolytic
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disease. It is highlighted that the timely administration of anti-D immunoglobulin
during pregnancy and after delivery remains the most effective method for
preventing Rh alloimmunization. The implementation of modern preventive
protocols, improvement of molecular genetic diagnostic methods, and a
personalized approach to pregnancy management contribute to reducing severe
perinatal complications and improving perinatal outcomes.

Keywords: Rh incompatibility, Rh alloimmunization, Hemolytic disease of
the fetus and newborn, anti-D immunoglobulin, prenatal diagnosis, Doppler

assessment, pregnancy.

Problem statement. Rh incompatibility is one of the most important causes
of Hemolytic disease of the fetus and newborn, which may lead to severe perinatal
complications, including intrauterine fetal death. Despite significant advances in
the prevention of Rh alloimmunization, this issue remains relevant due to
insufficient coverage of preventive measures, delayed diagnosis, and the
complexity of managing sensitized pregnant women.

Rh alloimmunization remains a serious medical and social problem because
severe forms of hemolytic disease may result in fetal anemia, hydrops fetalis,
preterm birth, neurological complications, and increased perinatal mortality. In
many cases, the disease develops progressively and may remain asymptomatic
until significant fetal impairment occurs. Therefore, timely identification of
women at risk and regular prenatal monitoring are essential components of
effective obstetric care.

Modern obstetrics is focused on the early identification of women at risk of
developing Rh incompatibility, the implementation of timely preventive measures,
and careful monitoring of fetal condition. Particular importance is given to the use
of advanced diagnostic methods, including antibody screening, ultrasonography,

Doppler assessment, and molecular genetic technologies for fetal RhD genotyping.
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The improvement of diagnostic technologies and the standardization of preventive
protocols are key strategies for reducing the incidence of hemolytic disease of the
fetus and newborn.

In addition, the widespread use of anti-D immunoglobulin prophylaxis has
significantly decreased the frequency of Rh sensitization and improved perinatal
outcomes worldwide. However, further optimization of screening programs,
accessibility of modern diagnostic methods, and adherence to international clinical
guidelines remain important priorities in contemporary obstetric practice.

Analysis of recent research and publications. Contemporary studies
indicate that Rh incompatibility remains an important issue in obstetrics and
perinatology despite the significant reduction in the incidence of severe forms of
Hemolytic disease of the fetus and newborn due to the implementation of anti-D
prophylaxis [1, 2]. Scientific publications extensively describe the pathogenetic
mechanisms of Rh alloimmunization, the role of fetomaternal transfusion, and the
maternal immune response in the development of hemolytic disease of the fetus
and newborn [1, 3]. It has been proven that the entry of Rh-positive fetal
erythrocytes into the bloodstream of an Rh-negative mother triggers the synthesis
of 1gG antibodies, which cross the placenta and cause hemolysis of fetal
erythrocytes [4, 7].

Modern research pays considerable attention to the risk factors for the
development of Rh alloimmunization, among which previous pregnancies,
abortions, invasive prenatal procedures, bleeding during pregnancy, and
transfusion of incompatible blood are of primary importance [3, 8, 9]. Authors
emphasize that the absence of timely prophylaxis significantly increases the risk of
developing hemolytic disease of the fetus and severe perinatal complications [2,
8].

A separate area of contemporary research is devoted to improving methods

of prenatal diagnosis and fetal monitoring. Scientific studies confirm the high
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diagnostic value of determining anti-D antibody titers, ultrasonography, and
Doppler assessment of the fetal middle cerebral artery for the early detection of
hemolytic anemia [7, 11, 14]. Significant progress in the management of Rh-
incompatible pregnancy is associated with the introduction of noninvasive fetal
RhD genotyping using analysis of cell-free fetal DNA in maternal blood, which
allows the personalization of prophylactic strategies and helps avoid unnecessary
administration of anti-D immunoglobulin [12].

Modern literature also actively investigates the effectiveness of anti-D
immunoglobulin as the primary method for preventing Rh alloimmunization. It
has been demonstrated that timely administration of anti-D immunoglobulin
during pregnancy and after delivery significantly reduces the risk of sensitization
and the development of hemolytic disease of the fetus [2, 8]. At the same time,
authors emphasize the need to improve monitoring algorithms for sensitized
pregnant women and to enhance access to modern diagnostic and preventive
methods [7, 13].

Purpose of the study. To analyze contemporary approaches to the
prevention of Rh incompatibility and Hemolytic disease of the fetus and newborn,
and to determine the effectiveness of modern methods of diagnosis, monitoring,
and preventive management of pregnant women at risk of Rh alloimmunization.

Presentation of the main material. Rh incompatibility is one of the most
important immunological complications of pregnancy that occurs due to
incompatibility between maternal and fetal blood according to the Rh factor. The
condition most commonly develops when a pregnant woman has Rh-negative
blood and the fetus inherits the Rh-positive antigen from the father. According to
epidemiological studies, approximately 10-15% of the population is Rh-negative,
while the risk of delivering an Rh-positive child in Rh-negative mothers is about

60—70%, depending on the paternal genotype [1].
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Before the introduction of specific immunoprophylaxis, hemolytic disease
of the fetus and newborn was one of the leading causes of perinatal mortality. In
the mid-20th century, the rate of sensitization among Rh-negative women after
pregnancy with an Rh-positive fetus reached 13-16%, whereas the modern use of
anti-D immunoglobulin has reduced this rate to less than 1% [2].

Pathogenetically, Rh incompatibility develops as a result of the entry of Rh-
positive fetal erythrocytes into the maternal bloodstream. Even a minimal volume
of fetomaternal transfusion, approximately 0.1 mL of fetal blood, may trigger a
maternal immune response [3].

During the initial exposure, the immune system predominantly produces
IgM antibodies, which are unable to cross the placental barrier. However,
immunological memory subsequently develops, and upon repeated exposure to the
Rh antigen, IgG antibodies are rapidly synthesized. These antibodies can cross the
placenta and induce hemolysis of fetal erythrocytes [4]. As a result of massive
erythrocyte destruction, anemia, tissue hypoxia, and impairment of fetal hepatic
and cardiovascular function develop. With progression of the hemolytic process,
extramedullary hematopoiesis is activated, the fetal liver and spleen enlarge, and
decreased oncotic pressure leads to generalized edema and the development of
hydrops fetalis [5].

One of the most severe consequences of Rh incompatibility is Hemolytic
disease of the fetus and newborn. The severity of the condition depends on the
concentration of maternal antibodies and the intensity of hemolysis. Mild forms
are characterized by moderate hyperbilirubinemia after birth, whereas severe
forms are accompanied by hydrops fetalis, generalized edema, heart failure, and
multiple organ dysfunction [6].

Hydrops fetalis is a critical condition in which mortality without treatment
may exceed 50-80%. According to contemporary studies, severe forms of

alloimmunization remain associated with a high risk of preterm birth, the need for
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intrauterine transfusions, and perinatal complications [15]. As a consequence of
chronic hypoxia and hyperbilirubinemia, newborns may develop central nervous
system damage, including bilirubin encephalopathy, hearing impairment, seizure
syndrome, and persistent neurological disorders [7].

The risk of Rh alloimmunization significantly increases in the presence of
factors associated with fetomaternal transfusion. Sensitization most commonly
occurs after delivery of an Rh-positive fetus; however, spontaneous and induced
abortions, ectopic pregnancy, invasive procedures, bleeding during pregnancy,
placental abruption, and abdominal trauma are also important contributing factors
[8].

After spontaneous abortion, the risk of sensitization is approximately 1.5—
2%; after invasive procedures, up to 5%; and after delivery without prophylaxis, it
may exceed 15%. Particularly high risk is observed in women with repeated
pregnancies and a complicated obstetric history. In addition, the risk of
sensitization increases after cesarean section, manual removal of the placenta, and
obstetric manipulations associated with disruption of the placental barrier [8].

Modern approaches to the diagnosis of Rh incompatibility are based on the
early identification of women at risk. All pregnant women undergo determination
of blood group and Rh status during their first prenatal visit [10]. Rh-negative
women are oOs3atenbHo tested for anti-D antibody titers. In the absence of
sensitization, antibody screening is repeated at 18—20 weeks, 28 weeks, and before
delivery. An antibody titer of 1:16 or higher is considered critical, as it is
associated with a high risk of severe Hemolytic disease of the fetus and newborn.
An increase in antibody titers requires more frequent monitoring and
comprehensive examination. Contemporary practice also includes the
determination of IgG antibody subclasses, since 1gG1 and 1gG3 possess the

highest hemolytic activity [11].

53



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 6.

An important achievement of modern perinatology has been the
introduction of noninvasive fetal RhD genotyping through analysis of cell-free
fetal DNA in maternal blood [9]. This method has a sensitivity exceeding 99% and
allows determination of fetal Rh status as early as the 10th week of pregnancy
[13]. This approach helps avoid unnecessary administration of anti-D
immunoglobulin in cases where the fetus is also Rh-negative. The use of this
technology significantly reduces the number of invasive procedures and
contributes to personalized pregnancy management. Furthermore, the application
of molecular genetic methods enables timely prediction of the risk of severe
hemolytic disease of the fetus and optimization of monitoring strategies [13].

Ultrasonography remains the primary method for assessing fetal condition
in Rh incompatibility. It allows evaluation of fetal size, placental thickness,
amniotic fluid volume, and the presence of signs of hydrops fetalis [14].

Characteristic ultrasound signs of severe hemolytic disease include ascites,
pleural effusion, subcutaneous edema greater than 5 mm, cardiomegaly, and
hepatosplenomegaly. Significant placental thickening also indicates fetal
decompensation and severe disease progression. In cases of progressive anemia,
signs of heart failure and impaired placental circulation may be observed,
requiring immediate adjustment of pregnancy management strategies.

The most effective method for preventing hemolytic disease of the fetus is
the timely administration of Rh(D) anti-D immunoglobulin. Current
recommendations include routine antenatal prophylaxis for Rh-negative women,
as well as administration of the drug after delivery, invasive procedures, abortions,
bleeding episodes, and other situations associated with the risk of fetomaternal
transfusion. The use of anti-D immunoglobulin after delivery and during
pregnancy significantly reduces the risk of Rh alloimmunization and the

development of hemolytic disease of the fetus [12].
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Due to the implementation of modern preventive methods, molecular
genetic diagnostics, and careful fetal monitoring, the incidence of severe forms of
Hemolytic disease of the fetus and newborn has significantly decreased, leading to
improved perinatal outcomes.

Conclusions. Rh incompatibility remains one of the most significant
immunological complications in modern obstetrics, as it may lead to the
development of Hemolytic disease of the fetus and newborn, intrauterine hypoxia,
hydrops fetalis, and severe perinatal complications, including fetal death. Despite
considerable progress in preventive strategies, the problem continues to be
clinically relevant due to the risk of maternal sensitization and the complexity of
managing alloimmunized pregnancies.

Contemporary diagnostic approaches, including determination of anti-D
antibody titers, ultrasonography, Doppler assessment of the fetal middle cerebral
artery, and noninvasive fetal RhD genotyping using cell-free fetal DNA, enable
early identification of pathological changes and accurate evaluation of fetal
condition. These methods contribute to timely risk stratification, optimization of
pregnancy management, and reduction in the incidence of severe fetal
complications.

The timely administration of Rh(D) anti-D immunoglobulin remains the
most effective method for preventing Rh alloimmunization. Routine antenatal and
postnatal prophylaxis significantly decreases the risk of maternal sensitization and
improves perinatal outcomes. Therefore, further improvement of screening
programs, accessibility of modern diagnostic technologies, and adherence to
standardized preventive protocols are essential for reducing the incidence of
hemolytic disease of the fetus and newborn and improving maternal and neonatal

health outcomes.
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KPUTUYHE MUCJEHHS MAUBYTHBOI'O BUUTEJISA B
A ®POBY ENOXY: BIJIUB TEXHOJIOTT MITYYHOI'O
IHTEJIEKTY

CRITICAL THINKING OF THE FUTURE TEACHER IN THE
DIGITAL AGE: THE IMPACT OF ARTIFICIAL INTELLIGENCE
TECHNOLOGIES

Anomauyis

VY crarTi JOCHIKEHO MPo0IeMy PO3BUTKY KPUTHYHOTO MUCICHHS MalOyTHIX
YYHTENIB B YMOBax IIU(POBI3allii OCBITH Ta aKTUBHOTO BIIPOBAKEHHS TEXHOJIOT1H
MITYYHOTO 1HTEJIEKTY B OCBITHIN Mpoiiec. AKTYadbHICTh JOCIIIKCHHS 3yMOBIICHA
HEOOXITHICTIO TTPOdeCiiHOT MATOTOBKHM MEAaroriB, 31aTHUX €()EKTHUBHO TISTH B
yMoBax iH(pOpMaIliiiHOT HEBHU3HAYEHOCTI, KPUTUYHO OI[IHIOBATH pPE3YyIbTaTH
po6otn Al-cuctem Ta 3a0e3medyBaTH TMEJArOTiYHO JOIUIBHE BUKOPHCTAHHS
U(POBUX TEXHOJIOTIN y HaBYaHHI. Y Cy4aCHOMY HaYKOBOMY IHUCKYPCi KPUTHYHE
MHCJICHHS PO3IJISIAEThCS SIK OJHA 3 KIOYOBUX KoMmeTeHTHocTel XXI cTomiTTs

Ta BaXKJIMBa MpodeciiiHa SIKICTh Cy4acHOTO BUUTEIS.
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VY pe3ynbTaTi JOCHIIKEHHS BCTAHOBJIEHO, 110 BUKOPUCTAHHS TEXHOJOT1H
IITYYHOTO 1HTEJIEKTY Mae aMOIBaJIeHTHUI xapakTep. 3 ogHoro 6oky, Al Bingkpuae
HOBI MOXIJIMBOCTI JUIsi TEpCOHaji3alli HaBYaHHS, aBTOMAaTH3aIlli OCBITHIX
MpOIIECIB, MIATPUMKH JOCIHITHUIIBKOI JISTTBHOCTI Ta ajanTaiii OCBITHIX
TpaekTopid. 3 iHIIOro OOKYy, HaAMIpHA 3aJICKHICTh BiJ TeHepaTUBHUX Al-cuctem
MOK€ MPU3BOAUTH 10 3HM)KEHHSI PIBHA CaMOCTIHHOTO MHCIEHHS, (OpMYyBaHHS
U1F0311  KOMIIETEHTHOCTI, KOTHITMBHOTO «PO3BAaHTAXCHHS» Ta HEKPUTHYHOTO
COPUUHATTS 1HGOpMAIIii.

OOrpynroBaHo, mo B yMmoBax Al-omocepekoBaHOTO  OCBITHBOTO
CepelloBUIIla KPUTUYHE MHUCJICHHS HalOyBa€ HOBUX (YHKIIIA, MOB’A3aHUX 13
OIIHIOBAaHHSAM PE3YJIbTaTIB JISJIBHOCTI 1HTEIEKTYaJbHUX CHCTEM, TEPEBIPKOIO
JOCTOBIPHOCT1 ~ 3T€HEpOBaHOi  i1HQoOpMallii, BHUSABICHHSAM  aNTOPUTMIYHUX
yIepeKeHb Ta 3IIHCHEHHSIM €MiCTeMIYHOTO OI[iHIOBaHHS 3HaHb. Bu3HadeHo, 110
BXJIMBOIO CKJIaJIOBOIO TpodeciifHOoT MiArOTOBKM MaWOyTHIX YYUTENIB €
dopmyBaHHa Al-TpaMOTHOCTI, SIKa OXOILIIOE 3JaTHICTh KPUTHUYHO B3AEMOIISTH 3
U(GPOBUMH CUCTEMAMH, YCBIJOMIIIOBATH OOMEXKEHHS aJrOpPUTMIB Ta ETUYHO
BUKOPHUCTOBYBATH TEXHOJIOT1i IITYYHOT'O 1HTEICKTY.

VY cTaTTi 0XapakTepu30BaHO MENAroriyHi MAXOAN 10 PO3BUTKY KPUTUUHOTO
MUCJIEHHS MalOyTHIX YYUTENIB, CEpea SAKUX MPOoOJIEeMHO-OPIEHTOBAHE HaBYAHHS,
KeWc-MeTo/I, MOPIBHAUIBHUK aHami3 iHdopmallii, pedeKCHUBHI MPaKTHKH Ta
MPOEKTHA [ISJBHICTh 13 BUKOpPUCTaHHSAM Al SK 1HCTpyMEHTYy MiIATPUMKH
HABYaHHSI.

Knrouosi cnosa: KpuTHUYHE MUCIICHHS, MAOyTHI BUNUTEIN, IITYYHUIA 1HTEIEKT,
mudposizamiss ocBith, Al-rpamoTHICTH, mpodeciiiHa MIATOTOBKA, EMICTEeMIYHE

OITIHIOBaHHS, IU(PPOBE OCBITHE CEPEIOBUIIIE.
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Abstract

The article examines the problem of developing critical thinking in future
teachers in the context of the digitalization of education and the active integration
of artificial intelligence technologies into the educational process. The relevance
of the study is determined by the need for professional training of teachers capable
of effectively functioning under conditions of informational uncertainty, critically
evaluating the results generated by Al systems, and ensuring the pedagogically
appropriate use of digital technologies in education. In contemporary scientific
discourse, critical thinking is considered one of the key competencies of the 21st
century and an essential professional quality of a modern teacher.

The study found that the use of artificial intelligence technologies has an
ambivalent character. On the one hand, Al opens new opportunities for
personalized learning, automation of educational processes, support for research
activities, and adaptation of educational trajectories. On the other hand, excessive
dependence on generative Al systems may lead to a decline in independent
thinking, the formation of an illusion of competence, cognitive offloading, and
uncritical perception of information.

It is substantiated that in an Al-mediated educational environment, critical
thinking acquires new functions related to evaluating the results of intelligent
systems, verifying the reliability of generated information, identifying algorithmic
biases, and performing epistemic evaluation of knowledge. It is determined that an
important component of future teachers’ professional training is the development
of Al literacy, which includes the ability to critically interact with digital systems,
understand the limitations of algorithms, and ethically use artificial intelligence
technologies.

The article characterizes pedagogical approaches to developing critical

thinking in future teachers, including problem-based learning, case-study methods,
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comparative analysis of information, reflective practices, and project-based
activities using Al as a learning support tool.

Keywords: critical thinking, future teachers, artificial intelligence,
digitalization of education, Al literacy, professional training, epistemic evaluation,

digital educational environment.

Ilocmanoexka npobremu. CTpIMKHIA PO3BUTOK HH(PPOBUX TEXHOJIOTIH Ta
aKTUBHE BIIPOBA/DKCHHS CHUCTEM IITYYHOTO IHTEJICKTY B OCBITHIH Tmporec
3YMOBIIIOIOTh TJHOOKY TpaHchopMallilo Ccy4acHoi OcBiTH W mpodeciitHol
HiATOTOBKA MaOyTHIX yuuteniB. ChOroAHI TEXHOJOTIl IITYYHOTO I1HTENIEKTY
BUKOPUCTOBYIOTBCS HE JIMIIE SK JOTMOMDKHHMH I1HCTPYMEHT JJI IIOIIYKY
iHopMaIlii 4y aBTOMATH3allll OKPEMUX NEJaroriuyHuX 3aB/iaHb, & K YUHHUK, 10
BIUIMBAE HAa XapakKTep TMi3HABaJdbHOI [ISJIBHOCTI, CMOCOOM B3aeMoAli 3
iHdopMalliero Ta JIOTIKY opraHizamii HaBuaHHs [1]. ¥V 1ux ymoBax ocoOJIuBOi
aKTyaJIbHOCTI HaOyBae mpoOsieMa pO3BUTKY KPUTUYHOTO MHCIICHHS, SIKE
PO3TIIAIAETHCS K OJJHA 3 KIIFOUOBUX KOMIETEHTHOCTEHW Cy4acHOTo meiarora.

[MudpoBa emoxa xapaKTepHU3YEThCS HAIMIPHOK KUIBKICTIO 1H(pOpMaIlii,
BHCOKOIO IIBUAKICTIO i1 IMOIIMPEHHS Ta TMOCWJICHHSIM BIUIMBY aJTOPUTMIYHUX
cucteM Ha iH(opmariiine cepenosuine JroauHu. CydacHi nudposi miatgopmu
Jeqanl aKTUBHIIIEC BIUIMBAIOTh Ha ¢opMmyBaHHA iHQopMamiiHuX yrogo0aHb
KOPHUCTYBauiB, CIIOCOOM CIPUAHATTA iH(OpMaIlii Ta mpoIecu MPUHHATTS PIllICHb.
BogHouac cucTtemMu TEeHEpaTUBHOTO IITYYHOTO IHTEIEKTY 3/JaTHI CTBOPIOBATH
MePEKOHJIMBI, ajieé TOTCHIIIHO HETOYHI, HEMOBHI a00 ymnepeKeH1 BiATOBII, IO
aKTyaiizye moTrpedy y 3MaTHOCTI KPUTHYHO OIIHIOBATH JpKepena iHdopmarrii,
MePEBIPATH JOCTOBIPHICTh TBEP/KEHD Ta 3IIMCHIOBATH €IICTEMIYHE OI[IHIOBAHHS
3HaHb [2; 3].Y cydacHOMy mu(poBOMY CEpEOBHINI KPUTUYHE MHCIICHHS CTa€
HEOOXITHOI YMOBOIO e€(eKTHBHOI Ta O€3MeyHoi B3aeMOJil JIOAWUHU 3

1H(pOopMalli€ro i TEXHOJIOTISIMU IITYYHOTO 1HTEIIEKTY.
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Oco0auBOi 3Ha4yIIOCTI MPOOJIEMa PO3BUTKY KPUTUUHOTO MUCIICHHS HaOyBae
y npodeciiiHiii miarotoBui MaiOyTHIX yuuteniB. TpaauuiiiHa QyHKIisS nenarora
AK OCHOBHOIO JDKepesia Mepenadyl 3HaHb IOCTYNOBO TpPaHCHOPMYETbCS IMiJ
BIUTMUBOM LIU(poBi3alii ocBiTy Ta nomupeHHss Al-rexHomnoriid. CydacHUl y4yuTenb
Ma€e BUKOHYBaTH pOJII HAcTaBHUKA, (acuiiTatopa, OpraHizaropa OCBITHBOI'O
CepeIOBHINIA Ta KOOPJMHATOpPA Mi3HABAILHOI MisuIbHOCTI y4HIB [1]. V 3B’s3Ky 3
UM MaWOyTHIN Menaror MOBMHEH BOJOJITH 3/IaTHICTIO KPUTHUYHO OI[IHIOBATH
pe3ysbTaTH POOOTH CHUCTEM IITYYHOTO IHTEJICKTY, BHSBJISATH aJITOPUTMIYHI
ylepeKeHHs, aHali3yBaTH JOCTOBIPHICTh 1H(opMalii Ta (GopMyBaTH B Y4YHIB
HABUYKU BIJIMOBITAIBHOT B3a€EMO/IIT 3 TU(PPOBUMHU TEXHOJIOTISIMH.

[HTerpariss TEXHOJNOTIH WITYYHOrO IHTEJIEKTY B OCBITY BIIKPHBA€E 3HAYHI
MOMJIMBOCTI JJIsl TEepcoHaji3alii HaBYaHHs, ajanTallii OCBITHIX TpPaEKTOPIM,
aBTOMAaTH3allii PYTUHHUX TEJaroridYHiX MPOIECiB Ta CTBOPCHHS IHTEPAKTHBHOTO
OCBITHBOTO cepenoBuina [4]. BomHoyac MOCHITHUKH HArojOMIylOTh 1 Ha HM3II
MOTCHIIIMHUX PHU3MKIB, TOB’S3aHUX 13 HAJIMIPHOI 3aJexKHICTIO Big Al-cuctem.
30kpeMa, BUKOPUCTaHHS IITYYHOTO IHTEJIIEKTY MOXXE CIPHUATH TaK 3BaHOMY
«KOTHITUBHOMY PO3BaHTKCHHIO», KOJIM 3/100yBadl OCBITH OTPHUMYIOTh T'OTOBIi
BIIITOB1/11 0€3 JOCTAaTHLOTO PiBHSI CAMOCTIHHOTO aHAI3Y, IHTEICKTYaJbHUX 3yCHIIb
1 pedaekcii, HeoOX1THUX I TIIMOOKOTo 3acBOEHHs 3HaHb [1; 5]. HaamipHa onopa
Ha Al TakoX MOTEHIIIMHO CTBOPIOE pU3UKH (OPMYBAHHS 110311 KOMIIETEHTHOCTI,
3HIDKEHHS PIBHS CaMOCTIMHOCTI MUCJEHHS Ta TOCHa0JIeHHS aHaTITHYHOI
TSTTBHOCTI CTYACHTIB [3].

VY cydacHMX yMOBax oOcOONHMBOrO 3Ha4YeHHS HaOyBae (opmyBaHHs Al-
IPaMOTHOCTI MaOYTHIX YYUTEINIB, KA OXOILUIIOE HE JIUIIE BMIHHS KOPUCTYBATHUCS
U(QPOBUMHU THCTPYMEHTAMH, a W 3MATHICTh KPUTHYHO OIIHIOBATH PE3YIbTATH
poborn Al, po3yMitm OOMEXEHHS aJTOPUTMIUHMX CHCTEM, YCBITOMIIIOBATH
€TUYH1 acCTleKTH iX BHUKOPUCTAHHSA Ta 3a0e3meuyBaTH IEeJAaroriyHo JIOIUIbHY

IHTErpalil0 MTYYHOrO IHTENEKTY B OCBITHIM mpomec [2]. Bigrak mnpobGiema
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PO3BUTKY KPUTHYHOTO MUCJICHHS MalOYTHBHOTO BYHTENS B yMOBaX IU(GPOBOI
€MOXM Ta aKTUBHOTO BIPOBAKEHHSI TEXHOJIOT1N HITYYHOTO IHTEJIEKTY MOTpedye
IPYHTOBHOTO TEOPETHYHOTO W METOAWYHOTO OCMHCICHHS, M0 W 3YMOBIIOE
aKTyaJbHICTh OOPAHOT TEMU JTOCIIIKEHHS.

Ananiz  ocmamnHix oocnioxcerv 1 nyonixayiu. Ilpobiema pO3BUTKY
KPUTUYHOTO MUCJIEHHS B yMOBax LK(pOBI3alii OCBITH Ta MOIIMPEHHS TEXHOJIOT1H
MITYYHOTO IHTEJIGKTY aKTHBHO JIOCHIIDKYEThCS SK YKpaiHCBKUMH, TaK i
3apyODKHIMH HAYKOBISIMH. Y Cy4acHOMY HayKOBOMY JHMCKypci ocoOnmmBa yBara
OpUIISETBCA TpaHcpopMallli OCBITHBOTO cepefoBHIla Mia BruBoM Al, 3MiHi
poni BumTens, po3BUTKY Al-rpamoTHOCTI Ta (hOpMyBaHHIO 31aTHOCTI KPUTHIHO
B3a€EMOJIISATH 3 TU(POBUMH CHCTEMaMH.

Y MDKHapOAHHUX TOCIIPKEHHSX CYTTEBY YBary MpUAiIIEHO IEPEOCMHUCICHHIO
npodeciiiHoi posi megarora B ymMoBax CTPIMKOTO po3BUTKY Al-texnonorid. Y
nonoBigi OECD «Reimagining Teaching in an Accelerating World»
MAKPECIIOETHCS, 10 Cy4acHAa OCBITA Ma€ OPIEHTYBATUCA HE JIMIIE HA Tepeaady
3HaHb, a HacamImepell Ha PO3BUTOK KPUTUYHOTO MHUCJIEHHS, TBOPYOCTI,
aJanTUBHOCTI Ta 3JaTHOCTI YYHIB JISTH B yMOBaxX HeBH3HaueHoOcTi [1].
Hocnigankun OECD HarosomyioTh, 10 B YMOBax MOIIUPEHHS T€HEPATUBHOIO
MITYYHOTO 1HTEJICKTY OCOOJIMBOTO 3HAaYeHHs HaOyBarOTh MpodeciiiHe CYHKEHHS
BUUTENsA, pedIiekcis, emmaTii Ta 3IaTHICTh MIATPUMYBATH IHTEJICKTyaIbHY
ABTOHOMIIO yUHIB.

[legaroriuni acmekTu BUKOpUCTaHHA Al B OCBiTI IpyHTOBHO aHamizye V.
Charisi, sxka akIeHTye yBary Ha HEOOXiTHOCTI JIOJUHOICHTPUYHOTO MiIXOTY J0
IHTETpallii MTY4YHOTO 1HTENEKTY B OCBITHE cepeaoBuIlie. JJOCTiTHALIS MiAKPECIIOE,
mo Al-cuctemMun MOXyTh TEHEPYBATH TMEPEKOHJIMBI, ajle¢ HEJOCTOBiIpHI abo
yOepeKeHl BIAMOBIAl, TOMY KJIIOYOBOTO 3HAa4YeHHS HAOYBAaIOTh KPUTHUYHE
MUCJICHHSI, €MiCTeMIYHe OLiHIOBaHHS 1H(opMaiii Ta Al-rpaMOTHICTH 3700yBayiB

ocBitu [2]. ¥V poborax F.Borgonovi, F. Bastagli, M. Ochojska ta G. Piumatti
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PO3TISAAIOTECS  MOKIJIMBOCTI TMEpCOHami3alii HaBuaHHS 3a jgonmomoror Al
TpaHcopMallisl OLIIHIOBaHHS OCBITHIX pE3yJbTaTiB Ta PU3UKU HAAMIPHOT
3aJICKHOCTI BiJl TCHEPATUBHUX CUCTEM IITYYHOTO iHTENEeKTY [4].

[IpobreMy B3aeMO3B’A3KYy KPUTHUYHOTO MHUCICHHS Ta IITYYHOTO IHTEIEKTY
JIOCTIKYIOTh Takok A. S. Wazan, M. M. Bari, A. Mas-Tur, N. Roig-Tierno ta
HIIl 3apyOixkHI HaykoBIl. 3okpema, A. S. Wazan oOIpyHTOBYE IOLLIBHICTH
CTBOPEHHS TIENaroriyHuX CHUTYaIlii HEBH3HAYEHOCTiI K 3ac00y CTUMYTIOBaHHS
KPUTUYHOI'O MUCJIEHHS CTYJEHTIB B yMoBax Bukopuctanus Al [5]. M. M. Bari ta
CIIBaBTOPH aKUEHTYIOTh yBary Ha pu3vkax (opMyBaHHS LT0311 KOMIETEHTHOCTI,
nocinabIeHHs] CaMOCTIHHOTO MUCJICHHS Ta 3HIDKCHHS pPIBHA aHATITHYHOI
TISUTBHOCT1 Yepe3 HaamipHe BukopucTanHs reHepatuBHoro Al [3]. N. Chaparro-
Banegas, A. Mas-Tur ta N. Roig-Tierno mocimipKyr0Th HOBI1 Meaaroridfi
napagurMi BUKOpUCTaHHA Al Ta XHiii BIUTUB HA PO3BUTOK KPUTUIHOTO MHUCIICHHS
11 aBTOHOMHOCTI 3/100yBaviB OCBITH [6].

Cepen ykpaiHCHbKUX HAyKOBI[IB TPOOJIEMY PO3BUTKY KPUTHYHOT'O MUCTICHHS B
ocBiTHBOMY Tmporieci nocaipkyrTh 0. I1. I'epacumuyk, C. C. laBugosuy, B. O.
Kopanenko, 1. P. MaxHoBchbKa, SKi PO3IIISIAAIOTh MOXKJIMBOCTI 1HTEPAKTHBHUX
METOAIB HaBYaHHA y (QopMyBaHHI aHATITHYHUX, pPEPISKCUBHUX  Ta
KOMYHIKATUBHUX yMiHb CTyIeHTiB [7]. IluTaHHd BUKOpHUCTaHHS I1HHOBAIIMHUX
TEXHOJIOT1H 5K 3aC00Y PO3BUTKY KPUTHIHOTO MHCJICHHS 37100yBauiB BUIOT OCBITH
BucBiTiieHo y mpansgx A. Cycrtperosa, 0. Joopummuna ta C. Cumopenka [8].
3HayHUM BHECOK Yy JOCHIKEHHS (OpPMYBaHHS KPUTHUYHOTO MHUCJICHHS B
ocBiTHROMY Tiporieci 3aificHioe JI. IlleBmoBa, sika akIEeHTye yBary Ha pPO3BHUTKY
KPUTUYHOTO MUCJICHHS y TPOIeCi MOBJIEHHEBOI MISTIBHOCTI Ta TpodeciitHol
KOMYHIKartii [9].

[lTompu 3HaYHY KITBKICTh HAYKOBUX TMpaib, Mpobiaema TpaHcopmalrii
KPUTUYHOTO MUCJICHHS MaiOyTHBROTO BYHUTENSI B YMOBaX BHKOPHUCTAHHS

TEXHOJIOTIA IMITYYHOTO 1IHTEJIEKTY NOTpeOye MOJaIbIIOr0  JOCHIIKEHHS.
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HenoctaTHbO BUCBITIIEHHMH 3aJIMIIAIOTHCS MUTAHHS 3MIHM (DYHKIIH KPUTUYHOTO
MucieHHs B Al-omocepenkoBaHOMY OCBITHBOMY cepenoBulli, (opmyBaHHsS Al-
IpaMOTHOCTI MaWOyTHIX TEAaroriB, pPO3BUTKY €MICTEMIYHOTO OLIIHIOBAaHHS
iHpopMarlii Ta BU3HaYeHHS €(PEeKTUBHUX MEAArOriyHuX MIAXOAIB A0 (HopMyBaHHS
3IaTHOCT1 KPUTUYHO B3aEMOJIISITH 3 IHTEICKTyIbHUMU CUCTEMaMHU.

[lonpu 3Ha4YHY KUIBKICTh HAYKOBUX Mpallb, Mpobiema TpaHchopMmarii
KPUTUYHOTO MHCJICHHS MaWOyTHHOIO BYHTEISS B yMOBax BHUKOPUCTaHHS
TEXHOJIOTI IITYYHOTO IHTENEKTY 3aJHIIAEThCS HEJOCTATHBO PO3POOIEHOO.
[ToTpeOyroTh MOAANBIIOrO MOCHIIKEHHS MHUTAHHA 3MIHM (DYHKIIH KPUTHYHOTO
MUCJIEHHS B LudpoBoMy cepeaoBuili, GopmyBaHHs Al-rpamoTHOCTI MaiOyTHIX
NeJaroriB. Ta BHU3HAYCHHS €()EKTUBHUX TMEJaroriyHuX IAXOIIB JO0 PO3BUTKY
3IATHOCTI KPUTHYHO B3AEMOJIISITH 3 THTEIEKTYAIbBHUMHU CUCTEMAMH.

Mema cmammi — npoaHai3yBaTH BIUTUB TEXHOJIOTIH MITYYHOTO IHTENEKTY
Ha (OpMyBaHHS KPUTUYHOT'O MHUCICHHsS MalOyTHIX y4YWUTENB Ta OOTPYHTYBaTH
nearoriyHi MiXoau 0 HOTo PO3BUTKY B YMOBaxX UG PORBI3aIlii OCBITH

Buknao ocnoenozco mamepiany oocnioxcenns. B ymoBax nudpoizailii OCBITH
Ta aKTUBHOTO TMOIIUPEHHS TEXHOJOTINA MITYYHOTO IHTENEKTY KPUTUUHE MHUCIICHHS
HaOyBae 0COOJIMBOIO 3HAYEHHS Yy MpoQeciiHIi MiAroToBIi MaiOyTHIX IEIaroris.
VY cydacHii megaroridyHii Hayil KpUTHYHE MHCJICHHS JOILILHO PO3IVISAATH SK
IHTETpaTUBHY 3JaTHICTH OCOOWMCTOCTI, IO OXOIUIFE aHam3 iHdopmarlii,
OI[IHIOBAaHHA ii JIOCTOBIPHOCTi, BHUSIBJICHHS JIOTIYHUX 3B’S3KIB, apryMEHTAIliIO
BIACHOT mMO3WIii Ta pedraeKcilo pe3yabTaTiB Mi3HABaJbHOI MISIIBHOCTL. Y
nokymeHTax OECD KpuTHYHE MUCIEHHS BH3HAYAETHCS SK OJHA 3 KIFOUOBUX
kommeTeHTHOCTeH XXI cromitTs, HeoOXimHa i e(PEeKTHBHOI MiSIBHOCTI B
YMOBaxX HeBU3HAYCHOCTI Ta MIBUAKUX CYCITUTBHUX 3MiH [1].

M. Bouckaert Haromomrye, mo cy4YacHa CHCTEMa BHIOI OCBITH Mae€
OpIEHTYBATHUCS HE JHINEC HA Tepenady 3HaHb, & W HA PO3BUTOK TBOPUOTO Ta

KPUTUYHOTO MHCJICHHSI 3/100yBadiB OCBITH, 3JaTHUX aHali3yBaTH 1HQpOpMAIIIo,
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npuiiMaTi OOTPYHTOBAHI PIIICHHS Ta alanTyBaTUCS J0 HOBUX BUKIHKIB [10]. Jlms
MalOyTHHOTO BYHUTENSI KPUTUYHE MUCJICHHS BHUCTYIIA€ HE JIMIIEC KOTHITHBHOIO
XapaKTEPUCTUKOIO, a U podeciiHOI0 HEOOXITHICTIO, OCKUIBKHU 3a0e3neuye Bioip
HAaBYAJIBHOTO KOHTEHTY, IHTEpHpeTalilo iHQopMallii, opraHizalilo Mi3HaBaJIbHOT
JISUTbHOCT1 YYHIB Ta (POPMYBaHHS B HUX aHAJIOTTYHUX YMIHb.

VY cyyacHuUX yMOBax MENaror yxe HEe MOX€ BUKOHYBAaTH JHIIE (DYHKLIIO
TpaHCHsATOpa 3HaHb. [lix BOIMBOM [HUQPOBHX TEXHOJOTIH pPOJNb YUUTEINS
TpanchopmyeThess y  OIK  HacTaBHUIITBA, (acwmiTamii Ta  MIATPUMKHU
IHTEJIEKTyaJIbHOT aBTOHOMII 3700yBauiB ocBiTH [1]. V 3B’S3Ky 3 LIUM KPUTHYHE
MUCJICHHSI CTa€ OCHOBOIO MpO(eciiHOTO CyKEHHS Meaarora, WOro 37aTHOCTI
OILIIHIOBATH JIOCTOBIpHICTH 1H(OpMAaIlli, aHajmi3yBaTd LUDPPOBI pecypcu Ta
IpUIMATH MEeIaroriayHo JOIUIBHI PIIIIEHHS.

CTpiMKHII PO3BUTOK TEXHOJIOTIH IITYYHOTO IHTEJNEKTY CYTTEBO 3MIHIOE
CyyacHe OCBITHE cepepoBuile. Al-cuctemu nefani akTUBHIIIE BUKOPUCTOBYIOTHCS
JUIsl aBTOMATHU3allli pyTHHHUX TMENaroriyHuX MpOIEeCiB, afanTallii HaBYaJIbHOIO
KOHTEHTY, CTBOPEHHsI MEPCOHATI30BaHUX OCBITHIX TPAEKTOPiA Ta 3abe3reueHHs
OTepaTUBHOTO 3BOPOTHOTO 3B s13Ky. F. Borgonovi, F. Bastagli, M. Ochojska Ta G.
Piumatti migkpecmoTh, 1m0 BUKOpUcTaHHS Al BiIKpHBa€ HOBI MOKIHUBOCTI JIJIst
IepCOHai3allil HaBYaHHS Ta MiABUIICHHS e(EeKTHBHOCTI OCBITHBOIO TIporiecy [4].

VY nonogiai OECD 3a3HauaeThes, M0 MTYYHUH 1HTEIEKT MOXKE JOIIOMAaraTH
BUUTEIISIM  30CEPE/KYBaTHCSI Ha TBOPYMX Ta KOMYHIKATUBHHUX AacHEeKTax
MeJaroriyHol qiSIFHOCTI, aBTOMATU3YIOYH YaCTUHY aJMIHICTPATUBHUX 3aB/IaHb Ta
HiITPUMYIOUH iHIUBIAyaTizanito HapuanHs [1]. Kpim Toro, cyuacHi Al-rexHosorii
CIPHUSIOTh PO3BUTKY JOCTIAHUIIBKOT JiSUTBHOCTI CTYJICHTIB, 3a0€3MeuyroTh
WBUJKUN JAocTynl 10 1H(GopMalii Ta pO3MHUPIOIOTh MOXKIUBOCTI HUPPOBOI
B32€EMO/TII.

Boanouac interpanist Al B OCBITY CyNmpOBOJKYETHCSI HU3KOIO PHU3UKIB. V.

Charisi Harojonrye, 10 T€HEpPaTUBHI CUCTEMU IITYYHOTO IHTEJIEKTY MOXYTh
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CTBOPIOBATH NEPEKOHIIMBI, ajieé HEAOCTOBIPHI ab0 ynepepKeH1 BIANOBIAL, TOMY iX
BUKOPUCTaHHS TNOTpeOye KPUTUYHOTO OIIIHIOBAaHHA pE3ylbTaTiB  POOOTH
mudpoBux cuctem [2]. Jocmiguums migkpecitoe, mo Al Mae OIIHIOBaTHCS HE
JUIIEe 3 MO3UIII TEXHIYHUX MOXMIIMBOCTEH, a W 3 OrNiAly Ha MOro mejarorivsi
HACHIKU JJISI PO3BUTKY aBTOHOMIi, KPUTHUYHOIO MHUCJIEHHS Ta COI[laIbHOI
B3a€MO/I1i 3100yBayiB OCBITH.

OpgHuM 13 HaWOUIBII CYTTEBUX PHU3UKIB € TaK 3BaHE «KOTHITUBHE
PO3BaHTaXKEHHS», KOMU 3700yBadi OCBITH BHKOPHCTOBYIOTH Al ans oTpuMaHHS
rOTOBUX BIJMNOBiAEH 0€3 JOCTaTHBOTO PIBHS CAMOCTIMHOTO aHamizy Ta
IHTeNeKTyalbHuX 3ycwib. A. S. Wazan 3a3Havae, 1o HajgMipHa BU3HAYEHICTH 1
IIBUIKE OTPUMaHHS TOTOBOT iH(GOpPMAIIil MOKYTh 3HWKYBATH PIBEHb KPUTHUIHOTO
MUCJICHHSI CTYACHTIB Ta TOCHA0NIOBaTH TMPOILEC TIUOOKOTO OCMHUCIICHHS
HaBuasbHOro Matepiany [5]. IlomiOHy moswumito BucioBmwowTs M. M. Bari ta
CIIBaBTOPH, SIKI BKa3yHOTh Ha PHU3MKK (HOPMYBaHHS 1TF0311 KOMIIETEHTHOCTI Ta
3HIDKCHHSI PIBHS AHATITUYHOTO MHCJICHHS Yepe3 HaIMIPHY 3aJIeKHICTh BIJ
rerepaTuBHuX Al-cuctem [3].

TakuMm YMHOM, IITYYHUW IHTEJICEKT BHCTYIA€ aMOIBaJEHTHUM YHHHUKOM: 3
OJTHOTO OOKY, BiH BIKPHUBA€E HOB1 MOKJIMBOCTI JUISl PO3BUTKY OCBITH, a 3 1HIIIOTO —
CTBOPIOE BUKJIMKH, TIOB’s3aHI 3 HEOOXITHICTIO 30€pekeHHS CaMOCTIMHOCTI
MUCJICHHS Ta IHTEJIEKTyaIbHOI aKTHBHOCTI 37100yBayiB OCBITH.

[TommpeHHs TEXHOJOTIA IMTYYHOTO IHTENEKTY CIPUYMUHSAE 3MIHY (DYHKITiH
KPUTUYHOTO MUCTIEHHS Y CYYaCHOMY OCBITHHOMY CEpPEOBHIII. SIKIIO TpaguIiitHO
KpUTUYHE MHCIEHHSA OyJ0 TOB’s3aHE Hacamrepe] 13 MOITyKOM, aHaji3oM Ta
iHTeprpeTaiiero iHpopmaiii, TO B ymoBax Al-omocepenkoBaHOTO HaBYAHHS
ocoONMMBOrO  3HA4YeHHS  HAOYBAIOTh  OI[IHIOBAaHHS  PE3yJbTaTiB  poOOTH
IHTEJNIEKTyaJIbHUX CHCTEM, IMEpeBipKa TOCTOBIPHOCTI 3T€HEPOBAHUX BINMOBINEH,
aHaji3 aJIrOPUTMIYHUX YHEPEIKEHb Ta 3JaTHICTh (OpMYJIOBaTU €(PEKTUBHI

3anuTu 0o Al-cucrem.
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Y cyuyacHoMy 1uGpPOBOMY CEpPEOBHUINI KPUTUYHE MUCIEHHS JOIUIHHO
pO3IJIAIaTU SIK 3[JATHICTh aHaIi3yBaTH HE Juuie 1H(opmauiio, a il pe3yiabTaTu
TISTTBHOCTI  IHTENEKTyallbHUX  cucTeM. Oco0iauBOro 3HadYeHHS  HaOyBae
enicTeMIYHE OLIHIOBaHHSA, TOOTO 3AAaTHICTh BU3HAYaTH HAAIWHICTH 1H(OpMaIlii,
nepeBIpsATH 1i  BIANOBIIHICTD HAYKOBMM JaHUM Ta YCBIIOMJIIOBATH MEXI1
noctoBipHOCTi pe3yhbtariB podotu Al V. Charisi migkpecntoe, 1mo Al-
IPaMOTHICTh CYYacHOTO TieJlarora IMOBMHHA OXOIUTIOBATH HE JIMIIE TEXHIYHI
HAaBUYKA BUKOPHCTAHHS NU(POBUX IHCTPYMEHTIB, a W KPUTHYHE OIlIHFOBAHHS
iHpopMallii, po3yMiHHS OOMEXEHb AQJITrOPUTMIB Ta YCBIAOMJICHHS ETHYHHX
aCIeKTiB iX 3acTocyBaHHS [2]

Y pomnoBigi OECD HaromomyeThcsi, mo B ymoBax mnomupeHHs Al
0COOJNMBOrO 3HA4YeHHS HAOYBaIOTh JIOACHKI SIKOCTI memarora — mpodeciiiHe
Cy[UKEHHS, pedieKcis, 3JaTHICTb MIATPUMYBAaTH aBTOHOMIIO YYHIB Ta
OpraHi3oByBaTH HAaBYaHHS, OPIEHTOBAHE HA PO3BUTOK MUCJICHHS, a HE MEXaHIUHe
BiaTBopeHns indopmarii [1]. N. Chaparro-Banegas, A. Mas-Tur ta N. Roig-
Tierno TakoXX MIOKPECIIOIOTh, IO Cy4YacHa OCBITa Ma€ OpPIEHTYyBaTHUCS Ha
PO3BHTOK aBTOHOMHOCTI, PE(IECKCHBHOCTI Ta JOCHITHUIIBKOTO MHUCICHHS
3100yBaviB OCBITH, a BHKOpPUCTaHHS Al MOBMHHO CHPHATH IOCHUJIECHHIO ITUX
IpoIieCiB, a He iX 3amimmeHHio [6].

Orxe, B ymoBax IU(GPOBOI €MOXH KPUTHYHE MHUCICHHS MalOyTHHOTO
BUUTENSI TPAHCHOPMYETHCS Y 3AATHICTH CBIJIOMO Ta BIATOBIIaTbHO B3AEMOIISTH 3
Al-cuctemamu, KpPUTHYHO OI[IHIOBATH  pe3ylbTaTh iXHbOI poOOTH Ta
3a0e3mnedyBaTy MEJaroriyHo JOIMIbHE BUKOPUCTAHHS MU(PPOBUX TEXHOJIOTIA B
OCBITHBOMY ITPOTIECi.

Y mpomeci mpodeciiftHOi MATOTOBKM MaiOyTHIX IE€IaroriB 0COOJIHUBOIO
3Ha4YCHHS HaOyBa€ BUKOPUCTAHHS TaKWX IIEJIAroridyHUX  IMIXOMIB,  SKi
CTUMYJIOIOTh AKTHUBHY IHTEJEKTyallbHY MiSUIBHICTh CTYIEHTIB Ta (OPMYIOThH

3MaTHICTh KpUTHYHO B3aemMoaiaTu 3 Al-cuctremamu. 1O. II. I'epacumuyk, C. C.
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HasugoBuu, B. O. Kopanenko Ta [. P. MaxHOBCbKa HAarojomyrTh Ha
€(EeKTUBHOCTI I1HTEPAKTUBHUX METOMIB HABYaHHS, $KI CHOPHUSIOTH PO3BUTKY
aHAMITUYHOTO MMCIICHHS, apryMmeHTarii, pediekcii Ta KOMYHIKATUBHUX YMIHb
cTyAeHTiB [7].

OnuuM 13 HaOUTbIl e(EKTUBHUX TMIAXOAIB € MPOOJIEMHO-OPIEHTOBAHE
HaBYaHHS, 110 mependavae aHali3 1 MepeBipKy BIANOBIAEH reHepaTuBHOro Al,
pO3B’si3aHHST MPOOJIEMHUX CHUTYyallii Ta (OpPMYBaHHS 3JaTHOCTI apryMEHTOBaHO
oriHOBaTU 1H(OpMaIlito. 3HAYHUN MOTEHIIIAT Ma€ TaKOXK KEMC-MEeTol, Y Mexax
AKOTO CTYACHTH aHalI3yIOTh NMOMMUJIKOBI a00 cymnepewinBl BianoBiai Al-cucrem,
BU3HAYAIOTh NPUYMHU HETOYHOCTEH Ta TIPOTIOHYIOTh BJAcHI OOIPYHTOBaHI
pIIICHHS.

EdexktuBHUM megaroriyHUM — IHCTPYMEHTOM € TOpPIBHSJIBHUNM — aHalli3
iHpopmarlii, 3reHepoBaHoi Al, 13 HayKOBUMH JDKepelaMu Ta axKaJeMIUHUMHU
nyOmikamisMu. Takuit  miaxim copusie  ¢GOpMYBaHHIO HaBHUYOK IEPEBIPKH
JOCTOBIPHOCTI 1H(OpPMAaIlii, PO3BUTKY €MICTEMIYHOTO CY/KEHHS Ta YCBIIIOMJICHHSI
0OMeKeHb IeHEPATUBHUX CUCTEM IITYYHOTO THTEJIEKTY.

BaxxnuBy poJib Y pO3BUTKY KPUTHYHOTO MHUCIEHHS BiIIrparoTh pedIeKCUBHI
IIPaKTUKH, CIOPSIMOBaHI Ha OI[IHIOBAaHHS BIJIACHOTO MPOIECY MUCJICHHS, aHaji3
croco0iB po3B’si3aHHSA MPOOJIEeM Ta YCBIIOMIICHHS BIUTMBY Al Ha Mi3HaBaJbHY
TSTBHICTE CTyneHTiB. A. S. Wazan miakpecioe, M0 CTBOPEHHS CHUTYyaIlii
IHTEJNIEKTyaJIbHOI HEBU3HAYEHOCTI € HEOOX1THOI0 YMOBOIO aKTHBI3aIlli KPUTUIHOTO
MHCJICHHS Ta TI0JI0JIaHHS TACUBHOTO CIIPUMHSATTS TOTOBUX BiAmoBineH [5]/

A. Cyctpero, 0. HobOpumma Tta C. CuAOpeHKO 3a3HA4al0Th, IO
BUKOPUCTAHHS IHHOBAIlIMHUX TEXHOJOTIA y BHWIIIA OCBITI CHPHUSE PO3BUTKY
3IaTHOCTI CTYACHTIB aHaii3yBaTh iH(opMaIlio, OIIHIOBATH albTCPHATUBHI
mo3uiii Ta (GopMyaroBaTH OOIPYHTOBaHI BUCHOBKH [8]. YV I1IbOMYy KOHTEKCTi

JOIUIbHUM € BUKOPHUCTAHHS MPOEKTHOI JISUIBHOCTI, Y Mexkax sikoi Al Buctynae
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IHCTPYMEHTOM MIATPUMKH HABUYaHHSA, a HE 3aMIHOIO CaMOCTIHOTO MHCIEHHS
CTYJICHTIB.

TakuM YMHOM, PO3BUTOK KPUTUYHOTO MHMCIIEHHS MalOyTHIX Y4YMUTENIB B
yMoBax Iu(poBizalii OCBITU NOTpedye BUKOPUCTAHHS MEAArOTiyHUX IiJIXOJIB,
OpPIEHTOBAaHUX HA AKTHBHY MI3HABAJbHY IISJIBHICTh, PEQIEKCIIO, JAOCTIAHUIIBKE
HaBYaHHS Ta KPUTUYHY B3aEMOJIIIO 3 TEXHOJOTISIMU IITYYHOT'O 1HTEJIEKTY.

Bucnosexu. YmoBu umdpoBoi TpaHcopmalii OCBITU Ta aKTHUBHE
BIIPOBA/HKCHHS TEXHOJOTIM IITyYHOTO IHTEJEKTY 3YMOBIIOIOTH CYTTEBI 3MiHU Y
npodeciiiHiii  miAroTOBUI MalOyTHIX Yy4YUTENiB 1 MEPEOCMUCIEHHS poJli
KPUTUYHOTO MHCJICHHS Y CY4YaCHOMY OCBITHBOMY CEpeNOBHINI. Y  XOi
JOCTIIDKEHHSI BCTAaHOBJICHO, IO KPUTHYHE MUCICHHS € HE JHIIe Ba)XJIUBOIO
KOTHITUBHOIO XapaKTEPUCTHKOIO OCOOMCTOCT, a ¥ HEOoOXiqHOW MNpodeciiHOI0
SKICTIO CY4acHOTO TeJlarora, sika 3ade3rnevye 3/1aTHICTh aHalli3yBaTu iHGOpMaIliio,
OIlIHIOBATH 11 JOCTOBIPHICTh, APTYMEHTYBATH BJIACHY IIO3MIIiI0, 3IIHCHIOBATH
pediiekcito Ta mpuiMaTH MeJaroriyHo JOMIbHI PIICHHS.

3’sCOBaHO, 1110 BUKOPUCTAaHHS TEXHOJOTIM IITYYHOTO IHTEIEKTY Ma€
amMOiBaJIeHTHHI XapakTep. 3 omHoro 0oky, Al BigkpuBae HOBI MOKIJIMBOCTI JJif
nepcoHami3amii HaBYaHHS, aBTOMAaTH3allli PYTUHHUX TNPOIECIB, MIATPUMKH
JOCTITHAIIBKOT JISJIBHOCTI Ta ajanTailii OCBITHIX TpaeKTOpii. 3 I1HIIOro OOKY,
HaJ MIpHA 3aJICKHICTh BiJl TeHEpaTUBHUX Al-cHCTeM MOXe CHpUSITH 3HUKEHHIO
piBHA  CaMOCTIHHOTO MHCIEHHsS, (QOpPMyBaHHIO 1UT031i  KOMIIETEHTHOCTI,
KOTHITUBHOMY «PO3BaHTAXEHHIO» Ta HEKPUTUIHOMY CIIPUUHSTTIO 1H(OpMAaITLii.

YcraHoBieHo, 1o B ymMoBax Al-omocepeakoBaHOrO OCBITHBOTO CEPEIOBUINA
KpUTUYHE MUCIICHHSI HaOyBae HOBUX (YHKIIIH 1 3MICTOBUX XapaKTEPUCTUK. SIKIIO
TPAIUIIHHO HOTO OCHOBHUMH (YHKIISIMH OyJH TOIIYK, aHATI3 Ta 1HTEpIpeTaIlis
iHdopMalrii, TO CBOrOAHI OCOOJHMBOTO 3HAYCHHS HAOYBAaIOTh OIIHIOBAHHS
pe3yabTaTiB  pPOOOTH  IHTENEKTyaJIbHUX CHUCTEM, I[epeBipKa JOCTOBIPHOCTI

3r€HepOBAHMX  BIANOBIAEH, BUSIBICHHS  QJITOPUTMIYHUX  YNEPEIKEeHb Ta
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3IACHEHHS €MICTEMIYHOr0 OLIHIOBAaHHA 1H(QopMalii. Y 3B 43Ky 3 LIUM KPUTUYHE
MHUCJICHHSI JOIUIBHO PO3TIISAIaTH SIK 3JaTHICTh aHATI3yBaTH HE JuIIe 1HPOopMaIlito,
a 1 pe3yabTaTH AisiibHOCTI Al-cuctem.

JloBeneHo, 1m0 €(pEeKTUBHUI PO3BUTOK KPUTHUYHOTO MHUCIEHHS MalOyTHIX
YUUTENIB B yMOBax LU(POBI3alii OCBITH MOTpeOye BUKOPUCTAHHS MEJArorIYHUX
MIIXO0JIIB, OPIEHTOBAHMX Ha aKTUBHY II3HaBaJbHY MAISUTBHICTh CTYJEHTIB,
pediekcito, poOJIEMHO-OP1EHTOBAHE HaBYaHHS, aHami3 BiJIMOBiICH
reHepaTuBHOro Al, MoOpiBHsUTbHE OIIHIOBaHHS 1H(OpMAIIl 3 PI3HUX JHKEpes Ta
OPOEKTHY AlsUIBHICTB. OcoOnuBoro 3HaueHHs HaOyBae ¢opmyBaHHs Al-
rPaMOTHOCTI MaWOyTHIX TI€aroriB, sKa OXOIUIKE 3JaTHICTh KPUTHUYHO
B3aEMOJISITH 3 HUGPOBUMH CHUCTEMaMH, PO3YMITH OOMEXEHHS aJrOpUTMIB Ta
3a0e3mneuyBaTy IeJaroriyHo JIOIUIbHE BHUKOPUCTAHHS IITYYHOTO IHTEJEKTY B
OCBITHBOMY ITPOIIECI.

[lepcniekTHBH TOAANBIINX AOCHIHKEHh y0adaeMo y pO3pOOJICHHI METOIMK
JTIarHOCTUKUA PIBHS KPUTUYHOTO MHUCJEHHS MaHOYTHIX Y4YHWTENiB B YMOBax
BUKOPUCTaHHS TEXHOJIOT1H IITY4HOrO IHTENEKTY, a TaKOX Y CTBOpPEHHI
NeJaroriyHuX Mojiesield PO3BUTKY Al-rpaMOTHOCTI Ta €ICTEMIYHOTO OI[IHFOBAHHS
iHpopMarrii y nporieci npodeciitHoi miATOTOBKH MearoriyHuX Kaapis.
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TITANIUM CARBIDE SURFACE ENGINEERING: REVIEW OF
RECENT ADVANCES IN APPLICATION METHODS AND
TECHNIQUES

Abstract

Titanium carbide remains a cornerstone of modern surface engineering,
distinguished by its face-centered cubic NaCl-type crystal structure and a suite of
exceptional refractory properties. With a high melting point of 3067°C, an elastic
modulus between 410 and 450 GPa, and a hardness reaching 3200 HV, TiC is
uniquely positioned to enhance the durability of substrates in demanding industrial
environments. This review article provides a systematic and comprehensive survey
of the latest advancements in TiC deposition and application techniques, spanning
literature of recent years. By investigating the intersection of microstructural
tailoring and tribological performance, the paper offers a high-level roadmap for
researchers aiming to mitigate TiC’s inherent brittleness while maximizing its
protective capabilities.

The investigation encompasses a broad spectrum of sophisticated
application methods, categorizing them by their deposition mechanisms and
resulting coating characteristics. Key techniques analyzed include diffusion and
in-situ methods, such as the In-situ Solid-phase Diffusion Method, which
leverages cast iron as a carbon source to create gradient TiC-Fe coatings on
titanium substrates with a volume fraction exceeding 95% [1]. Thermal and
plasma deposition processes, such as High-Velocity Oxy-Fuel thermal spraying,

are evaluated for their efficacy in protecting SS316 steel, alongside Air Pulsed
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Plasma Deposition, which utilizes electro-thermal axial accelerators to synthesize
particle-reinforced metal matrix composites. Significant attention is paid to laser
and arc-based technologies, including laser cladding and Tungsten Inert Gas
welding, which are noted for their industrial scalability and ability to refine
substrate microstructures from pearlite to high-hardness phases [2]. Advanced
sputtering and vapor deposition techniques are also explored, such as Dual-lon
Beam Sputtering for nano-coatings and Chemical Vapor Deposition for complex
geometries, highlighting the formation of metastable TiC phases and
supersaturated solid solutions [3].

The article further provides a comparative analysis of mechanical
performance across diverse substrates, including Ti6Al4V alloys, AISI 1020 steel,
and YG8 cemented carbides. It quantifies the influence of process parameters such
as discharge voltages, pulse rates, and vacuum levels on interfacial adhesion and
wear volume reduction. For instance, specific chemical reactions such as
$2COVrightarrow  CO_{2}\uparrow+[C]$ and  $8Ti+5[C]\longrightarrow
Ti_{8}C_{5}% are identified as critical mechanisms in salt bath carburizing that
lead to a 55.9% reduction in friction coefficients.

By synthesizing these findings into a comparative framework, the review
highlights the trade-offs between high-conformality techniques and high-speed
scalable methods. This work serves as a short review summarizing recent
advances in TiC surface engineering strategies to extend the service life of critical
components in the aerospace, biomedical, and manufacturing sectors.

Keywords: Titanium Carbide, Surface Engineering, Laser Cladding,

Diffusion Coatings, Hardness, Wear Resistance, Microstructure.

Introduction
Titanium carbide is a refractory transition metal carbide with a face-

centered cubic NaCl-type crystal structure[1], exhibits properties such as high
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hardness (up to 3200 HV), elevated melting point (3067°C), substantial elastic
modulus (410-450 GPa), low density (4.93 g/cm?), good thermal and chemical
stability, low friction coefficient, and great wear and corrosion resistance, making
it a good option for enhancing the durability of substrates in demanding
environments, though its relative brittleness and lower fracture toughness
compared to metals pose challenges in high-impact applications [2], [3]. TiC's
coatings are widely adopted in modern industries, such as cutting tools and molds
in manufacturing for extended tool life and reduced friction [2], [3], aerospace
components for lightweight high-temperature performance [4], biomedical
implants on titanium alloys like Ti6AI4V to improve tribocorrosion resistance and
biocompatibility [3], [5], automotive and marine parts for abrasion protection [3],
and chemical processing equipment for oxidation and corrosion mitigation [2].
This review systematically surveys the advancements in TiC surface engineering,
encompassing a detailed analysis of conventional and cutting-edge deposition
techniques, microstructural characterization, and the resulting enhancements in
mechanical and tribological performance [3].

Methodology

This review was conducted by systematically analyzing peer-reviewed
literature, including journal articles and conference proceedings, published
between 2000 and 2026, with a focus on titanium carbide coating methodologies,
property enhancements, and industrial applications. The search strategy employed

keywords such as "titanium carbide coatings,” "TiC deposition techniques" (e.g.,
CVD, PVD), "mechanical properties of TiC," "tribological performance,” and
"surface modification." The gathered information was then critically synthesized
to identify emerging trends, significant breakthroughs, and existing challenges in
the field. Al tools were used to assist in the preliminary screening and thematic
categorization of the extensive literature. Manual review was conducted to verify

and edit any Al-generated content for accuracy and relevance.
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Results

Significant research attention has been paid to laser cladding for TiC
coatings, while techniques such as CVVD and PVD are also critical for tailoring
TiC coatings to specific industrial requirements[3], [6]. New advances continue to
emerge in these areas as well[6]. This review covers only select advances of
particular interest to the authors, with a breakdown by technique provided below.
Other emerging vectors, such as high-entropy carbides and metal matrix
composites, will be addressed later in the discussion.

The ISDM (In-situ Solid-phase Diffusion Method) was utilized to
fabricate a TiC—Fe gradient coating on a pure titanium substrate using cast iron as
the carbon source [7]. The process was conducted at a temperature of 1000 °C for
a duration of 2 hours under a constant pressure of 40 MPa and a vacuum degree
lower than 102 Pa [7]. The resulting coating achieved an average thickness of
approximately 5 um and was characterized by a TiC volume fraction exceeding
95% [7]. Key results included a superior surface hardness of 42.9 + 2.6 GPa and
an elastic modulus of 557.4 + 10.3 GPa, which respectively represent a 7.4-fold
and 2.4-fold increase compared to the cast iron reference [7]. Interfacial adhesion
strength was measured to be greater than 225 + 10 MPa, facilitated by the gradient
transition of the microstructure and excellent atomic-scale bonding at the
coating/substrate interface[7]. While the treatment was shown to significantly
improve load-bearing capacity and reduce residual indentation depth, a specific
numerical value for the friction coefficient was not explicitly reported in the
results, although the gradient design was specifically implemented to address poor
wear resistance [7]. The coating exhibited inward grain growth, with TiC grain
sizes increasing from 200 nm at the surface to 2 pm towards the substrate, leading
to a fracture mechanism transition from intergranular to transgranular along the

coating thickness [7].
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Figure 1. ISDM process illustration
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Laser cladding process was utilized to synthesize TiC—Fe-based composite
coatings on a 65Mn steel substrate to enhance its surface hardness and wear
resistance [6]. Numerical simulations revealed that the addition of 15 wt.% TiC
induced surface temperatures reaching approximately 3449 °C, creating localized
thermal islands that intensified cooling rates and promoted high-hardness phases
such as (Cr, Fe);Cs [6]. The process successfully mitigated crack formation
through the uniform dispersion of TiC particles, which also refined the
microstructure from pearlite to feather-like bainite [6]. Significant improvements
in mechanical properties were achieved; specifically, the 15 wt.% TiC coating
yielded an average microhardness of 890 HV and a peak of 912.24 HV nearly 3.9
times the substrate hardness of 230.3 HV with the maximum hardness layer
located approximately 0.6 mm beneath the surface [6]. Regarding tribological
performance, the substrate exhibited a coefficient of friction of 0.4399, while the 5
wt.% TiC coating demonstrated the lowest coefficient at 0.3811 and the 15 wt.%
TiC coating showed a coefficient of 0.4468 with improved frictional stability [6].
The 15 wt.% TiC variant achieved the most favorable results with a minimal wear
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mass loss of 0.1 mg and a specific wear track depth of 82 um and width of 800 pm
[6].

Figure 2. Laser cladding process illustration
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Dual-lon Beam Sputtering deposition by Dou Zhongyu et al., a TiC nano-
coating was prepared on the surface of YG8 cemented carbide substrate where N-
ion implantation was utilized to assist the sputtering process [8]. This non-thermal
equilibrium process allowed for the precise adjustment of ion dose and energy to
create a highly supersaturated solid solution and metastable TiC phase,
specifically exhibiting, and crystal surface diffraction peaks [8]. The resulting
surface modification significantly enhanced the mechanical properties of the
substrate, increasing the surface hardness from an untreated value of 1672 HV to
2238 HV [8]. Tribological evaluations conducted under dry friction conditions
using a 50N load at a speed of 100 r/min with an aluminum oxide ball
demonstrated that the TiC coating effectively reduced the friction coefficient and
wear volume compared to the uncoated tool [8]. Furthermore, the deposition
improved the anti-crack ability and reduced surface roughness by minimizing

fracture surface cracks and scratches, ultimately leading to higher bonding
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strength and extended tool service life [8]. Although the specific processing
temperature was not detailed, the injection process successfully bypassed
traditional solid solubility limits to form a uniform coating with superior wear
resistance [8].

Figure 3. Dual-lon Beam sputtering deposition process
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Air pulsed plasma deposition employs an electro-thermal axial plasma
accelerator with a consumable cathode [9]. The process involves 10 plasma pulses
at a discharge voltage of 4.0 kV, a discharge duration of 1 ms, and atmospheric
pressure[9]. Middle-carbon steel substrates with an initial "Ferrite + Pearlite”
structure and hardness of 220 HV were used[9]. The resulting particle-reinforced
metal matrix composite coating, composed of (TiC + WC) in a hardened steel
matrix, achieved a thickness of 24-31 um [9]. Hardness values ranged from 500—
1044 HV in the matrix and 1516-2029 HV in the carbide particles [9]. The
coefficient of friction was 0.52 against a 100Cr6 ball and 0.10 against a SiC ball
[9]. Deposition occurred under atmospheric conditions [9], with tribological
testing at ambient temperature[9]. Wear resistance improved significantly, with
volumetric wear reduced by 4.4 times against 100Cr6 steel and by 16 times against

SiC compared to the substrate [9]. The structure featured successful direct plasma
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transfer of carbides without substantial melting into a matrix of 57 vol.% austenite
and 43 vol.% martensite [9]. Minor oxide phases formed during the process acted
as a solid lubricant, inhibiting adhesion and lowering the coefficient of friction[9].

Figure 4. Air pulsed plasma deposition illustration
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HVOF (High Velocity Oxy-Fuel) thermal spraying was utilized to deposit
composite coatings consisting of Titanium Carbide with (70Cu-30Ni)-Cr binders
onto SS316 stainless steel substrates to enhance cavitation erosion resistance [10].
Prior to deposition, the substrate was sand-blasted at 5 bar pressure with Al203
particles to achieve a surface roughness of 6-8 um for optimal mechanical
interlocking [10]. The process utilized a high-temperature gas stream to deposit
powders in three specific proportions: pure TiC, a TiC+50%(70Cu-30Ni)-Cr
blend, and pure (70Cu-30Ni)-Cr [10]. Characterization revealed that the pure TiC
coating achieved an average microhardness of 1154 + 21 HV9.81N and a
thickness of 229 + 21 pum with 1.45% porosity [10]. The TiC+50%(70Cu-30Ni)-
Cr composite reached a maximum layer thickness of 281 + 28 um, a
microhardness of 845 + 35 HV9.81N, and a porosity of 1.87% [10]. The pure
(70Cu-30Ni1)-Cr coating exhibited the lowest microhardness at 407 + 16 HV9.81N
and a thickness of 223 + 19 um [10]. While specific friction coefficients and gas

temperatures were not quantified, the experimental results demonstrated that the
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TiC+50%(70Cu-30Ni)-Cr composite was the most effective at resisting cavitation
erosion under critical test conditions, including stream velocities of 40 m/s and an
angle of attack of 60° [10].

Figure 5. HVOF process illustration

(1. SUBSTRATE PREPARATION (SS316 STEEL) 4. DEPOSITION AND BONDING MECHANISM

° « Al;0; Particles
*0 'a

Carrier Gas: {16 mesh)

Air (5 bar) A

Partially Meltad TiC
(Hardened Caore,
Softened Outer Shell)

Molten
(7OCu 30‘1 )-Cr
Binders

'; ' / P?;g mecsah) Mechanical
[""‘-’*W’\f"q e Interlocking Site

Gun

| . .
‘ / rSplats Filling Asperities
2. COATING POWDER SELECTION AND mnomc | 3. HIGH-VELOCITY OXY-FUEL (HVOF) SPRAYING 7 | sttty ence contrg

Stand-off distance: b inches
—> Oxygen: s
D T 260 SLPM (20 bar] - ; Spray Velcity: 700 s
. o : —
+> LPGFuel: mmmf)> 3 i,'; > ‘o'
. L ) 60 SLPM (10 bar) e - S

with Low Porosity

TiC Cupronickel Chromium (Cr) T rat . |Strong Mechanicel Interlocking
(70Cu-30Ni) /0 " igh-Temperature 5
;ﬁfm@ 9) {Elasticity,Corrosion o I?,,“:q :rv::osmr Compressed Air: | ! Gas Stream Scale um
Resistance) | 450 SLPM (7 bar) > {

&7 :
g2 i+~ Stand-off distance: —»/ fcnll)‘:‘:s“:gia’é,qh"
& 3 o ICoatmg\ ﬁ‘ ; 6 inches ng
88 \Powderf T— .‘ :
8 ! =
? .
Welgh( Pfopomons - Surface Properties HVOF Thermal Spray System

(€9, 100% TiC, 50/50 Blend]  {Hardness vs. Ercsion Resistance) {2.g., HIPOJET-2700) Roughened Steel Substrate

TIG (Tungsten Inert Gas) welding torch melting process was employed to
synthesize titanium carbide composite coatings on a commercially pure titanium
substrate [4]. The coating material consisted of 99.5% pure TiC powder with a
particle size between 45 and 100 microns, applied as a paste and pre-heated in an
oven at 80°C for one hour to ensure moisture removal [4]. The deposition process
utilized a 2.4 mm diameter thoriated tungsten electrode at a working distance of 1
mm, operating at 30 V and 90 A with a table traveling speed of 1 mm/s [4]. Argon
shielding gas was supplied at 20 L/min to minimize oxidation during the melting
phase, which was characterized by a 48% heat absorption efficiency [4]. Post-
processing results indicated a finished coating layer thickness of 0.633 mm and a
Vickers hardness of 383 HV5, with an average surface roughness (R,) of 0.367
um [4],[4]. Performance evaluations conducted between 0.38 and 1.5 m/s sliding
speeds under loads of 20 to 50 N showed that while TiC is inherently
characterized by a low coefficient of friction, increased operational intensity led to

elevated flash temperatures and frictional heating that influenced wear transitions
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[4]. The coatings successfully achieved a "very mild" wear rate - defined as less
than or equal to $0.1 \times 10"{-12} \text{ m}"3\text{ m}*{-1}$- under most test

conditions due to the formation of protective mechanically mixed and iron oxide

layers [4].
Figure 6. TIG welding TiC coating process illustration
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Tungsten arc melting was employed as the surface modification process to
deposit TiC nanoparticles, in sizes of 5 nm and 10 nm, onto a UNS S31803 duplex
stainless steel substrate [11]. The methodology involved pre-treating a TiC paste at
80 °C for one hour before arc melting at a constant current of 140 A with varying
pulse rates of 15 Hz, 20 Hz, and 25 Hz under a 15 L/min argon shielding gas flow
using a 50% overlapping track scheme [11]. Some improvements in surface
properties were achieved, with the 5 nm nanoparticle deposition at a 25 Hz pulse
rate yielding a maximum microhardness of 415.96 HV, representing a substantial
increase over the 259 HV substrate baseline [11]. The highest wear resistance was
achieved with 5 nm at 25 Hz with a wear rate of 1.01 x 10° mm?3/Nm with the
superior ability to reduce wear rates and enhance surface hardness among larger
particles[11]. While specific friction coefficient values were not explicitly
quantified, the optimal 25 Hz pulse rate facilitated a maximum elemental TiC
concentration of 91.60% and enhanced penetration of nanoparticles into the

substrate depth profile, effectively reducing material removal and resulting in
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shallow worn grooves rather than the deep spalling craters and intensive abrasive
wear observed in less optimal configurations like 10 nm particles at 20 Hz [11]

Figure 7. Tungsten arc melting process illustration
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Salt bath carburizing at a low temperature of 640 °C was performed on a
Ti6AI4V alloy substrate to synthesize a titanium carbide thin film for improved
tribological performance [5]. The procedure included a 45-minute preheating
phase at 500 °C followed by a 3.5-hour immersion in a salt bath composed of urea
and carbonates, which facilitated carbon infiltration and the formation of a high-
hardness Ti8C5 carbide phase [5]. This surface treatment increased the substrate
hardness from an initial 370.65 HV to a peak of 953.28 HV, with the hardness
profile indicating an effective infiltrated layer depth of approximately 40 um
before the values stabilized at the matrix hardness [5],[5]. Results from dry friction
tests conducted at room temperature revealed that the friction coefficient was
reduced by 55.9%, dropping from 0.34 to 0.15 under a 300 N load [5].
Additionally, the treatment significantly enhanced wear resistance, achieving a
mass wear loss that was 29 times lower than that of the untreated Ti6AI4V alloy
when tested under a 100 N load[5].
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Figure 8. Salt bath carburizing process illustration
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CVD Titanizing via diffusion metallization was performed on VK8 and
T15K6 hard alloy substrates to form protective carbide coatings [12]. The process
was conducted at a temperature of 1050 °C for a duration of 2 to 3 hours within a
closed reaction chamber under reduced pressure, utilizing technically pure
titanium powder, a carbon-containing additive, and carbon tetrachloride (CCl,) as
a chemical activator [12]. Results achieved under optimal conditions (2 hours of
saturation) include the formation of a titanium carbide layer with a thickness of
4.0-5.0 um and a high microhardness ranging from 33.0 GPa for VK8 to 34.0 GPa
for T15K6 [12]. While a significant improvement in wear resistance was observed,
increasing the saturation time to 3 hours or more led to the formation of a CoTi
intermetallic surface layer and a carbon-depleted sublayer containing the Co;W5C
phase, which can negatively impact the coating's properties [12]. Although
specific friction coefficient values were not explicitly detailed, the study
confirmed that the resulting TiC layer effectively enhances tool material

performance by providing a well-defined, hard boundary with the substrate [12].
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Figure 9. CVD CarboTitanizing process illustration
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Gas carburizing followed by thermo-reactive diffusion salt bath
processing was employed to deposit a titanium carbide coating onto an AISI 1020
steel substrate [13]. The process initiated with gas carburizing at 950 °C for 15
hours at a pressure of 200-300 Pa using methane to enrich the surface carbon
content, after which TRD was performed in a salt bath at 900 °C for 3 hours [13].
The resulting coating achieved a thickness of 7.5 £ 0.3 um and an average surface
micro-hardness of 1885 =+
enhancement over the 185 + 21 HV0.025 hardness of the bare substrate [13].

Tribological evaluations indicated a friction coefficient ranging from 0.45 to 0.56,

121 HVO0.025, which represents a significant

which averaged 0.49 for the duplex-treated sample, and a high critical adhesion
failure load of approximately 52 N [13]. Furthermore, this duplex treatment
resulted in a 78% reduction in specific wear volume loss compared to the

untreated low-carbon steel [13].
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Figure 10. TRD with pre gas carburizing process illustration

2 GAS CARBURIZING PRE-TREATMENT & CARBON PROFILE

10
Gas camurizlng fumace — Original Steal
3 ~— Pre-carburized
Methane \’\\ roon
(natural gas) f/ Activity Peak

\ Final 0.91 w3
- s

950 °Cfor 15 h A 100
Pressure: 200-300 Pa Dep.h 1rom Surlaca (wn)

Methane
(natural gas)

4. THERMO-REACTIVE DIFFUSION (TRD) TITANIZING MECHANISM

3. (Modification): HOMOGENIZATION OF THE NEUTRAL SALT BATH

Ti-Fe Activator
" powder

D

Pre-carburized specimen s [0 ward € OIfusion 1 g ergy Tuions|  INtEr-Uiftusion
moiten salt baih iom pou) ), from Liuid Bath
4—' e
= >
% 0 TiC Ceating

Inter-diffusion
of Ti,C, and Fe

Nucleation

rom Ll:gyd Bath and Growth

P
Parameter: 900 °C for 3 h

~—— NaF Activator
Powder
D

—» Mechanical

stirring rod

—>—>

5. QUENCHING & DETAILED COATING STRUCTURE ““3""9‘9' o

Table 1 Summary comparison ok key characteristics

Pre-heated Cructisalt
(mixture indicated)

Homogenization
of Molten Bath at | Ti-io

Active lon
Proparation [+]

Mechanical
stirring rod
qud Phase lonic balance
%) Ti-ions|
° c“""’ Chions
e00= P 0

o

~800°C

Na-ions © F4ms Locking)

l‘tzmum Carbide [TiC) Coalmg Fe-Ti Transition Zone

&-u

Removal Oil Quenching Boiling  Ultrasonic
(Rapid Phase  Water

ickness: 75803 um), [——77

-’g_’ R

Ethanol mterdtﬁus;mr z0nes

Clean Clean  coming s uniform, compact, adhorent

Process | Substrate | Specs Results Ref.
ISDM | Commerci | 1000 °C; 2 hours; 40 MPa | Thickness: ~5 um; | [5]
al  Pure | constant pressure; Vacuum | Hardness: 16.2-42.9
Titanium | < 1072 Pa. GPa; El  modulus:
(CP-Ti) 557.4 GPa
and Cast Adhesion: > 225
Iron MPa; TiC Vol%: >
95%.
Laser 65Mn Cleaning: 40 kHz | Microhardness: 890 | [6]
cladding | steel ultrasonic (15 min/solvent). | HV  (Avg), 912.24
Powder: TiC (5, 10, 15|HV (Peak); CoF:
wt.%) + Fe-based alloy. | 0.3811-0.4468;
Milling: 180 rpm / 90 min. | Hardness depth: 0.6
Drying: 130°C / 90 min. | mm
Atmosphere: Ar gas (=
99.999%) at 15 L/min.
Dual- YG8 pre-coated with PVD-TIC | Microhardness: 2238 | [7]
lon cemented | Cleaning: Aqueous ethanol | HV (Substrate: 1672
Beam carbide ultrasonic (30 min). | HV). Avg CoF:
Sputteri Vacuum: 2.0 x 1073 Pa. | 0.283 (Substrate:
ng N-lon Injection Energy: | 0.482). Wear Mark
40 kV. Injected Dose: | Area: 90.535 um?

(97.6% reduction vs
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2.4 x 1018 /cm? substrate).  Friction
Load: 50 N at 100
r/min.
Air AlSI 10  pulses; 4.0 kV | Thickness: 24-31 | [8]
pulsed | 4145H discharge; 1 ms duration; | um; Hardness: 1516—
plasma Atmospheric pressure. 2029 HV (carbides);
depositi CoF: 0.10 (vs SIC) to
on 0.52 (vs 100Cr6).
TiC + WC
HVOF | SS316 Pre-treatment: Sand- | Pure TiC Coating: | [9]
thermal | stainless | blasting (Al,05, 16 mesh) | Thickness 229 + 21
spraying | steel at 5 bar for 6-8 wum|um; Microhardness
roughness. Pure TiC or | 1154 + 21 HVygyy;
TiC+NiCr powders. Porosity 1.45 +
0, (260 SLPM, 7 bar);|0.08%. TiC+50%
LPG Fuel (60 SLPM, 10 | Binder:  Thickness
bar); Air (450 SLPM, 6281 + 28 um;
bar); N, carrier (20 SCFH) | Microhardness
Spray Velocity: 700 m/s; | 845 + 35 HVygqn;
Distance: 6 inches Porosity 1.87 £
0.09%.
Max Erosion
Conditions: 40 m/s
stream velocity, 8 cm
SOD, and 60° attack
angle.
TIG Commerci | 30 V; 90 A; 1 mm/s speed; | Thickness: 0.633 | [3]
welding | al Pure | Argon gas (20 L/min); Pre- | mm; Microhardness:
Titanium | heat: 80 °C (1h). 383 HV5; Roughness
(Ry): 0367 pm;
Wear rate: < 0.1 X
107 2m3m~1.
Tungste | UNS 140 A; 15-25 Hz pulses; | Max Microhardness: | [10]
n arc|S31803 Argon gas (15 L/min); Pre- | 415.96 HV (at 25
melting | duplex heat: 80 °C (1h). Hz); Wear rate:
stainless 1.01 x 1075 (Al,04
steel ball); TiC conc:
91.60%.
Salt Ti6AI4V | 640 °C; 3.5 hours; Pre-| Depth: ~40 um; Peak | [4]
bath alloy heat: 500 °C (45 min); | Hardness: 953.28
carburiz Urea + Carbonate bath. HV; CoF: 0.15
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ing (under 300 N load);
Wear  loss: 29X
reduction.

CVvD VK8 & |1050 °C; 2-3 hours;| Thickness: 4.0-5.0|[11]
Titanizi | T15K6 Reduced pressure; CCl, | pm; Microhardness:

ng hard chemical activator. 33.0 GPa (VK8) to
alloys 34.0 GPa (T15K®6).
Gas AISI 1020 | Stage 1: 950 °C, 15h, 200— | Thickness: 7.5 + 0.3 | [12]
carburiz | steel 300 Pa (CH,); Stage 2: 900 | um; Avg
ing °C, 3h (Salt bath). Microhardness: 1885
+ 121 HVO0.025;
CoF: 0.49;

Adhesion: ~52 N.

Discussion

Based on analysis we can observe that there is still research work around
TiC coatings, especially when it is combined as composite with other materials to
use the best of two worlds, when substrate and coating improves each other. Each
technique has its pros and cons, Laser cladding and TIG looks easy for scaling for
industrial usage but laser cladding requires special equipment and cannot cover
out of sight surfaces, same for TIG welding. ISDM requires some postprocessing
to remove unnecessary cast iron layer, otherwise TiC will be sandwiched between
Cl layers and will have limited application. Conversely, methodologies such as
chemical vapor deposition and thermal diffusion methods offer excellent
conformality, enabling deposition on complex geometries and internal surfaces,
albeit often requiring higher processing temperatures[3]. For example, chemical
deposition and diffusion boron and titanium methods can yield reinforced layers
up to 400-500 pm thick with microhardness values reaching 20,000 MPa for TiC
[14]. That novel combination of chemical pretreatment and subsequent
thermochemical treatment presents the possibility of achieving composite TiC
coating, but the chemical pre treatment stage requires to conduct additional

experimental research to develop best recipe and process parameters.
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Conclusion

The advancement of hard coatings, particularly those incorporating titanium
carbide, is crucial for enhancing the service life and reducing maintenance costs of
components exposed to harsh environments, thereby directly addressing
limitations such as low hardness and poor wear resistance [7]. This comprehensive
review highlights the diverse application methods and sopbhisticated techniques
employed for TiC surface engineering, demonstrating significant improvements in
microhardness, wear resistance, and friction reduction across various substrates[3].
All analyzed recent researches of TiC coating was synthesized into a summary

table 1 to highlight most important data.
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IHHOBAIIMHA AKTUBHICTh BUCOKOTEXHOJIOTTYHUX
T'AJY3E#N PETIOHY SIK JIPAMBEP LIU®POBOI TPAHC®OPMAILIT
JNEPYKABHOT'O YIIPABJIIHHSI TA HALIIOHAJILHOT EKOHOMIKH

INNOVATION ACTIVITY OF HIGH-TECH INDUSTRIES OF THE
REGION AS A DRIVER OF DIGITAL TRANSFORMATION OF PUBLIC
ADMINISTRATION AND THE NATIONAL ECONOMY

Anomauyis

CrarTio MIPUCBSIYCHO JTOCIIIKEHHIO IHHOBAI[IMHO1 AKTUBHOCTI
BHCOKOTEXHOJIOTIUHUX Tajy3ed perioHy sk apaiBepa 1udpoBoi TpaHchopmarlrii
JIeP>)KaBHOTO YIPABJIIHHSA Ta HaIllOHAJbHOI €KOHOMIKM Ha TPHUKIIAIl 0OOpPOHHO-
IPOMHUCIIOBOTO KOMIUIEKCY YKpainu. OOIpyHTOBaHO, IO B yMOBaX BOEHHOTO
CTaHy camMe OOOPOHHO-TIPOMHUCIIOBUN KOMIUIEKC € THUM KaTalli3aTOpOM, SIKHUM
CTUMYIIIOE€ BIPOBAUKCHHS IM(PPOBUX TEXHOJIOTIH Yy cdepy HIepKaBHOTO
VIPAaBIIIHHS, CTBOPIOE MOMUT HA IHHOBAIIWHY MPOAYKIIIO Ta (OPMYE HOBI PUHKH.
[IpoananizoBaHo JIWHAMIKy I1HHOBAI[IHHOI AaKTHBHOCTI B 0OOpOHHIN cdepi
VYkpainu, BKIFOYAIO4H TMOKA3HUKH CTBOPEHHS Ta BIPOBAKCHHS IHHOBAIIHHUX
3pa3kiB 030pO€HHS Ta BIWCHKOBOI TexXHIKM (O€3MUIOTHI JiTaldbHI amapartw,
poboTH30BaHl IMIAaTGOpMU, CHUCTEMHU PaAIOCIEKTPOHHOI OOpoTHOHM, 3acolu

kibep3axucty). Po3rimsaHyTo kinacudikailito BHUCOKOTEXHOJOTTYHUX Trajy3ed 3a

95


https://orcid.org/0009-0004-6834-1669
https://orcid.org/0009-0004-6834-1669
https://orcid.org/0009-0004-6834-1669

STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 6.

KpUTEpIEM  BIAHOLIEHHS BUTPAaT HAa  HAYKOBO-JOCIIJHI Ta  JOCHIJAHO-
KOHCTPYKTOPCbKI POOOTH 10 BajoOBOi JOJaHOI BapTOCTi: BUCOKOTEXHOJOTIUHI
(61loTexHOMOr 1], (bapmaneBTuKa, aBlaOy/yBaHHs, KOCMIYHA  TEXHIKa,
npuiago0yayBaHHs ), CepEeIHbOTEXHOJOT1YH1 BUCOKOT'O pI1BHS,
CEPEeIHbOTEXHOJOrYHl ~HM3bKOIO PIBHA Ta HU3bKOTEXHOJIOTIYHI  Taiy3i.
BusHaueHo CTpyKTypy BHYTPIIIHIX BHUTPAT HA JOCHIIKEHHS Ta pPO3pOOKH B
ceKkTopi 1H(OpPMaIITHO-KOMYHIKAI[IMHUX TEXHOJIOT1H, SIK1 32 OCTAaHHE JIECSTHIITTS
3pOcCiy B M'ATh pa3iB y JiOYUX I[iHAX Ta B J[Ba 3 MOJOBHHOI pa3d B MOCTIHHUX
niHax. [IpoBeeHO MOPIBHAJIBHUNA aHaNl3 JHWHAMIKKM E€KCIOPTYy Ta IMIIOPTY
BHUCOKOTCXHOJIOTIYHUX TOBapiB B YKpaiHi, BUSABICHO IO3UTUBHY TCHJICHIIIIO
3pocTaHHs ekcnopTy (B 2,5 pasza 3a 2013-2023 poku) npu BiAHOCHO CTaOUILHOMY
iMropTi. JlocHipKeHO TOKa3HUKHM MiTOTOBKM KaapiB y cdepi iHopMmariiiHo-
KOMYHIKalIMHUX TEXHOJOT1H, BKJIIOYAIOYU CEPENIHIO MpOQeciiiHy OCBITY, BHUILY
ocBiTy (OakanaBpar, CIEIAIITeT, MaricTparypy) Ta TMIATOTOBKY HayKOBO-
neJaroriyHuX KaapiB B acmipantypi. BussieHo, mo B YkpaiHi yacTka 3alHITHX Y
cektopi IKT cranoButTh numie 2,5% Bia 3arajJibHOI YUCEIBHOCTI 3aWHITHX, IO
BTpu4i MeHme, HiK y Diumsgaaii ta semii (7,6% Tta 7,5% BinmosigHo). Ha
OCHOBI ITPOBEJICHOTO aHaJI13y 3alPONIOHOBAHO HAIIPSMH ITIIBUIIICHHS 1HHOBAIIMHOT
AKTUBHOCTI OOOpPOHHO-IIPOMHUCIIOBOTO KOMIUIEKCY VYKpaiHH SK I1HCTPYMEHTY
mudpoBoi TpaHchopmallii JepKAaBHOTO YIPABIIHHS, BKIIOYAIOYH CTBOPEHHS
iHTerpariiiHoi miaThopMu Uil KOOPAWHAI] JiSIILHOCTI ASPKaBHUX BIMCHKOBHX
CTPYKTYp, HAYKOBHX YCTaHOB, NMPUBATHOTO Oi3HECY Ta TPOMAJCHKUX 1HCTUTYIIIN;
3aMpoBa/PKCHHS] MEXaHI3MY TMPUCKOPEHOTO  BIPOBA/KEHHS  IHHOBAIIHHUX
PO3p00OK (CKOPOYCHHS ITUKITY «iJies] — MPOTOTHUIT — CePIMHMUMA 3pa30k» 3 3-5 pokiB
no0 6-12 wicsamiB); 3abe3nedyeHHs MIATOTOBKH KBali()iKOBAaHWX KaapiB 3a
CHEIiaTbHOCTAME Y cdepl iHPOopMaIfHINX TEXHONOTIA 3 aKIEHTOM Ha IyalbHY
dbopMy OCBITH (TIOETHAHHS TEOPETUYHOTO HABUAHHS 3 MPAKTHYHOIO POOOTOIO Ha

MIAIPUEMCTBAX OOOPOHHO-TIPOMUCIOBOTO KOMIUIEKCY).
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Knrwouogi cnosa: 1HHOBalliHA AKTHBHICTh, BHCOKOTEXHOJOTIYHI Tramy3i,
O00OpPOHHO-IIPOMMCIIOBUI  KOMIUIEKC, IM(poBa TpaHChOpMalis Aep>KaBHOTO
ylpaBiiHHs, KagpoBe 3abesnedeHHs, IKT-cektop, mociimkeHHs Ta po3poOKw,

BUCOKOTEXHOJIOTTYHHU I E€KCTIOPT.

Abstract. The article is devoted to the study of the innovation activity of
high-tech industries of the region as a driver of digital transformation of public
administration and the national economy on the example of the defense industrial
complex of Ukraine. It is substantiated that under martial law, it is the defense
industrial complex that is the catalyst that stimulates the introduction of digital
technologies into public administration, creates demand for innovative products,
and forms new markets. The dynamics of innovation activity in the defense sector
of Ukraine are analyzed, including indicators of creation and implementation of
innovative samples of weapons and military equipment (unmanned aerial vehicles,
robotic platforms, electronic warfare systems, cyber protection means). The
classification of high-tech industries according to the criterion of the ratio of
research and development costs to gross value added is considered: high-tech
(biotechnology, pharmaceuticals, aircraft construction, space technology,
instrumentation), medium-high-tech, medium-low-tech, and low-tech industries.
The structure of internal expenditures on research and development in the
information and communication technology sector is determined, which has
increased fivefold in current prices and two and a half times in constant prices
over the last decade. A comparative analysis of the dynamics of exports and
imports of high-tech goods in Ukraine is carried out, a positive trend of export
growth (2.5 times over 2013-2023) with relatively stable imports is revealed.
Indicators of personnel training in the field of information and communication
technologies are studied, including secondary vocational education, higher

education (bachelor's, specialist's, master's degrees) and training of scientific and
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pedagogical staff in postgraduate studies. It is revealed that the share of employed
in the ICT sector in Ukraine is only 2.5% of the total number of employed, which
Is three times less than in Finland and Sweden (7.6% and 7.5%, respectively).
Based on the analysis, directions for increasing the innovation activity of the
defense industrial complex of Ukraine as a tool for digital transformation of public
administration are proposed, including the creation of an integration platform for
coordinating the activities of state military structures, scientific institutions,
private business, and public institutions; introduction of a mechanism for
accelerated implementation of innovative developments (reducing the cycle from
idea to prototype to serial sample from 3-5 years to 6-12 months); ensuring the
training of qualified personnel in information technology specialties with an
emphasis on dual education (combining theoretical training with practical work at
defense industrial complex enterprises).

Keywords: innovation activity, high-tech industries, defense industrial
complex, digital transformation of public administration, personnel training, ICT

sector, research and development, high-tech export.

Ilocmanoska npobdnemu

B ymoBax BO€HHOro CTaHy Ta IOBOEHHOI BIIOYI0BH YKpaiHH 0COOJIHUBOIO
3Ha4YeHHS HaOyBa€ IHHOBAIlilfHA AaKTUBHICTh BUCOKOTEXHOJIOTTUHHUX Tally3ei, sSKa €
KPUTUYHUM JpaiiBepoM udpoBoi TpaHcopMallii AepKaBHOTO YIPABIIHHS Ta
HalioHambHOI ekoHoMiku. Came ob6opoHHO-TpomucioBuii Komruiekc (OIIK)
BUCTYIIA€ THUM KaTaldi3aTOpOM, SIKHA CTHMYJIIO€ BIOPOBAKEHHA ITU(GPOBUX
TEXHOJIOTIH y cdepy aepKaBHOTO YIIPaBIIHHS, CTBOPIOE MOMUT HAa IHHOBAIINHY
MPOAYKI[it0, GopMye HOBI PHUHKH Ta 3a0e3ledyye TEeXHOJOTIYHHHA CYBEPEHITET
nepxaBu [1]. JlocBin BiiHM pociiichkoi ¢eneparii mpoTu YKpaiHu NEPEKOHIUBO
JOBOJINTH, IO €(PEKTUBHICTh BEJACHHS OOMOBUX I HAmpsiMy 3aJIeKUTh BIJ

3IaTHOCT1 JE€p>KaBU UIBUJIKO CTBOPIOBaTH, BUIPOOOBYBATH Ta MacIITaOyBaTH
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IHHOBAI[IiHI 3pa3Kh O30pO€HHS Ta BINCHKOBOI TEXHIKM (O€3MUIOTHI JITalbHI
anapatv pI3HMX THUIIIB, pOOOTH30BaHI IUIATQPOPMHU, CUCTEMHU PaAIOETEKTPOHHOI
00poTHOH, 3ac00U KiOEp3axXUCTy, CUCTEMHU 3B'SI3Ky Ha 0a31 TEXHOJIOTIH IITY4YHOTO
iHTenekty). Ll TexHosorii, cTBOpeH1 s OOOPOHHUX MOTPeO, 3HAXOIATH BCE
HIMpIIE 3aCTOCYBAaHHS B CHCTEMI JEp>KaBHOI'O YINPaBIIHHSA — BiJl 3a0e3MeyeHHs
Ki0epOe3neKkn Jep:KkaBHUX PEECTPIB 10 MOHITOPUHTY HaJA3BUYAWHUX CUTYalld 3a
JOTIOMOT0F0 O€3MUIOTHUX aBlal[liHUX CUCTEM.

Onnak 1HHOBAIlIMHA AaKTHUBHICTH OOOPOHHO-TIPOMUCIOBOTO KOMILIEKCY
Vkpainn sK I1HCTpyMEHT IM(poBoi TpaHchopmallii AepKaBHOTO YIPaBIIHHSI
CTHKA€ThCA 3 HHU3KOK CHUCTEMHHX TpoOieM, M0 TOTpeOyIOTh HeraitHOTro
BupiienHs. [lo-nepie, e KpUTUYHUN AePIUT KBaNMIPIKOBAaHUX KaApiB y cdepi
iHpopmartiitHo-komyHikaiiaux TexHonori (IKT). B Ykpaini uacTtka 3aiiHATUX ¥
cexkropi IKT cranoButh numie 2,5% Bia 3arajgbHOI YHCENIBHOCTI 3aWHATHX, IO
BTpUYl MeHIre, Hibk y Dirnsgaaii ta [Isenii (7,6% Tta 7,5% Binnmosinuo) [2]. Lle
CTBOPIOE 3HAYyHI TMEPENIKOAM JIS BIPOBAIKEHHS IU(PPOBUX TEXHOJOTIH SK B
o0opoHHI# cdepi, Tak 1 B CUCTEMI1 JIep)KaBHOTO yMpaBiiHHA B miomy. [lo-apyre,
Il TPUBAJIWN IHMKJI BIPOBA/PKCHHS I1HHOBAIIMHUX po3poOOK — Big imei 10
CepiifHOro 3pa3ka B YKpaiHi mpoxoauTh 3-5 pokiB, Toal gk B kpainax HATO nei
IIUKJI CKOPOYEHO 10 6-12 MiCAIlIB, IO YHEMOXXJIUBIIIOE ONEPaTUBHE pearyBaHHsI
CHUCTEMH JICP)KABHOTO YIPABIIHHS HAa HOB1 BUKIIUKH.

ITo-TpeTe, HEMOCTATHBOIO € IHTErpallis IHHOBAIIHHUX PO3POOOK 0OOPOHHO-
MIPOMHUCIIOBOTO KOMIUJIEKCY B CHCTEMY JEp>KaBHOTO yNpaBiiHHA. be3ninoTHi
CUCTEMHU, TEXHOJIOT1l MTYYHOTO IHTENEKTY, CUCTEMHU KiOep3aXuCTy, CTBOPEH1 s
noTped apmii, MOXKYTh OyTH €(DEeKTUBHO BUKOPUCTAHI JIJIT MOHITOPUHTY JOBKIJIIA,
OXOpPOHU JEpKAaBHOTO KOPJOHY, pearyBaHHsS Ha HaA3BUYaiHI cuUTyauii,
3abe3nedeHHss KiOepOesnekn JepkaBHUX 1HGOPMAIIMHUX pPeCcypciB, OTHAK
BIICYTHIM Jl€BUI MexaHI3M TpaHC(hepy TaKuX TEXHOJOTIH y UUBUIBHY cdepy

nepxaBHoro ympaiinHa [3]. [To-ueTBepTe, cnocTepiracThes 3Ha4YHE BiICTaBAHHS
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VYkpainu Bil OpOBIAHUX KpaiH 3a oOcsiraMu €KCHOPTY BHCOKOTEXHOJIOTTYHOT
OpPOAYKUIi, M0 CBIIYUTh MNP0  HEIOCTAaTHIO KOHKYPEHTOCIPOMOXKHICTb
BITUU3HSHOTO O0OPOHHO-TIPOMHUCIOBOIO KOMIUJIEKCY Ha CBITOBUX PUHKAX.

He3Bakaroun Ha 3HaYHy KUIBKICTh MyOJIIKaIli, MPUCBIYEHUX 1HHOBALIIMHIN
TISUTBHOCTI B OOOPOHHIN cdepi, KOMITIEKCHOIO AOCTIKEHHS, sike O po3risaano
IHHOBAI[IHY aKTUBHICTH OOOPOHHO-IIPOMUCIOBOIO KOMIUIEKCY came SIK ApaiBep
g poBoi TpaHchopmalii 1ep>KaBHOTO YIPABIIHHS Ta HAllIOHATBHOI €KOHOMIKH,
J0C1 HE MPOBOJAUIOCA. BiACYTHICTH TaKoOro MOCHIIKEHHS YHEMOXKJIUBIIIOE
e(eKTUBHE BUKOPUCTAHHS MOTEHIIaTy OOOpPOHHUX 1HHOBAIM JJIS MOJEpHi3alii
CUCTEMH JICPXKABHOTO YIPABIIiHHSI.

OTke, aKTyalbHUM HAyKOBUM 3aBJIaHHSIM € aHali3 IHHOBAIiHHOT
aKTUBHOCTI BUCOKOTEXHOJOTIYHHX Tally3ell perioHy Ha MpHKIagi 0OOpPOHHO-
IPOMMCIIOBOTO KOMIUIEKCY YKpaiHM, BHU3HAUCHHS 1i BIUIMBY Ha IUGPOBY
TpaHchopMallio Jep>KaBHOTO YIPABIiHHSA Ta HAIIOHAJIBHOT €KOHOMIKH, a TaKOXK
po3poOKa TPAKTUUYHUX PEKOMEHIAI MO0 MiABUIIEHHA e(PEeKTUBHOCTI
BUKOPUCTAHHS 0OOPOHHUX IHHOBAIIIN y CHCTEMI Jep>KaBHOTO YIIPABIIIHHS.

Ananiz ocmamnnix 0ociodicens i nyonikayiu

Teopernuni 3acaau 1HHOBAIIHOT AKTHBHOCTI BHCOKOTEXHOJIOTTYHUX
ranyseil JOCIimKyBamu GaraTo 3apyObkuux BueHux. M. Illymmerep o6rpyHTyBaB
TEOpir0 IHHOBAIIIKA Ta MiAMPUEMHHMIITBA, JIOBIBIIIH, III0 caMe 1HHOBAIII] € PYIITIHHOIO
CWJIOI0 €KOHOMIYHOTO PO3BUTKY. I'. MeHm po3poOuB kimacudikaimito iHHOBAIliN
(6a3mucHi, MOKpaIIyro4i, MCEBIOIHHOBAIl) Ta JOCTIKYBaB 3aKOHOMIPHOCTI iX
nosiBu. A. KustitHkHeXT nmociimkyBaB (opMyBaHHS KJIacTepiB HOBOBBEJCHH Ha
pi3HUX (a3zax TEXHOJOTIYHOTO MHUKITY. B VYkpaiHi mpobreMaTuky iHHOBAIiitHOT
aKTUBHOCTI B 00opoHHINA cdepi mocmimxkyBanun H.II. T'ycakoB (iHHOBamiiHi
CUCTeMU B yMoBax HecrtaOinpHOCTi), [.B. AHImponoBa (nmep:kaBHa MiATPUMKA
HayKl, TeXHoyorii Ta iHHoBauid), B.M. bopucoB (iHHOBaliiHO-HACHUYEHI

1HBeCTHIli B MamIMHOOyAyBaHH1) [4]. OkpeMi MUTaHHS KaJApOBOro 3a0e3MeyYeHHs
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uuppoBoi TpaHchopmallli Aep:KaBHOro ympaBiiHHSA AochimkyBanu [.B. Pu6os,
O.I'. Kebanze (ynpaBiiHHS JIIOACBKUMU PECypcaMy HAyKOEMHUX HIANPUEMCTB),
K.B. €kumoBa (epeKkTuBHI IHCTPYMEHTH (PIHAHCOBOTO MEHEIXMEHTY B yMOBax
uudpoBoi exoHomiku) [5]. OmHaK KOMIIJIEKCHOTO MOCIHIIKEHHS 1HHOBAIINHOT
aKTUBHOCTI OOOpPOHHO-TIPOMUCIIOBOIO KOMIUIEKCY sSIK JpaiiBepa 1u(ppoBOI
TpaHcopMallii JepXKaBHOTO YOPABIIHHSA B YKpPAiHChbKIA Hayll Joci He
TIPOBOTAIIOCS.

Mema cmammi

Ha ocHOBI anHamizy 1HHOBAIIHOT aKTHBHOCTI BHCOKOTEXHOJIOTTYHUX
rajxy3eil perioHy Ha TpHUKIIaJl OOOPOHHO-IIPOMHUCIOBOTO KOMIUIEKCY YKpaiHu
BU3HAUMTH 11 BIUIMB Ha IU(POBY TpaHChOpMAIlilO JIEepKaBHOTO YIPABIIHHS Ta
HAI[IOHAJIbHOI €KOHOMIKH, BUSBUTH MPOOJIEMHI aClIeKTH Ta PO3POOUTH MPAKTUYHI
peKoMeHaaIli IMoa0 MiJBUIICHHS €()EKTUBHOCTI BHKOPUCTAHHS OOOPOHHUX
IHHOBAIIIN y CHCTEMI Jep>KaBHOTO YIIPaBJIiHHS.

Buknao ocnosnoeo mamepiany

Hudposa Tpanchopmailis Jep>KkaBHOTO YMPaBIiHHA HEPO3PUBHO TOB'sS3aHa
3 1HHOBAI[IMHOIO AaKTUBHICTIO BHUCOKOTEXHOJOTIUHHMX Taly3eil, SKi CTBOPIOIOTH
TEXHOJIOT1YHY OCHOBY JJIg MOJIEpHi3aIlii myOJaiyHUX CcepBiciB, 3a0e3mnedeHHs
kibepOe3neku nepkaBHUX 1HGOPMAIIMHIX PECypCiB Ta ONEPaTHBHOTO pearyBaHHs
Ha HaJ3BHYaiiHI cuTyarii. B yMoBax BO€HHOTO cTaHy camMe OOOpPOHHO-
MPOMHUCIIOBUN KOMIUIEKC CTa€ TUM JIOKOMOTHMBOM, SIKMM CTUMYIIOE PO3BHTOK
U(POBUX TEXHOJOTIN Ta iX BIPOBAKEHHS B CUCTEMY JCP>KAaBHOTO YIPaBIIHHS
[1].

3rigHo 3 knacudikamiero OpraHizaiii eKOHOMIYHOTO CITIBPOOITHHUIITBA Ta
po3BuTKy (OECP), BHCOKOTEXHOJIOTIYHI Taiy3i BHU3HAYAIOTBCS 3a KPHTEPIEM
BiIHOIIIEHHSI BUTPAT Ha HAYKOBO-JOCIIIHI Ta JOCIITHO-KOHCTPYKTOPCHKI poOOTH
(HOAKP) mo BamoBoi nmomanoi BapTocTi. J[0 BHCOKOTEXHOJOTIYHUX Trally3ei

HajexaTh Ti, B SKHUX 1€ BIJHOIIEHHs mnepeBullye 8%: O10TeXHOJOr1],
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dbapMmaileBTUKa, BHUPOOHHUIITBO JITAJIBHUX amapariB (BKIIOYAOYU KOCMIYHI),
BUPOOHUIITBO €JIEKTPOHHUX KOMIIOHEHTIB, anapaTypu JUis pajiio, TeieOaueHHs Ta
3B'S13Ky, BUPOOHUIITBO MEIUYHUX BUPOOIB Ta MpHIAIIB. Y CTPYKTYpi OOOpPOHHO-
MIPOMUCJIOBOTO KOMIUIEKCY YKpaiHU JO BHUCOKOTEXHOJIOTIYHUX HAJIEKATh
nignpueMctBa aBiaOyayBanus (JII «AHTOHOBY»), pakeTHO-KOocMi4HOI ramy3i (11
«ITiBnenne», Il «IliBmenmarn»), paaioeaeKTPOHHOT MPOMHUCIOBOCTI (KOHIIEPH
«YKpoOOpOHTIPOM» ), BUPOOHUIITBA 3aC001B 3B'A3KY Ta Kibep3axucry [2].

CrpykTypa BHYTPINIHIX BUTpPAT Ha JOCIIDKEHHS Ta PO3POOKH B CEKTOpI
1HGOpMaIIITHO-KOMYHIKAI[IHHUX TEXHOJOTIHA CBIIYUThH MPO MO3UTUBHY TUHAMIKY.
3a ocranne aecaTwmitta (2013-2023 poku) 111 BUTpATH 3pOCIU B M'ATh pa3iB y
JIIOYMX I[IHAX Ta B JIBa 3 MOJIOBHHOIO Pa3u B MOCTIMHMUX I[IHAX, IO € CBIMYECHHAM
3poctatoyoi poni IKT B iHHOBaIIHHOMY pPO3BUTKY JEpP>KaBHOTO YIPABIIHHS.
Yacrtka cexkropy IKT B 3araibHoMy 00cs31 BHYTPIIIHIX BUTpAT Ha AOCTIIPKEHHS Ta
po3poOKku 30uTRIIMIIACS 3a 1ied nepion 3 1,3% 10 3,7%, 110 TakoX € MO3UTUBHOIO
TeHJeHIier0. HalOinpiy YacTKy B CTPYKTYpl BHTpPAT CKJIaJae MpUIOaHHS
oOnaHaHHs, MOB'SI3aHOTO 3 HMUPPOBUMH TexXHOJIOTisIMU (O6mm3bko 46%), oruiara
MOCIYT eJeKTpo3B's3Ky (0mu3bko 21%), mpunbaHHs Ta aganTallisi MTpOrpaMHOro
3abe3neuenHs (01u3bko 18%) [3].

AHaJi3 JUHAMIKHA €KCIIOPTY Ta IMIIOPTY BHUCOKOTEXHOJIOT1YHUX TOBapiB B
Vkpaini 3a 2013-2023 poku AEMOHCTPYE MO3UTHUBHY TEHJCHIIIO 3POCTAHHS
excriopty (B 2,5 paza) mpu BIZHOCHO cTaOuTbHOMY iMmopTi. Skmo y 2013 pori
JacTKa BHCOKOTEXHOJOTIYHUX TOBApiB B 3arajibHOMY 0OCS31 €KCIOPTYy YKpaiHu
craHoBmia meHme 3%, 1o y 2023 pori mei MOKa3HWK mepeBHIIUB 7%, IO
CBITYUTH TIPO CTPYKTYpHY TepeOyqoBy YKpPaiHCBKOTO €KCHoOpTy B OiK
BHCOKOTEXHOJIOTIYHOI MPOAYKIlii, 30KpeMa MPOAYKIlii 000pOHHO-TIPOMHUCIOBOTO
KOMITIEKCY (Oe3MiIOTHI JIiTaabHI anapaTt, CUCTEMHU PalioeIeKTPOHHOT 00pOTHOM,

3aco0u kidep3axucTy). HacTka IMIOPTY BUCOKOTEXHOJIOTTYHUX TOBApPIB 3a LEH Ke
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nepioj 3pocia He3HAyHO — 3 62% 10 67%, 10 CBITYUTH MPO MEBHY 3aJIEKHICTh
VYkpaiHu BiJl IMIIOPTY KPUTUYHUX TEXHOJIOTIH [4].

JlocnipkeHHsI TOKAa3HUKIB MIATOTOBKM KaJpiB y cdepl 1HPopManiiHo-
KOMYHIKAIlIMHUX TEXHOJIOTIA BHUSBWJIO CYTTEBUM PO3PUB MDK NOTpedaMu
uuppoBoi TpaHchopmalii AEp:KaBHOrO YIPaBIiHHSA Ta HAsSBHUMH KaJpOBHUMHU
pecypcamu. Ctanom Ha 2023 pik B YkpaiHi HamiuyBajocs Onuszbko 200 Tucsu
3100yBayiB BHINOi OCBITH 3a CHEIaJIbHOCTAMU ramy3i 3HaHb «lHpopMauiiHi
TEXHOJIOT1i», 0 CTaHOBUTh NpUOAM3HO 7% BiA 3araJibHOr0 KOHTUHIEHTY
CTylneHTiB. Bunyck 0akanaBpiB, CHeIiadiCTIB Ta MaricTpiB 3a LUUMU
cnemianbHOCTAIMH Y 2023 poui nepeBuiiub 50 Tucsy oci6. OnHaK iuille TpeTHUHA 3
HUX TIPAIEBIAMTOBYEThCS 3a ()axoM, a 4YacTKa THX, XTO IMpAIIOE€ B OpraHax
JICpKABHOTO YIPaBIiHHS, CTaHOBUTh MeHIe 5%. lle cBimYUTH TPO HU3BKY
pUBaOIUBICTh JepKaBHOL CITYyKOU TUIS1 IT-paxiBiis yepe3
HEKOHKYPEHTOCTIPOMOKHUM PIBEHb OIUIATH TIpalll Ta 3acTapiii popMu opraHizalii
pobortu [5].

Bunyck acmipanTiB 3a crnemianbHOoCcTsIMUA Y cepi IKT (komm'torepHi Ta
iHdopMalriitHi Hayku, 1HQOpMaTHKa Ta BUMIPIOBaJIbHA TEXHIKA, CJICKTPOHIKA Ta
TeraekoMyHikaiii) y 2023 pomi cranoBuB 61u3bko 1500 ocib, 3 axux nume 300
oci6 3axuctunu aucepraiii. Lle cBiq4uTh Mpo mpodieMu 3 MiArOTOBKOK HAYKOBO-
NeJaroriyHuX KaapiB BUINOI KBaiikarii, ski MOTIM 0 3a0€3MeUnTH MArOTOBKY
daxiBiiB mia mudpoBoi TpaHchopmarii aepkaBHoro ympasmiHHs. [loka3oBoro €
BikoBa cTpykTypa IT-daxismiB B Ykpaini: 6mu3sko 50% 3 HEX Moo 35 pokis,
tomi sk y IlBemii Ta @innsgaumii el mokasHuk He nepesuirye 30%. 3 ogHOTO
00Ky, 11e CBiMUUTH Tpo mpuBadmuBicTh IT-chepu mms Monomi, 3 1HIIOTO — PO
BIICYTHICTh JOCBITUCHHX (paxiBI[iB CTapIIOrO BIKY, SKi MOIyIM O IepenaBaTh
3HaHHS Ta 3a0e3nmedyBaTd HACTYIHICTh TOKOJIHb Yy HU(pPOBii Tpancdopmarrii

Jep>KaBHOTO yrpaBiiHHs [1].
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Ha ocHOBI 1poBeneHOro aHamily 3ampollOHOBAaHO Taki  HalpsMu
MIJBUILCHHS 1HHOBAIIMHOI AaKTUBHOCTI OOOPOHHO-TIPOMUCIOBOTO KOMIUIEKCY
VYkpaiHu K IHCTpyMEHTY HH(PpoBOi TpaHchopMallii 1ep>KaBHOTO yIPABIIHHS.

Tepwuii Hanpsm — cmeopenHst inmeepayitnoi niamg@opmu 01 KOOpOuHayii
OISIILHOCMI 0ePHCABHUX BIUCLKOBUX CMPYKMYD, HAYKOBUX YCMAHO8, NPUBAMHO20
bisnecy ma epomaocokux iHcmumyyiu. IIpornonyeTscs CTBOpUTH Ha 0asi
MinictepctBa uudpoBoi TpaHchopmaiii VYkpaiHu AreHTCTBO 0OOPOHHUX
iHHOBaIi# (3a 3paskoMm DARPA), sike 6 3abe3neuyBano TpaHcdep TEXHOJIOTIN 3
00OpOHHOI chepH B CHCTEMY JepKaBHOTO ymnpasiiHHsA. OCHOBHHMH 3aBIaHHIMHU
ATEHTCTBa MalOTh CTAaTH: BUSBIICHHS MEPCIICKTUBHUX OOOPOHHHX PO3POOOK, SKi
MOXXYTh OyTHM BHKOpHMCTaHI B UHMBUIbHIA cdepi AepKaBHOTO YIpaBIiHHS;
(¢iHaHCYBaHHS TUIOTHUX MPOEKTIB 3 ajamnTaiii Takux po3poOoK 10 MmoTped
Jep)KaBHUX OpraHiB; KOOPAWHAIlS JISTTBHOCTI YYacCHUKIB  1HHOBAI[IMHOTO
IPOIIECY; MOHITOPUHT Pe3yJIbTaTiB BIPOBAHKEHHS [2].

pyeuti  Hanmpam  —  3aNpOBAONCEHHS  MEXAHI3MY  NPUCKOPEHO20
8NPOBAOIICEHHS. — [HHOBAYIUHUX ~ pO3POOOK 8  CUCmeMy  0epHCABHO20
ynpaenints. [IpoNOHYEThCS CKOPOTHTH ITUKII «ifess — TPOTOTHUIl — CepidiHuMU
3pa3ok» 3 3-5 pokiB 0 6-12 MicAIiB IUISXOM BIPOBAKCHHS «PETYIATHBHUX
MICOYHHUIIBY» — CIEHIAIbHOTO TMPABOBOTO PEXKUMY, SKHM JO3BOJIAE TECTyBaTH
IHHOBAIIIMfHI PINICHHS B CHCTEMI JEPKaBHOTO YIpaBliHHA 0€3 OTpUMaHHS
MOBHOTO TaKeTa JO3BUILHUX IOKYMEHTIB (32 YMOBU JOTPUMAHHS 0a30BUX BUMOT
6esmnekn). [[ns peanizarii IbOro MexaHi3My HEOOX1IHO BHECTH 3MiHH 10 3aKOHY
VYkpainn «IIpo iHHOBAIIHY AISUTBHICTHY Ta MiA3aKOHHUX HOPMATHBHO-TIPABOBUX
aKTiB, SIKl PEryJIOIOTh MOPSAOK BIPOBA/KEHHS HOBUX TEXHOJIOTIH B JISIBHICTH
OpratiB Jiep)kaBHO1 Biaaau [3].

Tpemiii nanpsam — 3a6e3nedeHHss nNi020OMOBKU KBANIiKo8aHUX Kaopis 0
yugpposoi mpancgopmayii oepacasnozo ynpasiinus. IIponoHyeTbCS 3alIPpOBAIUTH

NyalibHy (pOpMY OCBITH 3a CHELIaTbHOCTAMU Y chepi iHOpPMALIHHUX TEXHOJIOT1H,
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sKa mependavyae MOoeJHAHHS TEOPETUYHOTO HABYAHHS Y 3aKJIa/JaxX BHUIIOI OCBITH 3
MPAaKTHYHOIO pOOOTOI0 HA MiANPHUEMCTBaX 00OPOHHO-TIPOMHUCIOBOTO KOMILIEKCY
Ta B OpraHax JepkaBHOI Biaau. KpiM TOro, MpOMOHYETHCS CTBOPUTU CHUCTEMY
Oe3nepepBHOrO MIABMIICHHS KBaiiikalii AepKaBHUX CIy>XOOBLIB 3 MUTaHb
uuppoBoi Tpanchopmailii Ta kibepOe3neku 3 000B'SI3KOBUM HABYAHHIM HE piaiIe
OJIHOTO pa3y Ha JIBa POKHU.

Yemeepmuil Hanpsm — CMEOPEHHs. CucmemMu MOHIMOPUHSY Ma OYIHIOB8AHHS
8NIUBY  THHOBAYIUHOI AKMUBHOCMI 0OOPOHHO-NPOMUCTIOB020 KOMNJIEKCY Hda
yughposy mpancgopmayito depaicagnozo ynpasninus. [IponoHyeThCs 3anMpoBaIUTH
HIOpIYHE OILIIHIOBAaHHSA PIBHS LU(POBOT 3pLIOCTI OpraHiB JEp>KaBHOI BIIAIU 3a
METOJMKOI0, M0 BKJIOYAE IMOKA3HWKH BHKOPUCTAHHS IHHOBAIIMHUX PO3POOOK
000pOHHOTO TpHu3HAYeHHS (OE3MJIOTHI CHCTEMHM JIJIi MOHITOPUHTY, TEXHOJOTIi
MITY9HOTO I1HTENEKTY MJIs aHaii3y JaHUuX, CHUCTEMH KiOep3axuCTy KPUTUIHOI
iHbpacTpykTypH). Pe3yiabTaTH OI[iHIOBaHHS MalOTh ONPWIIOJAHIOBATUCA Y
BIIKPUTOMY JIOCTYNl Ta BHUKOPUCTOBYBATUCS [Jisi KOPUTYBAHHS JEp>KaBHOI
HOTITUKH [4].

Il'amuti nanpsam — cmumyt08anHsa po3eumky o0boponHozo IT-cexkmopy ma
toeo  immeepayii 6 cucmemy  OepaicagHozo  ynpaeninua. [IpomnonyeThes
3alPOBAJNTH TMOJATKOBI MIIBIH JUIS IMIAIPHUEMCTB OOOPOHHO-TIPOMHUCIOBOTO
KOMIUIEKCY, SIKI CTBOPIOIOTH pobOoui Micis s IT-daxiBiiB, Ta MexaHi3MH
JIEP’)KaBHO-TIPUBATHOTO  MAapTHEPCTBA ISl peamizaiii MpOeKTIiB  IuppoBoi
TpaHcopMallii 1epKaBHOTO YIPABIIHHS 3 BUKOPUCTAHHSIM 0OOPOHHHMX 1HHOBAIIi!
[5].

Bucnosxu

[TpoBenene MOCTIKEHHS] 1HHOBAIIMHOT aKTUBHOCTI BHCOKOTEXHOJOTTUHUX
rajry3ei perioHy sk apaiiepa 1udpoBoi TpaHchopMallii AepKaBHOTO yIPaBIiHHS
Ta HAI[IOHAIBHOT €KOHOMIKM Ha MPUKIAJl 0OOPOHHO-TTPOMUCIOBOTO KOMILIEKCY

VYkpainu nae miacTaBu I TAKUX BUCHOBKIB.
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[lo-nepuie, iHHOBaLIHA aKTUBHICTH OOOPOHHO-TIPOMHUCIOBOIO KOMILIEKCY
€ KPUTUYHHUM JApaiiBepoM LU(poBOI TpaHCchopMallii AEpKABHOTO YIPABIIHHS B
yMOBax BOEHHOT'O CTaHy, OCKUIbKM came OOOpOHHI i1HHOBaIlli (0Oe3muIOTHI
CHUCTEMHM, TEXHOJIOT1i HITYYHOTO IHTEJIEKTY, 3acCO0U KiOep3aXHUCTy) CTBOPIOIOTH
TEXHOJIOT1YHY OCHOBY JJIi MOJIepHi3allii MyOJIyHUX CepBiciB, 3a0e3MeueHHs
kiOepOe3neku nepkaBHUX 1HPOPMALIIITHUX PECYpPCIB Ta ONEPATUBHOIO pearyBaHHs
Ha HaJ3BUYaiiHi cutyamii. [lo3uTHBHA TUHAMIKA €KCIOPTY BUCOKOTEXHOIOTTUHUX
ToBapiB (3poctanHs B 2,5 paza 3a 2013-2023 poku) CBIAYUTH NPO 3POCTAHHS
KOHKYPEHTOCITPOMOYKHOCTI YKpaiHChKOTO 000pOHHO-TTPOMHUCIOBOTO KOMILIEKCY.

[To-npyre, OCHOBHMMH TMpOOJEMaMH, MI0 CTPUMYIOTh BHKOPUCTAHHS
00OpOHHUX 1HHOBAIIIM /U1 MPOBOT TpaHcPopMallii IepKABHOTO YNPABIIHHSA, €:
KpuTHuHui nedinut kBanidikoBanux IT-kaapiB B opraHax JepskaBHOI BJaau
(uactka 3aitsaTuX y cektopi IKT cranoButsh nuiie 2,5%, 1110 BTpyuyl MEHIIE, HIK Y
IPOBIAHUX KpaiHax); TPUBAIMH ITUKI BIPOBAKEHHS 1HHOBAI[IMHUX Po3po0oK (3-
5 pokiB mpotu 6-12 wmicsmiB 'y kpainax HATO); HemoctaTHs iHTerparfis
OoOOpOHHMX IHHOBAIlIM B CHCTEMYy JIEp)KaBHOTO  YIpaBIiHHS; HU3bKa
pUBa0IMBICTh AepkaBHOT Ciryk0u juts IT-daxiBimis.

[To-TpeTe, 3anponoHOBaHI HAMPSIMU MIBUIICHHS 1HHOBAI[IHMHOT aKTHUBHOCTI
000POHHO-TIPOMHUCIIOBOT'O0 KOMIUICKCY SK 1HCTPYMEHTY ItidpoBoi TpaHchopmarltii
Jep>)KaBHOTO  yIpaBJiHHS (CTBOpPEHHS IHTerpamiiHoi turatdpopmu Ha 0Oasi
AreHTcTBa OOOpPOHHUX IHHOBAIlIM, 3alpPOBA/PKEHHS MEXaHi3My IPHUCKOPEHOTO
BIIPOBADKCHHSI Yepe3 «PErysTUBHI TICOYHHUII», 3a0€3Me4YeHHS MiArOTOBKHU
KBaTi)IKOBAaHUX KaJpiB Uepe3 AyajbHY OCBITY, CTBOPEHHS CHCTEMH MOHITOPUHTY
Ta OIIHIOBAHHS, CTUMYJTIOBaHHS PO3BUTKY 000poHHOTO IT-cexTopy) m03BOISIOTH
YCYHYTH BHSBJICHI MNpoOJeMH Ta MIABUIIUTH €(EKTUBHICTh BUKOPUCTAHHS
00OpOHHUX THHOBAI[IH B CUCTEMI JeP>KaBHOTO YITPaBIIIHHSI.

[lopganpmii  mochayKeHHST MalwTh OyTH  30Cepe/KeHl Ha  po3poOill

KOHKPETHUX MeEXaHI3MIB (IHAHCYBaHHS ATreHTCTBAa OOOpPOHHUX I1HHOBaIlii
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VKkpaiHu, CTBOpPEHHI METOJMKH OI[IHIOBaHHS e(EeKTUBHOCTI TpaHchepy
TEXHOJIOT1i 3 00OPOHHOI cpepu B CUCTEMY JEPKABHOTO YIPABIIHHSI, a TAKOXK Ha
JOCIKeHH1 MibkHapoaHoro nocsiny (Izpaimto, CIIA, Benukoi bpuranii) mozmo

BUKOPHUCTaHHS 0OOPOHHMX IHHOBALIN JUIsl MOJIEpHI3allii MyOI1YHOTO yIPaBIiHHS.
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