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AI-DRIVEN INNOVATION IN PROJECT MANAGEMENT - A

STRATEGIC IMPERATIVE FOR FUTURE SUCCESS
S. Bushuyev, N. Bushuyeva, V. Bushuieva, D. Bushuiev
Kyiv National University of Construction and Architecture, Kyiv, Ukraine

Artificial Intelligence (Al) is fundamentally reshaping the landscape of project
management, transcending mere automation to drive profound innovation in
decision-making, efficiency, and strategic outcomes. This transformation necessitates
a proactive and ethically informed integration approach. This report explores the
pervasive impact of Al across project lifecycles and methodologies, detailing its
practical applications, tangible benefits, inherent challenges, ethical considerations,
and the evolving role of project managers in an Al-augmented environment.

The capabilities of Al, particularly its capacity to rapidly process vast datasets,
predict future trends, and automate routine operational tasks, extend beyond simple
efficiency gains. This equips project managers with real-time, data-driven
intelligence that facilitates proactive adjustments and strategic reorientations. This
dynamic responsiveness directly enhances organisational agility, enabling quicker
and more informed reactions to fluctuating market conditions, emergent risks, and
evolving stakeholder requirements. Consequently, Al transforms project management
from a predominantly reactive oversight function into a proactive, strategic enabler
that directly contributes to the achievement of overarching organisational objectives.

Traditionally, project success has often been narrowly defined by adherence to
triple constraints. on-time, on-budget, and within-scope delivery. However, the
integration of Al is shifting this focus significantly, emphasising superior benefits
realisation and higher return on investment (ROI). An Al-driven environment allows
for continuous optimisation efforts aimed at maximising business benefits. Therefore,
project success is increasingly being redefined by the achievement of strategic
outcomes, value creation, and long-term organisational impact, rather than solely by
the efficiency of execution. This represents a profound conceptual evolution in how
project performance is measured, evaluated, and managed.

The rapid advancement of Artificial Intelligence has fundamentally
revolutionised numerous industries, with Project Management (PM) being a
prominent example. This transformation is driven by Al's enhanced functionality,
including faster data analysis, increased storage capacity, and improved algorithms.
Organisations are increasingly confronting heightened complexity in managing
intricate tasks, diverse teams, and dynamic resources, making the strategic integration
of Al tools not merely advantageous but often indispensable. Al has matured from a
futuristic, theoretical concept to a practical, actionable asset within the project
management domain, demonstrating its tangible utility in real-world scenarios. The
embrace of modern technology, particularly Al, is occurring with increasing boldness
and a pronounced drive for innovation within PM practices.

Innovation in an Al-driven project management environment is characterised by
the strategic leveraging of Al's advanced capabilities — specifically its prowess in data

10



ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

processing, predictive analytics, and automation — to facilitate faster, more accurate,
and ultimately more strategic decision-making throughout the entire project lifecycle.
This integration inherently leads to substantial increases in operational efficiency,
significant reductions in project risks, and a demonstrably higher success rate for the
development and launch of new products and services.

The «Stages and Gates» process, often described as a cornerstone of innovation
management, traditionally implies a structured, linear, and somewhat mechanistic
approach to innovation. However, the integration of Al is consistently presented as
redefining, revolutionizing, and marking a pivotal shift in these processes, leading to
next-generation Al-powered innovation. Al's capabilities in real-time data analysis,
predictive modelling, and dynamic adjustment fundamentally transcend merely
making existing processes faster. Instead, they enable continuous feedback loops,
proactive adaptation, and iterative optimisation throughout the entire innovation
lifecycle. This signifies a profound shift from a rigid, sequential innovation model to
a more fluid, adaptive, and continuously optimising paradigm, where innovation is
not a discrete outcome but an ongoing, dynamic process of refinement directly driven
by Al-generated information.

This transformation extends beyond simply enabling innovation within project
management tasks, such as better scheduling. The discussion of «innovation
management powered by Artificial Intelligence» and the emergence of "next
generation Al-powered innovation phases and gates processes" indicates that Al is
fundamentally innovating how innovation itself is managed and executed. By
automating and enhancing critical stages like ideation, concept testing, market
analysis, and design, Al is transforming the very process of innovation. This
represents a meta-level innovation — an «innovation of innovation» — where Al
optimises the mechanisms and frameworks used to create new products and services,
making the entire innovation pipeline more efficient, predictable, and ultimately more
successful.

Al fundamentally transforms project management by significantly improving
efficiency, effectively reducing risks, and profoundly enhancing decision-making
across the entire project lifecycle. This integration enables a critical paradigm shift
from reactive management to proactive, foresight-driven leadership.

The research highlights a dichotomy. Agile frameworks naturally integrate Al
due to their adaptive nature, while Traditional (Waterfall) methods, despite initial
challenges, can also achieve significant enhancements through Al, especially in
strategic forecasting and process optimisation. This observation suggests that Al is
not merely favouring one methodology over another but acts as a unifying
technological force. It bridges the gap between these seemingly opposing paradigms
by infusing data-driven information and automation into both. Al allows traditional
approaches to gain a degree of agility and responsiveness typically associated with
Agile, while potentially making Agile even more efficient and predictable. This
implies Al is a methodological agnostic enabler, pushing all project management
approaches towards greater data-driven optimisation and hybrid models.

Overall, Al-driven project management tools have become indispensable across
both Agile and traditional frameworks as organisations globally strive to improve
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project outcomes. Real-world implementations consistently showcase how
organisations leverage machine learning algorithms, natural language processing, and
intelligent automation to enhance overall efficiency. The research underscores Al's
growing influence on decision-making, forecasting, and project execution,
highlighting its profound potential to redefine the future trajectory of project
management. Future projects are increasingly advised to consider adopting combined
management systems that effectively unite systematic planning methods with Al
capabilities to meet evolving adaptation needs.

The detailed breakdown of Al's pervasive impact across all core PM functions —
planning (resource forecasting, adaptive scheduling), execution (task prioritisation,
automation), monitoring (real-time dashboards, predictive outcomes), and risk
management (proactive identification, automated mitigation) — reveals a
comprehensive, integrated influence rather than isolated applications. Al is not just
optimising individual project management functions; it is enabling a new, holistic
paradigm of «Intelligent Project Lifecycle Management.» In this model, every stage
of a project is interconnected, continuously informed, and dynamically optimised by
Al, leading to a much more fluid, responsive, and self-correcting project ecosystem.
This goes beyond simple «automation» to «intelligent automation» that learns,
adapts, and proactively guides the project from conception to completion.

Numerous sources emphasise Al's unparalleled ability to process vast amounts
of data. However, the critical and innovative outcome consistently highlighted is not
merely data processing, but the provision of «actionable information» and
«actionable recommendations». This distinction reveals a fundamental shift. Al
transforms raw, often overwhelming data into clear, prescriptive intelligence that
directly informs strategic decisions and immediate actions. The innovation lies in Al's
capacity to bridge the gap between data availability and effective utilisation, moving
project management beyond descriptive reporting (what happened) to predictive
(what will happen) and prescriptive (what should be done) guidance.

Applications such as Al assisting in brainstorming risks, creating time estimates,
and drafting communications extend beyond simple automation of repetitive tasks.
These functionalities suggest that Al is actively augmenting the:

- cognitive functions of a project manager. By identifying potential risks that a
human might overlook due to cognitive biases like «tunnel vision», or by generating
a diverse range of creative design options, Al is not merely performing tasks

- for the manager, but is helping the manager think more effectively,
comprehensively, and creatively. This implies that Al is evolving into a cognitive
partner, expanding the project manager's mental capacity, analytical reach, and
innovative potential, rather than serving solely as a tool for administrative relief.

Al Applications in Project Management — Capabilities and Benefits are
presented in Table 1.
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Table 1 — Al Applications in Project Management- Capabilities and Benefits

Application Core Al Key Functionality Primary  Benefit to
Area Capabilities Project Management

Automated Machine Learning | Optimising complex | Increased operational
Task Algorithms, Data | schedules, Prioritising | efficiency, reduced time-to-
Scheduling Analytics tasks based on | market

dependencies and
deadlines

Project Machine Learning | Forecasting timelines, | Enhanced data-driven
Forecasting & | Algorithms, resource  requirements, | decision-making, Optimised
Budgeting Predictive Modelling, | and  budgetary needs; | resource utilisation,

Data Analytics Identifying potential | Proactive financial
budget overruns management

Optimised Machine Learning | Matching skills to tasks, | Optimised resource
Resource Algorithms, Data | Dynamic reallocation | utilisation, Higher task
Allocation Analytics based on real-time | efficiency, Improved team

changes, Workload | satisfaction
balancing

Proactive Machine Learning | Identifying potential | Proactive problem-solving
Risk Algorithms, risks, Simulating | and risk mitigation,
Management Predictive Modelling, | scenarios, Continuous | Reduced project disruptions

Data Analytics, | monitoring and alerts
Natural Language
Processing (NLP)

Enhanced Natural Language | Drafting Improved team
Communication | Processing  (NLP), | communications, collaboration and
& Generative Al Chatbots  for  routine | stakeholder engagement,
Collaboration inquiries, and Sentiment | Streamlined information

analysis in team | flow
interactions

Intelligent Machine Learning | Providing real-time, | Enhanced data-driven
Decision Algorithms, Data | data-driven information, | decision-making, Strategic
Support Analytics, Predictive | identifying patterns and | guidance

Modelling correlations

Performance Machine Learning | Tracking KPIs, | Superior project outcomes
Monitoring & | Algorithms, Data | Identifying performance | and continuous
Evaluation Analytics,  Natural | patterns, Analysing | improvement, Real-time

Language Processing | feedback for improvement | project health overview
(NLP)

Quality Machine Learning | Detecting anomalies in | Higher quality deliverables
Assurance & | Algorithms, Data | project data, Prioritising | and reduced errors, Early
Control Analytics testing efforts, and | issue detection

Ensuring compliance

Creativity Generative Al, | Generating design | Fostered innovation and

Enhancement Machine  Learning | options, organising | creative solutions, expanded
Algorithms brainstorming ideas, and | creative capacity

transforming raw ideation
into actionable steps
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The integration of Al into existing project management frameworks and
organisational structures is not without its challenges. Implementation complexity is a
notable concern. Key considerations include ensuring seamless compatibility with
existing legacy systems, optimising ease of use for diverse project teams,
guaranteeing scalability to meet evolving project demands, and managing the
associated costs of Al tool acquisition and integration.

A significant challenge also lies in workforce adaptation. As Al increasingly
automates routine and repetitive tasks, a certain degree of workforce disruption
becomes inevitable. To mitigate negative impacts, organisational leaders must
proactively plan to support displaced staff through comprehensive transitional
assistance programs, robust upskilling and reskilling initiatives, opportunities for job
rotation, and effective change management strategies. The overarching goal is to
elevate team members into more rewarding and strategic roles, rather than causing
undue hardship or fostering mistrust.

A foundational principle for effective Al systems is that their insights are only
as reliable as the data they process. Ensuring high-quality, relevant, valid, and correct
data is paramount for generating accurate information. This necessitates defining
precise data requirements aligned with Al objectives, implementing robust data
governance policies, conducting regular data audits to identify and correct
inconsistencies, and utilising automated tools for streamlined data collection and
updates, which significantly reduces human error and ensures real-time accuracy.
Integrating data from diverse sources offers a comprehensive view, further enhancing
the effectiveness of Al models. Furthermore, there can be inherent trust gaps in
algorithmic recommendations, especially when Al systems are perceived as black
boxes. Al tools must be viewed as collaborators that augment human capabilities,
rather than as replacements. The synergistic combination of human creativity and
Al's analytical power forms a formidable force for innovation.

Conclusions. The integration of Artificial Intelligence represents a profound
transformation, not merely an incremental improvement, in project management. Al
is redefining innovation within this domain by enabling faster, more informed, and
strategic decision-making, enhancing predictive capabilities, and significantly
improving operational efficiency across the entire project lifecycle. This shift moves
project management from a predominantly reactive function to a proactive, value-
driven strategic imperative.

Al serves as a powerful bridge between traditional and agile methodologies,
infusing data-driven optimisation into both and fostering the emergence of an
«Intelligent Project Lifecycle Management» paradigm. Its applications span
automated scheduling, precise forecasting, optimised resource allocation, proactive
risk management, and enhanced communication, transforming raw data into
actionable intelligence and augmenting the cognitive functions of project managers.

The tangible benefits of Al adoption are evident in quantifiable improvements in
productivity, on-time project delivery, benefits realisation, and return on investment,
demonstrating a compounding return on investment. This signifies a fundamental
shift towards a «value-centric project management» approach, where strategic and
financial returns are prioritised alongside traditional project constraints.
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Despite its immense potential, Al integration presents significant challenges
related to implementation complexity, workforce adaptation, and, critically, ethical
considerations. The paradox of Al efficiency versus ethical overhead underscores the
necessity of robust governance, comprehensive training, and meticulous data
management to mitigate risks such as algorithmic bias, privacy breaches, and lack of
transparency. Successfully navigating these ethical landscapes will become a key
competitive differentiator, building trust and reputation in an increasingly Al-driven
world.

Ultimately, AI will not replace project managers but will fundamentally
augment their capabilities, leading to the emergence of the «augmented project
manager.» This evolution necessitates a re-humanisation of the role, allowing project
managers to focus on uniquely human competencies such as strategic leadership,
emotional intelligence, complex problem-solving, and ethical stewardship. The
synergy between Al's analytical power and the Project Management Professional
(PMP) principles will define the future of successful project delivery, emphasising
collaboration and continuous learning as cornerstones for navigating the complexities
of the Al era.
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FORMATION OF A RISK STRATEGY IN THE MANAGEMENT OF
INVESTMENT PROJECTS UNDER CONDITIONS OF AN UNSTABLE
EXTERNAL ENVIRONMENT
I. A. Babaev, J. 1. Babaev, F. A. AKkhundova

Azerbaijan University of Architecture and Constructio, Baku, Azerbaijan

The investment climate of a country is a key factor in investors’ decision-
making and is determined by political stability, transparency of legislation, tax
policy, and incentive systems. While developed countries already possess a well-
established investment image, a number of states are still in the process of forming it
by improving their legislative frameworks in order to enhance investment
attractiveness.

This article examines the main principles of forming risk strategies when
investing in regions where the external environment remains turbulent. The economic
development and sustainable growth of countries participating in an investment
program based on direct investments in various sectors of the economy are achieved
through the following key directions:

- strategic objectives of investors;

- mechanisms for achieving investment goals;

- tasks of investment activity;

- development of mutually beneficial partnerships;

- improvement of the investment climate in the regions where projects are

implemented;

- development of entrepreneurial activity;

- formation of integrated production and logistics chains.

At the same time, an important task of direct financing of investment projects is
the proper formation of a risk strategy, which involves defining the overall level of
risk appetite at the level of the investment program and cascading it into specific
limits for the portfolio and individual investments. Each risk category is considered
separately.

Risk Appetite: Program Level

Within the implementation of the investment program, a prudent and balanced
approach is applied when selecting investment targets, based on four key principles:

- investment in existing low-volatility industries;

- diversification of the investment portfolio;

- cooperation with experienced and successful management teams;

- direct financing of projects without transferring responsibility for investment

decision-making to third parties.

Risk Appetite: Portfolio Level

At the portfolio level, it is necessary to ensure sufficient diversification in order
to avoid a high concentration of investments.

For concentration risk:

- sectoral diversification allows investments of no more than 20% of the

maximum authorized capital;
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- diversification by project type permits investment in companies scaling their

activities using existing business models and infrastructure;

- the maximum size of a single transaction shall not exceed 5% of the

maximum authorized capital.

Risk Appetite: Deal Level

At the level of each transaction, the project office must manage a group of risks
in accordance with a moderate risk appetite.

In the case of reputational risks:

« investments in industries;
e investments in companies that may contribute to reputational risk;
s restriction of any questionable transactions.

In the case of regulatory risks:

o investment in projects that comply with regulatory requirements;
« exclusion of transactions that violate legally established norms.
In the case of debt risks:
«investments under conditions where Debt/Equity > 1.5, Debt/EBITDA >
3, and DSCR < 2;
«analysis of the company’s credit history.
In the case of financial risks:
« efficiency assessment taking into account currency and country risks;
o presence of a strong project team;
o partnership-based investment approach.
In the case of operational risks:
« establishment of a minimum investment threshold;
«ensuring access to the necessary data and expertise.

From the above, the following conclusions can be drawn:

The analysis of these global indicators enables investors to assess the investment
climate in different countries. High index values attract major financial players to a
region, stimulating economic growth while ensuring high investment returns with
minimal risk.

As a characteristic feature of uncertainty-driven investment climates, investors
are increasingly interested not in short-term speculative stocks or long-term real
estate investments, but in investments in modern businesses. High values of DB,
WCI, ES, and WGI in regions with uncertain climates make local business activity
one of the most secure ways to generate profit, which explains the growing demand
for such investments.

References: 1. Babayev, 1. A. (2006). Management of organizational development
programs based on the genetic model of projects. Kyiv. 2. Babayev, 1. A., Babayev, J. 1., &
Akhundova, A. (2025). Managing investment projects in climates of uncertainty. In Abstracts of the
15th International Scientific and Practical Conference (pp. 12—14). National Technical University
“KhPI”
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THE ROLE OF LOCAL AUTHORITIES
IN SUPPORTING SOCIAL ENTREPRENEURSHIP:
IMPACT ON THE SELF-EFFICACY OF SOCIAL ENTREPRENEURS
K. G. Kolarov
Institute of Entrepreneurship of the University of National and World Economy,
Bulgaria

Social entrepreneurship is a relatively new social and economic phenomenon,
although examples of social enterprises can be found throughout the history of
entrepreneurship. Evidence of the relative novelty of social entrepreneurship can be
found in the statistics of a number of developed countries, where only in recent
decades has the contribution of social enterprises to GDP and employment been
clearly noted.

At the same time, there is a visible increase in research interest in social
entrepreneurship, as evidenced by the growing number of publications in recent
decades.

Among the research questions in the field of social entrepreneurship, an
important place is occupied by the issue of supporting this type of entrepreneurship,
determined by the main problem that the social entrepreneur faces — achieving a
balance between two conflicting goals in nature — those of business and social goals.

Social entrepreneurship is also gaining new importance for central and local
government policies aimed at solving social problems that the relevant authorities
have difficulty dealing with. In this context, local governments play a major role, at
least for the following reasons: their proximity to community problems, the control
they have over local resources, and their responsibility for maintaining local well-
being.

In the presented study, attention will be focused on two types of support that
local authorities have the capacity to provide to social entrepreneurs — material
(physical) and informational. Of course, these two types of support will be considered
in the broader context of the role of local authorities, namely, as creators of the social
entrepreneurship ecosystem and builders of social entrepreneurship capacity at the
local level.

Special attention in the study is paid to the role of local authorities as a factor
determining the level of self-efficacy perceived by social entrepreneurs. The concept
of self-efficacy was proposed back in 1977 by psychologist Albert Bandura as an
explanation of the decision to make or not make the necessary efforts to achieve
certain goals. In its shortest definition, self-efficacy is expressed in the confidence of
the individual that he has the necessary capacity to carry out activities necessary to
achieve certain goals. In the context of entrepreneurial activity, the concept of
“entrepreneurial self-efficacy” appears, which expresses the confidence of the
individual that he has the necessary capacity to perform roles and tasks aimed at
achieving entrepreneurial results. An important feature of the self-efficacy of the
social entrepreneur, compared to the traditional one, is the conviction in the ability to
achieve positive social change (Broccia, Dias & Pereira, 2022), and the presence of
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high self-efficacy would lead to the creation of greater social value (Smith &
Woodworth, 2012).

The hypothesis, which the analysis of a representative array of empirical data
from a survey conducted at the end of 2025 in Bulgaria aims to test, is that the
content of the support provided by local authorities to social entrepreneurship plays a
significant moderating role in relation to the level of entrepreneurial self-efficacy.

In testing the hypothesis, instruments for measuring entrepreneurial self-
efficacy tested in previous studies were used, including those relating to social
entrepreneurs (Chen et al, 1998; DeNoble et al, 1999; McGee et al, 2009; Barakat et
al, 2014; Urban, 2015), as well as instruments for measuring support from local
authorities.

It 1s envisaged that the expected results of the study, which also contains the
verification of other hypotheses regarding the role of local authorities in supporting
social entrepreneurship, will be incorporated as elements in recommended models for
interactions between local authorities and social entrepreneurs, which will ultimately
lead to sustainable solutions to social problems at the local level with the help of
social entrepreneurship

References: 1. Barakat, S., Boddington, M., & Vyakarnam, S. (2014). Measuring
entrepreneurial self-efficacy to understand the impact of creative activities for learning innovation.
The International Journal of Management Education, 12(3), 456-468. 2. Broccia, S., Dias, A, &
Pereira, L. (2022). Sustainable entrepreneurship: Comparing the determinants of entrepreneurial
self-efficacy and social entrepreneurial self-efficacy. Social Sciences, 11(12), 537. 3. Chen, C. C.,
Greene, P. G., & Crick, A. (1998). Does entrepreneurial self-efficacy distinguish entrepreneurs
from managers?. Journal of business venturing, 13(4), 295-316. 4. De Noble, A. F., Jung, D., &
Ehrlich, S. B. (1999). Entrepreneurial self-efficacy: The development of a measure and its
relationship to entrepreneurial action. Frontiers of entrepreneurship research, 1999(1), 73-87.
5. McGee, J. E., Peterson, M., Mueller, S. L., & Sequeira, J. M. (2009). Entrepreneurial self—
efficacy: Refining the measure. Entrepreneurship theory and Practice, 33(4), 965-988. 6. Smith, I.
H., & Woodworth, W. P. (2012). Developing social entrepreneurs and social innovators: A social
identity and self-efficacy approach. Academy of Management Learning & Education, 11(3), 390-
407. 7. Urban, B. (2015). Evaluation of social enterprise outcomes and self-efficacy. International
Journal of Social Economics, 42(2), 163-178.
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FORMATION OF A PROJECT TEAM USING FUZZY INTERVALS TO
ASSESS COMPETENCIES
I. Kononenko!, O. Kononenko?, O. Chaikova'
INational Technical University «Kharkiv Polytechnic Institute», Kharkiv,
Ukrainé® Cluster Commercial Office of IHG (InterContinental Hotel Group)
’Luxury Managed Estate, Edinburgh, United Kingdom

Selecting candidates for project teams is a responsible task. The success of the
project largely depends on this decision. In most cases, such selection is carried out
quite subjectively. The level of technical competence of candidates is rather
uncertain. Consider how a group of teachers listens to a student's presentation and
then tries to give a final assessment. A number of circumstances must be taken into
account. First, the presentation does not fully reflect the entire scope and quality of
the student's work.

A student could prepare a mediocre presentation based on excellent work. Or,
conversely, the presentation exaggerates and embellishes what has been done, and the
student has skilfully presented very imperfect work. Secondly, the examinee's
answers may relate to different subject areas. This raises the problem of assessing the
importance of knowledge and skills in different subject areas. Thirdly, the assessment
that forms in the teacher's mind is vague. Fourthly, teachers' perceptions of the
presentation may differ significantly, and in practice this happens very often. When
giving a final assessment, teachers' opinions sometimes differ significantly. Disputes
among members of the commission when giving a final assessment are not
uncommon. Nevertheless, in this situation, they must give a single clear assessment.

A similar situation can be observed when assessing candidates' competencies. In
addition, each candidate may have several competency assessments — these may be
exam results, test results, interviews, certificates of advanced training, etc. Thus,
when forming a project team, it is necessary to take into account multiple
assessments of certain competencies and their vagueness.

To reflect the opinion of the teacher or examiner regarding the competence of
the student or candidate for the team, it is proposed to use fuzzy intervals, whose
membership function is shown in Figure 1. This function is a piecewise linear
approximation of more complex real membership functions. For simplicity, a
trapezoidal fuzzy interval can be used, although it provides fewer opportunities to
reflect the examiner's opinion of the candidate's level of competence.

The influence of team composition on its effectiveness has been studied by
many scientists. The work of R. M. Belbin, who identified nine roles that team
members must perform for a project to be successful, has gained wide recognition.
He developed a questionnaire that allows candidates to be assessed in terms of their
readiness to perform a particular role. In addition to self-assessment, R. M. Belbin
suggested that individuals be assessed by at least four people who have worked with
them for at least three months. As a result, anyone can obtain percentile scores for
each team role on R. M. Belbin's website, based on self-assessment and the
cumulative perception of observers. Thus, a candidate's ability to perform certain
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roles is assessed by at least two evaluations. To reflect these assessments, the fuzzy
interval shown in Fig. 1 can be used.
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Fig. 1. Fuzzy membership function of a candidate's assessment

In addition to technical competencies and the ability to perform specific roles,
the personal qualities of team members are important for the success of a project.
When studying the influence of personality traits included in the Big Five personality
traits, the authors [1] found that the higher the level of agreeableness in teams and the
more similar team members are to each other in this respect, the higher their
productivity. The exception in terms of the influence of this factor was student teams,
whose work was characterised by shorter periods of interaction. The higher the
average level of conscientiousness in a team and the closer the team members are to
each other in terms of this indicator, the higher the team's performance. Student teams
are an exception.

The other personality traits included in the Big Five were not identified as
important for team performance. Neither extraversion nor its variability affect team
performance. Increased emotional stability and openness to new experiences do not
correlate positively with team performance.

A method for optimising the composition of a project team is proposed, which is
based on representing the competencies of candidates and their abilities to perform
certain roles in the form of fuzzy intervals, shown in Fig. 1. The requirements for the
competencies of candidates are specified by fuzzy sets. Compliance with the
requirements is verified by calculating the area S of the intersection of the
membership functions of competence and requirements. Next, a constraint is set: the

21



ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

ratio of the area § to the area of the competence membership function S,,,,, must be

at least g, where 0 < g < 1. For example, q can be equal to 0.8. If this constraint is

satisfied, then the competence requirement is also satisfied.

The objective function of the task is introduced, which is calculated as follows.
The sum of the abscissa values of the centres of mass of the membership functions of
a specific type of competence for all candidates included in the team composition
under consideration is determined. Next, these sums are added up for all
competences. This objective function is maximised for all team composition options.
The second objective function reflects the costs of the selected team composition
option. It is minimised across all team composition options. The third objective
function aims to maximise the agreeableness and conscientiousness of team
members. The model contains constraints that take into account the workload, the
fulfilment of competency requirements, and the cost of the team's work [2].

References: 1. Peeters, M. A. G., van Tujjl, H. F. J. M., Rutte, C. G., Reymen, I. M. M. J.
(2006). Personality and team performance: a meta-analysis. European Journal of Personality, 20(5),
377-396.  https://doi:10.1002/per.588. 2. Kononenko, I., Kononenko, O., Babayev, I., &
Abdullayev, R. (2025). Formalising the formation of project teams considering alternative
competence assessments under uncertainty. Radioelectronic and Computer Systems, 2025(2), 253—
263. https://doi.org/10.32620/reks.2025.2.16
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TECHNOLOGY FOR MASKING SPATIALLY DISTANCED SPATIAL-
TIME SERIES DATA
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10.M. Beketov National University of Urban Economy in Kharkiv, Kharkiv
2V.N. Karazin Kharkiv National University, Kharkiv

Today, the problems of defining a forecast of the occurrence and development
of accidents and/or emergencies of a natural or man-made nature on the engineering
infrastructure of the city and the region as a whole are of particular importance [1,2].
This issue is highly relevant for electricity supply networks, given the modern
conditions of operation of electricity consumption networks, which are maximally
complicated by the changing external environment, which generates additional
uncertainties and challenges of significant negative impact. It should be noted that the
formulated problem (let us call it as Problem 1, and note that this problem is the
inverse one of the task of forecasting the uninterrupted supply of produced
electricity) is an integral component of the generalized task of maintaining a constant
balance between electricity production and consumption in the region, together with
such basic tasks as: Problem 2 — forecasting electricity production in the region [3];
Problem 3 — forecasting electricity consumption in the region (Fig. 1).

Problem 1:
Forecasting
uninterrupted
electricity supply

Problem 2: Problem 3:
Forecasting Forecasting
electricity electricity

production consumption

Maintaining
balance
of energy
consumption

Fig.1. Hierarchy of forecasting problems

Modeling and solving problems 1-2 should also use weather forecast data,
historical data characteristics — seasonal and temporal patterns, characteristics of
electricity supply sources, and electricity demand characteristics as exogenous
parameters.

The specified problems require the interpretation of large volumes of available
data for their solution. Analysis and further use in forecasting events of this kind
necessarily involves the use of a powerful apparatus of neural networks of various
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types [4, 5], which makes it possible to process large volumes of data and identify
complex nonlinear dependencies.
Thus, the spatio-temporal series G, which is the initial one for Problem 1, has
the form:
G={vi, 1i(vi), ti}i=12,..1,

where vi=(xy,yj), k=1,2,....K, j=1,2,...], is a two-dimensional matrix (usually a
regular grid) of the coordinates of the network links, on which the value of the
severity of the accident at time t; is given.

Analysis of the key existing neural network architectures for processing spatio-
temporal data series, such as recurrent neural networks (RNN) and more complex
architectures Long Short-Term Memory networks (LSTM) and GRU (Gated
Recurrent Unit), convolutional neural networks (CNN) and their hybrid variants
(CNN-RNN, ConvLSTM), allowed us to identify the ConvLSTM architecture as the
most promising among them, which combines the capabilities of convolutional neural
networks (CNN) and long-term memory (LSTM).

The ConvLSTM architecture interprets the spatio-temporal series as a set of
maps ri(vi), where each map provides the severity of the accident at different points in
the network at time t;, i=1,2,...1.

To create and train ConvLSTM models, the study used the TensorFlow/Keras
libraries of the Python programming language in the Google Colab environment with
the connection of an appropriate specialized graphics processor. T4 GPU.

As the initial (raw) data, model (randomly generated) data according to the
principle set out in [6] and publicly available data in the form of CSV files were used.

The ConvLSTM architecture theoretically allows you to preserve the spatial
structure of the data (considering neighboring sections of the power grid).

Experimental studies on parametric identification of the ConvLSTM architecture
and forecasting have shown that this architecture should be significantly
supplemented with a set of masks that prohibit the influence of forbidden zones of the
grid, where there are no network links (buildings, natural obstacles, etc.). At the same
time, forbidden zones and network links that are not active at the moment of time,
that is, do not bear signs of an accident, are distinguished by marking in the
constructed neural network architecture.

References: 1. Novozhylova M. V., Andronov V. A., Melezhik R. S. (2021). Computer modeling
parameters of technogenic emergency situations on engineering infrastructure of the megapolis. Radio
Electronics, Computer Science, Control, (1), 66-77. https://doi.org/10.15588/1607/3274-2021-1-7. 2.
Medrano R., Aznarte J. L. A spatio-temporal attention-based spot-forecasting framework for urban traffic
prediction, Applied Software Computing, 2020, 96, 106615. https://doi.org/10.1016/j.as0¢.2020.106615. 3.
Novozhylova M.V., Bielienkova K.O. (2025) Classification of methods for optimization of load distribution
in electrical networks by types of uncertainty. Information Technology: Computer Science, Software
Engineering and Cyber Security, (3), 24-33. https://doi.org/10.32782/1T/2025-3-3. 4. Graves A. (2013)
Generating sequences with recurrent neural networks. arXiv preprint. URL: arXiv:1308.0850. 5. Hochreiter
S., Schmidhuber J. (1997) Long short-term memory. Neural Computation, 9(8):1735-1780. 6. Novozhylova
M.V., Bielienkova K.O., Chub O.I. (2025) Analysis and modeling of spatial-time data series of given
intensity. In Proceedings of 13-th International Scientific and Technical Conference «Problems of
informatizationy, (pp.40-43). URL: Volume 3 total.pdf
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The increasing scale and complexity of projects in modern organizations, along
with the growing uncertainty of the market environment, necessitate the adoption of
more flexible, systematic, and well-substantiated approaches to project management.
Traditional project management methods often have limited capacity to respond
promptly to changing conditions and to identify risks in a timely manner. In this
context, data analytics emerges as a critical and strategic tool for enhancing project
management practices. This article examines the integration of data analytics into
project management processes and its role in improving the effectiveness of decision-
making mechanisms. Within the scope of the study, the strengths and weaknesses of
traditional project management approaches are analyzed and compared with data-
driven management models. By applying analytical methods and statistical indicators,
the study evaluates the potential for early prediction of project risks, optimization of
time and cost performance, efficient allocation of resources, and real-time monitoring
of project performance. The findings indicate that the structuring and systematic
analysis of large volumes of data enable project managers to move away from
subjective judgments and adopt more accurate, objective, and evidence-based
decision-making practices. Furthermore, the article proposes a conceptual framework
and practical mechanisms for the application of data analytics across the planning,
execution, and control phases of project management. The use of analytical tools
positively contributes to the timely and budget-compliant implementation of projects,
improvement of quality indicators, and increased transparency of project outcomes.
Overall, the systematic and consistent integration of data analytics into project
management accelerates the achievement of organizational strategic objectives and
significantly increases the overall probability of project success.

In the contemporary era, the increasing complexity of projects and the dynamic
nature of organizational environments have made project management a more
challenging and strategically significant field. The timely and budget-compliant
execution of projects, efficient utilization of resources, and effective risk
management are key criteria for organizational success [1,2]. Traditional project
management approaches often fail to place sufficient emphasis on data analysis and
objective forecasting, which may reduce the likelihood of project success. In this
regard, data analytics serves as a critical tool in project management by supporting
decision-making processes, enabling early risk identification, and enhancing overall
project performance [3,6].

The purpose of this article is to examine the role of data analytics in project
management, assess its application potential, and identify the challenges associated
with its implementation. In project management, data analytics is widely used as an
effective means to improve project performance, detect risks at an early stage, and
manage resources more efficiently. Empirical studies indicate that big data analysis,
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predictive analytics, and real-time monitoring contribute significantly to preventing
project delays and budget overruns [1,2]. Data-driven approaches facilitate proactive
decision-making and enable dynamic planning and risk analysis capabilities that are
not achievable through traditional methods. At the same time, challenges such as data
quality issues and the lack of analytical skills hinder the widespread adoption of data
analytics in project management. Overall, existing research demonstrates that the
integration of data analytics into project management is essential for improving
project efficiency and creating new opportunities for future research. The purpose of
this article is to examine the role of data analytics in enhancing the effectiveness of
project management. The study evaluates the potential of data-driven approaches to
improve decision-making processes, ensure resource optimization, manage risks, and
monitor project performance in real time [1,2]. The article demonstrates that data
analytics 1s widely applied across the planning, execution, and control phases of
project management. Through the analysis of large-scale data and the use of
predictive analytics, project risks can be identified at an early stage, resources can be
allocated more efficiently, and performance can be continuously monitored in real
time [3]. The application of analytical tools enables the prevention of project delays
and budget overruns, facilitates task prioritization, and optimizes decision-making
processes. However, barriers such as data quality issues, lack of standardization, and
insufficient analytical skills may negatively affect the effectiveness of
implementation [5]. Consequently, the systematic integration of data analytics into
project management significantly increases the probability of project success and
supports organizations in achieving their strategic objectives. The findings of the
study indicate that data analytics serves as an effective tool for risk management,
resource optimization, and real-time performance monitoring in project management.
Analytical approaches contribute to mitigating project delays and budget overruns,
improving decision-making quality, and enhancing task prioritization [4].
Nevertheless, limitations related to data quality and analytical capabilities may
influence the efficiency of adoption. Future research may focus on the integration of
advanced analytical tools, such as artificial intelligence and machine learning, into
project management practices. In particular, exploring real-time forecasting and
advanced risk analysis techniques could further enhance the likelihood of project
success.

References: 1. Kerzner, H. (2017). Project management: A systems approach to planning, scheduling,
and controlling (12th ed.). John Wiley & Sons. 2. Project Management Institute (PMI). (2021). A guide to
the project management body of knowledge (PMBOK® Guide) (7th ed.). Project Management Institute. 3.
Wamba, S. F., Akter, S., Edwards, A., Chopin, G., & Gnanzou, D. (2015). How “big data” can make big
impact: Findings from a systematic review and a longitudinal case study. International Journal of Production
Economics, 165, 234-246. https://doi.org/10.1016/j.ijpe.2014.12.031. 4. Divan, M. J. (2020). Data-driven
decision making in project management. International Journal of Project Management, 38(4), 250-261.
https://doi.org/10.1016/j.ijproman.2020.02.004. 5. Kiron, D., Prentice, P. K., & Ferguson, R. B. (2014).
Raising the bar with analytics. MIT Sloan Management Review, 55(2), 29-33. 6. McAfee, A., &
Brynjolfsson, E. (2012). Big data: The management revolution. Harvard Business Review, 90(10), 60—68.
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PROJECT PORTFOLIO SELECTION AND OPTIMISATION IN
ENTERPRISES
A. T. Afandiyeva, S. E. Guluzade
Azerbaijan University of Architecture and Construction, Baku, Azerbaijan

In the presented study, strategic approaches and models in both local and global
contexts are analysed comparatively. The integration of projects into the
organisational strategy serves as the fundamental basis for effective resource
management. Project portfolio management, as a centralised management process,
involves not only the execution of projects but also the appropriate allocation of
resources in line with strategic objectives and the selection of the right projects.
Based on the analysis of various academic sources, researchers emphasise that the
project selection process, regardless of individual perspectives, should be transformed
into a multi-stage decision-making mechanism. In this context, extensive research
demonstrates that focusing solely on financial indicators (NPV, ROI) leads to the
marginalisation of strategic innovations and causes imbalances within the project
portfolio.

In the local context, based on the author’s conclusions, project portfolio
selection should not be considered merely an economically significant decision but
rather a strategic step that defines the organisation’s future vision. Portfolio
optimisation should be carried out based on the principle of the “added value” that
each project brings to the organisation. Therefore, according to researchers at both
local and global levels, modern optimisation models should simultaneously take into
account economic efficiency, long-term competitive advantage, as well as strategic
objectives. Accordingly, this paper provides a comprehensive analysis of portfolio
theories, mechanisms for aligning projects with organisational strategy, various
optimisation models, and several existing contradictions in this field [2].

In the modern corporate environment, several challenges, including rapid
technological transformations and competitive pressures, compel organisations to
seek more effective management methods to achieve their strategic objectives.
Therefore, according to the PMI (2017) standards, Project Portfolio Management
(PPM) plays a crucial role both in defining organisational priorities and in managing
processes within a centralized system. Observations based on practical experience
indicate that weak strategic alignment leads not only to delays in project execution
but also to the fragmentation of resources across various directions. One of the
primary proposed solutions to this problem is the implementation of a multi-stage
selection system. The existing model applies the principle of a strategic filter,
minimises subjectivity, and allows each project, in addition to its individual benefits,
to contribute to the overall balance of the portfolio and to the organisation’s long-
term vision [1].

In the formation of a project portfolio, it is essential to define the selection
criteria correctly. Organisations often prioritise financial metrics, assessing the
current value of a project; however, it should be noted that considering this factor
alone is not sufficient to ensure the project’s sustainability. Observations from
researchers’ portfolio theories indicate that they develop specific concepts for
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financial assets, balancing risk and return while appropriately adapting available
resources to the project portfolio [3]. The primary objective here is to establish an
optimal frontier that minimizes the overall portfolio risk, thereby considering not
only the risk of individual projects but also their interactions within the portfolio.

Based on literature reviews, it can be concluded that in the domestic market
environment of Azerbaijan, economic profitability, the development of local human
capital, and local market risks must be taken into account. Moreover, not only
tangible assets but also intangible assets, such as intellectual capital, represent
specific factors that a project contributes to the organisation, and these factors
constitute a fundamental part of the selection process. [2].

Once the selection criteria are established, optimal models such as multi-criteria
decision-making and linear programming methods are used to identify the most
effective combination of projects within limited resources. These methods play a
crucial role not only in prioritizing projects and eliminating subjectivity but also in
incorporating specific constraints into the models, thereby providing solutions that
optimize the objectives.

A key point is that the optimisation process is not static; as certain market
conditions change over time, project portfolios are transformed, updated, and
developed within a dynamic environment. However, portfolios that remain
unchanged may, over time, diverge from the organisation’s strategic initiatives and
goals. Therefore, during portfolio execution, optimisation models should be applied,
projects with diminished effectiveness should be halted, and their resources should be
reallocated to more suitable and promising directions based on the principle of
strategic renewal [1,2,3].

Based on the conducted analyses, one of the key management mechanisms for
ensuring an organisation’s strategic resilience is the selection and optimisation of
project portfolios. Research at both global and local levels indicates that
mathematical models and strategic vision approaches should be synthesised and
applied, directing resources toward value-creating initiatives. Furthermore, to achieve
a competitive advantage in a dynamic market environment, project portfolios must be
regularly updated and aligned with forthcoming strategic objectives.

References: 1 Archer, N. P., & Ghasemzadeh, F. (1999). An integrated framework for
project portfolio selection. International Journal of Project Management, 17(4), 207-216.
https://doi.org/10.1016/S0263-7863(98)00032-5. 2.Babayev 1.A (2020). Project management.
Baku. https://www.bp.com/content/dam/bp/country-sites/en_az/azerbaijan/home/pdfs/e-
books/layihelerinidareedilmesininesaslari.pdf. 3.  Cooper, R. G., Edgett, S. J., & Kleinschmidt, E.
J. (2001). Portfolio management for new product development: Results of an industry practices
study. R&D Management, 31(4), 361-380. https://doi.org/10.1111/1467-9310.00225 .
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STRATEGIC AUTOMATION OF BCBS 239 COMPLIANCE: A GRAPH
NEURAL NETWORK APPROACH TO ADAPTIVE DATA LINEAGE
M. Aliyev', F. Agayev?

!Baku Engineering University, Baku,
2Azerbaijan University of Architecture and Construction, Baku.

Introduction. The management and governance of data assets in the financial
industry are plagued by inflexible regulatory environments: the Basel Committee on
Banking Supervision's standard number 239 (BCBS 239) (Basel Committee on
Banking Supervision, 2013) defines requirements for an effective risk data
aggregation and risk reporting. When financial institutions are moving from
monolithic data warehouses to scattered ecosystems of Data Lakes, Spark clusters,
cloud solutions, it is increasingly complex to have a comprehensive knowledge of the
movement of data (Data Lineage). Manual documentation and rule-based systems for
metadata management are not able to cope with the new speed of developments of
the complex architectures, exposing investment institutions to compliance and
operational threats.

Problem Statement. Current data lineage tools tend to store lineage information
on common static graph databases (ex. Neo4j, natively in Oracle, etc.) or proprietary
tools that crawl through SQL scripts. Despite their immense utility, these tools
depend on the predefined knowledge of individual source-to-target lineage rules for
retrospective lineage aggregation, reporting, or impact analysis. They cannot offer a
«what-if» analysis to suggest how a change made to a schema in a source system (say
a new Oracle transaction table) would impact a downstream regulatory reporting job
within a Data Mart without rule definition in advance. They cannot discover
«hidden» lineage relationships within a server log or source code penned in a
dynamic programming language such as Python using Pandas etc.

Proposed Methodology. In this paper, we presented a new GNN based data
lineage artifact called LineageGNN that can perform the job of extracting and
evolving data lineage automatically. LineageGNN stores data as a heterogeneous
graph with nodes of different granularity including entities such as tables and
columns and processes such as ETL jobs and API calls, and edges defined by data
flow. Deep learning methods have been used to the data ecosystem graph (Scarselli et
al., 2009) to address two important strategic problems:

1. Automated Lineage Discovery: Through learning from query logs, execution
plans (DAGs), and API access patterns, the GNN model learns to infer the presence
of an edge between nodes, despite lack of explicit metadata. This facilitates the
retrieval of lineage within «black box» processes.

2. Predictive Impact Analysis: The model utilizes link prediction algorithms to
propagate the probability of failure across the graph.

Strategic Implications. Automated data lineage has potential as an adaptive
«strategic» tool rather than just a reactive compliance requirement. In a typical
organization, McKinsey estimates that solution lineage may cut data documentation
costs by 40-60% (McKinsey & Company, 2019). This course of action would allow a
bank to re-align data engineering efforts to new problem domains without
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compromising documentation integrity. Additionally, «LineageGNN» would also
empower a bank to actively maintain a transparent audit-ready data architecture.

Conclusion. Using machine learning, in particular Graph Neural Networks, to
improve data lineage is an excellent way to advance our data analytics infrastructure.
This work proves that automation of this kind is really a competitive advantage (not
only a technical improvement) that allows financial institutions to do more by
following the rules.

References: 1. Basel Committee on Banking Supervision. (2013). Principles for effective
risk data aggregation and risk reporting. Bank for International Settlements. 2.  Scarselli, F., Gori,
M., Tsoi, A. C., Hagenbuchner, M., & Monfardini, G. (2009). The graph neural network model.
IEEE transactions on neural networks, 20(1), 61-80.3.  McKinsey &  Company. (2019).
Designing a data governance strategy. McKinsey Digital.
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PROJECT MANAGEMENT OFFICE MATURITY ON PROJECT
SUCCESS IN CONSTRUCTION AND INFRASTRUCTURE PROJECTS
R. Alizade
Azerbaijan University of Architecture and Construction, Baku, Azerbaijan

Abstract. Construction and infrastructure projects are characterized by high
complexity, long implementation periods, and a high level of uncertainty. Achieving
project success in such environments requires not only effective project-level
management but also mature organizational mechanisms that support informed
decision-making. The Project Management Office (PMO) plays a critical role in this
context by ensuring the selection, adaptation, and standardization of project
management methodologies. This paper examines the impact of PMO maturity on
project success in construction and infrastructure projects. The study is based on the
methodology selection approach proposed by I. Kononenko and A. Kharazii and the
project portfolio management maturity level selection method developed by
[. Kononenko and M. Kpodjedo. The analysis shows that higher PMO maturity
enhances project success by enabling systematic methodology selection and strategic
alignment across project portfolios.

Introduction. Construction and infrastructure projects represent some of the
most challenging project types due to their scale, technical complexity, regulatory
constraints, and involvement of numerous stakeholders. Despite the widespread use
of project management standards, many organizations continue to experience delays,
cost overruns, and quality issues. These problems often arise from the misalignment
between project characteristics and the applied project management methodologies.

The Project Management Office (PMO) has emerged as an organizational
response to these challenges, providing coordination, governance, and
methodological support. However, PMOs vary significantly in their maturity levels.
While low-maturity PMOs typically focus on administrative functions, high-maturity
PMOs support strategic decision-making and portfolio-level alignment.

This paper explores how PMO maturity influences project success in
construction and infrastructure projects by enhancing the organization’s ability to
select appropriate project management methodologies and maturity levels.

Methodology. The methodological foundation of this study integrates two
complementary approaches proposed by I. Kononenko and co-authors. The first is the
project management methodology selection approach developed by I. Kononenko
and A. Kharazii, which emphasizes that project success depends on the alignment
between project characteristics and the selected management methodology. This
approach uses structured criteria to evaluate and compare alternative methodologies
rather than relying on universal or predefined solutions.

The second approach is the project portfolio management maturity level
selection method proposed by I. Kononenko and M. Kpodjedo. This method focuses
on selecting an appropriate maturity level for an organization based on its strategic
objectives, portfolio complexity, and management capabilities.

In this paper, PMO maturity is viewed as an organizational mechanism that
enables the practical application of both approaches. A mature PMO provides the

31



ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

necessary data, competencies, and governance structures to support systematic
methodology selection at both project and portfolio levels.

Results. The analysis indicates a strong relationship between PMO maturity
and project success in construction and infrastructure projects. Organizations with
low-maturity PMOs often apply a single project management methodology across all
projects without considering differences in complexity, uncertainty, or stakeholder
requirements. According to I. Kononenko and A. Kharazii, such an approach reduces
adaptability and negatively affects project outcomes.

In contrast, higher-maturity PMOs enable organizations to apply differentiated
methodology selection based on project characteristics. Furthermore, the maturity
level selection logic proposed by I. Kononenko and M. Kpodjedo allows
organizations to align their portfolio management practices with strategic goals.

As a result, mature PMOs contribute to improved schedule performance,
enhanced cost control, better risk management, and stronger alignment between
projects and organizational strategy. These factors collectively increase the likelihood
of project success in complex construction and infrastructure environments.

Scientific Innovation. The scientific contribution of this paper lies in the
combined application of project management methodology selection and project
portfolio management maturity level selection to the analysis of PMO maturity.
While previous studies have considered these approaches separately, this paper
highlights PMO maturity as a key organizational prerequisite for integrating them
effectively.

By linking PMO maturity with both methodology selection capability and
portfolio-level maturity, the study provides a conceptual framework that is
particularly relevant for organizations managing large construction and infrastructure
project portfolios.

References: 1. Kononenko, 1., & Kharazii, A. (2014). The Methods of Selection of the
Project Management Methodology. International Journal of Computing, 13(4), 240-247.
2. Kononenko, I. V., & Kpodjedo, M. F. K. (2022). Applying the Project Portfolio Management
Maturity Level Selection Method to an Organization. International Journal of Computing, 21(2),
195-204.
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A STUDY OF THE FUNDAMENTAL SOLUTIONS OF EQUATIONS BY
MEANS OF MATHEMATICAL ANALYSIS METHODS IN AGGRESSIVE
ENVIRONMENTS
V. G. Babadjanova
Sumgait State University, Sumgait, Azerbaijan

Abstract. The study of processes occurring in aggressive environments solely
through experimental methods is often costly and not always feasible. Therefore, the
development of mathematical models and the derivation of fundamental solutions
hold significant scientific and practical importance. Mathematical analysis provides
the primary methodological framework for this field, enabling the investigation of
essential system properties such as boundedness, convergence, stability, and
uniqueness. This work presents an examination of the fundamental solutions of
differential equations formulated for aggressive environments using advanced
methods of mathematical analysis.

Introduction. In modern industry, engineering, and materials science, the
precise modeling of processes occurring under the influence of aggressive
environments is one of the main directions of scientific research. These processes
typically develop under the combined effects of chemical corrosion, high temperature
variations, mechanical stress, and biological impacts. Such complex influences
necessitate the mathematical description through differential equations and the
development of mathematical analysis methods, as the behavior of the system often
exhibits nonlinear, non-stationary, and multi-dimensional characteristics.

Processes modeled in aggressive environments are widely applied across various
industrial sectors, particularly in oil and gas, chemical industry, metallurgy,
construction materials engineering, energy, and biotechnology. Proper management
of these processes enhances the durability of materials and reduces production errors
and the risk of accidents.

Mathematical models in aggressive environments often possess the following
characteristics:

1) Nonlinearity: the system coefficients depend on variables such as the

temperature, density, and chemical composition of the environment;

2) Non-stationarity: time-dependent parameters complicate the analysis of the

process;

3) Multidimensionality: both spatial and temporal variables must be taken into

account;

4) Stochasticity: real processes are often influenced by random noise and

fluctuations.

Consequently, the relevance of the topic is associated both with the
development of theoretical mathematical problems and with the need for practical
engineering applications.

Mathematical Modeling of Aggressive Environments. The most widely used
models for regulating processes in aggressive environments are based, in part, on
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differential equations. The chemical activity of the environment can be modeled as
follows, we present the formula here

du
57 = V(L OV + f(u,x.0)

u(x,t) — a function of temperature, concentration, or stress, k(x,t) - a variable
diffusion coefficient depending on the aggressiveness level of the environment,
f(wx,t) — a nonlinear function describing the chemical and thermal effects of the

environment. The propagation of cracks in corroding materials is described by

equations of the following type:
Au+ q(x)u+ g(x)

g(x) — the aggressiveness index of the environment.
Results. The conducted studies show that:
1. Equations formulated for aggressive environments are often more complex
than classical models and require high-precision mathematical analysis.
2.  Constructing fundamental solutions for variable coefficients reflects the
real physical behavior of the system more accurately.
3. Spectral methods are highly efficient for predicting the long-term effects of
aggressive environments.
4. The application of variational methods provides optimal results for
nonlinear models.
Approximate methods (FEM, FDM) serve as effective tools for practical
engineering applications.

References: 1. Aoki, S., Amaya, K., Urago, M., & Nakayama, A. (2004). Fast multipole
boundary element analysis of corrosion problems. CMES — Computer Modeling in Engineering &
Sciences, 6(2), 123—132. https://doi.org/10.1080/08957950412331210123. 2.  Shen, J., Tang, T.,
& Wang, L.-L. (2011). Spectral methods: Algorithms, analysis and applications. Springer.
https://doi.org/10.1007/978-3-540-71041-7. 3. Witelski, T., & Bowen, M. (2015). Methods of
mathematical modelling: Continuous systems and differential equations.  Springer.
https://doi.org/10.1007/978-3-319-23042-9. 4. Boas, M. L. (1983). Mathematical Methods in the
Physical Sciences (2nd Edition). Wiley. 6. Marquez Lozano, A. del P., & Semenov, V. 1. (Eds.).
(2024). Partial differential equations with applications: analytical methods. MDPI Books.
https://www.mdpi.com/books/reprint/10218-partial-differential-equations-with-applications-
analytical-methods.
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INTEGRATED MANAGEMENT APPROACH TO BUSINESS PROCESS
OPTIMIZATION
A. Baryshevskyi
Ukrainian State University of Science and Technology, Dnipro

Abstract. Digital transformation requires organizations to improve business
processes and adopt new digital capabilities. Many initiatives fail because they are
not aligned with strategic objectives. This paper proposes an approach to business
process optimization based on integrating strategic management with portfolio,
program and project management (SP3M). The method strengthens alignment,
improves prioritization and supports consistent implementation of redesigned
processes [1, 2].

Introduction. Business process optimization plays a central role in digital
transformation. However, organizations often struggle to translate strategic goals into
actionable initiatives. BPM research shows that process improvement efforts
frequently remain isolated and lack governance mechanisms [1]. Project management
literature highlights a similar challenge in aligning organizational strategy with
project execution [2].

This paper examines how an integrated SP3M framework can improve
coherence between strategy and implementation. Strategic goals shape the
transformation direction, portfolios help prioritize initiatives, programs coordinate
interrelated efforts, and projects deliver process changes. Such a system enhances
transparency, resource allocation and benefit realization [2, 3].

Research Problem and Objective. Digital transformation efforts are frequently
fragmented. Organizations launch multiple projects that are poorly justified or
unrelated to strategic objectives, resulting in weak process improvements and limited
value. BPM and process mining studies emphasise the need for structured, end-to-end
governance of process optimization [1].

The objective of this study is to develop a compact method for business
process optimization that uses SP3M integration to ensure strategic alignment,
improve decision-making and support measurable realization of transformation
outcomes [2].

Methodology. The method integrates following components:

- Strategic management tools. SWOT, PESTEL, digital maturity models and
OKR/BSC are used to identify priorities for process optimization and define
transformation goals [2].

- Portfolio, program and project management standards. PMI standards offer
governance mechanisms for evaluating initiatives, coordinating related efforts and
managing benefits across the SP3M hierarchy [3, 4].

- Business process optimization techniques. BPMN modeling, Lean, process
mining and simulation support diagnosing current processes and designing improved
workflows [1, 5].

- KPIs and benefit realization metrics link strategic objectives with the outcomes
of implemented projects.
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Proposed Integrated Method. The method includes five stages:

1)  Selecting target processes according to strategic goals and digital
maturity [2].

2)  Forming a transformation portfolio, prioritizing initiatives based on
alignment and expected value [4].

3)  Coordinating initiatives through programs when multiple interdependent
projects are required [3].

4)  Executing optimization projects using hybrid project management
approaches to refine redesigned processes [2].

5)  Monitoring and benefit realization, using metrics and feedback loops to
adjust actions and support continuous improvement [5].

Results and Discussion. Application of the SP3M-based method shows
improved prioritization, reduced duplication of initiatives and more consistent
implementation of redesigned processes. Organizations also report better decision-
making and clearer evaluation of transformation benefits. These observations align
with BPM and portfolio management research confirming the effectiveness of
integrated governance models [1, 4].

Conclusion. Business process optimization becomes far more effective when
supported by structured SP3M integration. The proposed method ensures alignment
with strategic goals, supports consistent implementation and enables better
measurement of transformation outcomes. Future work will include development of
quantitative decision models and empirical validation in organizational settings [1, 5]

References: 1. Dumas, M., La Rosa, M., Mendling, J., & Reijers, H. A. (2018).
Fundamentals of Business Process Management. Springer. 2. Kerzner, H. (2022). Project
Management: A Systems Approach. Wiley. 3. PMI. (2021). PMBOK Guide (7th ed.). Project
Management Institute. 4. PMI. (2017). The Standard for Portfolio Management (4th ed.). Project
Management Institute. 5. Van der Aalst, W. (2016). Process Mining: Data Science in Action.
Springer
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INTELLIGENT TECHNOLOGIES IN QUALITY MANAGEMENT OF
URBAN INFORMATION SYSTEMS WITHIN DIGITAL DEVELOPMENT
PROGRAMS
N. Braterska, M. Novozhylova
O. M. Beketov National University of Urban Economy in Kharkiv, Kharkiv

Modern processes of urban digital transformation lead to an increasing role of
urban information systems in the implementation of strategic development programs,
which has become particularly relevant in the context of the full-scale war in
Ukraine. Military actions have resulted in infrastructure destruction, disruption of
information flows, increased cyber threats, and higher requirements for the resilience,
reliability, and continuity of urban information systems. Under these conditions, the
problem of managing the quality of urban information systems within digital
development programs and portfolios becomes critically important for ensuring urban
viability and supporting managerial decision-making.

Within digital development programs, urban information systems act not only as
technical tools but also as strategic assets, the quality of which determines the
achievement of planned socio-economic outcomes. As noted in contemporary
research, the development of a «smart city» is considered one of the global trends in
urban development, where the city is formed as a complex socio-economic and
cultural ecosystem integrating infrastructure, technologies, and human capital [1].
Insufficient data quality, fragmentation of information resources, lack of unified
standards, and weak system integration lead to reduced effectiveness of managerial
decisions and complicate the implementation of digitalization programs.

Studies emphasize that data quality is critical for building reliable and effective
artificial intelligence systems, as the use of incomplete or outdated data may result in
erroneous managerial decisions and reduced effectiveness of digital development
programs [3]. Research also highlights that even highly digitalized cities often have
fragmented smart services due to the absence of systemic strategies and integrated
management platforms [1]. Traditional approaches to information system quality
management, primarily based on regulatory and static control methods, do not meet
the dynamic nature of the urban environment.

In this context, the application of intelligent technologies in managing the
quality of urban information systems represents a promising direction.

Artificial intelligence enables automated analysis of large datasets, detection of
anomalies, failure prediction, and real-time assessment of information process
quality. In particular, the use of machine learning and deep learning algorithms
supports pattern recognition in data and facilitates scenario forecasting for urban
system development [2].

The Internet of Things ensures continuous monitoring of urban facilities and
systems, forming an up-to-date information base for managerial decisions. The
combination of [oT with artificial intelligence technologies (AloT) allows real-time
data processing and enhances the efficiency and functionality of urban information
systems [2].
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Big Data technologies enable the integration of heterogeneous information
sources and support comprehensive assessment of urban information system
performance.
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Fig. 1. Conceptual scheme «Intelligent ecosystem for Quality Management»

The conceptual scheme presented in Figure 1 illustrates the integration of data
sources, intelligent technologies, and feedback mechanisms that together form an
intelligent ecosystem for managing the quality of urban information systems within
digital development programs.

The use of intelligent technologies creates prerequisites for the transition to
adaptive quality management of urban information systems within digital
development programs. The integration of solutions such as Urban Brain and Urban
Digital Twin ensures the combination of real-time analytics with strategic forecasting
and forms a closed-loop decision-support cycle within digital development programs
and portfolios [2]. Such approaches allow alignment of strategic urban development
goals with digital project portfolios, ensure transparency in program implementation,
and increase the justification of managerial decisions. Intelligent decision-support
systems contribute to resource optimization, risk reduction, and improved
effectiveness of digital transformation programs.

Thus, the integration of intelligent technologies into the quality management of
urban information systems is an important factor in enhancing the effectiveness of
digital development programs and strategic urban governance. Further research
should focus on the development of intelligent quality management models for urban
information infrastructure, taking into account the specifics of urbanized territories
and the requirements of sustainable development.

References: 1. ['opmkos, M. A., & Jlo3oBcekuii, O. M. (2021). Tennenmii 3anpoBaKeHHs
TEXHOJIOTill PO3YyMHOI'0 MiCTa B CTpaTerii po3BUTKY MiChbKOI rpomau. [HHOBaIliiiHa ekoHOMiKa, (5-
6), 80-87. https://doi.org/10.37332/2309-1533.2021.5-6.12 2. Bibri, S. E., & Huang, J. (2025).
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MANAGEMENT OF PORTFOLIOS, PROGRAMS AND PROJECTS
INTEGRATION IN ACCORDANCE WITH THE STRATEGY OF THE
SYSTEM DEVELOPMENT
D. Bulavin, V. Petrenko

Ukrainian State University of Science and Technology, Dnipro

Introduction. The modern IT industry is characterized by a shift from single-
project management to concurrent multi-project environments. In practice, software
companies frequently manage multiple projects with shared, limited resources,
leading to competition for qualified personnel. The Software Multi-Project
Scheduling (SMPS) problem involves assigning employees to tasks across various
projects to optimize objectives such as duration, cost, and resource utilization [1].

Effective resource management is widely recognized as a critical factor for
project success, particularly in the processes of estimating and acquiring resources
[2]. A key challenge in this domain is ensuring that the assignment of team members
aligns with both the project schedule and the organizational constraints. Ineffective
distribution leads to resource bottlenecks, where some teams are overloaded while
others remain idle, ultimately causing project delays and budget overruns.

Relevance and Problem Statement. The problem of distributing IT projects
among development teams is complicated by the need to balance competing resource
demands. Traditional manual allocation based on subjective managerial experience is
often time-consuming and prone to errors. Recent studies indicate that integrating Al-
based optimization methods with Project Management Information Systems (PMIS)
can significantly reduce planning time and operational costs [3]. However, existing
Decision Support Systems (DSS) rarely provide comprehensive integration of
flexible organizational structures with advanced optimization techniques, such as
Genetic Algorithms or Machine Learning ensembles, for effective team formation
[4]. Furthermore, decision-making in this area is often complicated by uncertainty
regarding project start times and the availability of specific competencies [5].
Therefore, the development of models and methods that support decision-making in
such complex multi-project environments represents a relevant and timely scientific
challenge.

The aim of the research is to enhance the efficiency of IT project management
by developing a DSS for the distribution of projects among development teams,
considering modern organizational approaches and industry standards. To achieve
this aim, an analysis of multi-project environment features and risk assessment
processes was conducted, which allowed for the identification of potential
bottlenecks and resource constraints.

Based on these findings, the team formation process has been formalized
through the development of a mathematical model for assigning executors to
development teams. The model defines team formation criteria, including platform
compatibility, application domain, and technology stacks, as well as operational
constraints such as project deadlines, budget limitations, and team workload balance.
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The objective functions are focused on optimizing team composition, skill
complementarity, and overall resource utilization in IT projects [6].

In addition, standard project management principles have been systematically
integrated into the team formation decision-making model. These principles cover
resource availability, levels of competence, role suitability, and experience matching,
ensuring that all assignments comply with established industry best practices and
organizational standards, and provide a practical framework for effective team
management [2].

Given the NP-hard nature of the team formation and scheduling problem in
multi-project environments, meta-heuristic and data-driven optimization approaches
have been investigated. In particular, the applicability of Genetic Algorithms,
Random Forest models, and their hybrid combinations has been analyzed to obtain
near-optimal team formation solutions under conditions of uncertainty and
dynamically changing project parameters [3, 4].

Conclusion. The proposed research addresses the critical issue of development
team formation and allocation in multi-project software development environments.
By integrating structured team formation approaches, standard project management
methodologies, and modern optimization algorithms, the developed information
support methods will enable IT companies to improve the effectiveness of team
composition, ensure balanced utilization of development teams, and reduce project
planning time. The further research focuses on analyzing the risks associated with
development team formation and assignment, taking into account the qualification
and competencies of individual developers. This includes identifying potential
bottlenecks, skill mismatches, and uncertainties related to project start times,
workloads, and employee availability, as well as organizational, technical, and
human-related risks..

References: 1. Shen, X., Li, J., Song, L., & Yao, C. (2025). Coevolutionary software multi-
project scheduling with matrix management and online skill training. Engineering Applications of
Artificial Intelligence, 139, 113560. 2. Project Management Institute. (2021). A Guide to the Project
Management Body of Knowledge (PMBOK Guide) (7th ed.). Project Management Institute. 3.
Pratama, 1. N., Dachyar, M., & Pratama, N. R. (2023). Optimization of Resource Allocation and
Task Allocation with Project Management Information Systems in Information Technology
Companies. TEM Journal, 12(3), 1814-1824.4.  Cunha, F., Perkusich, M., Almeida, H., et al.
(2021). A Decision Support System for Multiple Team Formation. Anais do I Workshop Brasileiro
de Engenharia de Software Inteligente, 13-28. 5. Rezaeian, A., Koosha, H., Ranjbar, M., &
Poormoaied, S. (2024). The assignment of project managers to projects in an uncertain dynamic
environment. Annals of Operations Research, 341(2-3), 1107-1134. 6. Mulesa, O., Horvat, P.,
Radivilova, T., et al. (2023). Design of mechanisms for ensuring the execution of tasks in project
planning. Eastern-European Journal of Enterprise Technologies, 2(4 (122)), 16-22.
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RESILIENCE OF URBAN INFORMATION INFRASTRUCTURE IN
STRATEGIC AND PORTFOLIO MANAGEMENT
V. Cherkasova, M. Novozhylova
O. M. Beketov National University of Urban Economy in Kharkiv, Kharkiv

Under conditions of urban digitalization, information infrastructure acts as a
strategic asset of a city, as it determines the effectiveness of governance, the
accessibility of public services, and the level of security. [1] Ensuring its long-term
viability requires a systematic management approach that takes external risks into
account.

Within the traditional perspective, resilience is interpreted as the ability of a
system to recover after disruptions. However, the growing scale of technological,
cyber, and military threats necessitates a shift toward a managerial paradigm in which
resilience is treated as a controllable parameter combining recovery, adaptation, and
anticipatory response capabilities. [2, 3]

As an object of management, resilience has its own life cycle, requires adequate
resource support, and is integrated into the city development strategy. Its
management 1s cyclical and encompasses assessment, planning, implementation, and
validation of results.

Strategic Goal Setting
Establishment of normative

Monitoring and Audit values

9]
Identification of critical nodes /
O \

P Portfolio Planning
/ @ Project selection
G

Validation and Testing

Conducting stress testing ‘\
O

Implementation and
Deployment
Project execution

Fig. Resilience management cycle of urban information infrastructure

According to the authors, the resilience of urban information infrastructure
constitutes an integral component of overall urban resilience. Urban resilience is a
concept that has been actively developed by researchers in recent years and has
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gained particular relevance in the context of accelerating global urbanization. Current
studies primarily focus on such dimensions of resilience as natural, economic, social,
physical, and institutional resilience [4]. Information and communication
technologies and artificial intelligence—based innovations are considered within this
framework, but mainly as enabling tools for achieving an acceptable level of urban
resilience through smart city development [5]. However, under contemporary
decision-making conditions — where management quality critically depends on the
degree of external uncertainty and the level of informatization of governance
processes — the problem of urban information infrastructure resilience becomes
evident and requires the urgent development of dedicated analytical and managerial
instruments. To integrate the resilience of urban information infrastructure into
management practice, it is advisable to introduce its quantitative assessment, which
enables comparative analysis, monitoring, and substantiation of managerial decisions.

At the strategic level, resilience is defined as the foundation of urban security
within the Resilient Smart City concept, where information infrastructure is regarded
as a strategic asset. Governance acquires a risk-oriented character and is
institutionally formalized through the integration of international standards,
particularly ISO 22301, into municipal development strategies [6].

For the practical measurement of resilience, a multidimensional resilience index
Ip 1s applied. This index accounts for the magnitude of functional performance

degradation of infrastructure components AP and the actual recovery time T,,. of
specified components in relation to the target level of functionality Py, ger and the

maximum allowable downtime T,,,,,. An increase in AP and T,... leads to a decrease
in the value of Iy, reflecting a decline in system resilience relative to predefined

target parameters.

The integration of the resilience concept into portfolio project management
(PPM) is a critical prerequisite for the development of urban information
infrastructure under uncertainty. Portfolio formation is based on balancing economic
efficiency with each project’s contribution to system reliability, adaptability, and
recovery speed.

Key implementation mechanisms include:

o selection and prioritization: projects are evaluated based on their ability to
minimize vulnerabilities and ensure the continuity of critical systems;

o technological stack: deployment of decentralized data solutions, cloud-based
architectures, and AI/ML-driven automated response systems;

o social factor: training and adaptation of personnel for crisis response as an
essential component of system survivability.

The coordinated realization of these initiatives within a unified portfolio
transforms resilience from an incidental property into a predictable outcome of
managerial decision-making.

The transition from understanding resilience as a desirable attribute to treating it
as a managed object of strategic and portfolio governance establishes a foundation for
a proactive urban security policy and targeted investment in the long-term viability of
urban information infrastructure.
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THE PLACE OF IT PROJECTS IN THE ORGANIZATION'S
PORTFOLIO
L. Chernova, 1. Zhuravel, 1. Maister
Admiral Makarov National University of Shipbuilding, Mykolayiv

Despite the fact IT projects are connected to some organizational changes,
modern scientific publications, as well as those with a practical focus, generally
prefer to consider change management and software development project
management issues separately. These publications tend to consider IT issues in
isolation from business process development and organizational changes. This is
largely understandable, since software development and the implementation of
organizational changes require project teams to possess completely different
competencies. Exceptions include publications on IT service management (ITSM)
based on the ITIL framework library and service-oriented technology management in
organizations [1]. However, ITSM and service-oriented technology management are
only indirectly related to project management.

A significant portion of research devoted to information technology considers
issues of flexible management of software development (Agile Development) and
project management (Agile Project Management). The effectiveness of agile
methodologies in managing software development projects is largely due to the fact
that agile methodologies have tools that allow them to cope with the phenomenon of
«requirements creepy.

A development of these studies is research devoted to the issue of
organizational flexibility (organizational agility), i.e. the construction of such
organizational structures that allow the organization to quickly adapt to constant
changes in the business environment [2]. With regard to these studies, it is worth
noting that, despite the fact that the concept of organizational agility is a continuation
and development of agile software development and project management, extending
the same principles that apply at the project level to the organizational level, these
studies, nevertheless, completely lose sight of the IT component, focusing exclusively
on the construction of adaptive processes [3] and adaptive organizational structures
[4].

In relation to IT projects, development organizations can be classified into
product-oriented ones, those engaged in the development of so-called «out-of-the-
box» products, i.e. products that can be replicated multiple times and sold to various
consumers unchanged or with minimal customization, and organizations that engage
in custom development, carried out once for a specific customer. In the second case,
the product can also be replicated if it is an integral part of the customer's product
being replicated.

Accordingly, the client's portfolio may include projects for the implementation
of out-of-the-box products or custom development of IT products to address a
specific business case. The presence of IT projects in the client's portfolio always
implies the implementation of some organizational change or a whole complex of
organizational changes that constitute a business transformation program.
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If an IT project is being implemented to achieve organizational change, its
measurable objectives can be expressed by specifying the magnitude of the desired
change. These objectives may be related to reducing the labor, cost, or time required
to execute the business processes of the IT project's consumer, or to improving the
quality of the company's services, as expressed through metrics and indicators for
these services.

The greatest challenge in setting the goal of an IT project is the transition from
the parameters of the organizational change being implemented with the support of
the IT project to the specific requirements of the product being developed. This
transition is significantly simplified by using a service-oriented approach [5], since IT
service metrics can be directly linked to the parameters of the IT service consumer's
business processes. The models and methods developed in this paper are also based
on the use of a service-oriented approach.

In order to describe the IT project management system, it is necessary to
consider:

e the project's organizational structure;

e relationships with other projects and connection to the organization's strategy;

e project roles and responsibilities;

e project management processes;

e product metrics and process metrics.

According to the ITSM ideology, the following general goals of IT projects are
identified:

e improving business processes;

e reducing enterprise costs;

e increasing the use of information and analytics in decision-making;

e increasing the productivity of the enterprise’s labor resources;

e attracting new and retaining existing customers;

e creating innovative products and services.

The organizational structure of an IT project thus includes a client-side project
team and a contractor-side project team. The client-side project team implements the
organizational change supported by the IT project. The contractor-side project team,
in turn, implements a software development project (or the refinement of a universal
solution to meet the needs of a specific customer). To set the goals of an IT project, it
1s necessary to understand how the goals of the organizational change itself are
determined. These goals, in turn, follow from the business case, which, in turn, can
be developed (but not necessarily) as part of a business transformation program [6].

References: 1. Demirkan, H., & Goul, M. (2009). Service-oriented technology management
to improve organizational agility. International Journal of Innovation and Technology
Management, 6(1), 1-16. 2. Nejatian, M., & Zarei, M. H. (2013). Moving towards organizational
agility: Are we improving in the right direction? Global Journal of Flexible Systems Management,
14(4), 241-253
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MANAGEMENT METHODS FOR CROSS-PLATFORM
GAME PROJECT DEVELOPMENT PROCESSES
O. Davydov, A. Kolomiiets
Taras Shevchenko National University of Kyiv, Kyiv

Introduction. The global video game market has reached a valuation of over
$180 billion in 2024, with a projected growth to $250 billion by 2030. Within this
dynamic segment, strategy games play a crucial role as they foster critical thinking
and decision-making skills. Modern industry standards demand cross-platform
compatibility, allowing players to access products on PCs, consoles, and mobile
devices simultaneously. The development of such projects requires sophisticated
management methods to handle high complexity and multi-platform synchronization
[2]. The research is aimed at grounding management decisions and architectural
models within the development of a cross-platform strategic game with an advanced
system of player interaction. The object of the research is the video game
development process as an IT project, while the subject includes management
methods, information, and mathematical models.

Market Analysis and Project Rationale. The strategy game genre is a
significant part of the creative economy, offering not only entertainment but also
acting as «management simulators» that model complex economic and social
processes [1]. Current market analysis shows that global gaming audience has
exceeded 3 billion people, with a growing demand for intellectual challenges and
deep system simulations. Key industry trends emphasize the necessity of cross-
platform accessibility, as players increasingly expect a seamless transition between
desktop and mobile environments.

However, the development of sophisticated strategic products faces several
critical issues: high resource intensity of ensuring cross-platform compatibility across
different hardware architectures; intense market competition from established global
studios that hold significant audience shares; technical challenges in maintaining
multiplayer stability, particularly regarding connection lag and data synchronization;
the problem of «overwhelming complexity», where complex game systems may
become a barrier for new users.

To address these challenges, this project proposes the integration of advanced
project management methodologies and specific architectural solutions. The use of a
host-server model is justified as a rational approach to minimize infrastructure costs
while providing robust multiplayer functionality. This strategic rationale ensures that
the project remains competitive and technically viable in the current market
landscape.

Mathematical Modeling of Project Subsystems. To ensure the stability and
predictability of the game environment, the project involves the formalization of key
processes through mathematical modeling. This approach allows for the creation of a
balanced system of rules that are manageable from a development perspective.

1. Resource Balance Optimization. The economic component is described by a
system of equations for the resource vector R.(?), which includes energy, minerals,
production, and population3. The balance is calculated as follows:

47



ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

Rc(t + 1) = Rc(t) + Gc(t} T Cc(t)

Where G.(t) represents resource growth (extraction, trade) and C.(?) represents
expenditures (maintenance, consumption). The management goal is to maximize the
utility function U, = ) a;R;, which is solved using linear programming methods.

2. Spatial Navigation Model. The game space is modeled as a weighted graph
G = (V, E), where vertices are sectors and edges are paths. To find the optimal
route between points vs and v;, the following minimization is used:

min Z w(e)
PEP(vs, 1)
eepP

This ensures efficient unit movement across the cross-platform environment
using 4 * and Dijkstra algorithms [3].

3. Diplomatic Interaction. Interactions between corporations are modeled
using game theory. The payoff function for corporate strategies (alliance, trade, war)
1s determined through Nash equilibrium to maintain gameplay balance.

Information Support and Software Implementation. The project's
information architecture is designed to handle large volumes of data in real-time. The
conceptual model includes entities such as Player, Corporation, Planet, and Fleet [4].

For software implementation, Unreal Engine 5 was selected due to its advanced
networking capabilities and cross-platform support. The host-server model was
chosen as the primary architectural solution. In this model, one player’s machine acts
as the server, which significantly reduces infrastructure costs and simplifies
deployment for independent developers. Data consistency is ensured by using
PostgreSQL for multiplayer synchronization and SQLite for local storage.

Conclusions. The study justifies the development of a cross-platform strategy
game through the lens of integrated project management. It is demonstrated that the
combination of Agile methodologies (for development flexibility) and robust
mathematical modeling (for economic and navigation balance) significantly reduces
the risks associated with multi-platform deployment. The transition to a host-server
architecture is proven to be a cost-effective solution for independent studios, ensuring
multiplayer synchronization without heavy infrastructure investment. Future research
will focus on the implementation of adaptive Al systems for diplomatic modeling and
the optimization of network migration protocols to enhance user experience across
different devices.

References: 1. Morozov, V. V., Chumachenko, I. V., Dotsenko, N. V., & Cherednichenko, A.
M. (2014). Upravlinnia proektamy: planuvannia proektnykh dii: Pidruchnyk [Project management:
planning of project actions: Textbook]. Universytet ekonomiky ta prava «KROK». 2. Project
Management Institute. (2021). A guide to the project management body of knowledge (PMBOK
guide) (7th ed.). 3. Adams, E. (2014). Fundamentals of game design (3rd ed.). New Riders. 4.
Schell, J. (2025). The art of game design: A book of lenses (3rd ed.). CRC Press.

48



ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

CONCEPT OF A HYBRID APPROACH TO PROJECT MANAGEMENT IN
SHIPBUILDING
O. Demidiuk, A. Bondar
Odesa National Maritime University, Odesa

Ship design has long been recognised as one of the most complex engineering
processes due to its interdisciplinary nature and long life cycle.

The existing project management methodology in shipbuilding, the traditional
ship design spiral (TDS) by J. H. Evans [Evans, 1959], is becoming outdated and
requires digital adaptation. It has become iconic because it presents design as an
iterative process. The integration of systems engineering (SE), Model-Based Systems
Engineering (MBSE) methods, and Agile approaches [Beck et al, 2001] opens up
new opportunities for improving the efficiency and manageability of shipbuilding
projects. The study analyses modern technologies used in project management in
software and civil engineering, including MBSE, Digital Twin and Agile System
Engineering (Agile SE) principles as a more flexible form of systems engineering
[INCOSE, 2015].

The hybrid concept can be formulated as the integration of TDS with modern
methodologies for managing complex engineering systems, namely MBSE, Digital
Twin, and Agile SE principles. The advantages and disadvantages of each component
of the hybrid concept were analysed. It is shown that a hybrid approach can
significantly improve the efficiency of design processes, reduce time and ensure
flexibility in rapidly changing conditions. It is noted that the transition to a hybrid
concept (especially Agile SE) in shipbuilding requires changes in management,
organisational implementation of MBSE and Digital Twin, as well as adherence to
the architectural discipline of modularity.

An analysis of literary sources on the research topic and a comparison of project
approaches based on key criteria were conducted. The analysis shows an increase in
the number of works supporting digitalisation in engineering fields, particularly in
shipbuilding.

The implementation of the hybrid TSP / Agile SE / MBSE / Digital Twin
approach involves the following stages:

— Initiation and architectural hypotheses: the scope of tasks (capability epics)
and system ‘stories’ (user stories) are determined; alternative architectures with
interfaces for optional modules are developed;

— Competitive prototyping: parallel prototypes/models are launched for key risks
(module compatibility, etc.); the results are promptly entered into the model;

— Integration increments: every 6—8 weeks — system demonstrations (model in
the loop, HIL/software stands), clarification of requirements and agreements with
suppliers/shipyards;

— Architectural solutions for modularity: standardised foundation locations and
connectors for connecting systems are developed, reserves for mass and centering are
established, and module certification test templates are created;
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— An updated spiral is formed: sequential stages of the TSP are integrated with
the MBSE architecture; each iteration reduces uncertainty; V-links provide the ability
to verify requirements [Dahlke et al., 2023].

The results confirm the following:

1. Evans' TDS remains valuable as a structural basis for systematic ship design.

2. Modern digital technologies (MBSE, PLM, Digital Twin) reinforce the spiral,
increasing traceability and adaptability. The ship design spiral and flexible systems
development can be successfully integrated to create a more effective design
methodology.

3. The use of Agile SE in shipbuilding enables faster iterations, flexibility, and
greater team engagement.

4. A hybrid approach combines the best aspects of classical and digital design,
reducing risks and increasing the robustness of solutions.

5. Significant productivity improvements: integrated approaches demonstrate
significant improvements in design efficiency, stakeholder satisfaction and project
outcomes, with the potential benefits far outweighing the risks.

6. Growth in industry adoption: Leading shipbuilders are increasingly adopting
integrated approaches with positive results. Navantia, Rolls-Royce, and Hyundai
demonstrate the real-world effectiveness of SE and Agile integration.

7. The effectiveness of the agile approach will be greatest for complex,
integrated ship projects (passenger, car-passenger and high-speed car-passenger
ships, gas or oil processing ships, ships for transporting large and heavy cargo, multi-
purpose rescue, diving and other ships).

References: 1. Evans, J.H. (1959) Basic Design Concepts. Journal of the AmericanSociety of
Naval Engineers, Vol. 71(4), pp. 671-678. 2. Beck, K., Beedle, M., van Bennekum, A., Cockburn,
A., Cunningham, W., Fowler, M., ... & Thomas, D. (2001). «Manifesto for Agile Software
Development». Available at: https://agilemanifesto.org/ . 3. INCOSE. (2015). Systems Engineering
Handbook: A Guide for System Life Cycle Processes and Activities. 4th ed. Wiley, 2015. Available
at: https://www.incose.org/products-and-publications/publications/se-handbook https://download.e-
bookshelf.de/download/0003/6422/62/L-G-0003642262-0007580512.pdf. 4.Dahlke, P. & Mantwill,
F. (2023): Towards Agile Systems Engineering in Early Stage Design for Complex Naval Vessels.
Available at: https://www.designsociety.org/download-
publication/46878/towards_agile systems engineering in early stage design for complex naval

vessels
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CYBER RISK MANAGEMENT FOR SUSTAINABLE DEVELOPMENT OF
HUMAN RESOURCE MANAGEMENT PROCESSES
N. Dotsenko’, I. Nekrasov?, Y. Lutsiv!
10. M. Beketov National University of Urban Economy in Kharkiv, Kharkiv
’Central Research Institute of Armaments and Military Equipment of the Armed
Forces of Ukraine, Kyiv

Digitalization of management processes has made it possible to increase the
efficiency of management decision-making, which is important for ensuring the
sustainable development of the organization. But along with the numerous
advantages of using a single information space, creating a project portal and using
artificial intelligence tools, the question of ensuring cyber resilience of management
processes arises [1].

Human resource management in a multi-project environment is associated with
the use of a large amount of data from different projects [2]. The use of a single
information environment involves simultaneous work with data (in particular,
corporate templates) in several projects and the need to implement roles related to
ensuring the cybersecurity of the multi-project environment [3].

Among the potential cyber threats in a multi-project environment, the most
influential are:

- technical, related to cyberattacks, hacks and malicious injections;

- organizational, caused by the influence of the human factor;

- project, arising as a result of project management problems in a multi-

project environment, access conflicts between projects;

- legal, caused by violation of legislation;

- biased or uncontrolled Al solutions.

Since machine learning systems within a single corporate system were trained
according to the same rules, there is a risk of information leakage, training data
leakage, data poisoning, which will affect the predictability of forecasting results, on
the basis of which management decisions are made.

Human resources, especially top management, are becoming nodes of data,
access and management decisions.

The use of shared platforms, corporate control over correspondence, reuse of
accounts and unauthorized access to information between projects can cause critical
cyber risks in human resources management in projects and programs. Integration of
project management systems with HR management systems must be secure from the
point of view of Sensitive HR Data.

A typical problem is the availability of access to redundant resources, in
particular to the personnel database, the level of competencies (including information
with limited access) at the level of the entire multi-project environment. Privilege
Creep as a result of the accumulation of excessive access rights, in particular in top
management, reduces the cyber resilience of the system.

A low level of information management development or excessive
decentralization leads to an insufficient level of monitoring of changes related to
information flows. For example, when changing roles in a project, the levels of
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access to information change, which requires reviewing the employee's information
profile.

Monitoring the relevance of access to corporate mail, inclusion in mailing lists,
auditing permissions and rights will allow you to respond to changes in the
employee's status:

- removed from the project;

- accepted into the project;

- transferred to the bench;

- dismissed from the organization.

Transferring an employee to a resource pool, with the possibility of further
involvement, and leaving them in the system, as well as information about
contractors and stakeholders with whom they collaborated in past projects, are also
potential causes of information leakage.

Auditing inter-project resource intersections that arise when applying the donor-
acceptor approach to resource redistribution and program management, from the
point of view of information flows and access rights, will reduce the risk of
unauthorized data distribution.

Thus, cyber resilience of management processes is a critical factor of
sustainability, as it reflects the trust and effectiveness of digitalization processes.
Ensuring cyber resilience should combine technical protection mechanisms,
organizational policies and ethical principles of using artificial intelligence, which
should ensure compliance with modern cybersecurity standards.

Comprehensive cyber risk management should be integrated both into elements
of a multi-project environment and at the PMO level, which should contribute to the
prediction of the emergence of cyber risks, response to them, adaptation and recovery
of management processes after cyber incidents.

The study is being conducted within the framework of the research project
2025.07/0038 of the National Fund of Ukraine on the topic «Scientific Foundations
for the Formation and Management of Human Capital in a Multi-Project
Environment to Support the Sustainable Development of Ukraine’s Recovery
Programs».

References: 1. Camacho, J.M., Couce-Vieira, A., Arroyo, D. and Insua, D.R. (2026), A
cybersecurity risk analysis framework for systems with artificial intelligence components. Intl.
Trans. in Op. Res., 33: 798-825. https://doi.org/10.1111/itor.70049. 2. Bushuyev, S., Chumachenko,
I., Galkin, A., Bushuiev, D., & Dotsenko, N. (2025). Sustainable Development Projects
Implementing in BANI Environment Based on AI Tools. Sustainability, 17(6), 2607.
https://doi.org/10.3390/sul7062607. 3. Mizrak, K. C. (2025). Secure Remote Work: HR's Role in
Managing Cyber Risks in Hybrid Work Environments. In F. Mizrak (Ed.), Utilizing Cybersecurity
to Foster Business Innovation and Resiliency (pp. 169-188). IGI Global Scientific Publishing.
https://doi.org/10.4018/979-8-3693-6417-8.ch008.
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INNOVATIVE DEVELOPMENT OF THE CONSTRUCTION
COMPLEX OF UKRAINE
E. Druzhynin', O. Davydenko?, M. Dzhalalov*
1«KHAI» National Aerospace University in Kharkiv, Kharkiv
20. M. Beketov National University of Urban Economy in Kharkiv, Kharkiv

The construction business is an investment business with long payback periods
and low profitability, which is affected by any slightest fluctuations in financial
markets. It directly depends on the business activity of domestic markets, the
purchasing power of the population, stable and economically justified for business
economic legislation. The annual profitability of the construction business does not
exceed 6-8%, but the development of more than 35 industries in Ukraine depends on
the dynamics of its development, it employs 30% of the working population of
Ukraine. Financial dependence makes it a business for managing financial flows that
are subordinate to construction technology and distinguishes it from operating
businesses [1].

Construction can and should become the locomotive of Ukraine's economy's exit
from the crisis. World practice shows that $1 invested in construction entails
investments of $10 in the building materials industry, related industries, transport and
infrastructure. In conditions of economic crisis, for the survival and development of
an enterprise in innovative activity, investment and financial activities become
particularly relevant, as the basis for increasing the competitiveness and efficiency of
the main operating activity through innovations. The implementation of innovations
by the enterprise is carried out periodically or once, as a rule, through investment
projects that affect operational activities and require accounting for the consequences
in the financial results of the enterprise.

When making a decision on the implementation of an innovative project, the
cost of capital attracted from various sources at different stages of the life cycle of the
innovative project and the expected profit from the sale of innovative products should
be taken into account.

An innovative investment project is a system of documented targeted actions
and necessary resources for the creation and implementation in the future of an
innovative product and (or) products.

At an operating enterprise, the leading place in investment activity is occupied
by projects related to innovative organizational and technical solutions that ensure
optimization of solutions and provide for:

- development of production: production output and diversification;

- saving of all types of resources;

- labor and environmental protection.

The implementation of a project depends on its life cycle - the time between the
moment of its appearance (documented) and its liquidation (until the appearance of a
new project).

All innovative and investment projects in construction today can be
conditionally divided into the following areas:
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- building materials and their production;

- assembly devices (means of connecting building materials);

- constructive solutions;

- technical means and production technologies;

- methods of interior and exterior decoration;

- means of restoration, reconstruction or repair;

- architectural solutions;

- innovations that affect labor productivity;

- innovations in the operation of the finished object;

- construction management and organization systems;

- innovations in design.

In the construction of Ukraine, most innovations belong to the first five areas. In
design, innovations are more relevant in the form of digital technologies and require
the implementation of new software.

The construction industry is considered the most conservative in terms of
implementing innovations, due to the long operating periods of buildings and
structures, through which innovations have not passed. Designers do not risk
implementing them without sufficient regulatory and technical support. There is no
specialized market innovation infrastructure (licenses, options, leasing, auctions,
startups, etc.), investment funds with the participation of the state and private capital.

In these conditions, the following areas of development of innovative business
can be distinguished:

1. Purchase of domestic and foreign:

- patents, know-how, licenses for organizing own production of new products,
building materials, application of progressive technologies;

- new equipment, modern building materials, automated systems for organizing
and managing design and production.

2. Services of foreign construction companies in performing construction work
using new technologies.

3. Implementation of own research and innovation developments by special
research and design departments and groups.

4. Training of enterprise personnel in new technologies, skills in working with
new equipment and building materials in accordance with international quality
standards ISO-9001.

5. Financing of innovative activities at the expense of own funds, credit
resources, state budget.

Innovative development of the construction complex of Ukraine is a key factor
in ensuring economic development. To achieve this goal, it is necessary to overcome
existing barriers, intensify the implementation of modern technologies, and create
favorable conditions for investment. This is especially important in the context of the
need to restore the Ukrainian economy.

References: 1. Ptashchenko, L. O. (2024). Model of innovative development of a construction
enterprise. Economics and enterprise management. Economy and region, (3(94)), 2024.
https://doi.org/10.26906/EiR.2024.3(94).3486.
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CONSTRUCTION OF THE GREEN FUNCTION OF SOME DIFFERENTIAL
EQUATIONS WITH NORMAL OPERATOR COEFFICIENTS
N. A. Gadirli
Sumgayit State University, Sumgayit, Azerbaijan

Abstract. The construction of the Green’s function for higher-order differential
equations is considered in this work. The Green’s function of the operator defined by
a differential equation and boundary conditions whose coefficients are specified at an
arbitrary point taken from the half-axis is sought in the form (5).

Suppose that, # — is a separable Hilbert space. Let’s denote by H, = L,[[0,0); H]

the Hilbert space consisting of all strongly measurable functions f(x)(0<x <o)
whose lie in the Hilbert space A, such that

T = [l GOl <=
and the scalar product of any function f(x),g(x) € H, 1s defined by

o]

[/ (x). g0y, = [(F (), g(x)) -

0
Let’s consider the operator in the space H, =L,[[0,0),#] defined by the

differential expression

2n

(y)=(=1) &+ ;Q, (o) (1

and the boundary conditions
y9(0)= y®(0)=...=y"(0)=0, 0<] <l <..<l <2n-1. (2)

Construction of the Green’s function of the operator L,.
Assume that "&" is an arbitrarily fixed point taken from the half-interval [0,0) .
Consider the operator L, defined by the differential expression

lo(y)=(=1)" " + 0(E)y + v 3)
in which the coefficient Q(x)is «rozen» at the point "&", together with the
boundary conditions

Y1(0)=12)(0)=...= y")(0)=0 (4)
We seek the Green’s function G, (x,7,&, i) of the operator £, is the form
G\ (61,6, 1) = g e, &, 1)+ V (x,1,6, 1) (5)

Here g(x,7,&,u) is the Green’s function of the corresponding equation
1,(y)=0o0n the whole real axis.
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It’s known from [2] that

+00

I .
g(x’n’é’ﬂ)zz_-.‘[szn+Q(§)+ﬂE]lelS(x ll)dS=
T %
1 1-2n . i@, K | x| 6
2n1 ke Za)ae ' (6)

the function V(x,n,f , ,u) appearing in equality (5) is the bounded solution of the
problem

(7) (®)

= _g(ll)(xana ga/u)‘x:O’ ] = 1’2""’n

Under the condition x — oo.
Based on the work [1], we obtain that this solution has the following form:

1-2n n

> A, (1, 1) )

V(X,Uaé::ﬂ):Tm.
a=1

As a result, we obtain the equality

oo S s
a=1

Substituting the obtained expression for V(x,7,&, 1) into equality (5), we obtain
the following expression for the Green’s function G, (x,7,&, 1)

1 z xX— 1 —2n L i -(x
(x 17,8, ,LI) 7K91‘ o Z Wy € @uKshe=l _fKé ? Za)ae @ukls! +77). (10)
2ni a=1 2ni a=1

Taking this into account, the obtained expression for the function G, (x,7,&, 1)
can be written in the following form

n

G, (x,m, &, 1) = K‘ 2w, P E —o(x,n,&, p1)] =
a=1

= g(x .8 u|E-olx,n,& )] (11)

Here, under conditiong —> o, the wuniform ¢ with respect to the
variable|o(x,n,&, 1)), = o(1) is valid.

References: 1. Aslanov, G. 1. (1976). AcumnroTka COOCTBEHHBIX 3HAYCHUI
OOBIKHOBEHHBIX TH(DPEpeHITNATBHBIX YPaBHEHUN C ONIEPaTOPHBIME KOA(DPHUITMEHTaMU HA TTOJTYOCH.
HAH A3zep6. CCP, 32(3), 3—7. 2. Bayramogly, M. (1971). AcumnroTuka uucia coOCTBEHHBIX
3HAYCHU OOBIKHOBEHHBIX NU(PEpeHITNATBHBIX OMEPaTOPOB C OMEPATOPHBIMH KOd(PHUITMEHTAMU.
B ®ynkunoHanbHbIN aHanu3 u ero npuMenenue (cc. 144—-166). baky: Dmm.
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OPTIMIZATION OF AGILE-SUPPORTED PROJECT MANAGEMENT USING A
MULTI-CRITERIA APPROACH

J. Gafarov
Azerbaijan University of Architecture and Construction, Baku, Azerbaijan

Abstract. In modern project environments characterized by uncertainty and
frequent change, organizations face increasing challenges in selecting effective
project management methodologies. Although Agile approaches are widely
recognized for their flexibility and adaptability, their actual contribution to project
success 1s not always clear, particularly in hybrid and non-IT organizational contexts.
This study focuses on the evaluation and optimization of Agile-supported project
management using a structured multi-criteria approach.

Introduction. The growing complexity of projects and dynamic external
conditions have limited the effectiveness of traditional plan-driven project
management approaches. As a result, Agile methodologies have gained significant
attention as an alternative that emphasizes adaptability, iterative development, and
stakeholder collaboration. However, organizations often struggle to assess the real
advantages of Agile-supported approaches compared to predictive methodologies in a
systematic and evidence-based manner. This issue highlights the need for structured
evaluation models that support informed decision-making in project management.

Methodology. This study applies the two-stage evaluation and optimization
methodology developed by I. Kononenko and A. Kharazii, which provides a
structured framework for comparing project management approaches from both
qualitative and quantitative perspectives.

At the first stage, a qualitative evaluation is carried out using a Likert-scale
questionnaire designed to capture expert judgments regarding the relative
effectiveness of Agile-supported and predictive project management practices. The
assessment focuses on key managerial activities, with higher scores reflecting a
stronger perceived advantage of the Agile-supported approach.

At the second stage, a quantitative evaluation is conducted based on a set of
project success criteria that reflect operational performance and outcome
effectiveness. These criteria include time efficiency, cost performance, risk exposure,
quality, and stakeholder satisfaction. Risk assessment follows PMBOK principles and
1s based on a probability—impact approach, ensuring a consistent and transparent
representation of uncertainty.

The empirical analysis is conducted as a single organizational case study at
PMO.az. Multiple training programs are treated as repetitive project cycles
implemented within a unified management framework. Empirical data are obtained
from internal documentation, semi-structured interviews with coordinators and
trainers, and direct operational observations within the organization.

Results. The results of the empirical evaluation indicate that the Agile-supported
project management approach demonstrates superior overall performance when
compared to the predictive approach within the studied organizational context.
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The analysis shows that Agile-supported practices contribute to smoother
project execution by improving coordination mechanisms and increasing
transparency across project activities. Enhanced visibility of tasks and responsibilities
supports faster response to emerging issues and reduces dependence on manual
control procedures. These factors positively influence the stability of project
processes, even in environments characterized by frequent change. In addition, the
findings suggest that Agile-supported management practices strengthen interaction
among project participants and support more effective feedback exchange throughout
the project lifecycle. While predictive elements remain relevant for maintaining
structure and documentation, the results indicate that greater flexibility and iterative
coordination play a decisive role in improving overall project performance. The
outcomes of the multi-criteria comparison further confirm that Agile-supported and
hybrid project management models are better aligned with the needs of dynamic,
service-oriented organizations such as PMO.az.

Scientific Innovation. The scientific innovation of this study lies in the
application of the multi-criteria methodology proposed by I. Kononenko and
A. Kharazii to evaluate Agile-supported project management within a real
organizational context in Azerbaijan. In contrast to predominantly descriptive or
conceptual studies, this research offers a structured empirical comparison of project
management approaches based on real operational data and clearly defined success
criteria. In addition, the study demonstrates how qualitative expert assessments and
quantitative performance indicators can be integrated into a unified analytical
framework. The proposed evaluation model extends the practical applicability of the
methodology by enabling evidence-based comparison and optimization of Agile-
supported, predictive, and hybrid project management approaches. As a result, the
framework can be used by practitioners as a decision-support tool when selecting or
adapting project management methodologies in similar organizational environments.

References: 1 Kononenko, 1., & Kharazii, A. (2014). The methods of selection of the
project management methodology. International Journal of Computing, 13(4), 240-247.
2. Kononenko, 1., Kharazii, A., & Iranik, N. (2013). Selection method of the project management
methodology and its application. Proceedings of the IEEE IDAACS Conference, 578-582.
3. Highsmith, J. (2010). Agile Project Management: Creating Innovative Products. Addison-
Wesley.
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APPLICATION OF ARTIFICIAL INTELLIGENCE AND MACHINE
LEARNING IN PROJECT MANAGEMENT WITHIN THE CONTEXT OF
CYBER-PHYSICAL SYSTEMS: AN ANALYTICAL PERSPECTIVE ON
DECISION SUPPORT SYSTEMS
S. M. Garagozov

Azerbaijan University of Architecture and Construction, Baku, Azerbaijan

As a result of the integrated application of technologies such as the Internet of
Things (IoT), cloud computing, and Artificial Intelligence (AI) brought about by the
Fourth Industrial Revolution, a highly automated cyber-physical environment has
emerged in modern industry. In this environment, Al-based decision support systems
(DSS) analyze data collected from sensors to optimize operations, increase
productivity, and enable proactive maintenance of equipment. This thesis analyzes, in
an academic manner, the role of Al and Machine Learning (ML) applications in
project management within this context, as well as the capabilities of DSS.

Cyber-physical systems are complex ecosystems in which numerous devices and
subsystems operate in an interconnected manner. Managing projects within such
systems requires the processing of large-scale data and coordination across multiple
disciplines to a much greater extent than traditional projects. For this reason, the
development of project management information systems integrated with Al and ML
technologies has become highly relevant. These systems enable real-time monitoring
of project progress, support dynamic decision-making, and reduce the workload of
human managers by providing accurate and timely information.

Current trends indicate that the use of Al tools in projects related to cyber-
physical systems is increasing rapidly. For example, a survey conducted in the United
Kingdom showed that 70% of project professionals reported that Al is already being
used in projects within their organizations. In other words, Al has entered project
management very rapidly within a short period of time (PMI, 2023). 29% of
respondents stated that their organizations plan to implement Al in the near future,
while only 1% indicated that Al use is neither currently planned nor expected in the
future. The application of Al technologies in project management has led to
significant transformation, reshaping planning, execution, and control mechanisms.
Studies show that Al reduces the operational workload of project teams by
automating repetitive and time-consuming management tasks, while also enabling
more accurate resource optimization and risk assessment.

Systematic literature reviews also confirm the practical outcomes of integrating
Al into project management. Extensive studies published in 2025 report that Al
applications improve forecasting accuracy, reduce risks, enhance collaboration with
stakeholders, and positively impact safety management. However, these studies also
emphasize several challenges associated with Al adoption, including difficulties in
integrating with legacy systems, shortcomings in data quality, and organizational
resistance to change.

DSS and Al Applications. Decision Support Systems are software solutions
designed to help project managers evaluate alternatives and make optimal decisions
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based on complex data. While traditional DSS rely on databases and modeling tools
to perform scenario analyses, Al and ML strengthen their intellectual foundation and
elevate them to a new level. With Al, DSS can rapidly process both structured and
unstructured data (such as sensor streams, textual reports, and images), detect trends
and anomalies, and provide scenario outcomes at a scale that exceeds human
computational capacity.

The effectiveness of DSS equipped with ML algorithms is observed across
various cyber-physical domains. In the energy sector, Al-based simulation tools
enable comparison of investment and operational scenarios and support the selection
of optimal strategies under multiple variables. In construction projects — particularly
road construction—neural networks learn from historical data to predict costs more
accurately and improve budget planning, thereby increasing the reliability of
investment decisions. Furthermore, criteria-based Al mechanisms assist in project
selection by evaluating critical success factors, helping to allocate resources more
rationally in portfolio management. In Industry 4.0 and smart manufacturing, Al-
enhanced DSS are widely used in supply chain optimization, energy consumption
management, quality control, and production planning (Bagheri, 2015). Through real-
time data analysis, it becomes possible to detect failures in advance and plan
preventive maintenance, which reduces costs and improves operational continuity
(Bagheri, 2015).

Benefits and Challenges. According to survey results, 84% of project managers
report increased project effectiveness after implementing Al, while 44% note an
improvement in decision-making quality. In an APM survey, 50% of respondents
stated that they benefit from Al in functions such as scheduling, resource planning,
and risk analysis. On the other hand, APM data from 2025 identify key challenges in
Al adoption, including a lack of technical knowledge and training (49%), data
security and privacy concerns (44%,), integration difficulties (42%), and issues related
to the reliability of outcomes (41%) (APM, 2025). These findings highlight the
importance of validating Al-generated results through human judgment rather than
relying on them blindly.

In conclusion, the integration of Al and ML into project management within the
context of cyber-physical systems is a strategic direction that enhances the accuracy
and efficiency of decisions across planning, execution, and control phases. However,
successful implementation requires high-quality data, appropriate infrastructure, well-
prepared personnel, and a sensitive approach to ethical and privacy standards. The
future of project management does not lie in Al replacing humans, but in the proper
establishment of human—AlI collaboration.

References: 1 Project Management Institute. (2023). Al innovating project management:
White paper. Project Management Institute. 2. Association for Project Management. (2025).
Artificial intelligence and the future of project management. APM Research Report. 3. Lee, J.,
Bagheri, B., & Kao, H. A. (2015). A cyber-physical systems architecture for Industry 4.0-based
manufacturing systems. Manufacturing Letters, 3, 18-23
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FUZZY AHP-BASED THEORETICAL MODEL FOR INTERNATIONAL
MARKET ENTRY STRATEGY SELECTION
T. Gojayev
Azerbaijan University, Khazar University,
Academy of the State Customs Committee, Baku, Azerbaijan

When companies decide to expand beyond their domestic borders, they are
immediately confronted with a defining strategic puzzle: how to enter a foreign
market effectively. While classical decision-making tools like the AHP have been
widely applied, our analysis suggests they often fall short in practice. The integration
of fuzzy logic, pioneered by Zadeh (1965), with the AHP framework offers a
promising path forward. In this paper, we propose a tailored theoretical model that
leverages Fuzzy AHP to navigate this very uncertainty. Our primary aim is to move
beyond a generic methodology and provide a structured, yet adaptable, framework
that mirrors the real-world complexities managers face.

Our model sits at the intersection of two well-established fields: international
business strategy and advanced decision science. From the strategy side, we draw on
the classic typology of IME modes — such as Exporting, Franchising, Joint Ventures,
and FDI — each presenting a distinct trade-off between control, risk, resource
commitment, and reward (Root, 1987). Interestingly, it is precisely in evaluating
these trade-offs that traditional AHP (Saaty, 1980), for all its merits, shows
limitations. It forces crisp numerical judgments onto what are often vague, linguistic
assessments. This is where our approach diverges. By employing Fuzzy AHP
(Buckley, 1985; Chang, 1996), we translate qualitative expert opinions into triangular
fuzzy numbers (e.g., representing "medium importance" as a range rather than a
single value). This shift is crucial; it allows our model to absorb the inherent
imprecision of human reasoning, making the output not just mathematically sound
but also pragmatically credible.

The heart of our proposal is a practical, three-level hierarchy designed for direct
application. At the top sits our Goal: Selecting the optimal IME strategy. The Criteria
level (Level 2) is where managerial judgment is formally structured. We propose five
core dimensions, synthesized from both theory and common strategic concerns:
Market Potential (C1): Beyond just size, this includes growth trajectory and
sustainable profitability; Risk Exposure (C2): A composite of political, economic,
and operational uncertainties; Resource Commitment (C3): The tangible and
intangible investments required; Control Level (C4): The degree of command a firm
can exert over operations and strategy; and Flexibility & Speed (C5): Often
overlooked, this criterion assesses adaptability and time-to-market. The Alternatives
(Level 3) are the concrete strategic options to be evaluated: Exporting (Al),
Franchising (A2), Joint Venture (A3), and Foreign Direct Investment (A4).

The operational steps of our model follow a logical, iterative process: Expert
Elicitation: A diverse panel of managers and experts provides pairwise comparisons
using a linguistic scale (e.g., «Strategy A is moderately more preferable than Strategy
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B regarding Control»). Fuzzification: These linguistic terms are converted into
Triangular Fuzzy Numbers (TFNs), creating fuzzy pairwise comparison matrices.
Consistency Validation: We check the logical coherence of judgments by calculating
a consistency ratio for the defuzzified matrices, discarding inconsistent inputs.
Weight Aggregation: Using the geometric mean, we aggregate individual fuzzy
judgments. The fuzzy weights for both criteria and alternatives are then computed via
the extent analysis method (Chang, 1996). Synthesis and Defuzzification: The final
fuzzy scores for each alternative are calculated by combining the weights across the
hierarchy. These fuzzy scores are then converted into crisp values using the Center of
Area method, yielding a clear, ranked order of the IME strategies.

By explicitly accommodating vagueness, it produces results that seasoned
managers find more trustworthy and reflective of actual decision-making contexts.
Secondly, its structured hierarchy forces a comprehensive evaluation, ensuring that
critical factors like «Flexibility» are not sidelined by more obvious criteria like
«Market Potential.» For practitioners, this model is not a black box but a transparent
framework that facilitates dialogue, challenges assumptions, and builds consensus
among decision-making teams. It transforms a potentially contentious strategic
debate into a disciplined, evidence-informed discussion. Theoretically, our
contribution is a focused adaptation of a powerful MCDM tool to a specific,
perennial challenge in international business, thereby bridging a notable gap in the
applied literature.

Selecting an international market entry strategy remains a daunting task under
the best of circumstances. The theoretical model we propose here, grounded in Fuzzy
AHP, is designed to bring clarity and robustness to this process. We believe this
framework offers a significant step toward more resilient and defensible
internationalization choices. Looking ahead, the true test will be in its application.
We see promising avenues for future research in applying this model to detailed
industry case studies, comparing its strategic recommendations with real-world
outcomes, and perhaps integrating it with other fuzzy decision-making techniques for
even greater analytical depth.

References: 1. Buckley, J. J. (1985). Fuzzy hierarchical analysis. Fuzzy Sets and Systems,
17(3), 233-247. 2. Chang, D. Y. (1996). Applications of the extent analysis method on fuzzy AHP.
European Journal of Operational Research, 95(3), 649-655.3.  Root, F. R. (1987). Entry
strategies for international markets. Lexington Books. 4. Saaty, T. L. (1980). The analytic
hierarchy process. McGraw-Hill. 5. Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3),
338-353.
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AN APPROACH TO UNIVERSITY RESOURCE PLANNING BASED ON
GENETIC ALGORITHMS AND NONLINEAR PROGRAMMING
M Grinchenko', M. Shaposhnikov’, E. Grinchenko?
INational Technical University «Kharkiv Polytechnic Institute», Kharkiv,
’Kharkiv National University of Internal Affairs, Kharkiv

In the context of growing global competition among higher education
institutions, improving universities’ positions in international rankings, in particular
the QS World University Rankings, has become a strategic objective and requires
scientifically grounded approaches to development management. Achieving target
values of ranking indicators under conditions of limited financial, human, and
organizational resources necessitates the formalization of the resource planning
problem using modern mathematical methods. This paper considers an approach to
university resource planning based on a combination of nonlinear programming and
genetic algorithms, building on the authors’ previous research on modeling the
impact of key QS WUR indicators on the strategic development of higher education
institutions [1].

The resource allocation problem is formalized as a quadratic optimization model
with Boolean variables and linear constraints, where the objective function minimizes
the weighted quadratic deviation between current and target values of ranking
indicators. Each indicator can be improved through the implementation of alternative
managerial actions that require different amounts of resources, making the model
discrete and nonlinear in nature. The presence of multiple criteria, interdependencies
among indicators, and incomplete input data significantly complicates the application
of classical nonlinear programming methods and limits their ability to find globally
optimal solutions.

Given these limitations, the use of a genetic algorithm as a metaheuristic
optimization method capable of efficiently exploring the feasible solution space is
justified. Genetic algorithms are widely applied to constrained multi-criteria
optimization problems and demonstrate high robustness to nonlinearity and the
structural complexity of objective functions [2]. Within the proposed approach, each
chromosome is interpreted as a scenario of resource allocation across the main areas
of university activity, while the fitness function is defined by the value of the
objective function of the mathematical model subject to resource constraints. The
selection, crossover, and mutation operators enable the generation of a set of
alternative managerial decisions and support an effective search for optimal
scenarios.

An experimental study was conducted to evaluate the effectiveness of the
proposed approach based on a genetic algorithm and a nonlinear optimization model
using the National Technical University «Kharkiv Polytechnic Institute» as a case
study. The experiments employed up-to-date QS World University Rankings
indicator values corresponding to the current state of NTU «KhPI», as well as
realistic constraints on the possible annual growth of indicators and the total volume
of available resources. The modeling was performed for the problem of maximizing
the integral QS Score under fixed resource units while accounting for nonlinear
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dependencies. The experimental results showed that the genetic algorithm enables an
increase in the overall QS Score of more than 5% compared to the initial value,
generating alternative resource planning scenarios and demonstrating high flexibility
in strategic analysis tasks. The use of the nonlinear optimization model made it
possible to obtain well-grounded solutions with the most efficient use of available
resources, confirming the adequacy of the proposed model and its suitability for
practical application in strategic university development planning.

The combination of nonlinear programming methods with the heuristic
capabilities of genetic algorithms provides model flexibility, adaptability to changes
in weighting coefficients of ranking indicators, and support for scenario analysis.

The practical application of this approach allows for evaluating the efficiency of
different university development strategies and formulating recommendations on the
priority use of limited resources to improve positions in international rankings. The
effectiveness of genetic algorithms for constrained optimization problems is also
confirmed by contemporary research in this field [3]. The obtained results can be
integrated into a decision support information system for strategic management of
higher education institutions’ development.

References: 1. Grinchenko, M., & Shaposhnikov, M. (2025). MATHEMATICAL
MODELING FOR UNIVERSITY RESOURCE OPTIMIZATION BASED ON QS WUR
INDICATOR. Bulletin of National Technical University «KhPI». Series: System Analysis, Control
and Information Technologies, (2 (14), 54—61. https://doi.org/10.20998/2079-0023.2025.02.07. 2.
Huang, G., Hu, M., Yang, X., Wang, X., Wang, Y., & Huang, F. (2024). A Review of Constrained
Multi-Objective Evolutionary Algorithm-Based Unmanned Aerial Vehicle Mission Planning: Key
Techniques and Challenges. Drones, 8(7), 316. https://doi.org/10.3390/drones8070316. 3. ALIOUI,
Y., & ACAR, R. (2020). AN EVALUATION OF A CONSTRAINED MULTI-OBJECTIVE
GENETIC ALGORITHM. Health Sciences Quarterly, 4(2), 137-146.
https://doi.org/10.26900/jsp.4.011
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THE INVERSE PROBLEM FOR THE NONLINEAR EQUATION OF
OSCILLATIONS OF A THIN PLATE
H. F. Guliyev, Kh. 1. Seyfullayeva
Institute of Mathematics and Mechanics, Baku, Azerbaijan
Sumgayit State University, Sumgayit Azerbaijan

Our needs to find the pair of functions (u,v) € U X U,4 from the relations

a* ADaw) + (1w (2 9°D 9%u  9’Do*u 92D\
— + +(1— _ _ n
Pace u v dxdy d9xdy 0xZdyZ 0dyZ? ax2 u
=v(x,y)f (1),
(x,y,t) €0, (1)
du(x,y,0)
u(x’y" U) = @G(XJ}’):T - f;ﬁl(x,y},
(x,y) € 22, 2)
ou(0,y,t)
0,y,t) =0,———==0,
u(0,y,t) ox
u(a’y’ t) _ U;au[‘:—f’t) — 0,
0<y<bh 0=<t<T,
du(x,0,t)
u(x,0,t) =0,———— =0,
dy
du(x,b,t)
u(x,b,t) =0,—— =0,
dy
O=x=a 0=t=T, (3)
T
fo K(x,y,u(x,y, t)dt = g(x,y 4)

where (x,y) €N ={(x,y):0<x<aq0<y<b}, te(0,T), Q=2102x(0,T),
p(x,y) is a density of the mass at the point (x,y), h(x,y) is the heath thickness of

the plate in the point (x,y), u(x,y, t) - is deflection of the plate in the point (x,y) at
En®
12(1-v2)

the moment t, 4 is Laplace operator with respect to x, y, D = - cylindrical

rigidity, v (0 <V < %)- Poisson’s coefficient, E > 0-Young's modulus,
[
U= {ulu(x,y, t) € C[0, T W2(), 5 € C[D,T];Lz(ﬂ}},

Uga = {v(x,y) € Ly(2): pip = v(x,y) = pya.e.onQ}
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o
FOELOT), @olxy) EWL(WD),  @1(xy) €L (R), K(xy.t) € L,(Q)
g(x,y) € L,(£2) are given functions, h(x, y) -is sufficiently smooth given function,
a, b, T are given positive numbers, [, i; given numbers.

This problem we reduce to the following optimal control problem: to find the
minimum of the functional

2
Jo) =3 [, [Jy KCoy. Oty t;vydt — g(x,y)| dxdy, 5)
subject to (1)-(3). The function v(x,y) is called a control. By u = u(x, y, t;v) we
denote the generalized solution of the problem (1)-(3) corresponding to the control
v(x,y).
We regularize the problem (1)-(3), (5) by the following way: instead of the
functional (6) consider the next one
Ja(@) = Jo() + 3 [, v* (x, y)dxdy, (6)
where a@ > 0 is a positive number.
Let's assume that by any fixed control v(x, y) boundary problem (1)-(3) has
unique generalized solution from U.
The following theorems were proven in the article:
Theorem 1. Under the imposed conditions on the problem data, there exists an
optimal control in problem (1)-(3), (6).
Theorem 2. Let’s the conditions of the Theorem 1 be satisfied. Then functional
(6) is continuously Frechet differentiable on U,,; and its differential in the point

Yv € U,, at the increment év € L, (2), v + 6v € U, 1s defined by the expression

(Jo,(v), 8v) = fﬂ [au(x,y} — fOTf(t} (x,y, t)dt] Svdxdy.

Theorem 3. Let’s the conditions of the Theorem 1 be satisfied. Then for the
optimality of the control v, € U,4 in problem (1)-(3), it is necessary fulfilment of the
T
a.(,3) ~ | @Oy, e
0

|
X (v(x,y) —v.(x,y))dxdy = 0
for arbitrary v = v(x,y) € Uy

inequality

X
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STRATEGIC PROJECT MANAGEMENT: ALIGNING PROJECT
STRATEGY WITH BUSINESS GOALS
G. H. Gurbanova', G. G. Yusufova-Agabalayeva’, N. R. Ahmadov’,

S. E. Guluzade'
! Azerbaijan University of Architecture and Construction, Baku, Azerbaijan
’Institute of Mathematics Baku, Azerbaijan

This article explores the concept of project management, demonstrating that in
modern organizations, project management is not only about completing projects on
time and on budget, but also about aligning the business strategy with the strategy.
The article examines the role of strategic project management in project portfolio
management, resource optimization, and organizational governance and leadership
development. The results show that strategy-aligned projects increase business value,
leverage resources, and strengthen an organization's competitive advantage.

Key words: Strategic project management, organizational objectives, leadership
and competencies, project prioritization, business value creation, long-term planning

In modern organizations, project management is not only based on technical
indicators; projects must also be aligned with the company's long-term business
strategy. This approach focuses project managers and decision-making processes not
only on technical indicators, but also on strategic values. In other words, the project is
viewed not only as a work in progress, but also as a mechanism that contributes to the
company's strategic goals [1].

Strategic project management is built on three main components:

1. Strategic alignment: Projects should serve the long-term goals of the
organization and contribute to the implementation of the business strategy. This
approach is a key criterion in the processes of selecting, prioritizing projects, and
allocating resources.

2. Project portfolio management: The assessment and coordination of several
projects within an organization in terms of strategic goals. This approach ensures the
efficient use of resources and minimizes conflicts between projects.

3. Organizational skills and leadership: Strategic project management is not
possible with technical skills alone; project managers must be armed with strategic
thinking and business understanding. Leadership and strategic vision are the main
conditions for the successful implementation of projects [1].

A study by Fereshtéh Bahman Taheri [2] tests the strategic project management
framework in a real business environment. The thesis shows that when there is no
alignment between project portfolio management and corporate strategy, the
following problems arise: Project misprioritization, inefficient use of resources, and
selection of projects that do not serve strategic objectives.

Taheri also finds that the success of portfolio management depends on factors
such as coordination, control, resource balance, and alignment of projects with
strategic objectives. This approach validates DyReyes' theoretical framework from a
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practical perspective and shows that project management can create real business
value for an organization [2].

Oudeh, Ghazimoradi, and Safehian [3] present a conceptual framework for
aligning a project portfolio with strategic objectives. They emphasize that a project
portfolio is not just a collection of activities that are executed, but that it must be
managed in a structured manner to impact strategic objectives and create business
value.

This framework involves prioritizing projects in accordance with strategic
objectives, monitoring portfolio performance, and optimizing resources. The
theoretical and empirical approaches presented are integrated into a conceptual
framework by Oudeh et al. [3]. In the absence of strategic alignment, projects use
resources inefficiently and do not create business value; in the presence of alignment,
projects are both executed and contribute to strategic objectives, increasing the
competitive advantage of the organization.

Portfolio management ensures that projects are evaluated, prioritized, and
allocated in a strategic context, maximizing the organization’s business value. As a
result, the organization derives maximum business value from projects.

Strategic project management is not achieved through technical skills alone;
project managers must both complete projects and make strategic decisions to
manage them in line with long-term goals. This approach increases the business value
of projects, allows for measurement of their impact, uses resources efficiently, and
strengthens the organization’s competitive advantage [1,2,3].

Strategic project management does not just improve project performance; it also
serves as a critical mechanism that supports the implementation of business strategy.
This approach encourages project managers and the organization to think
strategically, ensures that projects are aligned with the company's overall strategic
goals, and creates the basis for the efficient use of resources. As a result, strategic
project management becomes the key management framework that ensures both
sustainable development and competitive advantage for organizations.

References: 1. DyReyes, J. (2008). Strategic Project Management: Aligning Strategic
Business Objectives with Project Management Strategy. ADP, Inc. 2. Taheri, F. B. (2017).
Aligning Project Portfolio Management and Corporate Strategy: An Exploration (MSc
Dissertation). The British University in Dubai. Professor Udechukwu Ojiako. 3. Oudeh, A.,
Ghazimoradi, M., & Safehian, M. (2023). Aligning Project Portfolios with Strategic Objectives: A
Conceptual Framework for Achieving Success in Project-Oriented Organizations. Migration
Letters, 20(S8), 994-1011. ISSN: 1741-8984 (Print), 1741-8992 (Online). Retrieved from
www.migrationletters.com.
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STRATEGIC DEVELOPMENT OF ADAPTIVE KARATE IN
AZERBAIJAN: PROJECT MANAGEMENT AND SOCIAL INTEGRATION
M. S. Hajimuradov
National Jiu-Jitsu Federation of the Azerbaijan Republic, Baku, Azerbaijan

The article examines the strategic aspects of integrating adaptive karate into the
national sports system of Azerbaijan from a project management perspective. The
implementation of para-karate programs is presented as a complex project involving
resource planning, stakeholder engagement, and performance monitoring. The study
highlights the role of the National Karate Federation in program management,
coordination with state structures, and international benchmarking. Key success
factors, challenges, and strategic directions for scaling adaptive sports initiatives are
identified.

Introduction. The development of adaptive sports in Azerbaijan is a state
priority aimed at social inclusion and improving the quality of life for persons with
disabilities. Para-karate, as one of the disciplines, requires a systematic approach to
planning, implementation, and evaluation. This study analyzes the experience of
Azerbaijan in managing para-karate programs through the lens of project and
strategic management.

Methodology. The research is based on a systemic analysis of the para-karate
development program in Azerbaijan, including documentary analysis, stakeholder
interviews, and benchmarking with international federations (Japan Karate
Federation, Federazione Italiana Karate). A project management framework was
applied to assess planning, execution, and outcomes.

Results and Discussion. The strategic integration of para-karate in Azerbaijan
includes:

1. Program design and goal setting — development of adapted training
methodologies, competition systems, and coach education programs.

2. Resource management — state and public funding, infrastructure development,
international partnerships.

3. Stakeholder engagement — collaboration among the National Karate
Federation, Ministry of Youth and Sports, educational institutions, and NGOs.

4. Monitoring and evaluation — tracking athlete performance, social impact
assessment, and program scalability analysis.

A comprehensive analysis revealed several strategic factors. The program’s
strengths include state priority status, active federation involvement, and established
international partnerships. Key opportunities lie in growing global interest in adaptive
sports and potential digitalization. However, challenges persist: lack of unified
methodological standards, insufficient materials, and limited funding infrastructure.
Threats include high dependence on state funding and potential coach
shortages.Challenges identified:

- lack of methodological standards for coaches;

- insufficient methodological materials;

- need for increased financial and infrastructural support.
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Conclusion. The case of para-karate in Azerbaijan demonstrates the
effectiveness of applying project and program management principles in adaptive
sports. Strategic planning, stakeholder coordination, and continuous improvement are
critical for sustainable development. Future directions include developing unified
methodological standards, expanding international cooperation, and integrating
digital tools (e.g., athlete progress tracking platforms, online coach certification
systems) for enhanced program management and scalability.

References: 1. Hajmuradov, M.S. (2025). Hand-to-hand combat. Baku. 2. National Karate
Federation of Azerbaijan. (2023). Annual report on para-karate development. 3.
https://azertag.az/ru/xeber/ 4. https://caliber.az/post/
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DATA-DRIVEN PORTFOLIO SELECTION AND OPTIMIZATION IN
GOVERNANCE, RISK AND COMPLIANCE MANAGEMENT
A. A. Hatamova
Azerbaijan University of Architecture and Construction, Baku, Azerbaijan

The complexity of regulatory requirements and organizational risks demands
structured, data-driven Governance, Risk, and Compliance (GRC) decision-making
(Avianti & Handoyo, 2025). Traditional qualitative and fragmented approaches often
fail in dynamic environments (Papazafeiropoulou & Spanaki, 2015). This study
proposes a portfolio-based optimization framework for GRC, integrating portfolio
theory with risk analytics to improve compliance effectiveness and reduce
organizational risk exposure.

Governance, Risk, and Compliance (GRC) has become a strategic function due
to regulatory pressure, digital transformation, and complex risk environments
(Avianti & Handoyo, 2025). Organizations must allocate resources across multiple
initiatives while balancing risk appetite and obligations. Traditional GRC approaches
remain reactive, relying on isolated controls and subjective judgments that often miss
interdependencies between risks (Papazafeiropoulou & Spanaki, 2015; Maful
Taufiq, 2023). Data-driven decision-making can enhance GRC by converting risk and
compliance data into actionable insights (Zhu, 2019). Portfolio selection theory offers
a framework to optimize decisions under uncertainty, balancing expected outcomes
and risk exposure (Markowitz, 1952). Integrated, analytics-based GRC systems
improve transparency and compliance performance (Avianti & Handoyo, 2025), with
big data enhancing risk assessment and proactive mitigation (Theodorakopoulos et
al., 2025). Portfolio optimization models, including Bayesian approaches, address
uncertainty and multi-objective constraints, making them suitable for GRC (Boyd et
al., 2024; Nguyen et al., 2021; Bauder et al., 2018). This study models GRC
initiatives—compliance programs, internal controls, and governance reforms—as
portfolio assets defined by cost, expected risk reduction, compliance impact, and
uncertainty. Data from organizational systems are analyzed to estimate effectiveness,
and portfolio optimization identifies the best combination of initiatives aligned with
risk appetite and resource constraints (Papazafeiropoulou & Spanaki, 2015; Boyd et
al., 2024). This framework allows continuous adjustment as regulatory and risk
conditions evolve.

Overall, data-driven portfolio selection and optimization provide a rigorous,
practical approach to GRC management, enhancing compliance effectiveness,
reducing risk exposure, and supporting informed governance decision-making
(Avianti & Handoyo, 2025). The approach offers a focused, scalable, and analytically
grounded framework for strategic GRC management..
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72


https://doi.org/10.2307/2975974
https://doi.org/10.1287/opre.2021.2110
https://doi.org/10.1007/s10796-015-9572-3

ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

OF PRODUCTION DEVELOPMENT OF DIGITAL PROTOTYPE
PROJECT
Sh. S. Huseynzade'?, Kh. S. Hasanova', S. I. Gurbanova'
ISumgayit State University, Sumgayit, Azerbaijan
2Azerbaijan Technical University, Baku, Azerbaijan

Customer clustering of an IT company is an important problem in marketing and
detailed and realistic representation of the expected system. This process helps to
evaluate the product before starting real production [1]. Digital computer prototyping
tools allow you to visually see the experiments performed on the model of the control
object and monitor the results.

CPN Tools is a software-instrumental system that can simulate the control
object. Here, certain attributes can be assigned to various structural elements [2].
CPN Tools uses Petri net (PN) techniques, which are used for dynamic, connected
and parallel modeling.

The PN is mathematically defined as a set N = (P,T,F,H,u’ [3]. Here P={p:, p>
,...pnf, n>0 — a non-empty finite set of positions; 7={t; ,t> ,...,tn}, m>0 — a non-
empty finite set of transitions; F:PxT—{0,1,2,...} and H:Tx P— {0,1,2,...} — are the
incidence functions of the sets of positions and transitions, respectively; o P—
{0,1,2,...} — is the initial marking of the network.

The graphical representation of the PN consists of circular vertices representing
positions, rectangular vertices representing transitions, and edges connecting them.

The control object under consideration is a typical mechanical machining center
consisting of an industrial robot (IR), a personal input keeper (IK), two identical
devices (D1 and D2) performing the same operation on different identical
workpieces, and a personal output keeper (OK).

The IR places the raw product from the individual input holder at the input of
the 1st or 2nd free device and after the operation is completed, it places the part in the
output holder. When both devices are free, a conflict situation arises between them.
The conflict is resolved by selecting one of the devices based on the appropriate
parameters and partially parallelizing and queuing it. When the operation is
completed, the IR takes the part from the output of the device and places it in the
output holder.

The states are described as the positions of the PN, and the possible events are
described as the transitions of the PN. In the simulation model built with the help of
the colored PN (Fig. 1), the states of the processing center module are described by
the following positions:

P; — IR is free; P> — There are workpieces in IK; P; — IR has taken the
workpiece; P; — D1 is free; Ps — D2 is free; Ps — the workpiece is in the working area
of D1; P; — the workpiece is in the working area of D2; Ps — D1 is machining the
workpiece; P9 — D2 is machining the workpiece; P19 — the workpiece has been
machined in D1; P11 — the workpiece has been machined in D2; P1> — IR has taken the
part; P13 — the part is in the OK.

73



ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

The possible events in the machining center module are described by the
following transitions:

t1 — IR takes the workpiece from the IK; to — IR places the workpiece in D1; t3 —
IR places the workpiece in D2; t4 — machining of the workpiece begins in D1; ts —
machining of the workpiece begins in D2; ts — machining of the workpiece ends in
D1; t; — machining of the workpiece ends in D2; tg — IR takes the finished part from
D1; t9 — IR takes the finished part from D2; tjo — IR places the part in the OK.

The visualization of the model was carried out in the CPN Tools system (Fig. 1).

SHAHLA Page

F1g 1. Graph model of a machining center module in an manufacturing system._-

During the simulation, an optimal trajectory was selected that eliminated
random delays. As a result, it can be said that the created digital prototype allows you
to save time and costs before operation by identifying errors at the initial stages of
design.

References: 1. Soomro, S. A., Casakin, H., & Georgiev, G. V. (2021). Sustainable design and
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DEVELOPMENT OF A BASIC MODEL FOR CHOOSING INFORMATION
SYSTEM CLOUD MIGRATION STRATEGY
M. Ievlanov, V. Shutko
Kharkiv National University of Radio Electronics, Kharkiv

Cloud migration of information systems (IS) in digital transformation is
increasingly seen as a comprehensive change in the management of resources, risks
and costs, and not just the technical transfer of components to the cloud. Therefore,
pre-migration planning becomes key, where goals, KPIs, constraints and assumptions
regarding workload and costs are determined; Without a formalized approach, the
strategy 1s often chosen incorrectly, which increases the risk of technical and
financial errors. The relevance is growing due to the strengthening of regulatory and
security requirements and the complexity of IS architectures, which makes
fragmented planning ineffective. The existing approaches are mostly developed at the
level of individual instruments but are not sufficiently integrated into the reproducible
procedure of transparent strategy selection [1].

The purpose of the work 1s to formalize the task of optimizing resources at the
pre-migration stage of planning cloud migration of IS by developing and justifying a
KPI-oriented (Key Performance Indicators) approach that provides a transparent
comparison of alternatives for the business, and a formalized choice of strategy based
on measurable performance indicators with reproducible results. To achieve the goal,
the work focuses on two applied tasks: building a KPI-oriented model for choosing a
strategy and experimental approbation of the model on the example of comparing
alternatives.

The basic hypothesis is that for the reproducible choice of the optimal strategy at
the pre-migration stage, it is not enough just to fix the «before/after» KPIs; It is
necessary to form a quantitative model, where load characteristics and
resource/architectural dependencies are translated into a set of normalized KPIs and
financial indicators and supplemented by risk and constraint assessments, after which
alternatives can be compared in a single procedure as a multi-criteria compromise [2].

The state of the IS before migration is described by a set of key performance
indicators, and the acceptability of the result after migration is determined by the
achievement of specified target thresholds. Heterogeneous metrics are agreed by
normalizing and bringing them to a single direction of interpretation, which makes it
possible to correctly compare alternatives. For each strategy, the expected impact on
indicators is set, which can be adjusted by the migration conditions (context).
Generalized business priorities are considered by metric weights, and non-
compliance with target requirements is reflected by a penalty for not meeting
thresholds. At the same time, the cost component is considered as an assessment of
the complexity/labor intensity of the strategy implementation; The final choice is
formalized by an integral criterion that combines «quality» in terms of KPIs and costs
and 1s minimized to obtain a recommendation.

The model was tested using the example of comparing three cloud migration
strategies: Lift-and-Shift, Re-platforming, and Re-engineering, using the specified
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base KPIs, normalization reference limits, and target thresholds. For each strategy, a
projected post-migration profile of indicators was formed and the degree of
compliance with the minimum acceptable requirements due to deficits relative to
thresholds was determined. The results showed that Lift-and-Shift has the highest
probability of not reaching part of the threshold requirements, Re-platforming in most
cases ensures their fulfillment, and Re-engineering demonstrates the most complete
compliance in terms of KPIs but is accompanied by higher complexity of
implementation. The integral criterion, which combines the penalty for not achieving
the KPI and the cost component with a manageable trade-off parameter, provided a
reproducible ranking of alternatives and identified Re-platforming as the most
balanced option under the conditions of the example.

Thus, the proposed KPI-oriented model sets a reproducible procedure for
choosing a cloud migration strategy in conditions typical for pre-migration planning:
limited time, incomplete data, the need for explainability for business stakeholders.
At the practical level, the approach is aimed at reducing uncertainty and decision-
making costs at the pre-migration stage, by reducing the time and financial costs of
preparing the evidence base, increasing the reproducibility of estimates and reducing
the likelthood of wrong choice of strategy, which reduces the risks of budget
overruns, missed deadlines and accumulation of technical debt after migration. The
theoretical value lies in the formalization of the «strategy» as a manageable multi-
criteria compromise, which simultaneously considers the achievability of threshold
requirements for KPIs and the resource/cost component through the structure of the
integral criterion.

It is advisable to associate the further direction of research with the empirical
calibration of model parameters on real migration cases and the expansion of the
observation base for different classes of information systems and domains. The
development of the contextual part of the model by expanding the list of factors and
checking their impact on the accuracy of recommendations, as well as integrating the
approach with load profiling tools and automated collection of metrics, is also
promising.

References: 1. Hosseini Shirvani, M., Amin, G. R., & Babaeikiadehi, S. (2022). A decision
framework for cloud migration: A hybrid approach. IET Software.
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GOVERNANCE BY PROJECTS AS A METHODOLOGICAL FRAMEWORK
FOR THE STRATEGIC DEVELOPMENT OF EDUCATIONAL AND
SCIENTIFIC INSTITUTIONS IN UKRAINE
V. Kukharskyy, S. Bushuyev
Ivan Franko National University of Lviv, Lviv; Kyiv National University of

Construction and Architecture, Kyiv

The transformation of Ukraine’s higher education system under European
integration, decentralization of governance, and wartime uncertainty requires
universities to shift from rigid administrative management toward adaptive, results-
oriented governance. This paper substantiates governance by projects as a
methodological framework for the strategic development of educational and scientific
institutions in Ukraine. The approach integrates governance theory, project and
portfolio management, interactive and responsive governance mechanisms, systems
analysis, and formalized modeling.

The study argues that strategic university development should be
operationalized through a portfolio of projects, where projects serve as organizational
units for implementing transformation initiatives (digitalization, internationalization,
research capacity building, infrastructure recovery). In this paradigm, governance by
projects provides strategic alignment, transparency, and stakeholder coordination
while preserving flexibility under constraints.

A key contribution of the research is the clarification of the dual nature of
project governance in higher education: (1) external governance through institutional
portfolio rules, prioritization and oversight, and (2) internal governance within
temporary project organizations based on responsibility distribution, communication,
trust and decision-making procedures. Such a structure supports coherent strategy
execution in complex multi-stakeholder environments.

The research also emphasizes the need for pluralistic governance mechanisms in
strategic projects, combining contractual governance (formal agreements and risk
allocation), relational governance (trust, collaboration culture), and governmental
governance (regulatory and coordination functions). Balanced interaction between
these mechanisms increases governance performance in terms of transparency,
decision timeliness, and stakeholder satisfaction.

An essential part of the study is the development of a mathematical model for
adaptive governance of a university project portfolio. The model formalizes the
dynamic relationship between strategic objectives, portfolio configuration, resource
constraints and external uncertainty. It enables quantitative assessment of how
individual projects contribute to target strategic indicators, comparison of alternative
development scenarios, and implementation of adaptive decision gates (review,
reprioritization, resource reallocation, stopping or scaling initiatives) based on
monitoring results. In this way, the model supports a transition from declarative
strategic planning to controlled portfolio-based implementation of change.

The results have practical value for Ukrainian universities in conditions of
systemic transformation and post-war recovery. Governance by projects may serve as
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an operational architecture for strategy implementation, integrating institutional
autonomy with accountability and evidence-based decision making.

Keywords: governance by projects; project governance; strategic development;
portfolio management; adaptive governance; responsive governance; higher
education.
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APPLICATION OF TRANSFORMER MODELS AND INTELLIGENT
DOCUMENT ANALYSIS METHODS FOR AUTOMATED MEDICAL
DOCUMENTATION PROCESSING
D. Kutsenko, M. Grinchenko
National Technical University «Kharkiv Polytechnic Institute», Kharkiv

The rapid digitalization of healthcare information systems has significantly
increased the demand for automated processing of medical documentation.
Laboratory test results are commonly distributed in PDF format and are characterized
by substantial variability in layout, structure, language, and document quality. This
heterogeneity complicates the reliable extraction of structured information and limits
the direct integration of laboratory data into clinical databases and decision support
systems.

In earlier studies conducted by the authors, the modeling of medical center
business processes and decision support mechanisms was examined with the aim of
improving operational efficiency in healthcare institutions. These works emphasized
that the quality, completeness, and structure of primary medical data play a critical
role in ensuring the reliability of analytical outcomes and managerial decisions. This
observation highlights the importance of developing effective methods for
transforming unstructured medical documents into structured, machine-readable data
suitable for further analysis.

Recent studies have demonstrated a growing interest in intelligent clinical
information systems and automated decision support tools in healthcare. Research on
web-based clinical decision support systems emphasizes the role of digital platforms
in improving the personalization and effectiveness of medical services by integrating
heterogeneous clinical data into routine workflows [2]. In parallel, contemporary
studies in the field of artificial intelligence for healthcare underline the potential of
intelligent decision support systems to enhance diagnostic and analytical processes by
leveraging structured and semi-structured medical information [3]. These findings
indicate that reliable document analysis and data extraction methods represent a
critical technological foundation for the successful deployment of such systems.

The present study addresses the problem of automated recognition and
extraction of laboratory test data from heterogeneous medical PDF documents. A
representative laboratory report containing analytical results such as test names,
measured values, measurement units, and reference ranges was used as a test case.
Several text recognition approaches were analyzed, including classical OCR systems
based on recurrent neural networks and modern transformer-based models. Within
the scope of the study, the LayoutLM architecture was examined in detail, as it
integrates textual, visual, and spatial information to model relationships between
elements of medical forms. The processing workflow included a stage of preliminary
noise filtering and image binarization, which improved the accuracy of subsequent
character recognition by neural networks. Particular attention was paid to self-
attention mechanisms in transformer models, which enable effective identification of
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contextual dependencies between test names and their corresponding numerical
values in complex tabular structures.

In addition to text recognition, special attention was given to the task of
structured data extraction required for database storage. Rule-based methods relying
on predefined patterns were evaluated as a baseline approach. To validate the
extraction results, a set of heuristic rules for data type checking was developed based
on medical standards for acceptable value ranges. Machine learning-based extraction
methods, including named entity recognition models and layout-aware document
understanding architectures, were also examined. The scalability of the proposed
approach is ensured through the use of containerization for model components,
enabling seamless integration of the technology into existing cloud-based medical
information systems.

The experimental analysis demonstrated that modern OCR approaches provide
more stable text recognition results when processing documents with complex
layouts and numerical information. It was observed that transformer-based methods
reduce the frequency of recognition errors in numerical values and measurement
units. Furthermore, layout-aware extraction models showed improved robustness in
identifying relevant analytical fields across variations in document structure. An
important aspect is the generalization capability of intelligent models, which allows
them to correctly process documents from new laboratories without the need for
manual template creation. The results also indicate that improvements at the text
recognition stage do not always lead to proportional gains in structured data
extraction accuracy, emphasizing the necessity of a holistic, end-to-end approach to
document processing.
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TOWARDS DEVELOPING A RECOMMENDATION SYSTEM FOR
FAMILY PHYSICIANS IN FORMING A TREATMENT PLAN
D. Lisova, M. Grinchenko
National Technical University «Kharkiv Polytechnic Institute», Kharkiv

Modern medicine operates under conditions of rapid growth in the volume of
clinical information, continuous updates of medical protocols, and expansion of
diagnostic and therapeutic methods. The decision-making process is particularly
complex at the level of primary healthcare, where the family physician plays a key
role in forming diagnostic and treatment plans for patients. In everyday practice,
physicians must simultaneously consider symptoms, medical history, results of
previous examinations, comorbidities, individual patient characteristics, and current
evidence-based medicine guidelines. This creates a significant informational burden
and increases the risk of erroneous or excessive clinical decisions.

According to scientific studies, a substantial proportion of laboratory tests are
prescribed without sufficient clinical justification, leading to inefficient use of
healthcare resources, increased financial costs, and delays in establishing accurate
diagnoses. In this context, the implementation of intelligent clinical decision support
systems becomes particularly relevant, as such systems can assist physicians in
structuring clinical data, improving the rationale behind medical decisions, and
reducing the number of unnecessary examinations.

One of the promising directions in the development of such systems is Health
Recommender Systems (HRS), which belong to the class of Clinical Decision
Support Systems (CDSS) [1]. Unlike traditional rule-based expert systems, HRS
utilize artificial intelligence, machine learning, and deep learning methods, enabling
the generation of personalized recommendations that take into account the specific
context of individual patients. These systems are applied to the selection of diagnostic
tests, therapeutic strategies, risk assessment, and support of clinical decision-making.

At the same time, an analysis of recent scientific publications indicates that most
existing medical recommender systems are either narrowly specialized or primarily
oriented toward patients rather than general practitioners. One of the key challenges
is the lack of algorithm explainability, where systems function as “black boxes” and
fail to provide justification for their recommendations. This reduces the level of trust
among medical professionals and complicates the integration of such systems into
real clinical practice.

Of particular importance in medical recommender systems is the concept of
Explainable AI [2], which enables the explanation of decision-making logic used by
artificial intelligence algorithms. For physicians, it is essential not only to receive
recommendations but also to understand the reasons behind them, as responsibility
for clinical decisions ultimately lies with the medical professional. In addition,
international regulatory requirements, including GDPR and HIPAA, impose strict
demands regarding transparency, ethics, and security in the processing of personal
medical data.

Considering the above, this paper proposes an approach to designing a
recommendation-based clinical decision support system for family physicians aimed
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at assisting in the formation of patient treatment plans. The objective of the study is
to improve the quality and validity of clinical decisions by combining artificial
intelligence algorithms, evidence-based medical knowledge bases, and explainable
analytics principles. The proposed system analyzes patient symptoms, electronic
health record data, results of previous examinations, and clinical guidelines to
generate a list of recommended laboratory tests accompanied by explanations for
each recommendation.

To generate recommendations, the system employs machine learning methods,
particularly a Multilayer Perceptron (MLP) neural network. This method was selected
due to its ability to model nonlinear relationships between symptoms, anamnesis data,
and clinical recommendations. The MLP model supports multi-label classification,
which is appropriate for simultaneously generating multiple laboratory test
recommendations. The input to the model consists of a structured set of clinical
features, while the output is a list of recommended tests with associated weighting
coefficients [3].

To enhance transparency and trust in the results, Explainable Al techniques are
incorporated to identify the influence of individual input features on the generated
recommendations. This ensures physician control and verification of decision
outcomes and promotes the safe application of artificial intelligence in medical
practice.

Within the scope of this research, an architectural model of the system was
developed, including data input modules, an artificial intelligence analytical module,
an explainability module, a knowledge base, and a reporting component. Context,
functional, behavioral, and component diagrams were constructed to illustrate
interactions between the physician, the recommendation system, and the patient’s
electronic health record. Active physician involvement in the decision-making
process 1is ensured, with options for editing and approving generated
recommendations.

The proposed recommendation system is designed for practical application in
family medicine and does not replace the physician, but rather serves as an intelligent
decision support tool. Its use enables a reduction in unjustified examinations,
improves diagnostic planning accuracy, optimizes healthcare resource utilization, and
ensures transparency in clinical decision-making processes. The application of
Explainable Al principles enhances trust in the system and aligns with contemporary
ethical and regulatory requirements for the use of artificial intelligence in medicine.

References: 1. Sutton, R. T., Pincock, D., Baumgart, D. C., Sadowski, D. C., Fedorak, R. N.,
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HALLUCINATIONS OF LARGE LANGUAGE MODELS IN
INSURANCE ANNUITY SALES
O. Lobach, Y. Budiukov
National Technical University «Kharkiv Polytechnic Institute», Kharkiv

In the context of the rapidly increasing use of Large Language Models (LLMs)
in financial advisory and insurance sales, the problem of Al hallucinations becomes
particularly critical. Unlike general informational applications, errors generated in the
domain of insurance annuities may result not only in misinformation, but also in
regulatory non-compliance, incorrect risk assessment, and distorted financial
expectations of clients.

The approach proposed in this paper differs from traditional methods of
evaluating Al reliability [1]. Instead of external benchmarking or post hoc error
analysis, LLMs are directly queried about their own limitations, uncertainty zones,
and typical scenarios in which they may generate incorrect or incomplete information
during annuity sales processes. This meta-analytical approach makes it possible to
investigate not only where models tend to fail, but also sow they conceptualize their
own cognitive and informational constraints.

The following analysis is based on a comparative examination of responses
provided by four contemporary LLMs (GPT, Gemini, Claude, and Grok) and aims to
identify common and divergent patterns of self-described hallucinations in the
context of annuity products, regulatory environments, and actuarial calculations (see
Table 1).

Table 1 — Comparison of hallucination characteristics in major LLMs

Characteristic GPT Gemini Claude Grok
Source of | Employs a clear | Focuses on data | Emphasizes pattern- | Identifies
hallucinations three-component obsolescence, matching, generating | weaknesses in
framework: data | logical plausible but non- | excessive
insufficiency, miscalculations, and | existent attributes | generalization of
limitations of logical | regulatory opacity; | based on training | shared patterns and
inference, and | introduces the | examples rather than | the lack of
regulatory concept of feature | actual product | dynamic updates to
uncertainty. blending. prospectuses. static datasets.
Product-specific | Notes the risk of | Refers to the benefit | Provides a detailed | Highlights the
risk misinterpreting roll- | base as a “phantom | description of | tendency to cite
up rates as actual | number” and warns | hallucinated outdated historical
investment returns. | about incorrectly | distinctions between | rates (e.g., 3—4%
promising its | the benefit base and | as a standard),
liquidity. account value. ignoring  current
market conditions.

83




ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

Characteristic GPT Gemini Claude Grok
Regulatory Acknowledges the | Warns against | Demonstrates relatively | Introduces an
context tendency to merge | jurisdictional high awareness of state- | international
distinct  standards | overgeneralization, | specific regulations | dimension, noting
(NAIC  Suitability | where “best | (e.g., New  York, | the risk of
and SEC Reg BI) | interest” standards | California, Florida). erroneous
into a single | are attributed to harmonization
conceptual states that have not between EU and
framework. adopted them. U.S. regulatory
frameworks.
Mathematical Characterizes  its | States that multi- | Admits reliance on -
and actuarial | numerical step actuarial | approximate arithmetic
reasoning comparisons as | reasoning frequently | and an inability to
linguistically results in | consistently distinguish
coherent but | confidently incorrect | between simple and
actuarially invalid. | dollar amounts. compound interest in
rider calculations.
Linguistic - Describes a “default | Identifies the use of | Points to an
overconfidence user bias,” providing | professional jargon | authoritative tone
advice without | without explanation | and  lack  of
considering age or | and the absence of | hedging language
tax status. caveats when | that conceals
presenting  numerical | reasoning errors.
values.
Mitigation Prompt-Level Technical Verification Protocols: | Tool Integration:
strategies Controls: Guardrails: Utilizing | Explicitly forcing the | Using web search
Instructing the | RAG and Python | model to show | for real-time rates
model to state | scripts for math. uncertainty and request | and code
uncertainty and use caveats. execution for
sensitivity ranges. actuarial
modeling.

The obtained results indicate that, despite differences in their

self-analytical

structures, all examined models converge on a common conclusion: their primary
function is to generate linguistically plausible outputs rather than to provide actuarial
or regulatory authority. In the context of annuity sales, LLMs therefore function more
effectively as reasoning support and hypothesis-generation tools than as reliable
sources of factual information about financial products. In addition, the results of the
analysis provide a foundation for the informed selection of a model depending on the
specific stage of the annuity sales process. The identified differences in hallucination
profiles and competency domains across LLMs make it possible to determine which
model is more appropriate for particular business processes, ranging from prospect
identification to annuity issuance and post-sale engagement.
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MODEL OF THIRD-PARTY LIBRARY SELECTION BASED ON
DEMPSTER-SHAFER THEORY OF EVIDENCE
A. Lysenko, I. Kononenko, A. Lysenko

National Technical University «Kharkiv Polytechnic Institute», Kharkiv

Third-party libraries — such as libraries, SDKs, frameworks, services, and
plugins — are essential components of the technology stack in IT projects. The
selection or migration of these libraries should be justified using key indicators that
characterize their usage within a project. These indicators include effort, costs,
quality, risks, and technological effect. In practice, data for these indicators is often
imperfect or comes from various sources, leading to uncertainty and potential
inconsistencies. Therefore, it is important to formalize the library selection process,
which should (1) rely on these indicators, (2) consider project constraints, and (3)
facilitate decision-making in the presence of imperfect data, including uncertainty
and conflicts.

The selection issue should be approached as a multi-criteria problem, where
libraries (referred to as alternatives) are evaluated based on the five indicators
mentioned. Each indicator can be further broken down into specific components. For
example, the effort required for an alternative includes: (1) learning effort, (2)
implementation effort, (3) the effort needed to remove the existing library being
replaced, and (4) the effort necessary to use the alternative after implementation. This
effort can be calculated for a typical usage life cycle or as an average annual effort.

The project environment imposes constraints on resources and on acceptable
levels of the indicator components, defined by specific thresholds. An approach is
considered that treats thresholds not as rigid «cutoffs» that eliminate alternatives, but
rather as flexible criteria that gradually decrease the support for an alternative as it
deviates further from the threshold. To implement this mechanism, a sigmoid (S-
shaped) curve can be used to represent a smooth transition from acceptable to
unacceptable values of a component.

Let® = {4;}j_; be the set of alternatives, wheren is the number of

alternatives considered. Consider K indicator components of the alternatives. For
each component k, k = 1,K, and each alternative A; an estimated value X j 1S

known. The task is to transform X; ; into a belief (support) mass mk(:‘-lj) for the

hypothesis of choosing the alternative, in accordance with Dempster—Shafer evidence
theory.

For indicators to be minimized — effort, costs, and risks—the support degree
Sk,j should decrease as Xj ; increases:

1
SRJ 4o Xk =Xk max) (D)

where X} 14y 15 the target constraint (threshold) for component k.

a;, > 0 is the sensitivity coefficient for component k, which determines how
critical exceeding the threshold is for that component k.
When X; ; = 0 (the ideal value), the support degree Sy ; reaches its maximum.

Within the proposed model, such values are interpreted as full support for the
alternative.
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The choice of the coefficient a; should be linked to a business metric reflecting

risk tolerance (i.e., the admissible exceedance of the target constraint). An allowable
deviation A, from the target constraint X; ... is introduced. In particular, it is

required that when the threshold is exceeded by A, the support degree Sy ; decreases

to the minimum acceptable level Sy ;i

_ i 1=5¢ min
Tk~ Ay % ln( Sk.min ) @)
For indicators to be maximized — quality and technological effect — the

support degree Sy, ; should decrease as X, ; decreases. In (1), the term in the exponent
is replaced with X .., — X} ;, where Xp .5, is the target constraint (minimum

threshold) for component k. Accordingly, when calibrating the sensitivity coefficient
a; 1n (2), the parameter A, is interpreted as the allowable decrease of the indicator
relative to the threshold X, ,,,:,,, at which the support drops to the level Sy ;15

The belief mass m;, for any subset of hypotheses H € ®, H # @, is computed as
the product of the support degrees of the alternatives included in H and the residual

term that captures the risk of falsely excluding an optimal alternative due to imperfect
input data:

m; (H) = (HVAjEHSR,j) X (vajec(l - Sk,j}): (3)
where H is the set of alternatives that the hypothesis considers compliant with
the project requirements; for these alternatives, the support degree Sy ; is included in

the computation.
G is the set of alternatives rejected by the hypothesis as non-compliant,

G = O\H; for these alternatives, the term (1 — Sy ;) is used in the computation.

The proposed approach enables the construction of a set of belief masses
(hereafter, evidence) for the indicator components across all hypotheses in the set @.

The obtained masses are combined while accounting for potential conflicts between
information sources. Given the typical presence of contradictory evidence regarding
alternatives and indicator values, it is reasonable to consider the Dubois—Prade
disjunctive consensus rule for combination, which interprets conflict as uncertainty
and does not perform a “forced” redistribution among alternatives.

As a result, generalized belief masses are obtained for all combinations of
hypotheses in @, on the basis of which confidence intervals are computed for the

corresponding hypotheses. The interval width is interpreted as a measure of evidence
imperfection: the wider the interval, the less definite—and therefore less reliable—
the conclusion. The final selection decision may be based on comparing hypotheses
by two components of the confidence interval: (1) the maximum guaranteed support
and (2) the maximum possible support.

Thus, the proposed model: (1) incorporates constraints on the indicators and
their components; (2) enables transforming observed component values into degrees
of support for alternatives while accounting for incomplete data; and (3) allows
combining evidence in the Dempster—Shafer evidence theory, with the ability to form
both mutually exclusive and composite hypotheses.
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THE ROLE OF MODERN MARKETING STRATEGIES IN
COMPETITIVE ADVANTAGE
G. A. Majidova
Azerbaijan University, Baku, Azerbaijan

Competitive advantage is the ability of a company, organization, or country to
achieve a superior market position through more efficient and effective use of
resources, processes, and strategic capabilities. As digital technologies transform the
market, traditional marketing is less effective. Modern marketing strategies —driven
by technology, data analytics, and consumer behavior —are now essential for building
and sustaining competitive advantage. This article demonstrates how modern
marketing strategies shape and sustain competitive advantage in a dynamic, digital
marketplace.

The Essence of Modern Marketing Strategies. The development of technology,
digital transformation, and global market conditions requires businesses not only to
offer high-quality products but also to employ strategic, innovative, and flexible
marketing approaches. Competitive advantage depends not only on the differentiation
of products and services but also on how a company positions itself in the market,
how it builds relationships with customers, and how it strengthens its brand image.
From this perspective, modern marketing strategies have evolved not only as a means
of increasing sales but also as a fundamental tool for building brand sustainability and
fostering a loyal customer base.

Marketing strategy serves as a comprehensive roadmap that guides
organizations in identifying, anticipating, and fulfilling customer needs while
achieving long-term business objectives. In today’s rapidly evolving business
environment, companies face unprecedented challenges — ranging from technological
disruptions and changing consumer preferences to heightened global competition and
economic fluctuations. As a result, a well-designed marketing strategy is no longer
optional; it has become a crucial element for survival and growth (Ayinaddis, S. G.
2023).

A marketing strategy represents the totality of activities planned by a business to
present its products and services in the market, reach target audiences, and strengthen
customer relationships. Modern marketing strategies combine traditional and digital
tools, enabling broader and more interactive outcomes. These strategies mainly aim
to:

— Increase brand visibility and market recognition;

— Strengthen customer engagement;

— Increase sales and revenue;

— Differentiate from competitors and ensure long-term market advantage.

Modern marketing approaches enable companies to respond quickly to market
changes, allocate resources efficiently, and align team members with strategic
objectives.

Modern marketing strategies, by focusing on digital technologies, data analytics,
and customer experience, encompass concepts such as target market selection, the
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creation of competitive advantage, relationship marketing, and STP (Segmentation,
Targeting, Positioning). At the same time, they adapt traditional elements such as the
classic 4Ps (Product, Price, Place, Promotion) to the digital environment, track each
step of the customer journey, analyze consumer preferences, and design activities
aimed at meeting customer needs. The main modern marketing strategies include
content marketing, social media marketing, search engine optimization (SEO),
influencer marketing, artificial intelligence and marketing automation,
personalization, and data analytics.

The Role of Marketing in Creating Competitive Advantage. Modern marketing
strategies provide a competitive advantage in several key directions:

-Brand Awareness. Strong marketing campaigns increase brand recognition in
the market and help brands remain memorable to consumers. Social media platforms,
short-form videos, influencer collaborations, and interactive campaigns play an
important role in this area.

-Strengthening Customer Relationships. Analyzing customer behavior and
creating personalized experiences are essential for long-term loyalty. Hyper-
personalization and data analytics make it possible to accurately identify customer
needs and offer tailored services.

-Innovation and Differentiation in the Market. Innovative marketing strategies
enable companies to differentiate themselves and gain superiority over competitors.
Brand repositioning, technological integrations, interactive campaigns, and the
introduction of new products are particularly important in this regard.

-Active Presence on Digital Platforms.

Digital marketing enables real-time interaction with customers through social
media, SEO, email campaigns, and mobile applications. This not only increases sales
but also ensures that the brand remains relevant.

The Impact of Modern Marketing on Business. Modern marketing strategies
provide the following advantages to businesses:

— Customer Satisfaction and Loyalty: Personalized experiences strengthen
customer attachment to the brand.

— Growth in Sales and Revenue: Targeted campaigns increase sales and attract
new customers.

— Competitive Advantage: Innovative and flexible approaches differentiate
companies from their competitors.

— Long-Term Brand Value: Strengthening brand image ensures business
sustainability in the market.

Additionally, modern consumers increasingly value authenticity, sustainability,
and social responsibility. Therefore, marketing strategies must integrate ethical
considerations, transparent communication, and community engagement to foster
long-lasting relationships. An effective marketing strategy also requires regular
performance evaluation and adaptation to environmental changes, ensuring continued
relevance and impact (Adrian, 2025).

Conclusion. Modern marketing strategies are a fundamental tool for creating
competitive advantage. They are used not only to increase sales, but also to build
customer loyalty, enhance brand awareness, and achieve differentiation in the market.
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To succeed in a competitive environment, companies must implement strategic,
innovative, and flexible marketing approaches.

The analysis conducted shows that modern marketing strategies no longer
merely serve the function of promoting products and services; rather, they have
become one of the main strategic instruments that determine a company’s position in
the competitive environment. Under conditions of accelerated digitalization,
changing consumer behavior, and global market integration, competitive advantage is
no longer limited to price and quality factors alone. It is increasingly shaped by brand
value, customer experience, innovation capability, and data-driven decision-making
mechanisms.

Modern marketing strategies enable businesses to respond flexibly to market
changes, identify customer needs more accurately, and offer personalized solutions.
Hyper-personalization, active use of digital platforms, socially responsible initiatives,
and the integration of technological innovations into marketing processes support not
only short-term sales objectives but also long-term sustainable development. These
approaches strengthen emotional bonds with customers, increase trust in the brand,
and create advantages that are difficult for competitors to imitate.

At the same time, the effectiveness of modern marketing strategies depends on
their systematic and integrated implementation. The random use of isolated tactics
does not produce sustainable results. Competitive advantage is reinforced only when
marketing strategies are aligned with the overall business strategy, integrated into
organizational culture, and supported by a continuous innovation approach.

In conclusion, modern marketing strategies act both as a catalyst and as a
protective mechanism in the formation of competitive advantage. They enable
companies not only to strengthen their existing market positions but also to create
new sources of value, enter new markets, and ensure long-term sustainability in a
dynamic business environment. From this perspective, the adoption and strategic-
level implementation of modern marketing approaches should be regarded as one of
the main conditions for achieving competitive advantage.

This article provides a comprehensive overview of key marketing strategy
concepts and their practical implications, offering valuable insights into developing
effective frameworks for competitive advantage (Cepeda-Carrion, I. Ortega-
Gutierrez, J.Garrido-Moreno 2023).

References: 1. Adrian LE. Whitmore, Kingsborough School of Management. “Strategic
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MODELS AND METHODS FOR PROCESSING TEXTUAL BUSINESS
RULES IN DECISION SUPPORT SYSTEMS

V. Maliarenko, O. Cherednichenko
National Technical University «Kharkiv Polytechnic Institute», Kharkiv

This research addresses the challenge of converting unstructured natural
language business rules into executable Decision Model and Notation (DMN)
structures within decision support systems. The investigation proposes a
computational framework integrating probabilistic language models with
deterministic validation mechanisms. The proposed approach encompasses three
foundational models: semantic identification of business rule components, automated
generation of DMN decision tables, and test-oriented validation of formalized
structures. Experimental evaluation demonstrates highly-promising convergence
across iterative refinement cycles while reducing computational costs by 6.06%
compared to static validation approaches.

Contemporary decision support systems increasingly rely on explicit business
rules defining decision logic within complex organizational contexts. The Decision
Model and Notation standard provides formal representation of such logic through
executable decision tables. However, business rules are typically formulated in
natural language, and their transformation into formal DMN models requires
substantial manual effort and remains error-prone [1].

Large Language Models demonstrate fundamental challenges in structured data
generation despite excellence in semantic coherence. Transformer architectures
frequently lose track of long-range dependencies in XML structures or fail to
maintain type consistency across decision tables [2]. Empirical analysis reveals that
directly generated DMN tables contain semantic drift and structural violations when
validated against deterministic execution engines, rendering unmediated generation
unreliable for enterprise deployment [3].

The research addresses defect propagation cost through early error detection
mechanisms [4]. The proposed framework comprises three integrated models
addressing distinct phases of business rule processing. Semantic identification model
formalizes the mapping from textual business rules to structured representations.
Given textual rule t, data schema S comprising attributes, domains, and type
mappings, plus domain context C, the model produces rule interpretation r* satisfying
f:(t.5,¢)—»r* The model extracts conditions, actions, and dependencies while
incorporating available data schema, addressing the fundamental challenge of
grounding natural language semantics in deterministic type systems. DMN generation
model constructs decision table structure D comprising input attributes I, output
attributes O, rules R, hit policy H, and condition-result mapping 6. The model
satisfies semantic equivalence where for all valid input states x, the rule semantics
equals decision table semantics: [[r](x) = [D](x). Schema Injection works by
dynamically incorporating data structure specifications into generation prompts. This
method effectively constrains the model's output space by enforcing formal syntactic
rules. Validation model synthesizes test coverage = comprising test cases & = (X,
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O(x)) where expected results O(x) derive from Oracle(T, S, C; x). The critical
innovation lies in independent generation: tests are derived from primary business
rule artifacts rather than extracted from generated tables, enabling detection of
semantic deviations invisible to structural validation alone.

The framework implements hybrid architecture where probabilistic generation
operates within deterministic control structures. The Dispatcher component,
formalized as Cost-Colored Petri Net PN = (P, T, F, W, Mo), functions as intelligent
resource arbiter managing state transitions between generation, validation, and
regeneration phases [5]. Petri Net formalism enables precise modeling of
concurrency, state accumulation, and retry budget enforcement, mathematically
guaranteeing system termination. The architecture employs test-first generation: the
system initially synthesizes validation criteria as JSON test cases utilizing Schema
Injection and Retrieval-Augmented Generation, subsequently grounding DMN logic
generation in these pre-validated scenarios. RAG integration reduces semantic errors
from 14% to 1% by enriching prompts with domain-specific knowledge retrieved
from enterprise knowledge bases. The research introduces simultaneous regeneration
of both DMN tables and test cases upon validation failure. When both artifacts
regenerate together, the model reinterprets the rule set holistically, reducing persistent
misalignment probability.

Controlled experimental analysis across 200 generation cycles evaluated two
error-recovery strategies: independent DMN regeneration versus joint regeneration of
DMN and test cases. Quantitative results demonstrate joint regeneration achieves
6.06% reduction in total cost and 8.44% reduction in token consumption while
maintaining 100% convergence rate with zero irrecoverable failures. The validation
framework successfully identified all error categories through deterministic
execution, with semantic errors detected exclusively through test-based validation
[6].

This research resolves the modeling bottleneck in business rule automation
through systematic integration of probabilistic generation with deterministic
verification. The proposed dual-stream architecture transforms validation from post-
production manual review into pre-production automated cycle.
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DEVELOPMENT OF AN INFORMATION SYSTEM FOR SUPPORTING
PART-TIME AND DISTANCE LEARNING PROCESSES
M. Malko, O. Lobach, N. Marchenko
National Technical University «Kharkiv Polytechnic Institute», Kharkiv

In the current conditions of digitalization of education, part-time and distance
learning have become an integral part of the educational process in higher education
institutions. The quarantine restrictions caused by the COVID-19 pandemic
significantly accelerated the implementation of distance learning technologies, which
led to their widespread use in higher education institutions worldwide [1]. In Ukraine,
starting from 2022, part-time and distance education have gained particular
importance due to the introduction of martial law, which has necessitated ensuring
the continuity of the educational process regardless of the location of students and
teachers. Under these conditions, higher education institutions actively use various
digital platforms and services, including Moodle, Google Classroom, Zoom, and
Microsoft Teams.

At the same time, practical experience with these solutions has revealed several
organizational and technological problems related to supporting part-time and
distance learning. Difficulties arise in managing student enrollment, monitoring the
implementation of curriculum, tracking academic progress, organizing examination
sessions, and accounting for academic arrears. This is because traditional Learning
Management Systems (LMS) are primarily focused on synchronous interaction and
do not always consider the specifics of part-time education, which requires flexible
schedules, student autonomy, and asynchronous access to learning materials [2].

As a result, to ensure comprehensive support for part-time and distance
learning, higher education institutions are forced to use a combination of several
disparate information systems and services. This complicates administration,
increases the risk of errors, and requires additional time and human resources. These
problems arise due to the lack of integrated automated solutions that could, at a
minimum, facilitate the support of educational processes and, at the maximum, fully
optimize them by reducing staff workload and improving learning efficiency.

The aim of this work is to develop an information system to support part-time
and distance learning processes that integrate functionality for the effective support of
both forms of education, considering the specific needs of students. This aim is
achieved through the development of a multi-module web application which, unlike
classical LMS solutions, is oriented not only toward learning content but toward the
full cycle of part-time student support-from enrollment to the completion of
examination sessions and the processing of academic documentation.

The scientific novelty of this work lies in the development of an approach to
designing an information system focused on the comprehensive support of part-time
and distance learning, covering not only educational content but also administrative,
organizational, and analytical processes of a higher education institution within a
unified information environment.
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The practical value of the work consists in the possibility of using the
developed system in the activities of higher education institutions to reduce the
administrative workload on dean’s offices and teaching staff, increase transparency
and manageability of the educational process, and improve access to educational and
organizational resources for part-time and distance learning students.

Thus, the future system is designed as a modular solution comprising the
following components: a student enrollment and curricula module; a courses and
learning content module; an assignments and assessment module; a communication
and support module; a schedule and events module; an examination sessions and
academic arrears module; a documents and applications module; an analytics and
reporting module; as well as an administrative module.

The modular architecture of the system enables the integration of new
subsystems with the existing information system of the university, ensuring
continuity of operation and minimizing risks during implementation.

The server-side component is developed with consideration of the software
solutions already used to support the educational process, using the PHP
programming language. This approach allows the expansion of the functionality of
the existing system by adding new modules without the need for its complete
redesign. For data storage and processing, the PostgreSQL database management
system is used, which is already employed at the university and has proven to be a
reliable and productive solution for handling large volumes of structured information.
The use of a unified DBMS ensures compatibility with new modules with existing
data and simplifies their integration.

The selected technological solutions also consider the availability of specialists
responsible for maintaining and developing the university’s current information
systems, which helps reduce the costs of implementation, maintenance, and further
scalability of the developed system.

An important aspect considered in the development of the system is the need
for its integration with other information systems of the university, including
electronic databases and library systems. This ensures a unified information space
and reduces the administrative burden for both students and teachers [3].

The system is primarily intended for use at the National Technical University
«Kharkiv Polytechnic Institute» to improve the quality of support for part-time and
distance learning students. As a result of this work, an improvement in the quality of
educational services for part-time and distance learning students is expected,
contributing to the competitiveness of the university in the context of education
digitalization.

References: 1. UNESCO. COVID-19 Educational Disruption and Response. 2020. URL.:
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TRANSFORMATION OF HR-MANAGEMENT IN THE CONTEXT OF
DIGITALIZATION OF THE PUBLIC SECTOR
H. Matkivska, O. Zachko
Lviv State University of Life Safety, Lviv

Digital technologies enable security-oriented systems to provide more
responsive, accessible, and innovative public services. For example, with the
introduction of an electronic office, personnel can access online services, reduce
bureaucracy, and improve service quality. In addition, technologies such as big data
can be used to improve the monitoring and management of public resources. Digital
technologies enable personnel to participate in decision-making and policy planning.
Through participation platforms, personnel can contribute and collaborate with
government agencies to formulate policies that are more inclusive and responsive to
current needs. This strengthens the principles of democracy, transparency, and
accountability. The transformation of governance also involves closer cooperation
between government agencies, departments, and personnel. Digital technologies
facilitate effective partnerships and interactions between these entities. Thus, the
impact of digital technologies on governance transformation is significant. These
changes have created new opportunities to increase efficiency, improve service
quality, and enhance public participation.

Engaging employees in change. Change affects every employee in the
organization. This means that for a successful digital transformation, all stakeholders,
from employees to managers, must be effectively engaged and communicate to
consider all the pros and cons of civil protection HR management transformation.

Identifying digital tools. Today, technology is available to help the public sector
optimize its work, improve the experience, and automate processes. But before
choosing to upgrade, it is necessary to evaluate the available digital tools and
technologies, aligning them with the goals of government agencies in the field of
human resource management.

Implementation. Gradually implement the selected HR technology until it is
fully integrated with existing data and HR systems. The goal is not to disrupt the
existing system, but to make gradual changes that are easy to adapt to. Implementing
the software will help measure and optimize the organization's performance.

Focus on digital culture. HR technology is not the only condition for the
transformation of HR in government structures; it is the digital transformation of the
entire organization. It is vital to prioritize the experience of personnel to ensure that
the plan meets their needs and provides sufficient information about the changes. Get
feedback periodically and understand the mindset of the entire organization. This will
create a culture of a healthy government system.

In the context of government organizations, digital transformation directly
affects both HR professionals and the entire institutional structure. It changes the
roles and functions of human resources departments, increases the requirements for
professional competencies of employees, and requires the formation of a new
organizational culture focused on flexibility, openness to innovation, and continuous
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learning. At the same time, the process of implementing digital changes is
accompanied by a number of risks, including staff resistance to change, insufficient
digital literacy, limited resources, and threats to information security and personal
data protection.

Minimization of human error

Optimization of staff adaptation

Freeing up staff time

4
mprove the guality of HR-processes
and work performence

Fig. Digitization of key trends in human resource management

Such risks are characteristic of periods of transformation in public
administration, especially in the context of reform and crisis situations. That is why
the role of human resource management specialists is growing significantly. They
must not only accompany the technical implementation of digital tools, but also
ensure effective change management, communication with staff, and support for
employees in the adaptation process. Therefore, successful digital transformation of
HR in the public sector is impossible without systematic training and retraining of
personnel.
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A NOVEL APPROACH FOR E-GOVERNMENT SERVICES WITH
ARTIFICIAL INTELLIGENCE USING ARTIFICIAL NEURAL NETWORKS
Ali ALQudah Mohammad
Khazar University, Baku, Azerbaijan

Artificial intelligence (Al), especially the rapidly growing field of artificial
neural networks (ANNs), is an exciting and emerging area of computer science which
has a very broad scope and can replicate and enable human decision making in the
form of intelligent processors of information. As Al technology grows, there is a
major concern/consideration for the requirement of public services in every walk of
life, ranging from health to education to social welfare. This paper aims at the
exploitation of Al technology in the development of public services (specially e-
government) which can provide an intelligent decision making layer that can be
beneficial to the populace. E-government is basically the employment of ICT
(Information and Communication Technology) to exchange information and services
in the public sector. This is kind of a revolution from the current manual and
paperwork oriented public sector and provide round the clock services to the citizens.
Govt. of any nation implements various decisions and projects them as policies for
the benefit of the public. Then these public sectors have various institutions that
provide services to the public. With time, information technology has also
revolutionized the way the public gets access to these policies and services. E-
government services have been an evolution from the last decade and have definitely
made the governance simpler, cheaper, and quicker. But the services provided are
more kind of an information exchange and the public has to make a lot of decisions
(which services to choose to accomplish a task, what are the implications, and can he
find the best possible solution) regarding those services that can be confusing. Also,
there can be cases where the policies are not very well understood to have any
services behind them as govts do not want to take a decision considering their
implications and also implementing the decisions which are best for the public. There
is a vast scope of simulation here, the decisions, the policies, an intelligent
environment which can be a very good test bed for policies and which can provide
the implications verified at the best interest of the public. Now this is a perfect
ground for an intelligent environment which can be in the form of an intelligent agent
or a knowledge base, but we are focusing on the employment of Al technology which
1s still an improvement from the previous decade
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MANAGEMENT OF FIXED-BUDGET IT PROJECTS UNDER CONDITIONS
OF NONLINEAR DYNAMICS OF THE EXTERNAL ENVIRONMENT
V. Morozov, R. Kulyk
Taras Shevchenko National University of Kyiv, Kyiv

Fixed-budget IT projects operate under conditions of nonlinear external
dynamics, including market volatility, technological uncertainty, and regulatory
changes, which limit the effectiveness of traditional linear project management
approaches. This paper explores adaptive management of fixed-budget IT projects
based on forecasting nonlinear environmental impacts and systems analysis. A
conceptual management framework is proposed to support informed decision-making
and improve project controllability while maintaining fixed budget constraints.

Introduction. Fixed-budget IT projects, particularly in outsourcing, face
nonlinear external dynamics such as technological change, market volatility, and
regulatory uncertainty, which reduce the -effectiveness of traditional linear
management approaches. Adaptive strategies integrating forecasting and systems
thinking can improve decision-making and enhance project controllability under
these dynamic conditions.

Methods. The study employs a multi-level methodological approach combining
systems analysis, nonlinear modeling, and forecasting techniques to address the
challenges of managing fixed-budget IT projects under dynamically changing
external environments. The first step involves identifying key sources of nonlinear
impact, including market volatility, technological evolution, regulatory changes, and
shifts in stakeholder expectations. These factors are analyzed in terms of their
potential influence on project constraints such as cost, schedule, and scope.

Next, predictive models are developed to quantify the effects of nonlinear
environmental dynamics on project performance. These models incorporate historical
data, trend analysis, and scenario-based simulations to forecast potential deviations
and risk escalation. The methodology also integrates adaptive management
mechanisms, allowing project managers to adjust strategies proactively based on
forecasted outcomes.

Finally, a conceptual framework is formulated that combines forecasting results
with decision-support tools, enabling real-time monitoring of project performance
and facilitating informed managerial interventions. This integrated approach ensures
that fixed-budget constraints are respected while improving resilience to
unpredictable external influences and enhancing the likelihood of successful project
completion.

Results. The application of the proposed framework demonstrates improved
management of fixed-budget IT projects under nonlinear external dynamics.
Predictive models enable early identification of critical deviations in cost, schedule,
and scope, allowing managers to implement corrective actions before risks escalate.
Scenario-based simulations show that integrating forecasting with adaptive decision-
making significantly reduces the likelihood of budget overruns and schedule delays
compared to traditional linear management approaches.
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Furthermore, the framework provides a structured mechanism for monitoring
environmental changes and adjusting project strategies in real time. This increases
project resilience, enhances controllability, and supports more informed decision-
making under conditions of uncertainty. The results indicate that combining
forecasting techniques with adaptive management can substantially improve the
success rate of fixed-budget IT projects in outsourcing environments..

Discussion. The findings emphasize the importance of integrating forecasting
and adaptive management in fixed-budget IT projects under nonlinear external
dynamics. Predictive models and scenario-based simulations help managers identify
risks early, take proactive actions, and maintain performance within budget
constraints. The proposed framework enhances controllability, resilience, and timely
strategic adjustments, highlighting the value of adaptive, forecast-driven approaches
in high-uncertainty IT projects.

Conclusions. Managing fixed-budget IT projects under nonlinear external
dynamics requires adaptive, forecast-driven approaches. Integrating predictive
models with systems-oriented management improves early detection of deviations,
decision-making, and project controllability. The proposed framework enhances
resilience, reduces budget and schedule risks, and supports strategic adjustments,
highlighting the importance of forecasting and adaptive mechanisms in high-
uncertainty IT projects..
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ASSESSMENT OF PROJECT ACTIVITY AND DEVELOPMENT
PERSPECTIVES
I. Muradov, I. Soforaliyeva
Azerbaijan University of Architecture and Construction, Baku, Azerbaijan

Abstract. Project activity 1s a crucial component in organizational growth and
innovation. Evaluating project performance enables managers to identify strengths,
weaknesses, and future development opportunities (Mammadov, 2020). This study
examines current methods of project assessment and proposes strategies for
improving project efficiency and sustainability. The research emphasizes the
integration of modern project management tools, training programs, and
sustainability considerations as essential for achieving long-term project success
(Brown & Green, 2022).

Introduction. Project activity involves the planning, execution, and monitoring
of tasks to achieve specific objectives (Mammadov, 2020). Effective assessment
allows organizations to optimize resource use, increase productivity, and ensure long-
term success (Huseynli, 2021). With rapid technological advances and increasing
competition, project management has become a key factor in organizational
development (Smith, 2019). Proper evaluation of projects ensures that organizations
can identify potential risks, allocate resources efficiently, and adopt best practices
(Brown & Green, 2022).

The purpose of this paper is to explore key methods of project assessment and to
present development perspectives that enhance project outcomes. Special attention is
given to modern software tools, training programs for project teams, and
sustainability integration as crucial components of contemporary project management
(Johnson, 2021).

Methods of Project Assessment. Methods of project assessment vary according
to organizational objectives, project size, and the complexity of tasks involved, and
they collectively aim to determine how successfully a project has been executed. One
of the most widely applied approaches is the use of Key Performance Indicators
(KPIs), because measurable criteria such as time, cost, and quality enable managers
to monitor efficiency and identify deviations from planned targets at an early stage
(Mammadov, 2020). KPIs make the evaluation process more concrete and provide
clear benchmarks for assessing project success. Another important method is the
Balanced Scorecard approach, which examines not only financial indicators but also
non-financial dimensions including customer satisfaction, internal operational
efficiency, and innovation capacity (Smith, 2019). This approach offers a
comprehensive understanding of how a project contributes to the organization’s
strategic goals. Project audits represent a further significant evaluation method, as
they involve detailed reviews of both project processes and final outcomes, allowing
organizations to detect weaknesses, inefficiencies, and areas requiring improvement
(Brown & Green, 2022). Audits strengthen accountability and help teams extract
valuable lessons from completed projects. Overall, combining quantitative and
qualitative assessment techniques enables organizations to gain a holistic view of
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performance and supports more informed strategic decision-making (Huseynli,
2021).

Development Perspectives. Development perspectives in project management
focus on enhancing project efficiency, strengthening organizational capabilities, and
ensuring long-term sustainability, reflecting the importance of both short-term results
and broader strategic impact. One of the main strategies involves integrating modern
project management software, as tools such as Microsoft Project, Jira, and Asana
streamline workflows, improve team coordination, and allow real-time monitoring of
project progress (Johnson, 2021). These digital solutions automate reporting, reduce
human error, and help teams work more efficiently. Another essential development
strategy is training and capacity building, since continuous professional development
increases team competence, fosters knowledge sharing, and enhances adaptability in
complex or rapidly changing environments (Mammadov, 2020). Incorporating
sustainability principles into project management is equally important, with ESG
standards guiding organizations to align their initiatives with environmental, social,
and governance objectives; such practices reduce potential risks and strengthen
corporate reputation (Brown & Green, 2022). Looking ahead, development
perspectives increasingly highlight the use of artificial intelligence and predictive
analytics to improve resource allocation, anticipate project outcomes, and enhance
decision-making quality (Johnson, 2021). As a result, organizations that combine
innovative technologies with traditional project management approaches are more
likely to achieve sustainable development and maintain a competitive advantage.

Conclusion. Regular assessment of project activity is essential for organizational
growth, productivity, and competitiveness (Huseynli, 2021). Combining traditional
evaluation methods such as KPIs and audits with modern strategies like software
integration, training programs, and sustainability considerations ensures that projects
remain efficient, adaptive, and socially responsible (Mammadov, 2020; Brown &
Green, 2022). Future research should explore the integration of digital tools and
methodologies, and assess their impact on project performance and long-term
sustainability (Johnson, 2021).
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MATRIX FOR SELECTION A PROJECT MANAGEMENT
APPROACH IN HYBRID PROJECTS
O. Mushynskyi, M. Feshchenko
KROK Upniversity, Kyiv

Modern project management is undergoing substantial intensification of
complexity driven by two trends: the proliferation of megaprojects, which are
characterized by a large number of stakeholders, interdependent subsystems, and
extended supply chains; and the growing prevalence of hybrid projects that combine
heterogeneous work types, different forms of uncertainty, and multiple decision-
making regimes. In such projects, practitioners increasingly blend tools and practices
drawn from different methodologies, because a «single approach» often fails to
ensure controllability across all workstreams.

This situation amplifies the demand for models that enable a justified selection
of management practices not only at the aggregate project level, but also in a
differentiated manner — for distinct subproblems and project contours that may
operate within different activity environments. Accordingly, a key question emerges:
which approaches should be applied when a single hybrid project simultaneously
spans multiple environments and therefore requires not one, but several mutually
aligned management practices.

Within both professional practice and scholarly discourse, two widely used
frameworks for selecting management approaches under uncertainty are the Cynefin
framework and the Stacey matrix. Cynefin is valuable because it helps determine the
domain in which a system operates and supports the selection of a management
regime. The Stacey matrix is traditionally used to position situations along two
dimensions of uncertainty («what is needed» and «how it can be implemented»),
thereby informing the choice between more plan-driven and more adaptive
approaches.

However, for hybrid projects and megaprojects, both frameworks exhibit
notable limitations. First, they insufficiently capture situations in which the decisive
factors are not only requirements or technological complexity, but also increasing
environmental volatility and turbulence, as well as constraints in fundamental
resources. Second, these models are less effective as instruments for hybrid
configurations in which different parts of the work require different regimes.
Consequently, there is a need for an additional descriptive lens that links the choice
of approach to a system’s resource capacity to learn and to produce solutions under
constraints of time and search scale.

The methodology selection model proposed in this study builds on two
conceptual foundations. The first is the evolutionary design spectrum, within which
solution-generation regimes range from traditional design to various forms of guided
experimentation and evolutionary selection of solutions [1]. The second foundation is
the economic tetrad, within which space and time are treated as fundamental
resources of a system’s existence and activity [2].

To support decision-making regarding the selection of project management
approaches, the model proposes a matrix defined by two axes:
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1. Time axis (T): time available for learning through iterations. This
dimension reflects the realistically available number of cycles (sprints, iterations,
prototype generations) as well as the temporal buffer before a deadline. High values
of T indicate the possibility of repeatedly refining solutions through feedback,
whereas low values imply a need to decide quickly with a minimal number of
learning loops.

2. Space axis (S): the volume of search/experimentation space available to
the system. This dimension captures the capacity for parallel exploration and
verification of options: how many hypotheses/alternatives the team can test per unit
of time, what degree of parallelism is feasible, and how quickly feedback can be
obtained. High values of S imply high experimental throughput; low values indicate
constraints on the number of trials and alternatives.

Within this two-dimensional space, zones emerge, each corresponding to a
characteristic management regime:

Traditional Design (low T, low S). This zone reflects situations with a shortage
of time and a low capacity to test alternatives. Management tends toward expert-
driven design, detailed specification, and change minimization, because errors are
costly and feedback is slow or expensive.

Combinatorial Design (intermediate T and/or S). This regime corresponds to
contexts in which combinations of solutions can be explored — for example, feature
variants, configurations, or architectural alternatives. Management is appropriately
framed as organizing a design space: forming a portfolio of alternatives, managing
dependencies, and accumulating knowledge.

Continuous Evolution (high T and high S). This is a mode of continuous
evolution: many iterations combined with high verification speed. Management
becomes product-oriented, emphasizing continuous discovery and delivery, metrics,
system learning, regular data-driven selection of solutions, and governing evolution
through rules and constraints rather than a static plan.

Trial and Error (no knowledge). The critical meaning of this zone is not the
endorsement of chaos but the risk of legitimizing it: if an organization generates
many trials without building knowledge (i.e., without hypotheses, measurement, and
inference), costs increase without corresponding progress. In project terms, this
manifests as proliferating activity without managed learning.

As a result, a hybrid project is interpreted not as a “compromise” between
methodologies, but as a configuration of regimes in which each work area is
governed by a logic aligned with the team’s resource capacity: whether repeated
learning 1s feasible (T), whether parallel testing is feasible (S), and whether
knowledge accumulation is sufficient to shift activity from “blind trials” to guided
selection.

References: 1. Castle, S. D., Stock, M., & Gorochowski, T. E. (2024). Engineering is
evolution: a perspective on design processes to engineer biology. Nature Communications, 15(1),
3640. https://doi.org/10.1038/s41467-024-48000-1. 2. Rach, V., Rossoshanska, O., Medvedieva, O.,
& Yevdokymova, A. (2019). System modelling of development of innovative project-oriented

enterprises. Marketing and Management of Innovations, 1, 105-131.
https://doi.org/10.21272/mmi.2019.1-09.
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NUMERICAL SOLUTION OF A PROBLEM OF DETERMINING THE
RIGHT HANDSIDE FOR A STRING VIBRATION EQUATION
V. N. Nasibzadeh
Sumgait State University,Sumgqait, Azerbaijan

The paper considers the inverse problem of determining the right-hand side of the
string vibration equation. This problem reduces to the problem of minimizing a
functional constructed using additional information. The problem is solved numerically
using the gradient projection method.

1. Problem statement

Let us consider a problem of finding of the pair (u(x,t),v(¢)) from the following

relations:
o*u B ou B
§—$+U(t), (x,t)e 0=(0,£)x(0,T), (1)
u(x,0) = uy(x), 0u(x,0) =u(x), 0<x<, 2)
u(0,¢)=u(l,t)=0, 0<t<T, (3)
u(xy,t)=plt),  0<t<T 4)

here u,(x),u,(x), p(¢)—are the given functions, 0 < x, < /.

Let us reduce this inverse problem to the following optimal control problem:
Find the minimum of the functions

T

7, 0)= [lulspts0)- p(0F e +

0

hsY

[Tole)- ol 5)

2
at within the constraints (1)-( 3) and for

u(t)eV:{u(t)/}uz(t)dtsﬁ} (6)

0

where @(¢)—is a given function, r >0~is a given number.

It is assumed that all the data of the problem are rather regular.

For numerical solution at this problem we can use various minimization methods,
for example, the method of gradient projection, the method of conditional gradient.

In brief, we stop on the gradient projection method. For the problem (1)-(3),(5),(6)
the gradient projection method is reduced to constructing the minimization

sequence {Uk (t )} by the rule

103



ISBN 978-617-05-0598-9. Integrated strategic management, portfolio, program and project management

Uy (f)_ ak‘],ﬁ (Uk )»

_[[Uk (t)- o, J (v, )]2 dt<r? for,
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’”(Uk (r)- oS (Uk ))

Uk+1 (t) = 1 ’

@pk aﬂv%]mT

g[uk (t)— akJ/'j (z)k )]Zdt > 2 for,

where a; >0 is chosen by one of the rules described in [1] §4, p.2 Jj (v)- is the

gradient of the functional (5) and determines
7 (0)=y(x,10)+ plole) - o))

w(x,t;0)—is determines as the solution of the problems (1)-( 3), (5), (6)

TV TV lotso) - oG- ) < 0.0x01)
X
w(x,T)=0 6"’;’7) 0,0<x</, (8)
w(04)=0,py(1,1)=0, 0<¢t<T )

being the adjoint of (1)-( 3), (5), (6).

References: 1. Vasil’ev, F. P. (1981). Methods for solving extremum problems. Nauka.
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HYBRID NEURO-FUZZY DECISION SUPPORT MODEL FOR
SELECTING AI-TOOLS IN PROJECT MANAGEMENT

I. Nesterenko, A. Kopp
National Technical University «Kharkiv Polytechnic Institute», Kharkiv

The rapid development of Artificial Intelligence (Al) technologies has expanded
their application within project management environments. Modern organizations
employ Al-based tools to support planning, monitoring, collaboration, and decision-
making activities. However, the diversity and functional heterogeneity of available
Al solutions complicate the process of selecting tools aligned with established project
management frameworks. In practice, project managers often rely on subjective
judgment, simplified evaluation criteria, or vendor-driven recommendations.

This study proposes a hybrid neuro-fuzzy decision support model aimed at
assessing and predicting the relevance of Al tools to the knowledge areas defined in
the Project Management Body of Knowledge (PMBOK). The proposed approach
integrates fuzzy clustering, neural network classification, and cognitive interpretation
mechanisms. The model combines quantitative prediction with explainable reasoning,
thereby supporting informed managerial decision-making.

Recent research highlights the increasing role of Al in enhancing project
management efficiency through automation, predictive analytics, and collaboration
support [1-3]. Systematic reviews confirm a steady growth of AI adoption across
software engineering and project lifecycle phases, emphasizing the strategic
importance of intelligent decision support systems [4].

The object of the research is the process of project management under
conditions of active integration of artificial intelligence technologies. The subject of
the research are models and methods of decision support based on neural networks,
fuzzy logic, and cluster analysis applied to the selection and evaluation of Al tools.

The main scientific contributions are:

1. A hybrid model integrating Principal Component Analysis (PCA), Fuzzy
C-Means (FCM) clustering, and Multilayer Perceptron (MLP) neural networks for Al
tool relevance assessment.

2.  An ANFIS-like (Adaptive Neuro-Fuzzy Inference System) interpretation
mechanism enabling the transformation of latent technical factors into linguistic
decision rules.

3. A cognitively oriented DSS (Decision Support System) concept combining
predictive accuracy with explainable reasoning, conceptually aligned with current
trends in explainable and LLM-assisted (Large Language Model) DSSs [5, 6].

A dataset comprising 37 Al tools was constructed using Gartner Peer Insights,
G2, and vendor documentation. The feature set included functional indicators
(automation, analytics, generative capabilities), business parameters (cost, reviews),
and quality metrics. Fuzzy C-Means clustering was subsequently performed in the
latent feature space.

Cluster validity analysis indicated that a two-cluster structure provides the most
stable partition. The identified clusters were interpreted as:
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1. Operational-Analytical Al tools for monitoring, automation and integration.

2. Cognitive-Generative Al tools for analytics and content generation.

The study proposes a hybrid decision support architecture in which neural
networks ensure predictive scalability, while fuzzy logic provides interpretability. An
additional conceptual LLM-based reasoning layer is introduced.

LLM reasoning layer
(explanations and
recommendations)

T

Decision support pipeline

ANFIS MLP
Fuzzy C-means s
(Stricte discovery) — (rule-based fuzzy EEE— (classification across
Y inference) PMBOK 10 areas)

Fig. 1. Hybrid decision support pipeline for selecting Al tools in IT-project management

Formally, this pipeline is defined as P = (X, C,F, M, L), where X is the set of

project feature input vectors. First, FCM assigns each input vector to multiple clusters
with different memberships, C: X — {C;, ..., Ci}. Further, clustered data is processed

by ANFIS — F, formalized by a rule base R € U X V and a set of membership
functions p: X — [0,1], which transforms clustered inputs into a fuzzy feature space.
Next, MLP is applied — M:V — Y, where output Y = {y, ..., Y10} corresponds to the

10 PMBOK knowledge areas. Finally, the LLM-based reasoning layer is applied —
L:Y — E, where E denotes the set of generated explanations and recommendations.

As a result of the study, a three-module decision support system architecture
was developed. The architecture integrates an ANFIS-FCM module for fuzzy rule
generation and cognitive interpretation, an MLP module for accurate and scalable
prediction and an LLM-based reasoning layer for logical explanation and
recommendation generation.

References: 1. Boudreau, P. (2024). Applying artificial intelligence in project management.
Project Management Institute. 2. Mood, S. (2024). The role of Al-driven project management in
software development: Trends, benefits, and challenges. International Journal of Computer Sciences
and Engineering, 12(11), Article 16. https://doi.org/10.26438/ijcse/v12i11.16. 3. Svoboda, 1., &
Lande, D. (2024). Enhancing multi-criteria decision analysis with Al: Integrating analytic hierarchy
process and GPT-4 for automated decision support. arXiv. https://arxiv.org/abs/2402.07404.
4. Park, H., Oh, H., Gao, F., & Kwon, O. (2025). Enhancing analytic hierarchy process modelling
under  uncertainty  with  fine-tuning large language models. Expert  Systems.
https://doi.org/10.1111/exsy.70051. 5. Srdevi¢, B. (2025). Evaluating the societal impact of Al: A
comparative analysis of human and Al platforms using analytic hierarchy process. A, MDPI
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INTEGRAL APPROACHES TO MANAGING TRANSPORT SYSTEM
DEVELOPMENT PROJECTS
V. Piterska
Odesa National Maritime University, Odesa

In the context of sustainable development, transport systems must be integrated
with environmental, social, and economic objectives, as defined in the United
Nations Sustainable Development Goals. This includes emission reduction,
optimization of freight delivery systems, and risk management. The contemporary
transport sector is undergoing a period of intensive transformation driven by the rapid
advancement of digital technologies and the necessity to adapt to the evolving
demands of society. In this context, project management in the transport industry
faces new challenges that require a revision of traditional approaches to planning and
implementing solutions aimed at improving the efficiency of freight delivery systems.

Integrated project management methods, which combine elements of traditional
and agile methodologies, represent a promising solution for the transport sector. They
enable the preservation of the required level of structural rigor while simultaneously
ensuring flexibility and adaptability to change. Traditional project management
approaches, focused on detailed upfront planning, often prove inadequate in
conditions of rapid technological change in the transport sector, unpredictable
regulatory shifts, the need to integrate new digital solutions, increasing sustainability
requirements, and the involvement of diverse stakeholders.

Mathematical models for sustainable development in freight forwarding and
logistics activities include risk-based models, such as multimodal transport risk
models with stochastic parameters [1, 2]. Bifurcation analysis in traffic flow models
demonstrates transitions to instability induced by risk parameters [3, 4].

Recent studies in the field of integrated project management in transport
emphasize the integration of strategic and project management. For instance, study
[5] on integration in transport enterprises highlights the necessity of strategic
planning for sustainable operational development.

Integrated project management methods represent a combination of elements
from various methodologies adapted to the specific characteristics of a given project
or organization. The main types of integrated approaches in managing transport
development projects include: phased integration, which involves the application of
different methodologies at different project stages, for example, employing a
traditional approach for planning freight delivery systems and Agile methods for
implementing transport development projects; functional integration, which implies
the allocation of methodologies across functional domains of a transport project, such
as traditional methods for managing transport infrastructure and Agile approaches for
IT components of freight delivery systems; system integration, which focuses on the
development of a unified methodology combining elements of various approaches
across all aspects of managing freight delivery system development projects.
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The integration of transport systems into sustainable development requires a
multimodal approach, in which transport is aligned with economic, social, and
environmental objectives.

Within the framework of forming an integrated model for transport system
development, it is proposed to apply technical criteria (level of compliance with
technical requirements, efficiency of technical solutions, degree of innovation
adoption in transport system development projects), economic criteria (degree of
adherence to the project budget, return on investment in transport system
development projects, efficiency of resource utilization), process criteria (level of
compliance with project implementation schedules, responsiveness and flexibility to
changes, level of information interaction), and project stakeholder criteria (customer
satisfaction level, project team engagement level, and the social impact of the
project).

The conceptual model of sustainable development in implementing transport
system development projects within a risk-oriented approach constitutes an integrated
system of interrelated components ensuring a balanced achievement of economic,
environmental, and social objectives while minimizing project risks. The model is
based on the Triple Bottom Line concept of sustainable development, adapted to the
specific characteristics of transport projects, with the integration of risk-oriented
management principles across economic, environmental, and social dimensions.

First, optimization of the life cycle of transport system development projects is
performed, ensuring the financial sustainability of transport systems, improving
resource efficiency, and establishing stable funding sources while accounting for
financial risks. Second, the model focuses on minimizing negative environmental
impacts, implementing environmentally friendly technologies, reducing greenhouse
gas emissions, and managing environmental risks in accordance with the principles of
the circular economy within the operation of transport systems. Third, accessibility of
transport services is ensured, quality of life is improved, employment opportunities
are created, and social risks, including impacts on local communities, are effectively
managed.

References: 1. Bifurcation Theory in Transport Systems: Mathematical Models / ed. by
R.K. Smith, J.L. Anderson. Cambridge University Press, 2021. 324 p. 2. Transportation Research
Board. Digital Transformation in Transportation: Strategic Implementation Guide. National
Academies Press, 2022. 145 p.3. O. Kyryllova, V. Piterska, V. Kyryllova, V. Shakhov,
«Implementation Framework for a Maritime Transport Navigation Safety Information System:
Project Development Approach», Proceedings of the 6th International Workshop IT Project
Management (ITPM 2025), Dortmund, May 2025, CEUR Workshop Proceedings, 2025.
4. Piterska, V. (2025). Development of a cargo delivery risk management system based on the
HAZOP method and the XGBOOST model. Herald of the Odessa National Maritime University,
(75), 161-175. https://doi.org/10.47049/2226-1893-2025-1-161-175.5. V.  Samoilovska, O.
Kyryllova, V. Piterska, «Model for Evaluating the Efficiency of Seaports Development Projects
Based on the Quality 4.0 Information and Analytical System,» Proceedings of the 4th International
Workshop IT Project Management (ITPM 2023), Warsaw, Poland, May 19, 2023, CEUR
Workshop Proceedings, 2023, vol. 3453, pp. 1-12.
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MANAGING PROJECTS IN THE DEVELOPMENT OF MOBILE
APPLICATIONS
D. Rudyak
Taras Shevchenko National University of Kyiv, Kyiv

Project management as a mobile application involves structured and strategic
planning, design, development, and maintenance of digital products that efficiently
operate within the means and capabilities. It requires a synthesis between technical
know-how, user-centered design principles and rapid management methodologies to
ensure the final application is both functional and appealing for its intended audience.

For mobile application project management to bear fruit, goals, requirements
and success criteria must be explicit. Given the variety of user groups served by
mobile apps and their complex interactions, project managers have to carefully gather
and analyze user needs, market trends, and competitive landscapes. The early stages
usually include defining user personas, identifying core features — and through
prototypes and wireframes shaping product vision for software later down the line.
This provides a basis on which technical and commercial objectives can be kept in
check throughout the project life cycle.

The management of a mobile app project involves heavy use of iterative
development cycles. Agile frameworks such as Scrum, or Kanban can be used to
enable work to be sliced into manageable increments, prioritize features based upon
their value and refine the product continuously through feedback loops. Short release
cycles help verify assumptions early on, recognise usability problems, and when used
regularly can allow for the adaptation of development plans as user expectations
change or new constraints crop up from platform updates.

Technical issues are a key factor in managing such projects. Choices made about
native, cross-platform, or hybrid development have an impact on performance,
scalability, and long-term maintainability. Managing project managers need to work
closely with technology leads to ensure that architectural decisions are appropriate for
the app’s purpose and expected user loads-integration with back-end services, API
performance, data security and adherence to mobile operating system guidelines are
all key aspects of technical design.

The experience of the user is equally important. It becomes a decisive factor for
mobile application success. The screen is small and operated by tapping your finger.
The interface must be intuitive. It must also respond to the user's input quickly while
being easily accessible. In this context, project management means that close
collaboration is required among designers, developers and quality assurance
engineers, all of whom need to ensure that UI/UX standards are upheld consistently.
User tests and usability studies help improve the flow of navigation, give sight
precedence over any other measure, and remove friction points from users' journeys.
The necessity of quality assurance and risk management in mobile app projects,
However, cannot be overlooked. The diversity of devices of all kinds, operating
systems with their own special features, screen resolutions that vary widely and
hardware configurations that deviate significantly from one another therefore suggest
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extra layers of complexity. Procedures for testing must include functional tests,
performance evaluations, compatibility checks, security advisory statements, as well
as real device testing. Effective risk management ensures that problems such as data
breaches, bottlenecks in performance or system failures of other kinds will be
discovered earlier and resolved ahead of completion before the application is rolled
out.

Deployment and management within the mobile app lifecycle are also key to
successful projects. Publishing in app stores requires adherence to platform-specific
rules, version control and scheduling strategic timing for releases. Post-launch
activity includes identifying user feedback, reviewing statistics, rectifying bugs and
continuously updating the application to enhance it. Continuous improvement makes
sure the app is always competitive yet able to flex with changing user needs and
technology trends and that it remains competitive. But really, it is an unchanging fact
of mobile applications! In conclusion, project management in the context of a mobile
application is a multilayered process. It involves strategic planning, technical
decisionmaking and user-centered design with agile thinking as an amalgam.
Multidisciplinary teams' coordination, management of risks and the placing members
of development groups for maximum effect. Organizations that are able to follow
these principles stand a good chance of creating mobile solutions which not only
deliver sustainable results and possess technological stakes, but come to influence
international standards in a rapidly developing mobile world.

Ultimately, effective project management in the format of a mobile application
ensures not only the successful delivery of a functional digital product, but also its
long-term relevance, adaptability, and ability to meet the evolving expectations of
modern users. By integrating strategic planning, agile development, user-centered
design, and continuous improvement practices, organizations can transform a mobile
application from a simple technological tool into a sustainable, high-value solution
that supports business goals and enhances the overall user experience. This holistic
approach strengthens the application's competitiveness on the market and allows it to
evolve alongside technological innovations. When managed effectively, a mobile app
becomes not just a product, but an adaptable platform capable of continuous growth,
user engagement, and long-term impact.
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OPTIMAL CONTROL PROBLEMS WITH VARIABLE STRUCTURE
DESCRIBED BY VOLTERRA-TYPE INTEGRAL EQUATIONS
V. G. Rzayeva, L. R. Shadlinskaya
Sumgait State University, Sumgait, Azerbaijan

This thesis addresses an optimal control problem with a variable structure
described by Volterra-type integral equations. The research develops mathematical
models for systems whose dynamics depend on historical states, emphasizing the
construction of optimal control strategies. Analytical methods for solving Volterra
integral equations with variable structure are studied, including conditions for
existence and uniqueness of solutions. Computational techniques for practical
implementation of the proposed control strategies are also discussed. The results
provide a theoretical and practical framework applicable to engineering, economics,
and other fields involving dynamic systems with memory effects. This work
contributes to a deeper understanding of optimal control in complex systems and
offers tools for further research and applications.

Suppose that the controlled process is described by two Volterra-type integral
equation systems over different time intervals

x(t)= jf(t,r,x(r),u(r))dr, telt,.1], (1)
H0)= [l (e )dr + 66(0). 1<l )
Here f(z,7,x,u) (g(t,z,y,v)) — a given n-(m)-dimensional vector function,

continuous with respect to all variables along with its partial derivatives with respect
to X(¥) up to the second order inclusive, ¢,,1,t,- are given, G(x) — a given twice
continuously differentiable m-dimensional vector function, u(r) (v()) — an r (q) —

dimensional piecewise-continuous (with a finite number of first-kind discontinuities)
vector of control inputs taking values from a given nonempty and bounded set U (V),

ult)eUc R, telt.y],
Wi)eV R,  telt.n].

3)

We assume that for every admissible control, the system of equations (1)—(2)
admits a unique continuous solution.

Letus T elt,t], i=Lk (t,<T,<T,<..<T,<t,), 6. €lt,t,] (t,<6,<0,<..<6, <t1,),
i =1,k the given points.

On the solutions of the system of equations (1)—(2) generated by all admissible
controls, we define a functional.
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S(u,v)= @, (x(T; ... X(T, )+ 0, (5(6))..... (6, )- 4

Here ¢,(x,,...x,), ¢,(»,...y,) — given twice continuously differentiable scalar

functions

This study establishes an analogue of Pontryagin’s maximum principle [1] and
subsequently investigates the case of its degeneration. n this context, a modified
version of the increment method proposed in [1] and further developed in [2] et al. is
employed.

References: 1. A6nymnaeB, A.A., & Mancumon, K.b. (2013). HeoOxomgumbie ycrmoBus
ONTUMAJIbHOCTU B TMPOILIECCAX, OINUCHIBAEMBIX CHCTEMOM WHTETPAIbHBIX YpaBHEHHHM THIa
Bonbreppa. baky: U3a-Bo DJIM. 2. Mancumos, K.b. (1999). OcoOble ynpaBieHust B cUCTEMax ¢
3anas3abiBaHueM. baky: DJIM.
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INTERCULTURAL COMPETENCE AS AN EFFECTIVENESS
FACTOR OF PROJECT TEAM
K. Semenchuk
Admiral Makarov National University of Shipbuilding, Mykolaiv

In the modern world, where artificial intelligence increasingly takes over routine
tasks, the question arises: which skills and abilities make project team members truly
indispensable and unique? In addition to technical knowledge, the value of soft skills
— abilities based on human experience, intuition, and interpersonal competence — is
growing [1]. They not only enhance the effectiveness of team work during project
implementation but also give specialists a competitive advantage in the labor market.

Key soft skills necessary for participants in international teams are presented in
Table 1. In this context, intercultural competence occupies a special place. It is the
ability to interact effectively with representatives of different cultures and is a critical
professional skill in a globalized environment. It includes cultural awareness,
sensitivity, communication skills, adaptability, respect, and empathy. Project team
members should act in an interculturally competent manner, understand the cultural
differences of each participant, avoid misunderstandings, and build strong
relationships with all stakeholders.

Intercultural competence consists of various components, including empathy;
tolerance and openness; communication skills, which imply culturally sensitive,
respectful, and clear communication; language competence; self-reflection, or
awareness of one’s own cultural influence; flexibility and adaptability; and teamwork
and conflict resolution skills, allowing productive collaboration despite differing
values and norms.

These competencies are not innate; they can be developed through education,
training, and personal experience. Teams formed with cultural diversity have the
potential to increase creativity and generate innovative solutions. Diverse experiences
and ways of thinking broaden perspectives on contemporary challenges, positively
influencing the team’s problem-solving abilities, enhancing project productivity, and
overall organizational adaptability. Intercultural competence is especially important
in the context of the ongoing military actions in Ukraine, where many specialists are
forced to integrate into foreign labor markets. In such conditions, the ability to
interact effectively with representatives of different cultures becomes essential for
realizing the potential of diverse teams and achieving the strategic goals of
organizations.
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Table 1. Key professional competencies and their scientific rationale in project team

performance

Ne |Competency Core Aspects Scientific Rationale Project Team Application
1| Emotional Self-awareness; A high level of Ensu‘res .effective
(ntelligence self-regulation; emotional intelligence communication, prevents
empathy; social enhances interpersonal conflicts, and supports team
skills interaction and team morale.
productivity
o ) Creativity is key for Promotes idea generation,
Thinking outside of the innovation processes, process optimization, and
box; generating enabling the development | innovative solutions within
2 | Creativity unconyep‘uonal ideas; of new approaches and the project
willingness to solutions to complex
~ experiment; problems
interdisciplinarity
Information ana}ysis; Ensures accurate Helps objectively evaluate
3 Critical igg(r)ilille Zalur?)t;gﬁf assessment of information _ pro) ect dat.a,l make
Thinking evi dencgrl))ase 1 and improves decision- informed decisions, and
g making based on facts minimize risks
decisions
Ope?nness to new i Provides flexibility in
Adaptabilit experiences; positive | Enables effeqtlve IeSPONSes | yanaging project changes
4 y attitude t9wards to technological and social | , 4 rapid adaptation to new
change; 1}felong changes conditions
learning
Persuasiveness; active Facilitates conflict Ensures clear information
5 Communica | listening; nonverbal avoidance, increases work exchange, reduces
tion skills communication; productivity, and improves misunderstandings, and
transparency collaboration quality improves team coordination
Team orientation: Enables achieving Supports interaction among
: N llecti Is, effecti
constructive conflict €0 ectw.e g.o a S.’ clfective team'members, ensur'es
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FEATURES OF KNOWLEDGE MIGRATION IN MARITIME INDUSTRY
PROJECT TEAMS UNDER CONTEMPORARY CONDITIONS

O. Sherstiuk
Odessa National Maritime University, Odessa

Knowledge migration within maritime project teams is becoming increasingly
crucial amid globalisation, digitalisation, and dynamic changes in the global
economy. The maritime industry is characterised by high technological complexity,
the international nature of its activities, and the need to adhere to strict safety
standards, making knowledge transfer and preservation crucial to the successful
implementation of projects.

Unlike land-based industries, maritime teams face unique challenges, including
prolonged physical separation, limited communication windows at sea, and the
critical nature of decisions where errors can result in catastrophic consequences [1].
Furthermore, the transition to green technologies and alternative fuels necessitates
rapid knowledge acquisition and dissemination across geographically dispersed
teams.

To understand the mechanisms of knowledge migration in this industry, it is
advisable to use an adapted version of the SECI (Socialisation, Externalisation,
Combination, Internalisation) knowledge spiral that accounts for the specificities of
the maritime environment (Fig.1).

Socialisation involves transferring tacit knowledge through observation and
joint practice [2]. In the maritime industry, this occurs through joint watches where
junior officers observe experienced captains, mentoring during complex manoeuvres,
simulator training, and informal crew exchanges. Critical elements include intuitive
understanding of vessel behaviour, quick decision-making skills, and equipment
expertise that are difficult to formalise.

Externalisation transforms tacit knowledge into an explicit form, which is
essential given high staff turnover [3]. This includes incident documentation,
procedure checklists, Lessons Learned reports, video instructions, digital knowledge
bases, and navigation charts. International conventions (STCW, ISM Code) reinforce
documentation standards.

Combination systematises explicit knowledge from multiple sources. Maritime
projects integrate operational data across fleets, compile cross-project reports,
establish corporate standards, implement cloud-based document management,
develop Best Practices databases, and create digital vessel twins. Digitalisation
enables Big Data analytics and decision-support systems.

Internalisation converts formalised knowledge into practical expertise through
simulator training, studying STCW procedures, structured onboarding programmes,
supervised application of instructions, and ISM Code training. Effectiveness depends
on quality externalisation — better formalised procedures enable faster learning and
integration.
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Fig. 1. Knowledge migration spiral in maritime project teams

The SECI knowledge spiral provides a comprehensive framework for managing
knowledge migration in maritime project teams. Each stage addresses specific
industry  challenges: geographical dispersion, crew rotation, multicultural
environments, and regulatory requirements. Successful knowledge migration requires
systematic attention to all four stages, supported by digital technologies and an
organisational culture that values continuous learning.

The cyclical nature of the SECI model is particularly relevant for maritime
operations, where knowledge must continuously evolve through repeated iterations as
crews rotate, technologies advance, and operational contexts change.

As the maritime industry undergoes ecological transformation and technological
advancement, effective knowledge migration becomes a key competitive advantage,
enabling organisations to preserve expertise, accelerate adaptation, and maintain
safety standards in increasingly complex operational environments.

References: 1. Zhou, Yu., Yuen, K.F., Tan, B., Thai, V. (2021). The effect of maritime
knowledge clusters on maritime firms’ performance: An organizational learning perspective.
Marine Policy, 128, 104472. 2. Duva, M., Zhao, D., Frank, K., Mollaoglu, S. (2024). Interaction
between Project- and Group-Level Knowledge Transfer in Project Team Networks: A Social
Influence Analysis. Journal of Management in Engineering, 40(2), 05024001. 3. Kucharska, W.,
Scott Erickson, W. (2023). Tacit knowledge acquisition & sharing, and its influence on innovations:
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A PRIVACY-PRESERVING BLOCKCHAIN ARCHITECTURE FOR
DISTRIBUTED MANAGEMENT SYSTEMS
O. Shmatko, P. Zherzherunov
National Technical University «Kharkiv Polytechnic Institute», Kharkiv

Modern supply chain management systems increasingly adopt distributed
architectures to improve transparency, integrity, and trust among participants.
Blockchain technology provides a solid foundation for such systems; however,
conventional consensus mechanisms are associated with high computational
overhead, energy inefficiency, and limited data confidentiality. These challenges are
especially critical for small and medium-sized enterprises (SMEs) with constrained
computational and financial resources. At the same time, the intrinsic properties of
blockchain systems, such as immutability and public verifiability, complicate
regulatory compliance and the protection of commercially sensitive information [1—
6]. Recent studies therefore emphasize privacy-by-design approaches that integrate
cryptographic primitives, including zero-knowledge proofs, secure multi-party
computation, and homomorphic encryption, into blockchain architectures in order to
enable verifiable privacy-preserving computing [1-3].

This paper proposes a private, dockerized blockchain architecture for supply
chain management that integrates the Proof of Friendship (PoF) consensus
mechanism with Zero-Knowledge Proofs (ZKP). PoF extends Proof of Stake by
incorporating socially oriented trust metrics into the validator selection process.
Instead of relying solely on financial stake, validators are evaluated using a
composite trust factor derived from their historical transaction success rate and
geographic distribution, which discourages regional monopolization, promotes
consistent participation, and reduces the risk of validator centralization. By ranking
validators according to this trust factor and limiting the number of active participants,
PoF reduces synchronization overhead and computational load, making it suitable for
SME-oriented blockchain deployments.

To preserve data confidentiality while maintaining auditability, the proposed
architecture integrates Zero-Knowledge Proof mechanisms. Confidential transaction
data are processed off-chain by a dedicated ZK-Prover module deployed as a Docker
container, which generates succinct cryptographic proofs, such as zk-SNARKs.
These proofs are verified on-chain via a smart contract, while only the verification
results are stored in the distributed ledger. This approach mitigates transaction
correlation and metadata leakage risks commonly associated with transparent
blockchain systems and aligns with architectural patterns based on consent-aware
access control, channelized ledgers, and regulatory-compliant data governance [5],
[6]. Evidence from high-load domains, including healthcare, 10T, and federated
learning—based decision support systems, confirms that similar hybrid architectures
can significantly reduce latency and energy consumption without compromising
confidentiality [1], [4], [7].

The solution is implemented as a dockerized private blockchain system that
supports modular deployment and seamless integration with existing enterprise
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infrastructures. The architecture separates request routing, transaction mediation,
blockchain interaction, and cryptographic proof generation into isolated components
coordinated by a mediator server, preventing sensitive data from being stored in
plaintext on the ledger and limiting attack surfaces. Simulation-based evaluation
demonstrates that the proposed approach significantly reduces vulnerability to Sybil
attacks and validator centralization through trust-based selection, while overall
transaction latency is primarily influenced by validator synchronization rather than
ZKP overhead due to off-chain proof generation. The system achieves stable
throughput suitable for private supply chain applications.

The results indicate that integrating Proof of Friendship with Zero-Knowledge
Proofs enables a resource-efficient, privacy-preserving blockchain architecture that
enhances cybersecurity and data confidentiality while maintaining acceptable
performance. The proposed approach is well suited for SME-oriented supply chain
management systems and provides a foundation for further research on trust-aware
and privacy-preserving distributed management platforms.

References: 1. Valadares, D. C. G., Perkusich, A., Martins, A. F., Alshawki, M. B., &
Seline, C. (2023). Privacy Preserving Blockchain Technologies. Sensors, 23(16), 7172.
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BEHAVIORAL COMPETENCIES IN HIGH-STRESS SITUATIONS
I. Shuba

National Technical University «Kharkiv Polytechnic Institute», Kharkiv

For Ukrainian PMs, the full-scale invasion by the Russian Federation became a
factor that added military and infrastructure risks directly affecting the basic needs,
safety, and daily performance of the team to the usual professional stressors (lack of
time, budget, changing requirements, stakeholder conflicts). According to an
analytical report by the Verkhovna Rada of Ukraine on IDP employment, as of mid-
2024, there were 4.7 million internally displaced persons in Ukraine, and more than 2
million of them were of working age [1]; at the same time, some IDPs needed
employment and turned to employment centers. These statistics matter for the project
environment because they show the scale of migration and shifts in staff availability,
while official reports from the Ministry of Social Policy indicate that as of the end of
2024, about 4.6 million IDPs were registered in Ukraine and more than 6.8 million
Ukrainians remained abroad [2], which for PMs translates into a sustained reality of
distributed  teams, time-zone  gaps, uneven  stress  exposure, and
legal/domestic/resource constraints that must be managed as a new normal rather than
exceptions.A separate powerful stress multiplier of war is energy instability. An
official statement by the Cabinet of Ministers of Ukraine noted that as a result of a
series of massive enemy attacks on the power system, more than 9 GW of capacity
was lost [3]. For project management, this is not just an «inconvenience» but a
systemic risk: unstable connections, disruptions in synchronous communications, the
inability to work within the usual time frames, and a drop in the throughput of
approval and quality control processes. In such conditions, PMs are forced to design
their teams' work to be resistant to interruptions: with backup channels, asynchronous
protocols, and planning in «short sprints of productivity».

In everyday practice, war adds a number of stress factors to PM that go beyond
classic «project pressure». For PM in Ukraine, these are primarily security
interruptions, alarms, and shelling, as well as the need to simultaneously organize
work and maintain life support (heat, power, internet). For PMs «in Ukraine», this
means managing a team where some members are periodically forced into survival
mode (searching for heat/power/communication), and the manager has to quickly
reconfigure the plan without destroying trust or creating guilt for «inefficiency». For
PMs abroad, the stress profile is different, for example, adapting to a new social and
legal environment, restoring basic stability (housing, documents, family work,
school/kindergarten for children), as well as anxiety for loved ones in Ukraine. At the
same time, the PM's responsibility as a leader does not disappear: on the contrary,
there is a growing need for clear communication, empathy, and process discipline, as
the team works in heterogeneous conditions and has various limitations. That 1s why
the topic of anti-crisis PM logically focuses on behavioral competencies, which in a
crisis determine not only the psychological climate, but also the speed of decision-
making, the quality of coordination, and the ability of the team to remain operational.

The IPMA ICB competency system (People Competencies) [4] separately
highlights the elements of self-reflection and self-management, communication,
leadership, teamwork, as well as conflict and crisis management competencies. These
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competencies are most «vulnerable» to the effects of high stress, and the military
context exacerbates both acute (incidental) and chronic (background) stress. From a
scientific point of view, this is to be expected: review and experimental studies show
that acute stress can impair decision-making and lead to less advantageous choice
strategies [5]. More recent data also describe acute stress as being associated with
impaired working memory, cognitive flexibility, and planning — functions that are
directly at the heart of PM activities (prioritization, testing assumptions, plan
restructuring, and compromise coordination) [6]. It is also important to note that the
combination of stress and time pressure can lead to a decline in the quality of
decisions — a typical situation for crisis «windows» when teams have little time,
incomplete data, and a high cost of error.

At the behavioral level, this often looks like this: (1) self-management «slips»
due to sleep disturbances, overload, and anxiety, and PM begins to make decisions
reactively; (2) communication becomes either too directive or too vague — both
options undermine transparency and trust; (3) leadership shifts from service-oriented
to controlling, which increases tension and conflict; (4) conflict management
becomes more difficult because people have less «emotional resourcesy for
compromise. In project studies, PM emotional intelligence is associated with better
project performance (including through mechanisms of commitment and quality of
interaction), making EI an important anti-crisis resource [7]. In addition, empirical
work in the International Journal of Project Management shows that psychological
distress among employees can negatively affect project success [8].

This leads to the practical conclusion that anti-crisis PM must simultaneously
manage the project and maintain people's working capacity. This means that «war-
induced stress» must be integrated into management as a separate class of risks:
security risks, energy and communication gaps, forced displacement, uneven
availability of participants, emotional exhaustion. Since these factors are recurring,
they must be reflected in the risk register, communication rules, and «process
architecture» (asynchrony, redundancy, clear escalation channels).
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vnutrishno peremishchenykh osiby» (stanom na zhovten 2024).
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impairs decision-making: From the reward to the punishment pathway. Communications
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METHODS AND MODELS OF COLLABORATIVE BUSINESS
INTELLIGENCE
O. Sutihian, O. Cherednichenko
National Technical University «Kharkiv Polytechnic Institute», Kharkiv

The increasing complexity of contemporary business environments
necessitates advanced approaches to collective decision support and knowledge
management. Modern decision-making processes require not only access to reliable
analytical data but also mechanisms that expand contextual understanding through
collaboration among users, systems, and intelligent agents. Numerous studies confirm
that Business Intelligence (BI) technologies enhance decision quality by transforming
raw data into actionable knowledge [1]. At the same time, vast volumes of routine,
user-generated information are continuously produced in social networks, online
platforms, and thematic communities. Although such data are inherently fragmented
and weakly structured, their aggregation and semantic interpretation constitute a
critical foundation for Collaborative Business Intelligence (CBI).

This study focuses on the development of methods and models for
collaborative BI, emphasizing the formalization of collaboration within analytical
processes rather than domain-specific optimization. The main scientific contribution
of the work is the design of a multi-agent collaborative BI framework that integrates
collective intelligence principles, knowledge graphs, OLAP-based analytical models,
and large language model (LLM)-based agents to support decision-making for non-
professional users. The tourism domain is employed as a case study for prototyping
and experimental evaluation, due to its high data heterogeneity, intensive use of
unstructured content, and dynamic decision-making context [2].

Collaboration in decision support systems is analyzed through the perspectives
of Collaborative Business Intelligence, collective intelligence, and crowdsourcing.
CBl is considered an evolution of traditional BI that enables cooperative execution of
analytical tasks and knowledge sharing across organizational and user boundaries,
forming a virtual collaborative analytical space [1]. Collective intelligence emerges
when coordinated contributions from multiple participants and intelligent agents lead
to analytical outcomes that exceed individual -capabilities. Crowdsourcing
complements this paradigm by enabling large-scale acquisition of distributed
knowledge through open participation mechanisms supported by digital platforms
and social technologies [3].

Despite the increasing adoption of CBI solutions in various industries, their
application in domains oriented toward non-professional users remains limited.
Existing systems are often focused on technically skilled analysts and depend heavily
on the continuous availability of human experts, which constrains scalability and
accessibility. Similar limitations have been identified in collaborative medical
decision-support systems, where the absence of specialists can significantly reduce
system effectiveness [4].

To address these challenges, the proposed framework incorporates LLM-based
agents acting as virtual collaborators within the CBI process. These agents support
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semantic interpretation of user intents, automated generation of analytical queries,
and validation of results against a graph-based knowledge base. A multi-stage self-
verification mechanism is introduced to improve the reliability of automatically
generated Cypher queries by ensuring their syntactic and semantic consistency with
the structure of the knowledge graph [5]. This approach reduces the dependence on
human experts while maintaining analytical accuracy.

From a theoretical standpoint, the framework formalizes: (1) a collaborative
multi-agent model for query generation and validation over a knowledge graph, (2) a
graph-based recommendation model that exploits semantic relationships between
business entities, and (3) a feedback-driven knowledge acquisition model that
captures user interactions with the system. These interaction traces form the
foundation of the knowledge graph and enable continuous enrichment of the system’s
collective intelligence. Experimental results obtained in the tourism case study
confirm the feasibility and robustness of the proposed approach, while the core
models and methods remain domain-independent and applicable to a wide range of
collaborative decision-support scenarios.
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INFORMATION SUPPORT FOR DECISION MAKING IN ASSIGNING IT
PROJECT TEAM MEMBERS
D. Trotsenko, Yu. Parfenenko
Sumy State University, Sumy

Introduction. The modern IT industry is characterized by a shift from single-
project management to concurrent multi-project environments. In practice, software
companies frequently manage multiple projects with shared, limited resources,
leading to competition for qualified personnel. The Software Multi-Project
Scheduling (SMPS) problem involves assigning employees to tasks across various
projects to optimize objectives such as duration, cost, and resource utilization [1].

Effective resource management is widely recognized as a critical factor for
project success, particularly in the processes of estimating and acquiring resources
[2]. A key challenge in this domain is ensuring that the assignment of team members
aligns with both the project schedule and the organizational constraints. Ineffective
distribution leads to resource bottlenecks, where some teams are overloaded while
others remain idle, ultimately causing project delays and budget overruns.

Relevance and Problem Statement. The problem of distributing IT projects
among development teams is complicated by the need to balance competing resource
demands. Traditional manual allocation based on subjective managerial experience is
often time-consuming and prone to errors. Recent studies indicate that integrating Al-
based optimization methods with Project Management Information Systems (PMIS)
can significantly reduce planning time and operational costs [3]. However, existing
Decision Support Systems (DSS) rarely provide comprehensive integration of
flexible organizational structures with advanced optimization techniques, such as
Genetic Algorithms or Machine Learning ensembles, for effective team formation
[4]. Furthermore, decision-making in this area is often complicated by uncertainty
regarding project start times and the availability of specific competencies [5].
Therefore, the development of models and methods that support decision-making in
such complex multi-project environments represents a relevant and timely scientific
challenge.

The aim of the research is to enhance the efficiency of IT project management
by developing a DSS for the distribution of projects among development teams,
considering modern organizational approaches and industry standards. To achieve
this aim, an analysis of multi-project environment features and risk assessment
processes was conducted, which allowed for the identification of potential
bottlenecks and resource constraints.

Based on these findings, the team formation process has been formalized
through the development of a mathematical model for assigning executors to
development teams. The model defines team formation criteria, including platform
compatibility, application domain, and technology stacks, as well as operational
constraints such as project deadlines, budget limitations, and team workload balance.
The objective functions are focused on optimizing team composition, skill
complementarity, and overall resource utilization in IT projects [6].
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In addition, standard project management principles have been systematically
integrated into the team formation decision-making model. These principles cover
resource availability, levels of competence, role suitability, and experience matching,
ensuring that all assignments comply with established industry best practices and
organizational standards, and provide a practical framework for effective team
management [2].

Given the NP-hard nature of the team formation and scheduling problem in
multi-project environments, meta-heuristic and data-driven optimization approaches
have been investigated. In particular, the applicability of Genetic Algorithms,
Random Forest models, and their hybrid combinations has been analyzed to obtain
near-optimal team formation solutions under conditions of uncertainty and
dynamically changing project parameters [3,4].

Conclusion. The proposed research addresses the critical issue of development
team formation and allocation in multi-project software development environments.
By integrating structured team formation approaches, standard project management
methodologies, and modern optimization algorithms, the developed information
support methods will enable IT companies to improve the effectiveness of team
composition, ensure balanced utilization of development teams, and reduce project
planning time. The further research focuses on analyzing the risks associated with
development team formation and assignment, taking into account the qualification
and competencies of individual developers. This includes identifying potential
bottlenecks, skill mismatches, and uncertainties related to project start times,
workloads, and employee availability, as well as organizational, technical, and
human-related risks.
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COMBINED METHOD OF DIAGNOSING CONFLICT IN IT PROJECT

N. Vasyltsova, I. Panforova
Kharkiv National University of Radio Electronics, Kharkiv

Projects in the field of information technology (IT), as a form of project activity,
are characterized by a high level of dynamics, dependence on human resources and
constant active interaction of human resource elements. In such environment,
conflicts are almost inevitable. They can arise due to limited resources, differences in
work styles, priorities or approaches to task performance, etc. Untimely identification
of conflicts leads to missed deadlines, increased costs and even the loss of key
specialists.

General approaches to conflict management involve the following stages [1, 2]:

diagnosing conflicts; assessing the functional orientation of conflicts; preventing
or stimulating conflict; regulating conflict; resolving conflict.

The process of diagnosing a conflict is a type of activity of a management entity
aimed at identifying the causes of a given conflict [1, 2]. Diagnosing a conflict
consists in identifying the specifics of the contradiction and the intentions of its
participants, in determining the criteria for resolving the conflict with the maximum
possible satisfaction of the interests of the conflicting parties [3]. It can be preventive,
that is, it involves analyzing the situation in the project and identifying the
possibilities of conflict situations, as well as clarifying the nature and main
consequences of potential conflicts. Then, at the stage of diagnosing conflicts, the
occurrence of conflicts is predicted and their possible consequences are assessed. In
this case, diagnosis is a component of conflict prevention, which is most appropriate
in the case of dysfunctional conflicts, when the energy and resources of the parties
are spent on achieving goals that are incompatible with the goals of the project.

The developed combined method of diagnosing conflicts in IT projects allows
obtaining a systemic and process understanding of conflict situations in an IT project
and consists of the following stages:

— «Collection and analysis of data on the interaction of human resource
elements» (stage 1);

— «Description of conflict subjects» (stage 2);

— «Determination of the structural components of the conflict in the IT project
and modeling of the general conflict model» (stage 3);

— «Determination of the type of conflict and the level of the manager for
diagnosis» (stage 4);

— «Investigation of the causes of the conflict in the IT project» (stage 5);

— «Assessment of the depth of the conflict2 (stage 6);

— «Determination of the conflict stage» (stage 7);

— «Modeling of the dynamic conflict model» (stage 8).

At stage 1, signs of conflict are monitored in order to predict possible conflicts.
As part of the monitoring, it is proposed to combine expert interviews with methods
of questioning IT project participants to identify emotional conflicts.
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The main goal of stage 2 is to systematize information about the conflict
participants in the IT project, which was obtained at the previous stage. At this stage,
the SWOT analysis technique is used, which allows you to describe the strengths and
weaknesses of the conflict subjects, as well as identify opportunities and threats that
affect the development of the conflict situation. The description of the conflict
subjects is formed on the data collected during the previous stage. This description of
the subjects will allow you to clearly outline the object and subject of the conflict,
understand the motives and positions of each party, the level in the hierarchy of the
organization's structure. The description also allows you to form an idea of the
subjective image of the conflict in the eyes of its participants in order to model the
general structure of the conflict in the IT project.

At stage 3, the components of the general structural scheme of the conflict in the
IT project are described, which is a necessary condition for its further diagnosis. The
main elements of the model are the subjects (parties of the conflict), the object, the
subject, the image, the motives, the positions of the conflict, the stage of the IT
project life cycle, as well as the escalation time.

At stage 4, the type of conflict is determined by different managers based on the
classification results, taking into account the peculiarities of the hierarchy of these
managers in the IT project.

Stage 5 consists in determining the causes of the conflict, which is formed after
modeling the general scheme of the conflict, according to the criterion of the
peculiarities of the IT project participant.

Stage 6 consists in assessing the depth of the conflict according to the selected
parameters and calculating the value of the quantitative assessment of the depth level
(unit of measurement — points).

At stage 7, the stage at which the diagnosed conflict is located is determined
based on the results of measuring the depth level.

At stage 8, a conflict depth model and a conflict development model are
developed. Based on these models, the type of conflict is determined.

The combined method of diagnosing conflicts provides a comprehensive
approach to the analysis of conflict situations, as it allows you to form both a
structural model of the conflict (with the definition of the parties to the conflict, the
object, the subject of the conflict, the stage of the IT project life cycle, positions,
image, motives and time), and a model of its dynamics, which reflects the sequence
of stages of conflict development. This approach allows not only to accurately
identify the type of conflict, but also to predict its course, which significantly
increases the effectiveness of conflict management in IT teams.

References: 1. Oksamutna L., Torba T. (2024). Overview of modern approaches to conflict
management in distributed IT-projects. Management of Development of Complex Systems. 59, 73—
80. DOI: https://doi.org/10.32347/2412-9933.2024.59.73-80. 2. Eric Berne M.D. (2026, January,
20). Transactional Analysis. URL: https://ericberne.com/transactional-analysis/. 3. Maxym Zosym.
(2026, January, 20). Thomas Kilmann Conflict Model. URL: https://www.maxzosim.com/thomas-
kilmann-conflict-management-model/.
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HYBRID MODELING METHODOLOGY FOR PREDICTING RISKS IN
EMERGENCY MANAGEMENT
M. M. Yunusov
Institute of Mathematics, Baku
Engineering University, Baku, Azerbaijan

In the contemporary era, global climate change and rapid urbanization have
complicated the dynamics of emergency situations. Reports from the UNDRR and
IPCC indicate a rise in hydrometeorological events and large-scale fires. Traditional
research utilizes deterministic methods based on physical laws (Drysdale, 2011) or
stochastic methods based on historical data. However, deterministic models often
treat variable parameters (wind, humidity) as constants, failing to reflect real-world
randomness. Conversely, statistical methods struggle to predict unique events. This
necessitates the development of hybrid models that integrate physical laws with
probabilistic calculations for real-time risk assessment.

The proposed methodology integrates the deterministic heat conduction equation
with stochastic modeling of environmental uncertainties. Deterministic Component:
The fundamental process of heat transfer in a combustible object is described by the
parabolic partial differential equation:

pC,

dT(x,t) @ [, dT(x.E)
BJ; :a(k Bi )"‘Qgeneral (1)

The boundary condition at the external surface (x=0) accounts for radiative g, .4
and convective q.onpy heat fluxes. Convective heat transfer is defined as

q;mw = he(Teny — Tsury) , where h is the heat transfer coefficient.

Stochastic Component: To model uncertainties, environmental parameters are
treated as random variables. Wind speed v is modeled using the Weibull distribution
(Carta et al., 2009), while ambient temperature Teny follows a Gaussian distribution.

Monte Carlo Simulation: A computational experiment was conducted using
Python (NumPy, SciPy). The algorithm involves:

1. Input: Defining material properties, geometric dimensions, and fire
scenarios.

2. Sampling: Generating 10,000 random samples for wind speed and
temperature based on their respective probability distributions.

3. Iterative Calculation: Solving the heat conduction equation for each

iteration using the Finite Difference Method (FDM) to determine the time to failure
thail.

4. Analysis: Constructing the Cumulative Distribution Function (CDF) and
analyzing «Tail Risk.»

The experiment simulated a fire incident in an industrial zone. Static vs.
Probabilistic Approach: Under average deterministic conditions Vmean = 7.5 m/s, Tmean
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= 30°C, the calculated failure time was 1470 seconds (24.5 minutes). This static value
is typically used for evacuation planning. However, the hybrid model revealed that
failure time is a stochastic quantity ranging from 15 to 45 minutes.

o Mean time: 25.1 minutes.

o 95% Confidence Interval: 18.5 — 32.3 minutes.

o Tail Risk: In approximately 5% of simulations, the object failed in less than
18 minutes.

The discrepancy between the static prediction (24.5 min) and the worst-case
scenario (<18 min) highlights the danger of relying solely on deterministic models.
The hybrid model identifies critical risks that traditional methods miss.

Physical Interpretation: A counter-intuitive correlation was observed: higher
wind speeds were associated with delayed failure times. Physically, while wind
increases flame spread, in this specific tank heating scenario, strong wind enhanced
convective cooling (h), mitigating the radiative heat load.

The research confirms that hybrid modeling successfully combines the accuracy
of physical equations with the comprehensiveness of stochastic methods. While the
static model predicts a 24.5-minute safety window, the hybrid model reveals a 5%
probability of failure within 18 minutes. Identifying this «Tail Risk» is crucial for
saving lives. The methodology offers a more realistic tool for dynamic risk
assessment in emergency management.

References: 1. Carta, J. A., Ramirez, P., & Velazquez, S. (2009). A review of wind speed
probability distributions used in wind energy analysis. Renewable and Sustainable Energy Reviews,
13(5), 933-955. 2. Drysdale, D. (2011). An Introduction to Fire Dynamics (3rd ed.). Wiley. 3. Khan,
F., et al. (2016). Dynamic risk management: a contemporary approach to process safety
management. Current Opinion in Chemical Engineering, 14, 9-17. 4. Ricci, F., Casson Moreno, V.,
& Cozzani, V. (2023). Natech accidents triggered by heat waves. Safety, 9(2), 33. 5.  Zio, E.
(2013). The Monte Carlo Simulation Method for System Reliability and Risk Analysis. Springer.
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INTEGRATING AI INTO JIRA USING JIRA API
O. Zadorozhnyi, Y. Boiko
Kyiv National University of Construction and Architecture, Kyiv

Agile project management relies heavily on accurate task estimation to support
effective sprint planning. By embedding Al-driven insights into the planning process,
teams can improve estimation consistency, reduce planning overhead, and enhance
overall project transparency.

Jira was chosen as a platform of choice for major companies. Current Jira API
doesn’t provide sufficient possibilities to implement complex logic. The only solution
1s to use a dedicated server. Jira will communicate with it using HTTPS (Fig. 1).

Tikhonov regularization was chosen because of it’s advantages in highly
correlated data. Confusion matrix shows good performance (Fig. 2).

Server with a
JIRA :
public IP
: o HTTPS
Jira task » Jira Forge > AT ——» Al model

real task
estimations

Fig. 1. System architecture
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issue: Strategic management portfolio program and project management. Kharkiv, NTU "KhPI"
Publ., no. 1 (1277), 75-79. 4.Proskurin M. V., Morozov V. V., Shelest T. M. The model of it project
management system based on machine learning. Bulletin of the National Technical University
"KhPI": a collection of scientific papers. Thematic issue: Strategic management portfolio program
and project management. Kharkiv, NTU "KhPI" Publ., no. 1 (1326), 42-50. 5.Lub P. M., Tatomyr
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management decisions in crop harvesting projects. Bulletin of the National Technical University
"KhPI": a collection of scientific papers. Thematic issue: Strategic management portfolio program
and project management. Kharkiv, NTU "KhPI" Publ., no. 1, 50-55. 6.Lub P. M., Sharybura A. O.,
Ptashnyk V. V., Pukas V. L., Shelest T. M. Statistical simulation and time management in projects
with turbulent environment. Bulletin of the National Technical University "KhPI": a collection of
scientific papers. Thematic issue: Strategic management portfolio program and project
management. Kharkiv, NTU "KhPI" Publ., no. 1(3), 48-54. 7.Tryhuba A., Kondysiuk I., Koval N.,
Tryhuba 1., Boiarchuk O., Boiarchuk O. Planning the time of performance of works in hybrid
projects. Bulletin of the National Technical University "KhPI": a collection of scientific papers.
Thematic issue: Strategic management portfolio program and project management. Kharkiv, NTU
"KhPI" Publ., no. 2(6), 64-71. 8.Grinchenko M., Rohovyi M., Grinchenko E. Development of
information technology for intelligent planning of the IT project team's work based on a flexible
methodology. Bulletin of the National Technical University "KhPI": a collection of scientific
papers. Thematic issue: Strategic management portfolio program and project management. Kharkiv,
NTU "KhPI" Publ., no. 2(9), 9-15.
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TOWARDS THE DEVELOPMENT OF A METHOD FOR MANAGING TIME
LOSS RISKS IN IT PROJECTS BASED ON MODELING THE TEAM'S
COGNITIVE PROFILE
V. Ziuziun
Taras Shevchenko National University of Kyiv, Kyiv

The current state of the software development industry is characterized by a
rapid shift toward Agile methodologies which, despite their flexibility, introduce
specific challenges to professionals’ intellectual productivity. One of the most acute
contradictions lies in the conflict between the high intensity of team communications
and the need for developers to remain in a state of deep, sustained concentration for
extended periods of time. Traditional project management approaches often overlook
the fact that each interruption of the workflow triggers complex cognitive recovery
mechanisms that require substantial time resources. This paper is devoted to
substantiating a method that enables these losses to be quantitatively assessed through
the lens of the team’s cognitive profile as a dynamic project resource.

The central idea of the study is the introduction and formalization of the concept
of cognitive viscosity, which was examined in detail in [1] in the context of
optimizing Agile team management. Cognitive viscosity is defined as a characteristic
that describes the difficulty of returning a specialist to the execution of a complex
intellectual task after an external distraction. This metric serves as the foundation for
calculating the so-called cognitive debt — the accumulated risk of time losses arising
from the continuous fragmentation of the working day. This debt is not a static
quantity; it grows dynamically depending on the frequency of interruptions and the
depth of task immersion, creating a hidden time deficit that cannot be detected by
standard task-tracking tools.

The method is grounded in the understanding that every interruption — whether a
message in a messenger or an unplanned meeting — disrupts the current mental model
of the task. Restoring this model requires a «warm-up» period of approximately 10 to
15 minutes; however, this duration is not fixed. It depends directly on individual
cognitive viscosity and the current complexity of the context. The mathematical core
of the proposed approach makes it possible to transform these delays into concrete
metrics that can be integrated into the overall graph of project dependencies. This
enables a shift from subjective observations of team fatigue to precise forecasting of
the risk of missed deadlines, while accounting for the probabilistic nature of
intellectual labor.

The distinctive scientific contribution of this work lies in the analysis of cascade
effects arising from cognitive losses. When a developer involved in implementing a
mission-critical module 1s subject to frequent external interruptions, their individual
cognitive debt increases, leading to shifts in the completion timeline of the associated
task. Due to the presence of structural dependencies within the project graph, such
delays propagate to related tasks, causing enforced idle time for other team members
awaiting the results of that work. As a consequence, the cost of a single interruption
becomes multiplicative, creating a systemic threat to the successful execution of the
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sprint. The application of the concept of cognitive viscosity enables the early
identification of such «bottlenecks» at the moment they emerge, thereby shifting risk
management from a reactive to a preventive mode.

An important aspect of the modeling process is the consideration of secondary
or derivative risks that arise as a response to accumulated cognitive debt. When a
team attempts to compensate for time lost due to distractions, it typically resorts to
intensifying work or ignoring certain quality standards, which leads to an increase in
technical debt. This creates a vicious cycle: cognitive fatigue degrades the quality of
decisions, and correcting errors requires new cycles of concentration that are once
again interrupted. The method allows this destructive dynamic to be detected at an
early stage, providing management with objective data on when additional pressure
on the team will lead only to product degradation rather than to faster delivery.

The practical significance of the proposed method lies in establishing a scientific
foundation for the implementation of adaptive management decisions. Unlike
classical monitoring approaches, this method relies on leading risk indicators. Based
on a probabilistic model, the management system can automatically recommend
measures of «cognitive quarantine», involving the temporary restriction of non-
priority communications for key specialists at moments of highest risk. This not only
helps stabilize project schedules but also prevents professional burnout, which is
often the result of prolonged work under conditions of high cognitive viscosity and
constant context switching.

In conclusion, integrating cognitive characteristics into IT project management
systems makes it possible to transform the development process into a more
predictable and resilient mechanism. An understanding of the nature of cognitive
losses and the use of formalized metrics—such as cognitive debt and the cost of
interruption — provide managers with an objective tool for protecting the team’s
intellectual resources. This ensures high quality of the final product and adherence to
schedules in the dynamic environment of Agile development, grounded in a deep
analysis of the relationship between communication noise and individual professional
productivity.

References: 1. Ziuziun, V. (2026). Substantiation of the Concept of Cognitive Viscosity for
Optimizing AGILE Team Management. Proceedings of the 5th International Scientific and Practical
Conference «Scientific Innovation: Theoretical Insights and Practical Impactsy», January 19-21,
2026, Naples, Italy, P. 69-73. URL: https://doi.org/10.70286/EOSS-19.01.2026.001.69-73.
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KOHUENIIA KOMIT'IOTEPHOI MOJEJII NIJITPUMKHA
YIIPABJIITHHA TPAHCKOPAOHHUMMHU ITPOEKTAMMU Y COEPI
BE3IIEKHN
X. ABaeeBa, 1. Koouiakin
JIvsiecoKuil deprcagnuil ynigepcumem 6e3nexu deummeoianonocmi, m. JIveie

Peanizaiisi TpaHCKOPJOHHMX NPOEKTIB Yy cdepl Oe3neKku IPYyHTYEThCS Ha
0aratopiuyHOMY JIOCBIiJll MIXXHAPOJHOTO CHIBPOOITHHUIITBA, IO OXOIUIIOE MPOTPaAMHU
MPUKOPJOHHOT B3a€MOJii, CHiIbHI 1HGPACTPYKTYpHI 1HIIIATUBU, TyMaHITapHI Ta
0€3MEeKOB1 MPOEKTH, a TAKOXK MPOEKTHU 3 MiJABUILIEHHS CTIMKOCTI perioHiB. IIpakTuka
TPAHCKOPJIOHHOTO CITIBPOOITHUIITBA CBITYHTH, IO €(PEKTUBHICTh TAaKMX MPOEKTIB
3HAYHOIO MIPOIO 3aJI€KUTh BiJl 3/TAaTHOCTI YYaCHUKIB KOOPJUHYBATH Jii MK PI3HUMU
IHCTUTYLIISIMU,  ONEpPaTUBHO  OOMIHIOBaThUCs  iH(QoOpMali€er0 Ta  aganTyBaTH
YIPABIIHCHKI PIIIEHHS 0 3MiH 30BHIIIHBOTO cepenoBuma [1].

B yMmoBax BO€HHOro cTaHy 3a3HaueHl TpoOiemMu HaOyBalOTh M€ OUIBIIOT
aKTYaJIbHOCT1, OCKUIBKH JI0 TPAIUIIIMHUX BUKIHMKIB JOJAIOThCA (DAKTOpPH O€3MeKOBOT
HECTaOUIbHOCTI, JIOTICTUMHUX OOMEXEHb, KaJpOBHX BTpaT Ta MiJBULICHUX PU3UKIB
utst iHGpacTpyKTypH [2].

ABTOopamu y poGotax [3, 4] BUSBICHO CcHCTeMHI mpoOieMu y cdepi
TPAHCKOPJIOHHOTO CIIBPOOITHUITBA, IO TOB’sI3aH1 13 HEOCTATHROIO (popMati3ali€ero
napaMeTpiB IMPOEKTHOI JISUIBHOCTI Ta OOMEKCHHMH MOXKIIMBOCTSMH aJaITamii
YIPaBIIHCHKUX PIIICHB J0 JUHAMIYHUX 3MiH 30BHIIIHHOTO CEPEIOBHIIIA.

Came TOMYy METOIO LBOIO JOCHIIKEHHS € (QOpMyBaHHA KOHLEMII]
KOMIT'FOTEPHOI MOJeJl MIATPUMKH YINPABIIHHA TPAaHCKOPAOHHUMH HPOEKTAMH Y
cthepi Oe3neku.

ABTOpamMHU TIPOINOHYETHCS KOMIT'IOTEpHA MOJENb MIATPUMKUA YIPaBIIHHS
TPAHCKOPJIOHHUMU MPOEKTAMHU Yy cepi Oe3MeKH, iKa IPYHTYEThCSI HE Ha MPOCTOMY
MepeniKy BXIIHUX 3MIHHUX, a Ha (OpMyBaHHI JIOTIYHO Y3TOJKEHOI CTPYKTypH
napamMeTpiB, sika BigoOpakae SK BHYTPIIIHI TPOIECH YMPABIIHHA, TaK 1 BIUIUB
30BHIIIHIX 3arpo3 Ta pusukiB [1]. Cama Mojenb TMOBUHHA 3a0€3MEUYUTH
ABTOMATHU3AINI0 aHATITHYHUX PO3PAXYHKIB, CIIEHAPHE MOJCTIOBAHHS Ta MIATPUMKY
OPUUHATTS PIIIEHb Yy CKIIATHOMY O€3MEKOBOMY CEpEIOBHINl y PEKHUMI PEaTbHOTO
yacy. ApXiTeKTypa KOMI IOTepHOI MO/IesIl o0y 10BaHa 3a 6araTopiBHEBUM I1X0JI0M
1 BKJIFOYA€ BX1JHUM, OOYMCIIIOBAJIbHUI Ta BUXIAHUI (PyHKI10OHANBHI piBHI (Ta0md. 1).

Tabmuusa 1 — ApxiTekTypa KOMII FOTEPHOI MOJENl MIATPUMKH YIPABIIHHS
TPAHCKOPJIOHHUM IIPOEKTOM

PiBenb monesti | DyHKIiOHATIbHE NPU3HAYCHHS OcCHOBHI eJIeMeHTH

I. Bxigawuit (Input | ®opmyBanHs novyatkoBux | ba3osi mapamerpu npoekty (Fo, To, Lo, Ho,

level) JaHUX 1 TapaMeTpiB MoJei No, Techo), pusuku (R;), koeodiuieHTH
Yy TJIMBOCTI, BaroBi Koe(ilieHTH

II. Peanizamis  marematuyHoi Ta | AHamiTuuHi (QyHKUIT mapaMeTpis, HiTbOBA

OOuunCTIOBATBHUN | aHATIITUIHOT 0OPOOKH ¢yukmiss O, MOAynbp YYTIHUBOCTI S,

(Processing level) CIICHAPHUN MOJYIb

I1I. Buxiguuii | @opmyBaHHs ~ pe3ynbTariB 1 | [HTerpanbHuil MOKa3HUK €(QEKTUBHOCTI,

(Output level) YNpaBIiHCBKUX PEKOMEHAALIN pEeUTHHT  pU3MKIB, pEeKOMEHnalii 3
ONTHMI3alll], CLIEHApHI pe3yIbTaTu
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Hagegnena ctpykrypa (Tabi. 1) 3abe3nedye J0riyHUM MO IPOIECIB BBEICHHS
NaHUX, aHAIITUYHOI O00poOkM 1H(popmalii Ta QOpMyBaHHA pE3yNbTaTIB I
HIATPUMKHN YHPABIIIHHSL.

OyHKIIOHAIbHA ~ peali3allisi  MOJEeIl  3[IMCHIOETBCS  4Yepe3  CHCTEMY
B3a€MONOB’si3aHUX OJOKIB (puc. 1), mo QopMyrOTh 3aMKHEHHMM LUK MPOIECY
HIATPUMKHU yIPABIIHHS TPAHCKOPAOHHUMHU MPOEKTAMHU.

Bnox 1 —Mogvime

BB CHH JAHIK
Brok 7 — Mooy brok 2 — Mooy
CLEHApHOT O OINHFOEAHE
MO STHOE AHHA PHIMEIE
bnox 6 —Mogyvie Bnor 3 —Mogyvie
I THMER o04HCIIEHAA
TIPHIHATTSA PilcHb HapamMeTpiE IPOEKTY

Bnok 4 — Mogvie
(popMyEaHHA
OUEoE0] QyHELE

Bmok 5 — Mogyme
AHAMIY 9y TIHEOCTI

Puc. 1. [Iporec miATpUMKH yNpaBIiHHSA TPAHCKOPIOHHUMHU MTPOEKTAMU

TakuM YWHOM, 3amMpONOHOBAHA KOHIIEMIIISI KOMIT FOTEPHOT MOJENl CTBOPIOE
OCHOBY jiig  1noOyAaoBH  LU(pPOBOI  CHCTEMHM  MIATPUMKHA  YNPABIIHHA
TPAHCKOPJIOHHUMHU TIpO€KTaMu Yy cdepl Oe3neku, Ta [T03BOJIUTh MIABUIIUTH
aJanTUBHICTh YNPABIIHCHKUX pIIIEHh Ta 3a0e3neYuTH €()EeKTUBHY pEakIilo Ha
JUHAMIYH1 3arpo3u 0€3MeKOBOI0 CEpEeAOBHILA.

Cnucoxk Bukopucrtanux maxepea: 1. AsgeeBa, X.I.,, & Kobwnkin, [.C. (2025).

InenTudikaiisi OCHOBHHX MapaMeTpiB TPAHCKOPJOHHOTO MPOEKTY y chepi Oe3nexu. [Hdopmariiini
CUCTEMHM Ta 1HHOBALINHI TEXHOJOTrI] yNpaBIiHHSA NPOEKTAMU 1 IporpaMaMu: T€3U JIOMOB. MIXKHAp.
HayK.-mpakT.  koH(p.  (cmT1.  KobOneso, 15-20  Bepecms 2025  poky),  70-73.
https://sci.ldubgd.edu.ua/bitstream/123456789/16402/1/proceedings2025%20%281%29.pdf.
2. ABneeBa, X.I., & KoOunkin, MHO.C. (2025). KonuentyanbHa MOAENs  yIPaBIiHHS
TPAHCKOPJAOHHUMU INPOEKTAMU B raiy3i Oe3neku. YTNpaBiiHHS PO3BUTKOM CKIAAHMX CHUCTEM, 63,
43-53. https://doi.org/10.32347/2412-9933.2025.63.43-53. 3. Pecnep, M.B., & Peiic, T.T. (2023).
€Bponeiicbkuil  OCBIJ ~ YNpaBIiHHS  PO3BUTKOM  TPAHCKOPAOHHOTO  CIIBPOOITHUIITBA.
[TignpueMHUIITBO 1 TOpriBis, 37, 49-56. https://doi.org/10.32782/2522-1256-2023-37-05.
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HNIABUMIEHHSA E@CEKTUBHOCTI OCBOKOBAHHS CBEPJIOBUH
BUCHAKEHUX T'ABOKOHIAEHCATHUX POJOBMUII]
B. Bosiosenbknii', SI. Jlopomenko?, O. Illup6a’, A. Jlepnubkmnii*
! «Haykoso-0ocnionui incmumym mpancnopmy 2azy» AT « Ykpmpanczas»,
M. Xapkis,
’Ieano-Dpankiecokuil HayionanrbHuil mexniynuil ynieepcumem napmu i zazy,
M. leano-Dpankiscok,

3«Hayko6o-0ocnionuit incmumym npupoonux zazien AT «Ykpzazeuoobyeanna,

M. Xapkis,
‘Vuieepcumem Kopona lanuna, m. leano-Opankiecok

JUig oTpuUMaHHS BYTJIEBOJIHIB 13 Ta30KOHJCHCATHUX CBEPAJIOBUH iX OCBOIOIOTH
micias 3aKiH4YeHHsI OypiHHS, IICIIA 3aBEPIICHHS KaIiTaIbHOTO PEMOHTY abo Mmicis
CaMOTJIYIIIHHS Yepe3 HaKONMHMYEHHA plauHu. Big e(eKTUBHOCTI OCBOIOBaHHSA
3QJIEKUTh MPOAYKTUBHICTh CBEPIUIOBHH. Tak, 32 YMOBM HESKICHOTO OCBONOBAHHSI
CIOCTEPIraroTh Ae0IT ra3y, MEHIIUN B1Jl O4IKyBAaHOTO. 3HAYHUI Nepenaj THCKY MiX
TpyOHUM Ta 3aTPyOHUM MPOCTOPOM MOKE CBITUMTH MPO HASIBHICTH PIIMHUA HA BUOOI,
TOMY BHHUKA€ NOoTpebda MOBTOPHO OCBOIOBATH TaKi cBepUIoBUHU. OTXe, 11100 SAKICHO
OCBOITH CBEPAJIOBUHHU, MOTPIOHO MpoaHadizyBaTu 0araTo YMHHUKIB, IO 1ACTh 3MOTY
3a0€3IeUnTH OYiKYBaHUN BUIOOYTOK BYTJICBOHIB.

CborojiHi MIUPOKOTO BXKHUTKY HAOYJI0 OCBOIOBAHHS Ta30KOHICHCATHUX
CBEpJIOBUH 3a JOMOMOIOI KOJTIOOIHTOBOi ycTaHOBKH. Ilig dYac ocBOrOBaHHSA
CBEpJUIOBUH 110 0e3My(TOBUX JTOBrOMIpHUX TpyOax, SIKi OMYyCKalOTh Y BHYTPIIIHIO
MOPOKHUHY KOJIOHU J(TOBUX TpyO MOXKYTh MOJABATH Pi3HI XIMIYHI pEareHTH, B
TOMY YHCJI PO3YMH MOBEpXHEBO-akTUBHOI peuoBuHU (IIAP) i3 azotom. Takox,
3aJIEKHO BiJI PI3HUX YWUHHUKIB, HA CBEPAJIOBHUHAX JUIsI OTPUMAHHS IMO3UTUBHOTO
pe3yJibTaTy 3 OCBOIOBaHHS, OKpPIM KOJTIOOIHTOBOI YCTaHOBKU JIOJATKOBO
3aCTOCOBYIOTH 1 1HIIY TEXHIKY.

3 mitepatypHux xepen [l, 2] BigoMo, pi3HI TEXHOJIOTIi OCBOIOBaHHS
cBepasioBuHU. [IpoTe, HE 3aBXIM MiJl 4ac 3aCTOCOBYBAHHS Oy/b-SKOi TEXHOJOTIi
MO>KHA OTPUMATH MTO3UTUBHUYN pe3yibTar.

OmHuM i3 BaXJIMBUX UYWHHHUKIB OTPUMaHHS TMO3UTUBHOTO pPE3yNbTaTy
OCBOIOBAHHSI CBEPJUJIOBUH € 3HAYEHHS IUJIACTOBOIO THCKY, OCKUIBKM Tijf Yac
pPO3pOOJISTHHSL Ta30KOHACHCATHUX POJIOBUI Ha BUCHAXEHHS IUIACTOBUM THCK
IPUPOAHO 3HUKYEThCS. Uepes 1€ Ha CBEPAJIOBMHAX 3HIKYIOThCS €KCILTyaTalliiHi
napameTpu (poOoumnii TUCK, e0IT Tazy).

Y po6oti [3] pO3rAsSHYTO NPAKTUYHHA JOCBiJ] OCBOIOBAaHHS CBEPJJIOBUH
HOmniiBcekoro nadrorazoxonaencarnoro pomosuia (HI'KP), sike po3pobOnstoTs Ha
BUCHA)KCHHS.

CepanoBuny 77 HOmiiBcbkoro HI'KP ocBoroBanu, mociiioBHO 3aMIHIOIOUYU
pIAMHY TIIYIIIHHS B CBEPJUIOBHHI HA PIJMHY MEHILIOI TI'yCTHHH, TOOTO 3aKayyrudH
BOAY 1 IEPIOMYHO N0J1al04X BUOYX00€3MeuHy Ia30By CyMIII BiJl IEPECYBHOI a30THOI
KOMITPECOPHO1 CTaHIil. 3a [UX yMOB 3HW)XYBaBCS T1IPOCTATUUHUNA THUCK 3aBASKU
3aMIIIEHHIO CTOBIA PIAMHU BOJHO-Ta30BOI0 CyMmimio. J[jis BUAAJICHHS PiIUHU 13
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CBEpAJIOBUHHU B 3aTpyOHMiIl npocTip 3akauyBasid 10 % pozuun ITAP 3a nonomororo
HACOCHOTO arperary Ta npoAyBaiu TPyOHUN MPOCTIP.

Binomo, 1110 npuriuB ByriaeBOAHIB 3 IJIACTA MOYMHAETHCS 32 YMOBH, KOJU THUCK
CTOBIA PIAMHMU Y CBEPJJIOBUHI Oy/le MEHIIUW BiJ IUIACTOBOIO THUCKY. 3 HaBEIEHOI'O
BUILIE BHUJHO, IO Uil OcBowoBaHHS cBepmioBuHu 77 HOmiiBecbkoro HI'KP
BUKOpUCTOBYBaIM po3unH ITAP, mo mamo 3Mory mokpamuTyd BHHECEHHS CTOBIA
PIIMHU 13 CBEP/IJIOBUHU.

JocaigkeHo  €(QEKTUBHICTh  OCBOIOBAHHS  CBEPAJIOBMH  BHUCHA)XKEHUX
ra30KOHJICHCATHUX POJOBHIN TMiHamMu. DaxiBIli MpoaHaai3yBalu HasBHI TEXHOJOTII
OCBOIOBaHHSI CBEpPJUIOBUH. Po3poOuiu mnpucTpiifi 1 OCBOIOBaHHS CBEpPJJIOBHH
niHoto. Big edexTuBHOCTI pOOOTH MPUCTPOIO JUIsl OCBOIOBAHHS CBEPIUIOBHH
3aJIeKUTh SKICTh MIHU Ta, BIAMOBIAHO, OTpUMaHHA (IIOiLy 3 MPOAYKTHUBHOTO
TOPU30HTY.

EdextuBHUM 1HCTpYMEHTOM [IOCHIUKCHHS XapaKTePUCTHK Oaratoa3Hux
NOTOKIB y pI3HMX ejleMeHTax razonposigHux cucrem € CFD mopemoBannsa. CFD
MOJICJIIOBaHHSl Ja€ PO3yMIHHA CKIAJHOI AMHAMIKM pyXy Oararoda3HUX MOTOKIB
eJIeMEHTaMH Ta30lpOBIIHUX CHUCTEM, PI3HUM TEXHOJOT1YHUM oOnagHaHHsAM. 106
BUPILIUTH 3a/1a4y JOCIIKEHHSI €(PEeKTUBHOCTI POOOTH MPUCTPOIO AJiI OCBOIOBAHHS
CBEPJUIOBMH TMIHOIO Oys0 BHOpaHO NMPOTrpaMHUNA KOMIUIEKC CKIHYEHO-EJIEMEHTHOTO
anamizy ANSYS Academic 2021 R2.

Bukonano CFD monentoBaHHSL pOOOTH IPUCTPOIO JIJIs1 OCBOIOBAHHS CBEPJIOBUH
niHO0. JoCIiI)KEHO BILUTMB MAacOBOI BUTPATH BOJHOTO PO3YMHY Ha BXO1 B MIPHUCTPI
HAa PO3MOJAUT O00’€MHHMX dYacTOK Ta30BOi 1 piguHHOI ¢a3u, SKICTh MHU. 3a
pe3ysibTaTaMi  JOCHIKEHb XapaKTEPUCTUKH IOTOKY B MPUCTPOi (po3moauTy
MIBUAKOCTI, THCKY) BCTaHOBJICHO 3aKOHOMIPHOCTI mporieciB GpopmyBanHs minu. Ha
OCHOBI JIBOX PO3pOOJIEHUX METOJMK MPOBEAEHO €KCIEPUMEHTANIbHI JTOCIIIKEHHS Ta
OTPUMAaHO 301IbIIEHHS BUJOOYTKY.

OckipKH, 6araTo ra30KOHACHCATHUX POJOBUI B YKpaiHi BUCHAXKEH], TOMY IS
OTPMMAaHHSI TO3UTUBHOIO €(EeKTy 13 OCBOIOBAHHS CBEPAJIOBUH MOTPIOHO
3aCTOCOBYBAaTM ONTHUMAaJbHI METOJM, $KI IPYHTYIOTbCS Ha MOJEIIOBAHHI Ta
€KCIIEpPUMEHTAJIbHUX JTOCTIIKEHHSIX.

Cnucox Bukopuctanux mxepen: 1. fpemiituyk, P. C., & SApemiituyk, S. C. (2007).
OcBoenHst cBepanoBuH: AoBigHMK. Llentp €Bpomu. 2. Karepunuyk, II. O., Pumuyk, . B,
ubyneko, C. B., & Wyapuk, O. JI. (2018). OcBoenns, iHTeHCH(DIKAIliS Ta PEMOHT CBEP/JIOBHH.
[Ipom-Aprt. 3. Bonoseupkuii, B. b., Komnaba, B. 1., Bacunenxo, C. M., [llup6a, O. M., I'nitko, A.
B., & Ivomin, A. B. (2017). OcBo€eHHS CBEpUIOBUH Ha 3aBEpIUAbHIN CTajall po3poOKU pOJOBUIIL.
ITuTaHHs pO3BUTKY ra3oBoi NpoMuciIoBocTI YKpainu, XLV, 135-140.
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HOTEHUIAJ MPOEKTHOT'O MEHE/I’KEPA AIK YUHHUK
CTPATETTYHOI CIPOMOKHOCTI IPOEKTHO-OPIEHTOBAHUX
OPTAHI3BALIN
I. KoryT
Hauionanvnuii ynieepcumem «J/Ivgiecoka nonimexuika», m. JIvsie

Y cydacHHX yMOBax 3pOCTaHHS HEBHU3HAYEHOCTI, TEXHOJIOTIYHUX 3MiH Ta
TypOyJICHTHOCTI 30BHIIIHBOTO CEPEAOBHINA TPOEKTHO-OPIEHTOBAHI OpraHizaiii
Jefali 4acTillle PO3TIIAJAl0ThCs SK KIIOUOBHUM MEXaHI3M pealtizallii CTpaTeriyHuX
ijei. YnpapiiHHS mopThEasIMy, TporpaMamMu Ta IPOEKTaMH B TaKUX OpraHi3aIisx
BUXOJUTh 3a MEXI TEXHIYHOrO IUTAaHYBaHHS 1 Jefail OuIbIle 3aJeXuTh Bij
JIOACBKOTO YUHHUKA, 30KPEMa BiJl POl Ta MOKIMBOCTEN MPOEKTHOTO MEHEKepa.

TpanuiiitHo e()eKTUBHICTh MiSUTBHOCTI MPOEKTHOTO MEHEIKEpa OIIHIOETHCS
yepe3 Mpu3My KOMIIETEHII — 3HaHb, HABUYOK Ta JOCBIAY, HEOOXITHUX JJIsi
BUKOHAaHHS TpodeciiiHux ¢QyHkuid. BonHoyac y KOHTEKCTI MPOEKTHOI JiSIIBHOCTI,
IO 3IIMCHIOETBCS B yMOBaxX THUMYAacCOBUX OpraHi3allliHUX CTPYKTYp, BHCOKOIi
JUHAMIYHOCTI Ta HEBU3HAYEHOCTI, TAKUH IT1AX1J] MA€ IIEBHI OOMEKEHHS 1 HE JI03BOJISIE
MOBHOIO MIpPOIO OIIHUTH 3/IaTHICTb MEHEPKepa /0 PpO3BUTKY, ajanTaiii Ta
BUKOHAHHSI CKJIQJIHIIIKUX CTPATErIYHUX poJiel y MailOyTHhOMY.

VY HayKOBHX JTOCHIPKEHHSAX BIJICYTHE €JMHE KOHIICTITyaJlbHE Oa4eHHSI MOHSTTS
«MOTEHIIa]l MEHEeKepa MpOoeKTy». Hmu3ka aBTOpPIB TPaKTYHOTh MOTEHINAN SK
MOKJIUBICTh MaiOyTHBOTO PO3BHUTKY, a00 3[aTHICTH JO BUKOHAHHS CKJIATHIIINX
ynpasimiHcbkux poneit. Tak, Silzer ta Church (Silzer & Church, 2009) Bu3zHauaroTh
NOTEHIlaJI, SK 3JaTHICTh JI0 YCHIIIHOIO BUKOHAaHHA OUIbII CKJIAJHUX poOJiel y
MalOyTHhOMY, AaKIICHTYIOUM yBary Ha KOTHITHBHUX 3II0HOCTSX, MOTHBAIlli Ta
aganTuBHOCTI. BojHouac med miaXim OpIEHTOBAaHWN TMEPEBaXXHO HA MPOTHO3
Kap’€PHOTO 3pOCTaHHS 1 HEJIOCTAaTHbO BPAaxXOBYE KOHTEKCT MPOEKTHOI ISTIbHOCTI.
dinocodcerki Ta nexcukorpadiuni nigxoau XK. Peii-/Ie6os Ta A. Pes (Rey-Debove &
Rey, 2009), po3risgaioTh NOTEHLIAN K «BIPTyalbHY MOXJIHMBICTHY, 110 MOXKE OyTH
peasizoBaHa 3a BIMIOBITHUX YMOB, OJHAK HE MPOMOHYIOTh IHCTPYMEHTIB TPAKTUYHOI
omeparfioHaizamii 1bOro MOHATTA. [HIN AOCHITHUKK 3BYXXYIOTh IOTEHIIAT 10
MOBEAIHKOBUX, 400 «M’SKMX» XapaKTepUCTUK, 110 NepeOyBalOTh y JATEHTHOMY
CTaHi, I'rHOPYIOYH KOTHITUBHI Ta CTPYKTYPHI KOMITOHEHTH.

OxpeMi JOCHIPKEHHS BKa3ylOTh Ha 3B 30K MK KpPEaTUBHUM IOTEHI[1AJIOM
MPOEKTIB Ta BHYTPINTHBOIO MOTHBAIIIEI0 MEHEKEPIB MpoekTiB (BoitTymenko, 2019),
OJIHAK TaKl MIAXOAM, K MPAaBHIO, HE (OPMYIOTh LIUIICHOIO OauyeHHs MOTEHLIaTy
MeHeIKepa K OaratoBuMipHOi KOHCTpyKuii. (Boiitymenko A. A., 2019). Okpemy
IpyIly CTaHOBJIATH KoMneTeHTHICHI miaxoau P. bosuuca, PMI (Boyatzis, 1982), PMI,
2024). y Mexkax SKUX MOTEHIal (PaKTUIHO OTOTOKHIOETHCS 3 YK€ C(OPMOBAHUMH
YOPABIIHCHKUMH KOMIIETEHIIISIMU Ta Pe3yJIbTaTUBHICTIO AISUIbHOCTI. Takuil miaxij €
I[IHHAM JIJIS1 OI[IHKH ITOTOYHOI TOTOBHOCTI MEHEIKEpa, MPOTEe HE J03BOJISIE BUSBHTH
HOro MpUXOBaHI MOKJIMBOCTI Ta 3JaTHICTh MJIATU B HOBUX a00 YCKJIaJHEHUX
MPOEKTHUX yMOBaXx.
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VY3aranpHEeHHS HAayKOBHX IMIJIXOJMIB CBIQYHTH, IO OUIBIICTh 13 HUX
30CepeKYIOThbcs, a00 Ha OKpPeMHX CKJIAaJOBUX TMOTeHIamny, abo Ha ioro
pe3yibTaTUBHUX MPOsBAX, W0 OOMEXY€E MOMJIMBOCTI UUIICHOTO PO3YMIHHS
NOTEHI[aTy TPOEKTHOTO MEHEKepa.

Ha BigMiHy Bia omepaliiiHOro MEHEIKMEHTY, A€ MIsUIbHICTh BiIOYBa€ThCS B
MeXax CTaOlIbHUX MPOIIECIB 1 MOBTOPIOBAHUX CTPYKTYP, YINPABIIHHS MPOEKTAMH
3MIMCHIOETHCS. B YMOBAaX THUMYACOBOCTI, MIKIMCIIUIUIIHAPHOCTI Ta BHUCOKOTO PIBHS
HEBU3HAYEHOCTI. Y TaKUX YMOBAX KJIFOYOBOI'O 3HAYEHHS HaOyBalOTh HE JIMIIE HAsIBHI
KOMIIETEHIlIi, @ W BHYTpIIIHS TOTOBHICTH MEHEKepa IO HaBUaHHS, MPUNUHATTA
pillieHb B yMOBaX HEMOBHO1 iH(OpMaIlii, JIiIepChKOTO BIUIMBY Ta aJaNTaIlii 10 3MiH.

CydacHi JOCHIDKEHHS MIATBEP/KYIOTH  TpaHchopmaliito mpodeciiiHOro
npoiyIr0 TPOEKTHOTO MeHeKepa. Tak, 3a pe3ynbraramu 6106J110METPUYHOTO aHATIZY
Rastovski Ta iH. (Rastovski et al., 2024) nHaromomyroTh Ha 3poCTaro4id poui
MOBEJIHKOBUX  KOMIETEHLIHA, €MOLIMHOro  IHTEJIEKTy Ta  TEXHOJOTIYHOI
aJanTUBHOCTI. Y MeXax JaHOTO JOCHIIKEHHS 11 €JIEMEHTH PO3IISAAlOThCS HE SK
CTAaTUYHI HABUYKH, a K BEKTOPH pealiizallii MOTeHIlaTy MEHEIKepa MPOEKTY.

[IpakTuHe MATBEPKEHHST IUX TEHJEHINH 3HaxoAuMo Yy 3BiTax Project
Management Institute «Pulse of the Profession 2025», ne, nopsa 13 TpaauuiiHUMU
KOMITETCHITISIMH, AaKIEHTYETbCS yBara Ha CTpaTeriyHOMYy MHMCIJICHHI, JIJIEPCTBI,
O13HEC-OpIEHTOBAHOCTI Ta IM(POBIM THYYKOCTI. AHaANI3 3MICTY TaKUX BHMOT
J03BOJISIE€ THTEPIPETYBATH iX SK CTPYKTYPHI CKJIAIHUKHU MPOQEeCcIHHOro MOTeHIialy,
mo 3a0e3MevyroTh 3/1aTHICTh MEHEIKepa CTBOPIOBATU IIHHICTh y CKIAJHOMY Ta
MIHJIUBOMY MPOEKTHOMY CEPEIOBHIIIL.

[Totenmian He (QyHKIIIOHY€E SK 130JIbOBaHA XapaKTEPUCTHKA, a TPOSBISETHCS
yepe3 chopmMoBaHi KOMIETEHIII1, MOBEIHKOBI MAaTEPHU Ta Pe3yibTaTH MpodeciitHol
JTISJIBHOCTI. Y MeKax HAyKOBOTO aHali3y KOMIETEHINI JOIIBHO pO3MIsAaTH SK
omnepauiiHUi piBEHb MpPOSIBY NOTEHIAlly IPOEKTHOrO MeHemkepa. BoaHouac
NOTEHIIAJI € [UPIIOK0, IHTETPAIIBHOIO Ta JUHAMIYHOIO KaTEropiero, Mo BigoOpaxae
3/1aTHICTb MEHEJIKEepa /10 PO3BUTKY, aJlanTallii Ta BUKOHAHHS CTPATEriYHUX pOJIeh y
MaiiOyTHbOMY. Take po3mMexyBaHHSI JO3BOJISIE€ OEAHATH KOMIIETEHTHICHUN TiAXia 13
JOCIIKEHHSIM TOTEHI1ady B CUCTEMI1 YIpaBIiHHSA MOPTQENSIMH, NpOrpaMamu Ta
MIPOEKTAMHU MPOEKTHO-OPIEHTOBAHUX OpTraHi3allii.

Cnucoxk Bukopucranux mkepen: 1. Boyatzis, R. E. (1982). The competent manager: A
model for effective performance. John Wiley & Sons. 2. Project Management Institute. (2025).
Pulse of the profession 2025. https://www.pmi.org/-
/media/pmi/documents/public/pdf/learning/thought-
leadership/pulse/pulse of the profession 2025-1.pdf 3. Rastovski, T., Vukomanovi¢, M., &
Vlahov, R. D. (2025). Key project management competencies in the last two decades: A
bibliometric and content analysis. Systems, 13(11), 972. https://doi.org/10.3390/systems13110972
4. Rey-Debove, J., & Rey, A. (2009). Le Petit Robert: Dictionnaire alphabétique et analogique de la
langue frangaise. Dictionnaires Le Robert. 5. Silzer, R., & Church, A. H. (2009). The pearls and
perils of identifying potential. Industrial and Organizational Psychology, 2(4), 377-412.
https://doi.org/10.1111/j.1754-9434.2009.01163.x 6. Boiitymenko, A. A. (2019). Ilonsrrs
KpPEaTUBHOTO MOTEHIaMy y cdepi ympaBimiHHA MPOEKTAMH. YTIPaBIiHHA PO3BUTKOM CKIIAJHUX
cucrem, (37), 13-17.
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HOUPPOBA BTOMA TA KOT'HITUBHE ITEPEBAHTAKEHHA
MEHE/I’KEPIB ITPOEKTIB
T. Jle0inn
Hauionanonuit ynigepcumem «J/Ivgiecoka nonimexnika», m. /Iveie

He3zanepeunum € Toii (paxT, 1m0 ympaBiiHHS MPOEKTAMH B KOMIaHIl ChOTOJIHI
BXKE HE € MTPOCTO MPOLIECOM IIJIAHYBAaHHS Ta YITKOIO BUKOHAHHS MOCIIAOBHOCTI JI1i, a
CTpaTeriuHor (YyHKIE, 3MYIIEHOIO aJanTyBaTHCS 10 MOCTiMHHX 3MiH [Raja, M.
V., 2025)]. Ilpuckopenns uudpoBoi TpaHchopmallli, pO3MHUPIOIYH YIPaBIIHCHKI
MO>KJIMBOCTI, 3p00uiia poOOTY KEPIBHUKIB MPOEKTIB HAA3BUYAWHO AUHAMIYHOIO, aJie
# OJHOYACHO BpA3IMBOK 10 SBULL UU(POBOI BTOMU Ta KOTHITUBHOIO
nepeBaHTaKEHHS.

[locTiliHa  NPUCYTHICTH B OHJIAWHI,  Oe3mepepBHI  IOB1JIOMJICHHS,
Oarato3aJayHiCTh 1 3pOCTaHHS TeMmny iH(OpPMalIHUX TMOTOKIB MPU3BEIN 0 TOTO,
10 MPOEKTHI MEHEIKEPU OMMHIINCS B CUTYallii, KOJM TEXHOJOTiyHA €(hEeKTUBHICTh
moyasa 3HWKYBaTH TICUXIYHY CTIHKICTb.

CporojiHi KEepiBHUKHU TMPOEKTIB OPIEHTYIOTHCS B YUCICHHUX KaHallaX 3B'S3KY,
U(POBUX THCTPYMEHTAX Ta MPOEKTAX, IO TyOIIOIOTHCA, YaCTO O€3 HAJIEKHOTO Yacy
Ha BIHOBJEHHS. Lle cepenoBuile crnpusino HUPpPoOBii BTOMI, IKa XapaKTepU3Y€EThCA
eMOIIITHUM Ta (i3MYHUM BUCHAKEHHS, 1110 BUHUKAE BHACIIIOK TPUBAJIOT B3aEMOIIT 3
U(PPOBUMHU 1HCTPYMEHTAMH, TOJIl SIK KOTHITUBHE MEPEBAHTAXEHHS BUHUKAE, KOIU
BUMOT'H 710 00poOKH 1H(opMalli nepeBuIlyoTh o0ciar podoyoi nam'ari [Pasha, M. A
et al., 2025].

OCHOBHI MPUYMHHU HU(PPOBOi BTOMHU Ta KOTHITUBHOTO MEPEBAHTAXKEHHSI MOKHA
M1JICYMYBaTH HACTYITHUM YHHOM:

1) 1Hdopmamiiina TINEepNpPOAYKTUBHICTh — HQIUIIOK JaHMX 0e3 yacy Ha

OCMHUCJICHHS Ta Ha pedIieKciio;

2) TepeMHKaHHS KOHTEKCTY — 4acTl MEPEXOAH MK MapajaeIbHUMU TPOEKTAMHU

a00 IHCTpYMEHTaMH KOMYHIKaIlii,

3) mocriiiHa OHJAWH-AOCTYMHICTh 1 MYJbTH33JA4YHICTh (DOPMYIOTH CTaH

«always-on» Ta po3MuUTI MeXi MK MpOodeCiiftHIM Ta 0COOUCTUM YacOM;

4) TEXHOJOriYHAa HAAMIPHICTD — OJIHOYACHE BHUKOPUCTAHHS  KUIBKOX

1HbOpMaLIHHUX MIATPOPM;

5) KyJbTypa TEpMIHOBOCTI — OUIKYBaHHSI MUTTEBOI pEaKIlii BiJi KEPIBHUKIB.

[lcuxonoriuyHi HACIIIKU:

— BTpata (OKYCYBaHHS, 3MIHIOE CHOPUUHATTS KOPHUCTYBALIbKOTO AOCBIAY —
mugpoBl  1HTepdeiicn  3[al0ThCA  CKIAAHIIIMMH, yBara  pO3CIIOETHCS,  a
IPOYKTUBHICTh 3HUKYETHCS;

— BHWXKEHHA 37aTHOCTI J0 TMPUMHATTSA PIlIeHb 1 MICWICHHS BIIUYTTA
(bparMeHTOBaHOCTI MUCJICHHS.

Jlst BupilieHHs 3a3Ha4eHuX MpobieM y (oKycl KepiBHUKIB Mae OyTH cydacHa
TpaHcdopMmallisi: BiJi TEXHOCTPECY 10 U(PPOBOi Tiri€HH.

Menemxep MallOyTHHOTO II€ HE TOW, XTO pearye Ha KOKHE TMOBIJOMIICHHS, a
TOM, XTO 3/aT€H YCBIJOMJICHO KEpPYBaTH BIJIACHOIO YBaroro, BCTAHOBIIIOIOYU YITKI
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MEX1 MDK LH(PPOBOI B3aEMOJIEI0 1 MHCIEHHEBHM BIJIHOBJIEHHAM. Ha puCyHKyY
NPEACTaBICHO KOHIENTyallbHYy CXeMy J00poOyTy MPOEKTHOrO MEHEIKepa, U0
BIIOOpaXka€ KJIIOYOBI HANpsIMU MIATPUMKH TICUXOJIOTIYHOTO, KOTHITUBHOTO Ta
oprasizauiitHoro 100po0yTy MeHEeIKepIB MPOEKTIB Y HU(PPOBY EMOXY.

1. InauBITyadpHUI pIBEHB 2. KomaHIHHIT pIBEHB 3. OpraHi3aIiiiHuil piIBeHb
MeTa — miITpPHMKa KOTHITHBHOL MeTa — CTBOPEHHA 3T0POBOTO Meta — iHTerpanisa go6pooyTy ¥
€Heprii Ta yBarl ITHGPOBOTO CEPEIOBHINA MOJITHKY YIIPABIiHHA KOMIIaHIEI0

e[ [udpoBa ririeHa:

- ; ¢ ACHHXPOHHA KOMYHIKAaIILA eEMIIaTIiA MiaepiB —
00;;;*::‘;‘31 ??;%igﬁ;ﬁ' — 3MeHIIeHHA THCKY PO3BHTOK €MOIIIHHOTO
: 1IOMIIE ' MHTTEBOI BITIOB11 IHTENEKTY KEpIBHHKIB
YV CBIZOMICHE IUTAHYBAHHA: #P03M0iT KOTHITHBHOTO eSustainable Agile —
poGoTay dokyc-Gr1okax HaBaHTayKeHHA MiK aJamnTalif CIIPHHTIB 10
(Pomodoro,Deep Work) YIeHaMH KOMaHIH PHTMY KOMaHIH
¢CaMOKOHTPOJIB: e[IepeBipKH eMOIIHHOTO «IToBiTBHA IIPOIYKTHE-
MOHITOPHHT BTOMH (apps: CTaHy —KOMaHIHI HICTB» — ()OKYC Ha
RescueTime, Clockify) 00roBOpEHHA CTaHY pe3yIpTaT, He Ha TOJHHH
o MIiKpOBiTHOBIEHHA: TTAY3H e[IepepBa MiK HapaJaMH — .
H}IKEH Liaaﬁamameﬁmy)) oell)ieéJ eHb 0e3 3pc:[ iueit eCuerema mTprMiH Il —
s ep ' ’ AHH 1€ . YCIprae ABTOMATH3aIliA PYTHHH
MIK 3a/1a9aMH IIOTHXHA
ebanaHc CHY Ta aKTHBHOCTI: ¢ ABTOHOMIiA KOMaH/IH — eHapuaHHA ITHOPOBOMY
PHTMH CHY Ta €HEpPTreTHYHE NpaBo Ha «IIH(POBY THIITY» 30POB’I0—KYPCH 3
BiTHOBJIEHHA Y HEaKTHBHI TOJHHH npo(1TaKTHKH TEXHOCTPECY

Puc. Cxema n006poOyTy MPOEKTHOTO MEHEIKEPa

JoOpoOyT KepiBHHMKA MPOEKTY CHOTOJIHI — II€ HE JHINE BIIICYTHICTH CTpECY,
a CHUCTEMHa 3/JaTHICTh KEpyBaTH BJIACHOIO YBarolw, KOMaHJIHOIO EHEpri€lo
Ta TEXHOJOTTYHUM CEPEIOBULIEM.

[udpoBa BTOMa Ta KOTHITUBHE MEPEBAHTAXKEHHS, SIKI € MOOIYHUMH e(eKTaMu
uudpoBizalli, CTalTh [I3€pKAJIOM HOBOI NapaJWrMy YIPAaBIIHHA: HPOEKTHHMA
MEHEDKMEHT CTa€ HaAyKO PO yBary, eHeprito Ta Mexi. KepiBHUKH, K1 OBOJIOIIIOTH
NPAKTUKAMH  KOTHITUBHOI  TITI€HH, 3MOXYTh  IEPETBOPUTH  TEXHOJIOTIUHE
NepeBaHTaKEHHSI Ha KOHKYPEHTHY MepeBary — CTBOPIOIOYM KOMaHIM, L0 MUCIATH
riluie, a He MPaLoTh MIBUALLE.

Cnucox Bukopuctanux maxepei: 1. Raja, Manambedu Vijayakumar. (2025). Strategic
Evolution of Project Management Theoretical Perspectives on Trends Shaping the Next
Decade. Journal of Business and Management Studies, 7(4), 140-
146. https://doi.org/10.32996/jbms.2025.7.4.7 2. Pasha, M. A., Nadeem, S., Rasool, A., Shafique,
F., Imran, H., Kanwal, S., Arshad, M., Ali, A., & Yasmeen, K. (2025). Digital fatigue and cognitive
overload as managerial challenges: Understanding the impact of workload management on the
workforce. The Critical Review of Social Sciences Studies, 3(4), 1629-1641.
https://doi.org/10.59075/xwtjqy32. 3. Misra, S., Roberts, P., & Rhodes, M. (2020). Information
overload, stress, and emergency managerial thinking. International Journal of Disaster Risk
Reduction, 51, Article 101762. https://doi.org/10.1016/.ijdrr.2020.101762. 4. Delisle, J. (2020).
Working time in multi-project settings: How project workers manage work overload. International
Journal of Project Management, 38(4), 226-237. https://doi.org/10.1016/j.ijproman.2020.04.001.
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BUKOPUCTAHHSA HECTPYKTYPOBAHUX JAHUX JJISA AHAJI3Y
TEHJIEHIINA MIPOEKTHOI'O CEPEJOBHIIIA
IIL. JIy0, P. [Tagroka, A. Tatomup, H. 3amuiaruacbkuii
JIvgiecoKuil HAUIOHAILHUIL YHIGEpCUmMem 6emMePUHAPHOT MeOUWUHU ma
oiomexnonoziit imeni C.3. Dicuyvkozo, m. JIveie

Buxopucranns Benukux panux (Big Data) y npouect anamizy TeHACHIIN
IPOEKTHOTO CEPEAOBUIIA € BAXKJIMBUM YMHHHUKOM IMIJBUIICHHS €()EKTUBHOCTI
YIPABJIIHHS OPOEKTAMH B CYYaCHUX YMOBAax 3pOCTAar04oi CKJIaJHOCTI Ta MIHJIMBOCTI
puHKy. OOrpyHTOBaH1 yIpaBIiHChKI PILIEHHS MOTPEOYIOTh CBOEYACHOIO JOCTYITY 10
JIOCTOBIPHO1, MOBHOI Ta CTPYKTypoBaHOi 1HQoOpMalii LI0J0 PECypciB, PU3HKIB,
TEPMIHIB BUKOHAHHS 1 PE3yJbTaTUBHOCTI MPOEKTIB TOUI0. AHalli3 BEJIUKUX MAacHUBIB
JaHUX Jla€ 3MOTY BHSIBJISITH MPUXOBAHI 3aKOHOMIPHOCTI, MPOTHO3YBAaTH PO3BHUTOK
IMPOEKTHOIO CEpPEAOBUINA Ta aJanTyBaTH CTpaTerii yNpaBiiHHS BIAMOBIAHO 0
aKTyaJlbHUX TEHJEHIIM, 10 B MIACYMKY CHOpHUS€ MiABUIIEHHIO IPO30POCTI,
KEPOBAHOCTI Ta Pe3yIbTATUBHOCTI MPOEKTHOI AiSTTHHOCTI 3aTrajioM.

Benuki ngani (Big Data) — mie MacuB CTpyKTypOBaHOi a00 HECTPYKTYpPOBAHOI
iH(dOopMaIlii, 1o Ma€ BEJUKI 00CITH, OHOBIIOETHCS 1 HAKOIMMYYETHCS 3 PI3HUX JIKEpE
onHovacHo. Llsg iHGopmallis 3aHAATO MIBUAKO 3POCTAE 1 € PI3HOTHIIHOI, TOMY ii
JOCUTh BAaXXKO OOpOOISATH 3a NOMOMOTOK TpaaumiiHux MertoniB. Ilim TtepminoMm
«BEJIMKI JaH1» TAKOX PO3YMIIOTh CYKYIIHICTb METOJIIB, IHCTPYMEHTIB 1 IPOrpaMHUX
pimens, sSki 3a0e3meuyroTh 30ip, 30epiranns, oOpoOKy Ta aHami3 BETUKHX OOCSTIB
PI3HOTUIIHUX JIaHUX B peajbHOMY 4Yaci. 3a MOXOJKEHHSM, 1€ JIaHl Kl HaXOoHAsTh 3
pI3HUX JpKepen (ColialbHUX Mepexk, MOOUIBHUX MPUCTPOIB, CEHCOPIB, BEOCAMTIB,
€JIEKTPOHHUX OaHKIBCHKMX TpaH3aKIlii, Meauunux 3amuciB, GPS Tomo). OcHoBHA
CKJIQJHICTh OIpAIOBaHHS LMX JAHUX TMOJAra€e y MmoTpedi KOPEKTHOIO BHUSBIICHHS
JOCTOBIPHUX 3aKOHOMIPDHOCTEH, $IKI BHUKOPUCTOBYBAaTUMYTHCS IS TPUUHSTTS
YIPABIIHCHKUX PILIEHb.

Tpanumiitno Big Data onucyrots Mmogemnto «5V»: 1) Volume (06cs2) — Benukmii
ob0car indopmarii, SKU HAKOMUYYeThCA B peadbHOMy daci; 2) Velocity
(wsuokicms) — TOCTIMHUN 1 BUCOKMW TEMI HAAXO/DKeHHS nanux; 3) Variety
(pisHomaHimHicmb) — CTPYKTYpOBaHi, HAMIBCTPYKTYpOBaHI Ta HECTPYKTYypOBaHi
dopmatu naHUX (TEKCTH, BiZleo, 300pakeHHs, CCHCOPHI CUTHaIu Tomno); 4) Veracity
(0ocmosgipnuicmev) — notrpeda nepeBipkd 1 (GUIbTpaLli JAAHMX, MO0 YCYHYTH XHUOHI
BUCHOBKH; 5) Value (yirHicmb) — KOPUCHICTD Ta aHANITUYHA I[IHHICTh TaHUX.

OxpiM TOrO, CKJIAAHICTh ONPALIOBAaHHSA TaKUX O0OCSATIB 1H(pOpMAIll TaKoXK
3yYMOBJICHA CTYINEHEM iX CcTpykTypoBaHocTi (Structured Data). CTpykTypoBaHi AaHi
MaloTh YITKY BIOPSAJIKOBAHICTb, 30€piraloTbCsi y TaOMUIAX, psAKaX 1 CTOBMISX
(SQL), ne KOXXeH eJeMEHT Ma€ IMEeBHUW TUI — YHCIO, J1aTa, TEKCT TOIIO.
HamiserpykrypoBani nani (Semi-Structured Data) — MaroTh 1eBHy oprasizaiiito, aje
0e3 YITKOCTI YIOPSIAKYBaHHS: CTPYKTypa €, ajie¢ BOHA BIAPI3HAETHCSA JIsI PI3HUX
3anuciB. HamiBCTpykTypoBaH1 JaHI BUKOPUCTOBYIOTH TETrHW, ab0 KIIOYl ISl OMHUCY
BianoBigHuxX 3HadeHb (JSON, XML, noru cepsepiB, koHbirypamiitai dainu, API-
BiamoBial Tomo). HecrpykrypoBani mgani (Unstructured Data) — we wmaroTh
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dikcoBanoro ¢opmary, abo mozeni (e Bce pa3oM — TEKCT, 300pakeHHs, Bifeo,
ayJ110, KOHTEHT COLIAJIbHUX MEPEK TOILO).

Ocki1bKH caMe HeCTPYKTYPOBaHI JlaHi ChoroH1 ckiianarTh 80-90% yciei
reHepoBaHOi 1HPOpMAaIlii TO 1 METOAMKA i1 KOPEKTHOT'O OINpalfOBaHHS HOCUTh
NPAKTUYHY LIHHICTH JIJIs1 (POPMYBAaHHS pEKOMEH/Ialllii BAPOOHUKAM Ta CEPBICHUM
HiapueMcTBam (puc.).

K 36ip i 30epiranns HeECTPYKTYPOBAHUX JAHUX \

» Conmepexi (Facebook, X, Instagram);
* Biaryku, onutyBaHHs, JIUCTH;

* Aynio/Bineo, hoto, mokymenrtu, PDF;
* Jloru cuctem, loT-cencopu.

Hadoop HDFS, MongoDB, Cassandra, Data Lake (S3, Azure,

@gQuery) j
v
4 Ionepenns o6podka (Data Preprocessing) )
*» OQUHIIeHHS, HOpMaTi3allis, TOKeHI3aIlis;
ﬂ * PosmizHaBaHHs 300pakeHb, MOBH, TEKCTY.
Apache Spark, Pandas, NLTK, TensorFlow, OpenCV, Whisper

- J
v

4 CemMaHTHYHUI aHAJII3 | BUSIBJICHHS 3aKOHOMipHOCTei )

o * Text Mining, Sentiment Analysis, Topic
= Modeling, Entity Recognition;
- * Knacrepwusaitist JaHUX, OLIYK TPEH/IIB.

Spark MLIlib, RapidMiner, KNIME, IBM Watson NLP

- J
v

/ AnagiTuka i Bisyanizanis Tenaenuii \

* BusiBieHHsI TpPEeHIIB, aHOMANii, MOBEIIHKOBHX

/\/ MIaTepHIB;
* [IporHO3yBaHHs pUHKOBHX 3MiH;

- » ®opMyBaHHS yIIPABIIHCHKUX PEKOMEHIAIIN

Qableau, Power BI, Kibana, Grafana, Superset /

Puc. MeTtonuka omnpaiitoBaHHsI HECTPYKTYPOBAHUX JIAHUX B YIPABIIHCHKI
pileHHs

Orxe, Texnonoria Big Data dopmye Baromuii BIUIMB y cydacHOMY Oi3Hec-
YIPABIIIHHI, OCKUIBKH J1a€ 3MOT'Yy NIEPETBOPIOBATH MEPEBAXKHO HECTPYKTYPOBaHI1 J1aH1
HAa IMpaKkTU4YHI 3HAHHSA JUIsl yXBaJeHHA pimeHb. OcoOlMBE 3HAYEHHA MaroTh
IHCTPYMEHTH, OPIEHTOBAHI Ha OINpAaLIOBaHHSA LUX JAaHUX. 3aBAsku cydacHuM I[T-
pimenHsiM, TakuM sk Hadoop, Spark, Python-06i0miorexu, Power BI, Tableau um
Grafana, MOXHa HIBUJKO MEPETBOPIOBATU «CUPI» J1aH1 HA CTPYKTYPOBAHY aHANITHKY,
BIJICTEKYBATH 3MIHU Ta MPOTHO3YBATH PU3UKH, a BIATAK MIABUILYBaTH €()EKTUBHICTD
pileHb
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YIIPABJIITHHA 3MIHAMU BUMOTI BE3 «SCOPE-CREEP»
Y IT-ITIPOEKTAX
1. MaiigaHiok
OoecovKuil HayioHanbHUIL MOPCbKUIL yHigepcumem, m. Qdeca

OOrpyHTOBaHO MiAXIJ OO0 KEPYBaHHS 3MIHAMHU BHMOT, SIKMIl MOEIHYE MOJITUKY
npuitmManHs 3MiH, auciuiuiiny Request for Comments (RFC) maiig o6roBopenHs Ta
Architecture Decision Record (ADR) mms  ¢ikcamii pimens, iHTErparito 3i
«Bopotamu» Definition of Ready (DoR) / Definition of Done (DoD) y kepoBanomMy
workflow Ta onopy Ha neHtpanizoBany 6a3y 3HaHb Single Source of Truth (SSoT).
[TokazaHo, sIK TaKUil KOHTYp 3MEHIIyE HEBU3HAUCHICTh, CTPUMYE «ScCope creep» 0e3
3aiiBOi OrOpOKpaTii ¥ J03BOJIsIE BUMIPIOBATH €(PEKT 4yepe3 MPOIeCHI 1HIUKATOpU Ta
metpuku DevOps Research and Assessment (DORA).

VY migxonai 10 PU3HMKIB «SCOpE Creep» BHHHMKAE SK HACIHIJIOK HEBU3HAYECHOCTI
1010 IT1JIeH: BUMOTH PO3IIMPIOIOTHCS 0€3 CHHXPOHHOI KOPEKIIil pecypciB, CTPOKIB Ta
KpUTEPIiB MpUAMaHHA, MO0 MPU3BOIUTH JO BIAXWICHb 3a YacOM 1 fAKICTIO. Tomy
NEepIIUM TPUHIUIIOM CTa€ I1HTErpallisi YMNpaBliHHS pU3UKAaMH B TIOBCSKJICHHI
MpoliecH: 3MIHU TMOBHHHI MaTu TNependadyBaHUM BXiJ, 3pO3yMull pojii i mpo30opuii
MOHITOPHHT PIllIeHb — Bl MOMEHTY 1HIiIialii 70 OHOBJICHHS IJIaHy Ta crielnuiKarii.
Takuii mAXig y3TOJKYEThCSI 3 JIOTIKOK CTaHAAPTy PHU3UK-MEHEIKMCEHTY, J¢
opranizamis iH(GOpPMAIIHHUX TOTOKIB 1 KOMYHIKAIlii PO3TIIANAETHCA K CHOCiO
3MEHIIEHHS HeBU3HA4YeHOCTI [1].

CyyacHuil TOTJIAT HA TPOEKTHUUA MEHEKMEHT MIIKPECTIIoE, 10 «MEHIIEe —
Kpauie», SKIIO MpaBUiia 3p03yMii: MOJITHKA 3MIH OMUCYE, XTO 1HIIIIOE, XTO OLIHIOE
BIUIUB 1 XTO 3aTBEpJUKY€E, alle yHUKA€ HAJIMIIKOBUX IIYHKTIB 1 TEPEXpPECHUX
norokeHb. 3mimenHs PMBOK Guide (ckoma penakinis) Bij )KOPCTKUX MPOLECIB 10
MIPUHIIUIIB 1 TOMEHIB €(PEKTUBHOCTI MiJCUIIIOE aKIIEHT Ha 3ally4eHH1 CTEHKXOJIEPIB,
CUCTEeMHOMY MHUCJICHHI, SKOCTI Ta aJalTHUBHOCTI — II€ 1 € MiACTaBOK IS
«JIETKOBAroBoi» raBepHaHC-000JIOHKH HaJl 3MiHaMH [2].

Hucrumutina RFC/ADR  3abe3nedye TpacoBaHICTh pillieHb 0€3 «ImarnepoBOi»
imeptHocTi. RFC (Request for Comments) — KOpPOTKHI JOKYMEHT-TPOMO3UIIS:
KOHTEKCT, BapiaHTH, BIUIMB, PU3UKH, TUIAH 3MIH 1 BIKHO JJIi 3BOPOTHOTO 3B’SI3KY.
[Ticnst o6roBopenHst yxBajneHe pimeHHs Qikcyerbes y ctucaomy ADR (Architecture
Decision Record): omHa kapTka — OJHE pIlIEHHS 3 HACHAKaAaMH Ta KPUTEPISIMH
neperasgy. Po3ainenHs «ae mu obroBoproemo» (RFC) 1 «imo came BupileHO»
(ADR) 3HiMae muIyTaHUHY, JA€ ICTOPI0 BUOOPY aJIbTEPHATUB 1 J03BOJIAE ILIBUJIKO
MIOBEPTATHCS IO apTyMEHTaIlii, KOJIM KOHTEKCT 3MiHFOEThCSI.

[Io6 pimeHHs HE «3aBUCAIN» B aOCTpaKIlii, BOHW MIOBUHHI MaTepiali3yBaTHUCs B
Oekio3i i y kepoBanomy workflow. Iloromkena 3miHa BUMOT TIEPETBOPIOETHCS Ha
emik abo ictopii 3 oHoBileHuMH Acceptance Criteria, a mepexoau B TpeKepi
3B’s13yI0ThCsl 3 «BopoTamu» DoR/DoD: enemeHT He crapTye 0e3 mocuiaHHS Ha
BinnoBinuuii RFC/ADR Ta 3amoBaenoro xontekcty (DoR), a 3aBepimieHHs
IHKpEMEHTa MOXJIMBE JIMIIIE 32 YMOB BHKOHAHUX IEPEBIPOK, TECTIB, OE3MEKOBUX
KOHTPOJBHUX MYHKTIB 1 cymnpoBigHoi nokyMeHtauii (DoD). MiniManicTuuHi, aie
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OJIHO3HAYHI CTaHM Ta «BOPOTA» 3HWXKYIOTh BaplaTUBHICTb PYYHUX KpPOKIB 1
CTBOPIOIOTH BIAITBOPIOBAHICTH A1l KOMaHAH [3].

KomyHikariiiiHa apXiTekTypa Mae npuOupaTu «cipi 30HU» BianoBiganbHocTi. Ha
IPAKTHULI 3pYYHO 3aCTOCOBYBATH PO3KIaAKY poseil Ha ocHoBI miaxony DACI: Driver
rorye RFC, Approver yxBamtoe pimenHsi, Contributors HagarOTh €KCHEPTHU3Y,
Informed oTpuMyIOThH MiJICYMOK; 1I€ CIIPOIIY€E ecKaailito, 3a0e3meuye OaHy «KparkKy
3aTBEP/DKEHHS» 1 3MEHIIYE PU3HK «APYroro IMpUXoBaHOro ampyBepay. s
30BHIIIHIX 1 BHYTPINIHIX ayJAUTOPIM BapTO CTaHAAPTU3YBAaTH IOBIJIOMJICHHS IPO
3MiHU (KOPOTKHUM OIMKC, BIUIUB, TIJIaH, TEPMIHU, MOCUJIAHHS Ha apTedakTH), 10 Pi3KO
3MEHIIY€ KUTbKICTh YTOUHIOIOUNX 3aIUTIB [4].

bananc MK THYYKICTIO Ta Tiepen0adyBaHICTIO MIATPUMYETHCS PUTMOM 1
KopaoHaMu. «BikHa mpuiimMaHHS 3MiH» — (IKCOBaHI MPOMIXKKH, KOJIM KOMaHJa
posrisigae u 3arBepaxkye RFC — QucuuMIUliHYIOTH 1HINIATOPIB 1 3aXHUINAIOTh Yac
30Cepe/KEHOI poOOTH. «3aMOpO3Ka 3MiH» Ha KPUTUYHUX BIATHHKAX ((iHILI iTeparlii,
MiTOTOBKA J0 PEJIi3y) J03BOJISIE€ MPUUMATH JIUIIIE O€3MEKOB1/PETyIATOPHI BUHSITKH 3
YITKUMH KPUTEPISIMH; pelITa MEPEHOCUTHhCS Yy HaWOMmKue «BIKHO». Y cywmil IIe
3HIDKYE TICPEPUBAHHSI Ta JOTIOMArae TpUMaTH (POKyC CIIPUHTY.

Edekr BapTo poOUTH BUIMMUM Yepe3 MOE€JHAHHS MPOLECHUX 1 pe3yIbTaTHUX
noka3HMKIB. Jlo mpolecHUX HajlexaTh YacTKa 3MiH, IO MPOWIUIA MOBHUU IHUKII
RFC—ADR; wmenmianHuii 9ac a0 pIIIeHHS;, YacTKa 3ajad, M0 CTapTyBaId 3
BUKOHAaHUM DoOR; yacTka iHKpeMmeHTIB, 1110 BUkoHas DoD 6e3 moomnpaitoBadb. [o
pesynbpTaTHUX HanmexaTh MeTpuku DORA: Lead Time for Changes (4ac Big KoMiTy
no npoxaakmHy), Deployment Frequency (dacrota nocrauans), Change Failure Rate
(uacTka mocTtavyaHb 13 perpeciero/Biakarom), Time to Restore (uac BigHOBICHHS).
Biacrexenns 6a3u 10 BIIPOBAIKEHHS, a MOTIM JUHAMIKH MIPOTATOM KUJIBKOX 1Teparii
JI03BOJIsI€ TOOAYUTH, SIK MPOIEC 3MIH BIUIMBAE HA CTA0LIBHICTh NOCTAYaHHS.

Cnucoxk Buxkopuctranux mxepea: 1. ISO 31000:2018. Risk management — Guidelines.
International Organization for Standardization. 2. Project Management Institute. A Guide to the
Project Management Body of Knowledge (PMBOK® Guide), Seventh Edition. PMI, 2021.
3. Atlassian Support. Best practices for workflows in Jira (Cloud). 4. Atlassian. Change
Management Guide (Jira/ITSM practices) 1 Atlassian Team Playbook mono xkomyHikartii 3MmiH.
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AJITOPUTMIYHAM CUHTE3 IT'POBUX PIBHIB I3 KOHTPOJIEM
AKOCTI: HIAXIJ CHUNK-BASED PCG JISA ENDLESS RUNNER
/1. Hemomenko, A. JIucenko
Hauionanvhuii mexniuHuil ynigepcumem
«XapkKiecvKuil nonimexHiuHuil incmumymy, M. Xapxie

[Iponienypua renepariis koHteHTy (Procedural Content Generation, PCG) y
MOOUTbHUX irpax >kaHpy endless runner € akTyaldbHOI HAyKOBO-TIPUKIIAIHOIO
TEMAaTUKOI0, OCKIJIbKA TIO€JHY€ THTAaHHA QJITOPUTMIYHOIO CHHTE3Yy IIPOBUX
CEpE/IOBUIL, IPOEKTYBAaHHS I1HTEPAKTUBHUX CHUCTEM 1 3a0e3MeueHHs SKOCTI
KOpUCTYyBAIbKOTo nocBigy. Crenudika )aHpy Mojsrae B TOMy, IO irpOBUI mpoIiiec
IPYHTYETbCS Ha cTajoMy 0a30BOMY IrpoBOMYy LMKl (Oe3nepepBHUI OIr 13
NEepPenIKoiaMr), BOAHOYAC MOTPEOYIOUM TMOCTIHHOTO BIYYTTS HOBU3HM; 3a HOTO
BIJICYTHOCTI PEIrpadesbHICTh 1 MOKa3HUKA YTPUMaHHS KOPUCTYBada 3HMKYIOTHCS.
CyTo pyuyHE CTBOpPEHHS 3HAYHOTO OOCSTY IrpOBOTO KOHTEHTY HJisi MiATPUMAHHS
PI3HOMAaHITHOCTI BUMAara€ iCTOTHHUX PEcCypCiB pO3pOoOKM Ta HE TrapaHTye CTajoro
pe3ynbTaTy: 3pOCTa€ pPHU3MK TOBTOPIOBAHOCTI, «BHUYEpHAHHSI» KOHTEHTY W
MOTIPIICHHS MMOKA3HUKIB yTPUMaHHS KOPUCTYBauiB. Y KOHTEKCTI MOOIJILHOTO PUHKY,
7€ TPOAYKT YacTO PO3BHUBAETHCS uepe3 peryisipHi oHoBieHHs, PCG Buctynae
pallioOHAJIbHUM MIAX0J0M JI0 MacIiTaOyBaHHS KOHTEHTY 03 JIIHIMHOrO 3pOCTaHHS
BUTpAT.

KitouoBa mpobnematuka mporeaypHoi redepaiii B endless runner mossrae y
CYMepeyHOCTI MIXK BapiaTUBHICTIO Ta KEPOBAHICTIO. 3 OJHOTO OOKY, T€HEpaToOp Mae
3a0e3nedyBaru JOCTATHIO PI3HOMaHITHICTb CUTYyaIlii, MIHIMI3YI0YH1
nepen0adyBaHICTh 1 OJHOMAHITHICTh. 3 1HIIONO OOKY, IeHepaliss He MOXe OyTH
JOBUIBHOIO, OCKIJIBKM Tpa BHUCYBA€ CTPOrl BHUMOTM JI0 MPOXIJHOCTI, CHpHIMaHOI
CHpaBEUIMBOCTI Ta MPOTHO30BAHOTO TEMIy 3pOCTaHHs CKiIagHOCTi. HekopekTHe
HaJalTyBaHHS TEHEpaTopa MOXKE MPU3BOJUTH JO HEMPOXIJTHUX KOMOIHAIIM
NEPEILKOJl, HENPUIUHATHUX «IIKIB» CKIAIHOCTI, PI3KUX 3MIH TEMITy, a TaKOX
CIIEHapliB, 10 CHPUUMAIOTBCS TpaBIeM SK HeCIpaBemIuBl (30Kpema, uepes
HEJOCTaTHIM Yac Ha peakmito abo MNpPakTUYHO HEeMHHYYl 3iTKHeHHs). OTxe,
aKTyaJbHICTh TEMH BH3HAYAEThCS HE JIMIIE €KOHOMIYHOIO nouuibHicTIO PCG, a
HacamIepe noTpedoo B METO/Iax, 10 Jal0Th 3MOTy (popMallizyBaTu OOMEKEHHs Ta
3a0€3MeUnTH BIATBOPIOBAHY SKICTh TEHEPOBAHOT'O KOHTEHTY.

[TpakTHyHO PUAATHUM 1 MONMTUPEHUM T1IX00M Juisi MOOUTbHEX endless runner
irop € chunk-based reneparisi, 3a sk0i IrpoBUN piBeHb (POPMYETHCS 3 Hamepen
OIArOTOBIEHUX MOJYJBbHUX (parMeHTIB — «4aHkiB». KoxkeH Moaynb Mae
CTaHAAPTU30BaHl TOYKM BXOJY/BUXOJy Ta BU3HAYEHI CTPYKTYPHI XapaKTEPUCTUKH
(TN mepemKo ], IIUIbHICTh OO’€KTIB, OYIKYBaHHMW TEMI, JONYCTHMI HapameTpu
CTpUOKa/MPUCKOPEHHsT Tomo). Takuil MiAXiT € KOMIPOMICOM MIXK TOBHICTIO
IOPOILIEAYPHOIO TEHEpAIlEl0 Ta PYYHUM JW3aHOM: BIH 30epirae XyJIOXHIA 1
reiMan3ailHepcbKuii  KOHTPOJIb HA PIBHI MOIYJIB 1 BOJHOYAcC 3a0e3nevye
KOMOIHAaTOpHE 3POCTAaHHS KITBKOCTI MOXIMBHUX Tpac. BomHowyac y mexkax chunk-
based PCG  3aiumaerscs  IEHTpaJIbHE  HAYKOBO-IH)KEHEpHE  3aBJAHHS:
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chopMyIIOBaTH MpaBuia CyMICHOCTI MOZYJIiB 1 KMOBIpHICHI Baru BUOOpY Tak, 1100
CTaTUCTUYHO CTAOUIbHO KEPYBATH CKJIAJHICTIO, MIHIMI3yBaTH MOBTOPIOBAHICTH 1 HE
NOPYIIYBATH MPOXIIHICTb.

[lepcrieKTUBHUM  HampsIMOM  JOCTIPKEHHS €  pO3pOOJIGHHS  MPOLEAYp
Bepu(ikailii Ta OanaHcyBaHHs reHepaTtopa. Lle Bkitoyae dopmanizaiito 0OMeKeHb
(30KpeMa, MPOXITHOCTI K CYKYIMHOCTI T€OMETPUYHUX 1 YaCOBUX YMOB), MOOYIOBY
IpaBWJI CTUKYBAaHHS YaHKIB, a TaKOXX 3aCTOCYBaHHS METPUK SIKOCTI TeHepallli:
4aCTOTH IOBTOPIB, PO3MOALTY MEPEIIKO] 3a THIIaMHU, CEPEIHBOI TPUBAIOCTI 3a0iry,
IMOBIPHOCTI «CMEpPTI TMEPCOHAXXKa» Ha OKPEeMHUX JUISHKAaX, 4Yacy Ha pPeaklliio,
MOKa3HUKIB IUIABHOCTI 3pOCTaHHS CKJIAJHOCTI. [IpakTHYHO AOLUIBPHUM € IMO€THAHHS
nepeBipku iHBapiaHTiB (constraint checking) s BiACIKaHHS HEMPOXITHUX
KoH(Irypaiiii i3 0araTokpaTHHUMU aBTOMAaTU30BAaHUMHU IPOTOHAMH TE€HEpaTopa Ta
CTAaTUCTUYHHUM aHATI30M PE3yJIbTaTIB AJI BUSBICHHS CUCTEMAaTUYHO «IIPOOIEMHHUX)
nepexoAiB MiXK MOAyIsIMU. [IpMHIMIIOBO BaXKJIMBUM € NEPEXIJ BiJ CyTO PY4YHOIO
TECTYBaHHSA IO CHUCTEMHOIO KOHTPOJIIO SIKOCTI Ha OCHOBI CHMYJSLIA 1
aBTOMATU30BAHMX TECTIB, 10 JAa€ 3MOry BUSBIATU AedeKTHI ado HecHpaBeauBi
KOMOIHAIIiT Ha eTari HaJallTyBaHHs [IPaBUJI 1 Bar.

OxpeMoi yBaru mnoTpedye KepyBaHHsS CKJIAQJHICTIO K (YHKLIEIO 4acy abo
nucraniii. IIpomoHnyeTbes 3amaBath «kpuBYy ckiagHocTi» (difficulty curve), ska
napaMeTpu3y€e IUIbOBI 3HAYEHHS IIIJIBHOCTI TMEPEelIKoJ, YacTOTH TAacTOK 1
CEepeAHBOTO Yacy Ha peakililo Ha PI3HHMX eTarnax 3aliry. BiamoBinHo, BUOIp YaHKIB
MOKE€ TMIJMOPSIAKOBYBATUCS HE JIMIIE TPaBWJIAM CYMICHOCTI, a W IIJTLOBOMY
npo(iyIr0: HA TOYATKY JOMIHYIOTh HaBUajbHI Ta MEPEXiJHI CETMEHTH, Y CEPEIUHI —
OUIBIII HACKYEHI, a B Mi3HIN (a3l — CErMeHTH 3 KOMOIHOBAaHUMU TiepemkoaaMu. Jlis
3MEHIIICHHSI TIOBTOPIOBAHOCTI JIOIUIBHO 3aCTOCOBYBAaTH MEXaHI3MH aHTH-TIOBTOPY:
KOPOTKY IaM’aTh OCTaHHIX N MoaymiB 13 3a00pOHOI0 IOBTOPIB y BIKHI a0o
AMHAMIYHE 3HIKEHHS Bard JJisl HIOWHO BUKOPUCTAHUX YaHKIB. J[omaTkoBUM 3aco00M
MIJBUIIEHHS PI3HOMAHITHOCTI MOXYTh OyTHM KOHTEKCTHI MOAU(IKATOpU — 3MiHA
BI3yaJlbHOTO OGOpMIIEHHS Ta ApiOHMX NapaMmeTpiB (HAMPUKIAJ, pPO3TALIyBaHHSA
OoHyciB) 0e3 Moaudikaiii 6a30Boi reoMeTpii, MO 3MEHIIYE CyO €KTUBHE BIIUYTTS
MOBTOPIOBAHOCTI MPH MOBTOPHOMY BUKOPHCTaHHI MOJIYJISL.

Otxe, mpoleaypHa reHepallisi KOHTEHTY B endless runner € akTyaibHOIO
TEMATHKOIO HE JIUIIE Yepe3 MiABUIIICHHS peirpadeabHOCTl, a i Yepe3 HasIBHICTh YiTKO
dopmanizoBaHux mnpooOsieM: 3a0e3MedeHHs] KepOBaHOI BaplaTMBHOCTI, 3amoOiraHHs
HEMPOXITHUM 1  HECHpPaBeMJIMBUM  KOH(QITypalisM, BUMIPIOBAHHS  SKOCTI
TeHEpPOBAHOTO0 KOHTEHTY Ta OpTraHi3allisi mpolecy ioro OamaHcyBaHHA. Peamizaris
chunk-based PCG y cepenoBumi Unity nae 3Mory mpoaeMOHCTPYBaTH MOBHHUM UK
pO3pOOKM — B MOJEIIOBAHHS CTPYKTYPH MOJIYJIB 1 MNpaBUi MO€IHAHHS JI0
MoOyJJOBM 1HCTPYMEHTIB TECTyBaHHS W OI[IHIOBaHHS SKOCTI, IO pPOOUTH TEMY
PEJNEBAaHTHOIO SIK JUIsI HayKOBHX NyOJiKamiil 3 1HTEPaKTUBHUX CHCTEM, TaK 1 JUIs
1HKEHEPHUX pOOIT, OPIEHTOBAHMX Ha BIATBOPIOBAHICTH 1 CTAOUIBHICTH PE3YJbTATY
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MOJIEJTIOBAHHS MPOILIECIB NOIIYKOBOI ONTUMI3ALIT
BEBPECYPCIB HA OCHOBI IHTEJIEKTYAJIBHUX METO/IB
A. Onuuenko, b. bouapos
XapkiecoKuii HAWIOHAIbHULL YHIGEPCUMEm MICbK020 20CN00apcmea
imeni O. M. bexemoea, m. Xapkie

CydacHl alropuTMH TMOIIYKOBUX CHCTEM 0a3yloThCs Ha OaraTtopakTOpHUX
MOJICISIX paHXKyBaHHS, SKI TO€JHYIOTb HE JIMIIE TEXHIYHI XapaKTepUCTUKU
BeOpecypciB, SKICTh 1 CTPYKTYpY KOHTEHTY, MOBEIIHKOBI CUTHAJIM KOPHUCTYBadyiB, a
TaKO)X CEMAHTHUYHY pEJEBAHTHICTh TIONIYKOBHX 3aluTiB. 3a TakuX YyMOB
€(EeKTUBHICTh MOIIYKOBOI ONTUMI3allll BUBHAYAETHCA HE OKPEMUMU NapamMeTpaMmH, a
CYKYMHICTIO B3a€MONOB’SI3aHUX (DAKTOPIB Ta XapaKTEpOM iX BIUIMBY Ha Pe3yJIbTaTH
pamwxkyBaHHs. Tpanumiiai  SEO-migxoau, 1O TIPYyHTYIOTBCS Ha EBPUCTHUYHHUX
mpaBWjax 1 pyyHOMY aHalli3l OKpPEeMHMX IIOKa3HUKIB, HE 3a0e3IeuyloTh
dbopmManizoBaHOTO BpaxyBaHHS IIUX B3a€MO3AJIECKHOCTEH, IO YCKIIAHIOE 00’ €EKTUBHE
OIIHIOBaHHS €()EKTUBHOCTI OMNTUMI3AIlli Ta 3HIWKYE TOYHICTh MPOTHO3YBAHHS
pe3yibTaTiB y JAMHAMIYHOMY Ta IIBUJAKOMY IONTYKOBOMY CEpPEAOBHINI. Y MexKax
JOCIIJIKEHHSI 3alpPOIOHOBAHO TMIAX1A JO MOJIETIOBAaHHS TMPOIECIB  MOITYKOBOT
onTuMizailii BeOpecypciB Ik OaraTOKpUTEplabHOI CUCTEMH 3 B3a€MOIIOB’SI3aHUMU
¢dakTopamu, 'y SKid IHTEJIEKTyalbHI METOIM  aHali3y TMOEIHYIOThCA 3
(dopManizoBaHUMH TPOLEAYypaMH MPUHHATTS pimeHb. OCHOBHHUI aKIEHT 3p00JIeHO
Ha IHTerpaiii pe3yibTaTiB MAIIMHHOIO HaBYaHHS Ta OOpPOOKM MPHUPOAHOI MOBH B
€IMHY CUCTEMY KIJIbKICHOTO OLlIHIOBaHHs ehekTuBHOCTI SEO-cTparerii.

3acToCyBaHHS 1HTEJIEKTyaJbHUX METOIB, 30KpeMa MAIlIMHHOTO HABYaHHS Ta
00pOoOKM MOPUPOJHOT MOBH, JI03BOJISIE aBTOMATU3yBaTU AaHaI3 BEJIMKUX MACHUBIB
PI3HOPIIHMX JaHUX 1 MIABUIIMTA JOCTOBIpHICTH oliHIOBaHHSA SEO-dakTopis.
Meroau MamMHHOTO HaBYaHHS BUKOPUCTOBYIOTHCS MJIsi aHANI3y IOBEIIHKOBUX
MOKa3HUKIB, MOJICJIIOBAHHS JUHAMIKH OPTaHIYHOTO TpadiKy, BUSBICHHS TPUXOBAHUX
3aKOHOMIPHOCTEN Yy B3a€MO/IIi KOPUCTYBadiB 13 BeOpecypcamMu Ta MPOTHO3YBaHHS
3MiH e(peKTUBHOCTI onTuMizallii. MeToan oOpoOKH PUPOIHOI MOBH 3a0€3MEUYIOTh
CEMaHTUYHUHN aHalli3 TEKCTOBOTO KOHTEHTY, KJIAaCTEpU3allil0 MOLIYKOBUX 3aIUTIB,
BU3HAYCHHS TMOIIYKOBUX HaMipiB KOPUCTYBadiB 1 OI[IHIOBaHHS BIAMOBITHOCTI
KOHTEHTY iH(opmamiitnuM notpedam ayaurtopii. [loegHanns nux miaxoais gopmye
OCHOBY JUIi MOOYIOBM TIOpPUJIHUX IHTEJIEKTyaJIbHUX MOJEJIEH IMOIIYKOBOi
onTHMi3allii, OpPIEHTOBAHUX HA KOHTEKCT 1 MOBEIHKOBI XapaKTEPUCTUKHU.

Jns dopmanizoBaHoro ouiHioBaHHA edekTuBHOCTI SEO-cTpateriit y poOoTi
3aCTOCOBAHO METOAM MYJbTUKpUTEplanbHOro mnpuiiHATTA pimenb DEMATEL,
DANP 1 VIKOR. Meton DEMATEL BUKOPUCTOBYETBCS JIJIs1 BUSBIEHHSI IPUUUHHO-
HACJIIKOBUX 3B’SI3KIB MDK TEXHIYHUMH, KOHTCHTHUMHM, TIOBEIIHKOBUMHU Ta
CEMaHTUYHUMHU (PaKTOpaMH IMOIIYKOBOi ONTHMI3allii, IO J03BOJIIE BU3HAUYUTU
CTPYKTYPY iX B3a€EMHOT'0 BIUIUBY Ta 1ICHTU(]IKYBaTH JOMiIHYIOUl YHHHUKU. Ha 0CHOBI
OoTpuMaHUX 3B’ A3KiB MeTo1oM DANP 00uuncIr0€ThCS BIIHOCHA BarOMICTh KPHTEPIiB 3
ypaxyBaHHAM iX MepexkeBoi B3aemo3asexHocTi. [loganplie 3acTOCyBaHHS METOIY
VIKOR 3a6e3mneuye ¢dopmyBaHHS I1HTETpajibHOTO TMOKa3HUKA €()EKTUBHOCTI Ta
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KOMITPOMICHE paH)XyBaHHSI aJIbTEPHATUBHUX CTPATEriil OoNTUMI3aLii 3 ypaxyBaHHSAM
3arajbHUX 1 YaCTKOBHMX BIIXWJIEHb KPUTEPIIB.

Pe3ynpTaTn ananmizy cBigyaTh NOpPO JAOMIHYIOUY pOJIb 30BHIIIHIX YHHHHUKIB
onTuMi3alii, 30KpeMa SKOCTI 3BOPOTHMX IOCHJIaHb 1 COLIQJIbHUX CHUTHANIB, Y
dbopmyBaHHI €(PEKTUBHOCTI IMOIIYKOBOT'O MPOCyBaHHS. TeXHIYHI Ta KOHTEHTHI
napamMeTpu BUSBISIIOTH TNEPEBAXKHO PE3YyJbTYIOUUH XapakTep 1 3HAYHOIO MIpPOIO
3QJIeKaTh BiJl 3MIH Y 30BHIIIHHOMY 1H()OPMAIIMHOMY CEPEIOBHIII Ta MOBEIIHKOBUX
XapaKTepUCTUKAX KOpUCTyBayiB. OTpuMaHi pe3yiabTaTH NIATBEPIKYIOTh JOLUIbHICTD
BUKOPHUCTAHHS T1OPUIHOTO 1HTEICKTYaIbHOTO MIAXOY JJISI MOJCIIFOBAHHS IPOIIECIB
MOIIIYKOBOI onTuMizallii BeopecypciB. [loenHanHs MeTOMIB MAIIMHHOTO HABYAHHS,
00pOoOKM TPHUPOAHOI MOBH Ta MYJIbTHKPUTEPIAIBHOTO aHAi3y 3abe3nedye OiibI
00’€KTUBHE OIIIHIOBAaHHS €(QEKTUBHOCTI ONTHUMI3AIIHHUX CTpaTerid MOPIBHSHO 3
TPAIUIIHHUMU EBPUCTHUYHUMH IMIIXOJaMH Ta CTBOPIOE OCHOBY IJISl MiJBUIICHHS
amantuBHOCTI SEO-mpomeciB, 3MEHIIEHHS BIUIUBY CyO’€KTHBHHX pIIICHb 1
dbopmyBaHHS OOTPYHTOBAHHMX PEKOMEHIAIlI B yMOBaX NTMHAMIYHHUX 3MiH aJTOPUTMIB
MIOIITYKOBHX CHCTEM.

Cnucoxk Bukopuctanux jaxepen: 1. Portier, W. K., Li, Y., & Kouassi, B. A. (2020). Feature
selection and classification methods for predicting search engine ranking. Proceedings of the 2020
3rd International Conference on Signal Processing and Machine Learning (SPML), 84-90.
https://doi.org/10.1145/3432291.3432309. 2. Vinutha, M. S., & Padma, M. C. (2023). Insights into
search engine optimization using natural language processing and machine learning. International
Journal of Advanced Computer Science and  Applications, 14(2), 86-96.
https://doi.org/10.14569/1JACSA.2023.0140211. 3. Roumeliotis, K. 1., & Tselikas, N. D. (2023). A
machine learning Python-based search engine optimization audit software. Informatics, 10(3), 68.
https://doi.org/10.3390/informatics10030068. 4. Tsuei, H.-J., Tsai, W.-H., Pan, F.-T., & Tzeng, G.-
H. (2020). Improving search engine optimization (SEO) by using hybrid modified MCDM models.
Artificial Intelligence Review, 53(1), 1-16. https://doi.org/10.1007/s10462-018-9644-0.
5. Roumeliotis, K. 1., Tselikas, N. D., & Nasiopoulos, D. K. (2022). Airlines’ sustainability study
based on search engine optimization techniques and technologies. Sustainability, 14(18), 11225.
https://doi.org/10.3390/sul41811225.
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3ACTOCYBAHHS METOJY AHAJII3Y IEPAPXIN 1JIsI BABOPY
IHCTPYMEHTIB NIJIBULIEHHS KOHBEPCII
K. IIucapenko, B. lllexoBosa
XapkiecvKuii HAUIOHAIbHUIL YHIgepcUmem paodioeneKmpoHniku, M. XapKie

E-commerce nparitoe B yMOBaxX BHCOKOi KOHKYPEHIIli, TOMy HaBiTh HEBEJIHKE
M1JBUINCHHS KOHBEPCIi Ha eTrari OruiaTv Aa€ BiauyTHUH edekT y goxoxai. OmHiewo 3
HAUMOIMUPEHIIUX MPUYUH BTPAT € «IMOKUHYTHUH KOIIHUK», KOJIM KOPUCTYBad JI0JA€
TOBApH ¥ MepexoIuTh 10 0(HOPMIICHHS 3aMOBJICHHS, aJie He 3aBepIiye oraTy. Ha 1o
MOBEAIHKY BIUIMBAIOTh SK TEeXHIUHI (akTopu (TOMHIIKHM, IMIBUIKOMISA, IUIATIKHI
METOJIN), TaK 1 MOBEIIHKOBI (OBipa, COPUIHATTS I[IHU, BIJCYTHICTb TEPMIHOBOCTI)
[1]. Ha mpakTuii 3acCTOCOBYIOTbCS Pi3HI IHCTPYMEHTH NMOBEPHEHHS KOPUCTYBaya J10
MOKYNKH (HAaraayBaHHSA, TPHUIEpHI JKUCTH, push, 3HWKKK TOMIO), OAHAK IX
e(eKTUBHICTh BIJIPI3HIETHCS 3aJCKHO BIJl CETMEHTA, a HaJMipHa IHTCHCHBHICTH
KOMYHIKaIliil MiJBUIIY€E PU3UK HEraTUBHOI peakiii Ta Bignucok. Lle poburts 3amauy
BUOOpY 1HCTpYMEHTa OararokpurepiaibHOo 1 HoTpedye (hopmManizoBaHOTO MIIXOIY.

Memotro Oocnioxcenna € OOTpyHTYBaHHS HIAXOAY 10 BHOOpPY IHCTPYMEHTIB
M1BUIIICHHS KOHBEPCIi B €-commerce 13 BUKOPUCTAHHSAM METOJIy aHaJi3y iepapXii.

Ilocmanoexa 3a0aui. Y poOOTI pO3TISHYTO MOKIIMBICTh 3aCTOCYBAHHS METOMY
aHayizy iepapxii g dopmatizaiii BUOOPY IHCTPYMEHTIB ITiIBUIIIEHHS KOHBEPCIi B
e-commerce. ONuUCcaHO 3arajbHy METOAMKY OaraTOKpHUTEpIaJbHOTO pPaHKyBaHHS
albTepHAaTUB 1 KoHIEMNilo I[T-iHCTpyMeHTa WIATPUMKKA TPUAHSTTS pIMIEHb 13
BOynoBanuMm wMoxayiem AHP. 3anpomoHoBaHuid —miAXig  MOXE — CIyTyBaTu
TEOPETUYHOI0 OCHOBOIO Ui TMOJAIBIINX TNPUKIAJHUX JOCIHIKEHb Yy cdepi
YIPaBIIHHS KOHBEPCIELO.

Memoouxka AHP ona paunycysannsa incmpymenmis

— Jlns xputepiiB Ta aqbTEepHATUB OYAYIOTbCS MaTpUIll MAPHUX MOPIBHSAHB 32
mkanor Caarti (1-9) [2, 3].

— OOYHMCHIOIOTBCS JIOKAJbHI MPIOPUTETH (Baru) KpUTEpIiB 1 albTEPHATUB
(HampuKJaJ, 4Yepe3 HOpMyBaHHS a00 Yepe3 TEOMETPHUYUHI CEPEIH1 PSIIKIB).

— IlepeBipsieTbcs Y3TOKEHICTh EKCHEPTHUX OIIHOK IUISXOM OOYHCICHHS
nokas3nuka y3ropkenocti CR. Cymkenns npuiimMarotbes, skmo CR < 0,1.

— Orpumyerbcst 100aNbHUN PEUTHUHT aNbTEpHATUB ILISIXOM CHHTE3Y
JIOKQJIbHUX MPIOPUTETIB 3 YpaXyBaHHSIM Bar KPpUTEPIiB.

Mopnens pamKyBaHHA Tiependadac MOMIIMBICTH  PI3HOTO  3aCTOCYBaHHS
pe3ynbTaTiB JJIE OKPEMHUX CETMEHTIB KOPUCTYBadiB (HAMpWKIAA, IS HOBUX 1
MTOBEPHEHMX KIIEHTIB, BUCOKOTO a00 HU3BKOTO YeKY, PI3HUX KaHaJIB TpadiKy).

IT-incmpymenm niompumku npuiiHamms piuiens iz mooyiem AHP

BinmoBimHO A0 BHMOT aBTOMAaTHU3aIlli MPOMOHYETHCS KOHIICTIIiST TPOTPAMHOTO
IT-iHCTpyMEHTa MIATPUMKHN MPUUHSATTS PIIICHB IS YIPaBIiHASI KOHBEpciero [4]. 3a
JIOTIKOKO Oprasizauii JaHux 1 poOOTH 3 KIIEHTaMH I1HCTPYMEHT MOAIOHMHA [0
cyuyacHux CRM-pimenp, oJlHaK NPUHUIMIIOBA BIAMIHHICTh IOJSATa€ y BOYJOBaHOMY
maTtematuyHomy wmonym  AHP, skuit  ¢dopmye oOIpyHTOBaHI MPIOPUTETH
IHCTPYMEHTIB BILIUBY.
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@DyHKI[10HAJIbHI MOJYJII 3alIPOIIOHOBAHOTO 1HCTPYMEHTA!

- Moaynpe 300py moaiil: TpekiHr 1A KopucTyBada (event streaming), 3amuc y
CXOBHIIE TAHUX.

- Moaynb npoduIo KiIl€eHTa: CerMEeHTalllsl, 1CTOpisi KOHTAKTIB, O3HAKU PUBHKY
BIJITOKY/HE3a/I0BOJICHHSI.

- Mopaynb eKcnepTHHX IMpaBUJl: OOMEKEHHsS 4YacTOTH, CTOI-JIUCTH, Oi3Hec-
MOJITUKK (HANpUKJIad, HE HaJaBaTU 3HUKKY IMOBTOPHO MPOTIroM 14 nHiB).

- Moayns AHP: dopmyBanHs maTpullb MapHUX MOPIBHSHB, PO3PaXyHOK Bar,
nepesipka CR < 0,1, cuHTe3 ri1o0anbHUX MPIOPUTETIB.

- Mopaynp aBTOMaTMUHUX Mid: 3amyck KaHamiB (email, push, mecenmxepn),
TUTAHYBAaHHS Ta KOHTPOJIb BAKOHAHHS.

- Monynsb 3BiTHOCTI: Hambopau KPI, ominka iHKpeMeHTalIbHOTO e(PeKTy, ayauT
pILIEHB.

3 ToukMu 30py peanizamii Moayiabr AHP 1ominbHO BUKOHYBaTH SIK OKPEMHIA
cepsic (mikpocepsic) 3 API: Ha BX1J moJarOThCsl KpUTEPIli, AIbTEPHATUBU Ta OL[IHKH
(excnepTHi a00 3 JaHWX), a HA BHXIJ MOBEPTAIOThCS BEKTOp Bar, 3HaueHHs CR 1
paHXOBaHUM CMHMCOK IHCTPYMEHTIB. Takuil miaXiJ miABUILY€E THYYKICTh apXITEKTYpH
Ta CIPOIILYE MOJATBIIE POMUPEHHS (PYHKIIOHATLHOCTI CUCTEMH.

Bucnoeku i nepcnekmueu nooanbuiux 00C1ioHceHy.

Y po0oTi pO3MISTHYTO MOXJIMBICTh 3aCTOCYBAHHS METOAY aHaJI3y i€epapXidl mis
BUOOPY 1HCTPYMEHTIB MiJABUIIEHHS KOHBEpCii B €JeKTpOHHIN komepiii. [lokazaHo,
mo AHP po3Bomnsie ¢opmamizyBatu OaraTOKpUTepialibHy 3ajladyy paHKyBaHHSA
aNbTEPHATHB 1 BPAaXOBYBAaTH Pi3HI (PaKkTOpH BIUIMBY Ha MOBEIIHKY KOPHUCTYBadiB Ha
eTami 3aBepIICHHs TMOKYNKH. 3amnpomnoHOBaHO KoHmeniito IT-iHcTpymenTta 3
BOyaoBaHuM MoxayJieM AHP s marpuMKy OpuiHATTS PIiIeHb MO0 MpiopuTe3arii
MapKETUHTOBUX BIUIMBIB. [lomambIi MOCHIKEHHS MOXYTh OyTH CHpsIMOBaHI Ha
NPaKTHUYHY peati3aliio 3alporoHOBAaHOIO MiJXO0AYy Ta HOro mepeBipKy Ha pearbHHUX
naHuX e-commerce. JOMTEHUM € TTO€THAHHS €KCIIEPTHUX OIIHOK 13 TTOBEIIHKOBHMHU
JAaHWMH KOPUCTYBauiB, a Takox 1HTerpaiiss AHP 3 meTogamMu ManmHHOTO HaBUYaHHS
JUISl aJTallITUBHOTO HAJAIITYBAaHHS MPIOPUTETIB IHCTPYMEHTIB.

Cnucoxk Bukopucranmx jxepena: 1. bycurina, C. P., & Jlucak, O. 1. (2024). ®enomen
MOKMHYTHUX KOIIMKIB: aHalli3 MPUYUH 1 CTpaTerid yTpUMaHHS MOKYMIB B €JIEKTPOHHIN KOMepii.
Marepianu Bceykpaincpkoi HayKOBO-IIPAKTUYHOL KOH(epeHii.
https://elar.tsatu.edu.ua/items/bfa2ddff-4880-4175-806c-ac81941081ef. 2. Saaty, T. L., & Vargas,
L. G. (2022). Models, methods, concepts & applications of the analytic hierarchy process (2nd ed.).
Springer. 3. Saaty, T. (2008). Relative measurement and its generalization in decision making.
Revista de la Real Academia de Ciencias Exactas, Fisicas y Naturales. Serie A. Matematicas
(RACSAM), 102(2), 251-318.4.  bauuncekuii, /1. (2025). Aramituka npojaxis: Sk momomarae
CRM, xmouoBi moka3Hukd # iHcTpymeHTH. NetHunt CRM. https://nethunt.ua/blog/crm-ta-
analityka-prodazhiv/.
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MOJIEJIOBAHHA 3AXO/A1IB OO0 BITIHOBJIEHHSA CTAHY
JIETPATOBAHOI IHOOPMAIIHHO-MEPEXEBOI CUCTEMH
I'. ILniexoBa, M. KocrikoBa, C. Heponos
XapkiecoKuii HAUIOHATLHUL ABMOMODINIbHO-00POIHCHIN YHIGepcumem, M. XapKie

Ha moripmenns crany indopmariiiino-mepesxkeBoi cucremu (IMC) BruinBaroTh, B
HepIly 4Yepry, 30BHIIIHI HEraTuBHI (pakTopu. Po3mi3HaBaHHSA 1CHYIOYOrO CTaHy, B
akoMmy 3Haxonutbes IMC, n03BOJsie BHSIBUTM pIBEHb Jerpajanii CHCTEMH Ta
3alUlaHyBaTh Ali MO0 il BIJHOBJIIEHHS Ta IMIJBUILEHHS CTIMKOCTI 4Yepe3 BIUIMB
HeratuBHUX (arpecuBHuX) (akrtopiB. Hacammepen HeoOX1THO MPOBOAMTH
BiTHOBJICHHS ISl TUX KOMITOHEHT, SIKi € KpUTUYHUMHU Ta BIUIMBAIOTH Ha 3arallbHUN
CTaH CUCTEMHU 1 PO3MOJIUICHE YNPaBIiHHA OCOOJMBO BaXJIUBUMHU 00’ekTamu. Bubip
HE0OX11HOT MIAMHOKUHU KOMIOHEHT IMC, sKi 3HaXOAsAThCsl y JIerpajioBaHOMY CTaHi
1 ToTpeOyIOTh BITHOBJIECHHS — 3aBJaHHS, SIKE 3B’S3aHE 3 aHAII30M BEJIMKOI KIJTLKOCTI
MOJIMBUX BapiaHTIB, TOMY JJisg BUPIIICHHS i€l 3amadi OyJIeMO BUKOPHUCTOBYBATH
METOJ  IUIoYuceNbHOro (OyJeBOr0) TmporpamyBaHHS, SIKAH TOKa3aB CBOIO
e(deKTUBHICTh TP PO3B’sI3aHHI 3a/1a4 s pizHux ranysei ([1nexosa, 2025).

Benemo OyinieBy 3MiHHY X, , IKa MOKE IPUIIMATH TaKl 3HAYECHHS:

1, sxmto, mis [-i merpamgoanoi kommoHeHTH IMC, 1m0/10 1i BiIHOBIICHHS, TpeOa

X, =< IPOBECTH 3aXO0/IH, SIK1 3aJIeKaTh BIJl k-TO CTaHy B sIKIi BOHA 3HAXOJIUTHCS;

Ik
0, B IHIIIOMY BHITAJIKY.

BBeaemo nmoka3Hukw, AKi 3B’s13aH1 3 OIIHKOIO JIiH 1O BiIHOBJICHHIO CTaHy
nerpagoBanoi IMC oo 3a6e3nedeHHs CTIHKOCTI 1i QyHKIIIOHYBaHHS Yepe3 BILTUB
HEraTHUBHUX (arpecUBHUX) (PAKTOPIB 30BHINTHLOTO CEPEIOBUIIA: PIBEHb MOKPAIICHHS
crany IMC micns nmpoBeAeHHS il 1m0 10 ii BiTHOBICHHS — P ; 4ac HeoOXiTHUHN IS
IPOBEICHHS 3aX0/I1B 1010 BIJHOBJIEHHS cTaHy AerpagoBanoi IMC — T'; Butparu, ski
HEOOX1/IHI Ha TMPOBEACHHS 3aX0/1B 11010 BigHOBIEHHS cTany IMC — V' ; pusuk
BUKOHAHHSI MPOEKTY IIOA0 BIAHOBJIEHHS cTaHy aerpaaoaHoi IMC —R.
[IpencraBumo nokasuuku (P, T, V', R)y popMaabHOMY BUIJIS1, 3 BUKOPUCTAHHSAM
OyJ1eBO1 3MIHHOI Y BUITISAL X, .

Mo>xiIMBI1 Takl HOCTAHOBKHU OITHUMI3AIIHOI 3aa4l 1010 BigHoBiIeHHS IMC s
MIBUIIEHHS 1i CTIHKOCTI, 3 ypaXyBaHHSAM CTaHY B SIKOMY BOHA 3HaXOJIUJIACh:
1. Tlokpamennss  crany  gerpagoBanoi IMC, nuisixoM  mpoBEJEHHSA

m

L
BIAHOBIIOBAIBHUX [Jii: max P, P=) > p,-X,, 3 YpaxyBaHHIM OOMEKEHb:
=1 k=1

L m L m L m
! _ ! _ ! _
T<T, T—szm Xy, VSV, V_zzvlk "X, RSR, R—ZZ”M RE Ae
I=1 k=1 1=l k=1 I=1 k=1
T', V', R' — nonyctumi 3Ha4eHHs noka3HukiB (T, V', R).
2. MiHiMi3yBaTh 4Yac IIOJO MPOBEJAEHHS BIJHOBIIOBAIBHMX JIH  JUId

L m
MOKpalleHnst crany aerpagosanoi IMC: min 7, T=) )¢, -x,, 3 ypaxyBaHHIM
1=l k=1
L m L m L m
obmexens: P>P, P=>>p, -x,, V<V, V=>>v, -x,, R<R, R=D D1 -x,,
I=1 k=1

I=1 k=1 I=1 k=1
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ne P’ — pomycTtuMe 3HaYCHHS MO0 MOKPAIIeHHs cTaHy aerpagoBanoi IMC.
3. Mi"iMI3yBaTh BUTpPATH, IIOJO0 MPOBEACHHS BIAHOBIIOBAIIBHUX 1M 175

L m
MOKpAIIeH s cTany jerpagosanoi IMC: min V, V=) >v, -x,, 3 ypaxyBaHHIM

I=1 k=1
L m L m L m
obmexens: P> P, P=>>p,-x,, T<T', T=>>1t%x,R<R,R=D>Dr -x,.

I=1 k=1 I=1 k=1 1=l k=1
4. MiHIMI3yBaTH pPHU3UKH BUKOHAHHS NPOEKTY IIOAO BIJHOBJICHHS CTaHy
L m
nerpagosanoi  IMC:  min R, R=) D7, x,, 3 ypaxyBaHHAM OOMEKECHb:

=1 k=1

my

L m L m L
PZP” P:ZZPM‘XW TST,’ T:zztzk’xw VSV'>V:ZZV//(°X//('

=1 k=1 =1 k=1 =1 k=1
Y  BCIX IIOCTAaHOBKaX  ONTHMI3alIMHUX  3a7a4d  HEoOX1gHOo,  I100:

lek =1, ama Beix [ =1, L.

k=1
5. MoxnuBa OararokpuTepiadbHa TOCTAHOBKA 3aBIaHHS IIOAO IMOIIYyKY
KOMITPOMICY cepesl 3HaueHb oka3HukiB (P, T, V', R).

A

Benemo kommiuekcHuii nokasnuk (Q): O=a, P+ a, T+ a, - V+ o, R, ne
a,, o, &, A, — BAKIUBICTb NMOKa3HUKIB (P, T, V', R), 11 BIAHOBICHHA CTaHy
nerpanosanoi IMC (a, +a, +a, +a,=1); P, T, V, R — npoHopMOBaHi 3HaueHHs
nokasHukiB (P, T,V , R).

HeoOxinHo 3naiiti: min O, O=q, - P+ a, T+ a, - V+ o, - R.

TakuM YWHOM, TIOCTaBIEHO Ta BHPINICHO aKTyaJlbHE 3aBIaHHS IIOJI0
nokpamieHaro ctany IMC, sika merpamoBaHa yepe3 BIUIUB HETaTUBHUX (arpeCHBHUX)
(dbakTOpiB 30BHINIHBOTO cepeoBUIla. [IpoaHanmizoBaHO MHOXHWHY CTaHIB, B SKHX
sHaxoauThecss IMC, 1m0 BruIMBaE Ha MOXIMBOCTI 1O TPOBEICHHIO il JUIs
3a0€3IeUeHHs CTIMKOCTI (PYHKIIIOHYBaHHSI CUCTEMHU B MIHJIMBUX yMOBax. OOMeKeHH1
MO>KJIMBOCTI IIIOJO TPOBEICHHS BiJIHOBIIOBAILHUX i HE JI03BOJISIOTH, y TMOBHIN
Mipi, 3a0e3MeunT MOKpAIIeHHS CTaHy BCiX aerpagoBaHux kommnoHeHT IMC. Towmy,
BUHHKA€ MHOXHMHA aJIbTCPHATUBHHUX BapiaHTIB MPOBEJACHHS BITHOBIIOBAJILHUX i, 3
SAKUX HEO0OX1THO BUOpaTH MOTpiOHMi. BBeneHo mokasHuku ais omiHku crany IMC
JUTSI IPOBEICHHS 11 BiIHOBJICHHS (PIBEHb MOKPAIIEHHS CTaHy 4Yac, BUTPATH Ta PU3UKH
BUKOHAHHS NpOeKTy). s pimeHHs onTuMizamiiiHoi 3agadi OyJ0 BUKOPHUCTAHO
METOJ [IJIOYHCEIILHOTO (OyneBoro) MIPOrPaMyBaHHS. CdopmoBaHna
OaratokpuTepiajibHa 3aJada IS MOIIYKY KOMIIPOMICHOTO pIIIEHHS cepe
NOKa3HMKIB MOKPAILIEHHS CTaHy, 4acy, BUTpaT Ta PU3UKIB. 3alpOorOHOBaHUHN MIIX1]
JI03BOJISIE, IIIJISIXOM MOJICTIOBAHHS MOXKIIMBUX il 1OJI0 BIAHOBICHHS AETPaT0BaHOI
IMC, nnanyBaTH TPOEKT IO TMOKPAIICHHIO CTaHy CHUCTEMHU JJis 3a0e3rnedeHHs i
CTIAKOCTI, B yMOBax 3arpo3, siki iCHyl0Th B OCOOJIMBOMY CTaHi KpaiHHU.

Cnucoxk Buxopuctanux mkepena: 1. Ilmexosa, I'. A. (2025). dopmyBaHHS CKiIamy
1H(OKOMYHIKAIlIOHHOT MEPEKEBOI CUCTEMU 3 BHKOPHUCTAHHSIM KOMIIOHEHTHOTo migxoxy. Hayka i
texHika ceoroni, 10(51), 1886—1898. http://perspectives.pp.ua/index.php/nts/issue/view/410/513.
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IHCUXOJOI'TYHI ACHEKTU MAPKETHUHI'Y B YIIPABJIIHHI B2B
MNPOEKTAMM: IHTEI'PAIIS CTPATEI'MYHOI'O MIAXOAY
O. ITonoBa
Astar Marketing, CILIA

Cyuacue B2B cepenoBuie XxapakTepHU3ye€ThbCsl 3pOCTAIOYOI0  CKIIAIHICTIO
MIPOLIECIB IPUIHATTS PIIICHB, JIe palllOHATbHI €KOHOMIYHI YNHHUKH MEPEIUTITAIOTHCS
3 TICUXOJOTIYHUMHU (akTtopamu. 3a maHumu nociikeHHs Gartner (2023), Tumosa
B2B nokynka 3amydae 6-10 oci0, K0KHA 3 SIKUX KEPYEThCSI BIACHUMH MOTHUBAMH Ta
KpuTepisiMu  ormiHku. Lle cTBOproe HEOOXIAHICTP PO3YMIHHS TCHXOJOTIYHUX
MEXaHI3MiB, [0 BIUIMBaIOTh Ha (OpPMyBaHHS KyHIBEJIbHOI TIOBEIIHKU B
KOPIIOPATUBHOMY CEKTOPI.

Tpamuuiianii miaxin no B2B  MapkeTuHry (OKyCyeTbCsl NEpPEBa)XKHO Ha
(yHKUIOHATBHUX XapaKTepucTukax npoaykry ta ROI, mpore cyuyacHi JOCIiIKEHHS
HiATBEP/DKYIOTh KPUTHUHY POJIb €MOIIMHOTO KOMIIOHEHTY HaBiTh y KOPIOPaTHBHUX
3aKymiBiIsAX. IHTerpaiisi ICHUXOJIOTIYHMX MPUHUMUIIB Yy CTpaTeridyHe YMpaBiiHHS
MapKETHHTOBUMHU IPOCKTAMH JIO3BOJISIE MIABUIIUTUA €(PEKTUBHICTh KOMYHIKAIl Ta
KOHBEPCiIo Ha BCixX eTamnax sales funnel.

[Icuxomnoriuni  ¢dakrtopu NpuUUHATTA pimenb y B2B.  JlocmimkeHHs
JEMOHCTPYIOTh, 1[0 HAaBITh Y BHCOKOTEXHOJIOTIYHHMX Taly3siX pIIMIEHHS PO
3aKyMIBII0 TPUAMAIOTBCA T[] BIUIMBOM KUIBKOX KIIFOUOBHUX TICHXOJOTIYHHUX
MEXaHI3MiB:

1. ComanpHe MiATBEPHKCHHS — KOMITaHIi CXWJIbHI OOWMpaTH pIIICHHS, IO
BUKOPHCTOBYIOThCA JlA€paMU rainy3i ado peKOMEHI0BaH1 eKcrepTaMu. Y TEXHIYHUX
CEeKTOpax Lel e(eKT NOCUITIOEThCA Yepe3 NoTpedy MiHIMI3allll pU3UKIB.

2.  ABTOpHUTET 1 €KCIEPTHICTh — JOBIpa JI0 MOCTayaaibHUKa POPMYETHCS Uepes
JEMOHCTpAaLi0 MHUOOKUX 3HAHb Y MpeaMeTHIi o0nacTi. s MI>KHapOIHUX MPOEKTIB
Ba)KJIMBA aJaNTallis eKCIePTU3H i1 JTOKAIbHUNA KOHTEKCT.

3. KoruiTuBHa mnpocTOTa — CKJIAAHI TEXHIYHI pIIMIEHHS MOTPEOYIOTh
CIOPOLIECHOTO BHKJIaAy, IO BpPaxOBY€ pIBEHb TEXHIYHOI MIATOTOBKUA PI3HUX
CTEHKXOJAEPIB y MPOIIEC] 3aKyMiBIIl.

4.  EmomiitHa 1miHHICT — nociimkenas CEB nmokasyroTs, mo B2B nokymii, siki
BIIYYBalOTh €MOIIMHUN 3B'I30K 3 OPEHJOM, MAalOTh y 2 pa3l BHINY IIHHICTH IS
O13HECy MOPIBHSIHO 3 BUCOKO 33JI0BOJICHUMHM KJII€HTAMH.

Crpateriuna iHTerparisi ncuxojoriyaux insights. IlpakTuune BmpoBaJKEeHHS
NCUXOJIOTIYHUX TPHUHLHUIIB Yy yOpaBiliHHA B2B MapKkeTHHrOBUMH MPOEKTaMU
BHMArae CTpyKTYpOBaHOI'O MiAXOAY Ha KUIbKOX PIBHSX:

1. Crpareriunuii piBeHb. Po3poOka buyer personas 3 ypaxyBaHHSM HE JIMILIE
aeMorpadiuHuX XapakTEepUCTUK, a W mncuxorpadiuHux mnpodiiaiB, MOTHUBALIA Ta
CTpaxiB KJIOYOBUX OCIO, IIO0 MPUKUMAIOTh pIlIeHHS. [ MIDKHApOJHHUX MPOEKTIB
KPUTUYHE 3HAYEHHS Ma€ KyJbTYpHA a/IalTallisi ICUXOJIOTIYHUX TPUTEPIB.

2. Taktnunuii piBeHb. @OOpMyBaHHS KOHTEHT-CTpaTerii, M0 IOEIHYE
palioHaJIbHI apryMEHTH 3 EMOIIWHUMU MeCCeKaMHu. Y TEXHIYHHMX Taily3six
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0c0o0MBO e(heKTHBHUM € BHKOpUCTaHHs case studies, 10 JTEMOHCTPYIOTh HE JIUIIIE
TEXHIYHI epeBary, a il TpancopmMaliiiHuii BIUTMB Ha O13HEC KIIIEHTA.

3. Omnepartliinuii piBeHb. 3aCTOCYBaHHSI NCUXOJOTIYHUX MPUHLHUIIB Yy AU3aNHI
customer journey, nepcoHati3ailisi KOMyHiKalli Ta BukopuctanHsi behavioral triggers
JUTSL ONITUMI3aLlii KOHBEPCli Ha KOKHOMY €Tarll BOPOHKHU IIPOJAXIiB.

Ilpakmuunuii Keiic. Po3riisHEMO 3aCTOCYBaHHS TICHXOJIOTIYHOTO MIAXOAY B
MapKeTHHTOBOMY TIPOEKTI JJii BUPOOHHMKA OJDKUIBHHUIILKOTO OOJIaJIHAHHS, IO
eKCIIOpTYyEe TPOJYKIII0 Ha MiKHApoJaHI puHKHU. L{imboBa aymurtopis — mpodeciiini
o xomsipi Ta arpomianpueMmcTBa Eastern Europe Ta Middle East.

AHami3 TCHUXOJIOTIYHOTO TPO(DUI0 ayAUTOpli BUSBHUB KIIOYOBI MOTHUBATOPH:
norpeba B HaaiitHOCTI oOnaaHaHHS (MIHIMI3allis PU3UKIB BTpaTH OJpHKOJOCIMEN),
IparHeHHs JI0 TEXHOJIOTIYHOI MojepHi3alii (MiJABUIICHHS MPOIyKTUBHOCTI), Ta
BaXJIMBICTh €KCIIEPTHOT MIATPUMKH (KOMIIEHCALIs HEJOCTATHIX TEXHIYHUX 3HAHb).

Crpareriss nepenbayana CTBOPEHHS OCBITHBOI'O KOHTEHTY, LIO IIO€JIHYBaB
TEXHIYHY 1H(QOpMALI 3 E€MOLIMHMMU HapaTHBaMH @PO YCIHIX KIIIEHTIB.
BukopucTaHHs NMPUHLHKIY COLIAJIBHOTO MIATBEPIPKEHHs uepe3 testimonials Ta case
studies 30UIbIIMIO JOBIpY A0 OpeHay. ApjanTaiis KOMYHIKAWii MiJ KyJIbTYpHI
0COOJIMBOCT1 PI3HUX PETIOHIB (aKLEHT HA TPAAMUIIIHHUX I[IHHOCTSAX B OJHUX pErioHax
Ta IHHOBAIIIMHOCTI B 1HIIUX ) IMABUIIKJIA PEJICBAHTHICTh MECEIIXKIB.

Pezynomamu. 3poctaHHs engagement B couianbHux Menia Ha 180%,
30UIBIICHHS! KUTBKOCTI SIKICHMX JIiJIB Ha 45% mpoTsaroM 6 MiCsIIB, IIiJBUIICHHS
KOHBepcii 3 nijga B kiienta Ha 28%. KimtouoBuM (hakTopom ycmixy crajia iHTerparis
TICUXOJIOTIYHOTO PO3YMIHHS ayIUTOPIi B YCi €IEMEHTH MAPKETUHTOBOTO MIKCY.

Bucnoexu. laterpartisi mcuxonoriyaux insights y crpareriude ynpasminas B2B
MapKETUHTOBUMHU MPOCKTAMHU € KPUTHUYHUM (PaKTOpoM MiABUIIEHHS €()EKTUBHOCTI.
POo3yMiHHSI TICUXOJIOTIYHUX MEXaHI3MIB MPUUHATTSA pilIeHb 103BOJsE (HOPMYBaTH
OUTBII peNeBaHTHI MECEKi, ONTHMI3yBaTH customer journey Ta OyayBaTh
JIOBFOCTPOKOBI BIJIHOCUHHM 3 KJIIEHTaMHU.

Jns  mibkHapognux B2B mnpoekTiB ocoOiMBe 3HAUYEHHS Mae KyJIbTypHa
ajanTailis MCUXOJIOTYHUX TPUTEPIB Ta BpaxXyBaHHA cHEUU(DIKU NPUNHHATTS PIILIEHDb Y
pi3HuX perioHax. [loganbim MOCHIIKEHHS AOLUIBHO CHPSIMyBaTH Ha BUBYCHHS
BIUIMBY HHU(poBoi TpaHchopMmaiii Ha mcuxonoriro B2B mokymiiB Ta po3poOky
frameworks 1 cucremaTH4HOi 1HTErpaiii TMCUXOJOTIYHUX TMPHUHIMIIB Yy
MapkeTHHTOB1 crparerii. [IpakTuyHa MIHHICTD JOCIIKEHHS TOJISITAa€ B MOXKJIIMBOCTI
3aCTOCYBaHHS 3alPOIOHOBAHOTO IMIAXOMy KOMIIAHIAMH PI3HUX CEKTOPIB JUIs
nigBuIeHHs epekTuBHOCTI B2B MapkeTHHrOBUX MPOEKTIB uepe3 riudiie po3yMiHHA
TICUXOJIOT1i KOPIIOPATUBHUX MOKYIIIIIB.

Cnucok Bukopucranux axepena: 1. Cialdini R. Influence: The Psychology of Persuasion.
New York: Harper Business, 2021. 592 p. 2. Kahneman D. Thinking, Fast and Slow. London:
Penguin Books, 2012. 512 p. 3. The B2B Buying Journey. Gartner Research, 2023. URL:
https://www.gartner.com (mata 3BepHeHHs: 15.12.2024). 4. From Promotion to Emotion:
Connecting B2B Customers to Brands. CEB Marketing Leadership Council, 2020. 48 p. 5. Kotnep
@., Kapramxkaiis I'., CeriaBan A. Mapkerunr 4.0. Big Tpaguniiinoro no mudposoro. Kuis: KM-
BYKC, 2018. 208 c.
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IHTET'PAIIA HITYYHOI'O IHTEJEKTY Y CTPATEI'TYHE
YIIPABJIITHHA ITPOTPAMAMMU HIAT'OTOBKU ®AXIBIIB
HOUBIJIBHOI'O 3AXNUCTY B YMOBAX HEBU3HAYEHOCTI
T. Pax', O. Cmotp *
II3BO «IT CTEII Yuisepcumemy», m. /lvgie
2JIveiscokuii Oepocasnuii ynisepcumem 6eznexu ycummeoiaivrocmi, m. Iveie

CydacHe Oe3mEeKOBE CEpENOBHUINEC XapaKTEPU3YETbCA BHUCOKUM  pPIBHEM
HeBm3HaueHocTi (VUCA + hybrid warfare), muaaMidHicTIO 3arpo3 Ta 3pOCTal0uO0I0
CKJIQJIHICTIO HAJI3BUYAHUX CHUTyallli MPUPOAHOTO, TEXHOTEHHOTO 1 BOEHHOIO
XapakTepy, UIBUIKOI EBOJIIOLIEID PHU3MKIB Ta HECTAOUIBHICTIO PECYPCHOIO
3a0e3nedeHHs. Y TakuX yMOBax CHCTeMa MiArOTOBKHM (haxiBLiB IUBLILHOTO 3aXUCTY
Mae€ He Juuie 3a0e3neuyBaTi HAJIEKHUN pIBeHb MPOo(eciiiHuX KOMIETEHTHOCTEH, ae
i OyTh 37aTHOIO JO OINEpaTUBHOI ajanTaiii BIAMOBIIHO JO 3MiH CTpaTeriyHUX
NpIOPUTETIB JACpKaBU Ta €BOJIOIITI pusukiB. lle 3yMoBiIIO€ HEOOXITHICTH
MIEPEOCMUCIIEHHS TIIXO0MIB JI0 CTPATETIYHOTO YIMPABJIIHHSA OCBITHIMH IPOTpaMaMH,
30KpeMa y KOHTEKCTI YIPaBIIHHS IPOrpaMaMu Ta MPOEKTAMU M1ATOTOBKH KaJPiB.

MeToro 1aHOTO JOCHIIKEHHS € OOTpyHTYBaHHS IIJIXOJIB JO IHTerparii
mryyHoro iuTenekty (III) y cucremy crpaTteriuHoro ympaBiiHHS MOpTdeneM
Iporpam MmiAroToBKH (haxiBIliB IUBIILHOTO 3aXUCTY B YMOBaX HEBU3HAUCHOCTI.

VY konrtekcti pocmipkeHHs Il posrisgaeTscss HeE SK OKPEMHUH OCBITHIM
IHCTpYMEHT a00 TEXHOJIOTIYHA I1HHOBALS, a K CKJIAJ0Ba 1HTEPOBAHOI CHCTEMH
CTpaTeridyHoro ympasiiHHs. Maerbcs mpo Buxopuctanss 111 sK eleMeHTa cHCTeM
OIATPUMKU NPUHHATTA yrnpaBiaiHchbkuXx pimeHb (Decision Support Systems),
31aTHOTO OOpOOJATH BEJIMKI OOCATH PISHOPIAHUX JaHUX, BUSABISITH IPUXOBAHI
3aKOHOMIPHOCTI Ta (HOPMYBATH AaHATITUYHI PEKOMEHIaIli1 JJIs YIpaBIiHIB [1].

JouiibHO po3mexxoByBatu 3actocyBanHs 111 3a piBHSAMU ynpaBiIiHHS:

- CcTpaTeriyHuid piBeHb, HA SKOMY BH3HAYAIOTHCS JIOBTOCTPOKOBI IIii,
IPIOPUTETH Ta ClIEHApii PO3BUTKY CUCTEMH IT1ITOTOBKHU;

- piBeHb Tporpam, IO Tmepeadayae YMPaBIiHHA CYKYITHICTIO OCBITHIX
nporpaMm, iX y3rOJDKEHICTh 13 CTpaTeriyHUMH IUISIMH Ta €(QEKTUBHHUN PO3MOILT
pecypcis;

- piBeHb MPOEKTIB, MOB’A3aHUN 13 peai3alliel0 KOHKPETHUX OCBITHIX KYpCiB,
MOJYJIIB Ta HABYAJbHUX 1HII[1aTUB.

Opnum 13 npioputeTHux HanpsmiB iHTerpauii LI € amantuBHE cTpaTeridyne
IUTaHyBaHHS OCBITHIX MpOTpaM MiAroTOBKU (haxXiBI[iB IMBUIBHOTO 3axucTy [2].
3acTocyBaHHS METOJIB MAIlIMHHOTO HAaBYaHHS Ta aHATITHKU BEIUKHX JaHUX A€
3MOTY aHali3yBaTH IWIUPOKUH cHekTp 1HQopMalii, 30KpeMa: CTAaTUCTUKY
HaJ3BMYAaHUX CHUTyallld; 3MIHM y HOPMATHBHO-NIPABOBIA 0a3l; moTpedu
perioHaJIbHUX IMIJPO3/ITIB IIUBUIBHOTO 3aXHUCTYy Ta iX MEPECHEKTUBY; PE3yJbTaTh
HaBYaHHSA Ta NpodeciiHOi IIsIIbHOCTI BUIYCKHMKIB. Ha OCHOBI Takoro aHamizy
MOMJIMBUM TEepexiJ BiJl CTAaTUYHUX HABUAJbHHUX IUIAHIB JO JUHAMIYHUX OCBITHIX
nporpaMm, SIKi MOXYTb KOPHUTYBaTHUCSA BIAMOBITHO JO AaKTyalbHUX CTpPATETIdYHUX
BUKJIMKIB. Y KOHTEKCTi YIPaBIiHHS MOPTQENeM MporpaM Iie CIpHUsi€ MiIBUIIECHHIO
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FHYYKOCTI Ta OOIPYHTOBAaHOCTI pIIIEHb WIOJ0 OHOBJIEHHSA, MacluTa0yBaHHs a0o
3rOpTaHHS OKPEMHUX OCBITHIX 1HIIIaTUB.

BaxnuBuMm  3aBIaHHSM  CTPATETiYHOTO  YOPABIiHHA €  BHUIEpEIKaIbHE
MPOTHO3YBaHHS MOTpPeO Yy MNpodeciiHUX KOMIETEHTHOCTSIX (axiBIiB IUBUIBHOTO
3axucty. Il mo3BOJsiE 3acTOCOBYBAaTH MPOTHO3HI MOJEN JJIS aHalli3y TEHACHINN
PO3BUTKY 3arpo3, TpaHchopmaiii (QyHKIIH ciayx0 pearyBaHHia Ta 3MiH ¥
TEXHOJIOTIYHOMY  CepeloBHUIIl. [HTeneKkTyadbHl MOJENl  MOXYTh  BUSIBIISTH
KOMITETEHTHICHI MPOTAIMHU Ta (POpMyBaTH peKOMEHMAIlli 1040 OHOBJICHHS 3MICTYy
OCBITHIX mporpam. [ns mnpukiagy, BUKOPUCTAHHS YaCOBUX pAMIB Ta IIIHOOKOIrO
HaBuaHHs (LSTM, Transformer) nmnst mporHo3dy Ha 3—7 pOKiB: sIKi HOB1 3arpo3u
(kibepaTaku Ha KpUTHUHY 1HGPACTPYKTYpY, APOHU-KaMiKaa3e, XIMI4HI 3arpo3u
TOIIO)  TOTpeOyBaTUMYTh  HOBUX  HABWUYOK;  BHSBJICHHS  «MaHOYTHIX»
KOMIIETEHTHOCTeH (Hanmpukiaa, podora 3 Al B ymoBax HC, BukopucTaHHA
iHTenekTyanbHux briJIA s oriHtoBaHHs 30UTKIB) [3].

[Tonpu 3Haunmid mnorteHmian, iHTerpauis LI y crpareriuHe ynpaBiIiHHS
OCBITHIMU TIpPOrpaMaMH CYIpPOBOJUKYETbCA HU3KOK pusukiB. Cepen HHUX Clij
BUOKPEMUTH TMPOOJIEMU SKOCTI Ta TOBHOTHM JIaHMX, MOJXKJIMBI aJrOpUTMIYHI
yHepeKeHHs, MUTaHHs KiOepOe3neku Ta 3axucty iHGopmallii, a TaKoXK ETH4YHI
aCMEKTH BUKOPUCTAHHS 1HTEJNEKTYabHUX cUCTeM [4]. ¥V 3B’s3Ky 3 IIUM 3aCTOCYBaHHS
I mae 3a1CHIOBATUCS B MEXKax YITKO BHM3HAUEHUX YNPABIIHCHKUX MPOLEAYp, 13
3a0€3IeUeHHIM MPO30POCTI AITOPUTMIB Ta 30€PEKEHHAM BIJINMOBIAAIBHOCTI JIFOAUHU
3a MPUUAHATTA CTPATETIYHUX PIIICHb.

Bucnoexu. Iaterpanis LI y crpareriune ynpasiiHHS MporpaMaMu MiArOTOBKH
(haxiBI[iB IIUBUIBHOTO 3aXUCTy CTBOPIOE YMOBH JUIS MIiABUINCHHS aJalTHBHOCTI,
OOTPYHTOBAaHOCTI Ta CTIMKOCTI YNPaBIIHCHKUX PIIIEHb B YMOBaX HEBU3HAYEHOCTI.
Haii6inpma winHicTs LI monsirae He B aBTOMaTu3auli yrnpaBiiHHS, @ B PO3LIMPEHHI
aHATITUYHUX MOKJIMBOCTEH YNPAaBIIHLIB Ta MATPUMLI CTPATETTYHOTO MUCIICHHS.

[Topanpmi JOCHIPKEHHS JOUUIBHO CHPSAMYBATH Ha PO3POOJIEHHS Ta EMIIIPUYHY
anpoOanio 1HTEJEKTYyallbHUX CHUCTEM MIATPUMKH CTPATEri4YHOro YIMpaBJiHHSA
MIATOTOBKOIO  (axiBIiB LMBUIBHOIO 3aXHUCTy 3 YypaxyBaHHSAM HallOHAJIbHUX
0CO0IMBOCTEH Ta OE3MEKOBUX MPIOPUTETIB.

Cnucox Bukopucranux mxepena: 1. Russell, S., & Norvig, P. (2021). Artificial intelligence:
A modern approach (4th ed.). Pearson. 2. Rak, T., & Smotr, O. (2025). Strategies for integrating
artificial intelligence into the training of civil protection specialists. In 16th International Scientific
Conference on Sustainable Regional Development: Challenges and Solutions for the Future (pp.
57-58). Budapest Metropolitan University. 3. Cmorp, O., Pak, T., & Tumuenko, O. (2025).
dopmainizoBaHa MOJIENb aIalITUBHOTO HaBUaHHs (haxiBIiB IUBIILHOTO 3aXUCTY HA OCHOBI aHAII3y
TEHJIEHI[I 3acTOCyBaHHS MTYy4HOro iHTenekTy. Information Technology: Computer Science,
Software Engineering and Cyber Security, (3), 172—181. https://doi.org/10.32782/1T/2025-3-21.
4. Floridi, L., Cowls, J., Beltrametti, M., et al. (2018). Al4People—An ethical framework for a
good Al society. Minds and Machines, 28(4), 689—707. https://doi.org/10.1007/s11023-018-9482-5.
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OCHOBHI PU3UKU ITPOEKTIB ATPAPHOI'O BUPOGHHULITBA Y
BOEHHUI MEPIO
B. Tumouxo', B. Bosipuyk!, P. Parymnmii’
ITveiecokuii nayionanvnuii ynieepcumem eemepunaphoi meouyunu ma
diomexnonozii imeni C.3. Dicuyvxozo, m. JIvéis,
2/Tveiscokuii depycasnuii ynisepcumem beznexu ycummeoianviocmi, m. Iveie

B ymoBax BOEHHOTO CTaHy arpapHe BUPOOHHMIITBO Ta PO3BUTOK CUIBCHKHUX
TepUTOpPil YKpaiHM 3a3HAIOTh KOMIUIEKCHOTO BILUIMBY O€3MEKOBUX, €KOHOMIYHUX,
COLialIbHMX Ta €KOJIONYHMX 3arpo3. IX ineHTudikalis € HeoOXiJTHOW HepeayMOBOO
€()EeKTUBHOTO CTPATETIYHOrO 1 MPOEKTHOTO YIPABIIIHHS.

Jlo  0e3nekoBUX  PpU3HMKIB  BIAHOCATBCS  BOEHHI  [J1i Ta  oOCTpuLIM
CUIBCHKOTOCTIOAPCHKUX  yTi/lb,  MIANPUEMCTB,  €JEBATOPIB, TBAPUHHULIBKUX
KOMIUICKCIB TOIO. Y pe3yibTari BIAOYBA€ThCS PYWHYBaHHS BUPOOHMUUX OO’ EKTIB
CITBCBKOTOCIIOJIAPCHKUX TiANpueMcTB. lle oamH 13 HaAWKPUTHYHININX PHU3HKIB
MPOEKTIB arapHOro BUPOOHUIITBA i Yac BiiiHU. BoeHH] 1T MPU3BOAATH A0 MPSIMOTO
¢b13u4HOrO 3HUIIEHHS a00 TMOMIKOKEHHS CUTBCHKOTOCTIONAPCHKUX YTifb (BUPBH,
MOXKEXKi, MIHyBaHHsA); TBAapUHHUIBKUX KOMIUIEKCIB 1 (QepM; ereBaTopis,
3€PHOCXOBHIII, CKJIAJIIB; CIIBIOCITEXHIKH TOIIIO.

Hacninkamu 0e3MeKOBUX PU3MKIB [Ji MPOEKTIB arpapHOro BUPOOHUIITBA €
NOBHA 200 YacCTKOBA 3yIIMHKAa BUPOOHUITBA y MPOEKTAX, BTPATH BPOXKAIO Ta 3aruOeiib
noroiip’s. BigOyBaloTbCcsi 3HMIKEHHS BpPOKAWHOCTI Ta MPOJYKTHUBHOCTI Yepe3
0OMeXXeHUN OCTYN A0 PecypciB, MOPYIICHHS arpOTEXHOJOTIUHUX LUKJIIB (IMOCIBHA,
30MpaHHs BpOXkKaro, JOTJIS]] 38 TBAPUHAMM) BHACIIIOK ASDILUTY NalbHO-MACTUIBHUX
MaTepianiB, A0OpPHUB, HACIHHSA Ta 3aco0IB 3aXUCTy POCIHMH, 3HOIICHOCTI 1 BTPATH
CIITBCBKOTOCIIONIAPCHKOT TEXHIKM BHACIIJIOK O00MOBUX Miii a00 HEMOXKJIMBOCTI Tl
oOcnyroByBanHsa. lle npU3BOAUTH MOPYLIEHHS KOHTPAKTHUX 3000B’s3aHb, M0
3pOCTaHHsl BUTPAT Ha BIJHOBIEHHS a00 peloKalilo BUPOOHULTB Ta 3HIKCHHS
IHBECTHUIIMHOT MPUBAOIMBOCTI IIPOEKTY.

Boenni nii mpu3BomsaTh 10 MiHHOI Ta BHOyXOHEOE3NmeuHOi 3arpo3u Ha
CITBCBKOTOCIIOIAPCHKUX 3eMJIIX. YHACIIIOK OOMOBHMX I Ha TOJISAX 3aJHIIAIOTHCS
MIHA Ta HepO3ipBaHi OO€MpHUIlacu, KaceTHI eJEeMEHTH, 3aJMIIKH BHOYXOBHUX
IPUCTPOIB y IPYHTI Ta Jicocmyrax. Lle poOuTe 3eMil HenpuaaTHUMU 1Jis1 0OpOOITKY
0e3 nonepeHbOro 00CTEXKEHHS i PO3MIHYBaHHS.

BukoHaHHS CLIBCBKOIOCIOJAPCHKUX PpOOIT HAa HE OOCTEXEHUX Ta He
PO3MIHOBAHUX MOJSX CTAHOBUTH MPSMY 3arpo3y *UTTIO Ta 3J0pOB’I0 MPALIBHUKIB,
TOMY CTa€ HEMOXJIMBHUM BHUKOHAHHS 3aBAaHb MPOEKTY. CiIbCHKOTOCIOAAPCHKI
HiIPUEMCTBA BUMYIICHI BUBOJIUTH 3€MJII 13 MPOEKTY ISl PO3YMILNEHHS IOJIB Bij
BUOYyXOHEOE3MeYHUX TNpeIMEeTIiB. Y pe3yJbTaTl 3pOCTalOTh BUTPAT 1 3aTPUMKHU
peanizalnii MPOEKTIB, BTpaTa Bpoxkaro Ta J0XxoAiB. OcoOIMBO BETUKI MIIOII MIHHO
3a0pyJTHEHUX 3€Mellb XapakTepHl y NpUGPOHTOBUX 1 JCOKYNOBAaHUX pETiOHaX.
[Iporiec rymaHiTapHOTO PO3MIHYBAaHHS € TPUBAIUM 1 JoporoBapTicHuM. B YkpaiHi €
oOMeXeHa KUIbKICTh CEepTU(]PIKOBAHUX OMNEPATOPIB PO3MIHYBAHHS Ta BEITUKHMA
nedIUT BiAMOBIAHOT TEXHIKH Ta 00JIaTHAHHS.
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be3nexkoBUM pU3HKOM JUIsl IPOEKTIB TAKOXK € PyHHYBaHHSA 00’ €KTIB LIMBLILHOTO
3aXUCTY Ta KPUTUYHOI 1HPPACTPYKTYpPH Yy CUIbCHKIM MICHEBOCTI MiJ 4Yac BiifHH.
PyliHyBaHHS TpaHCHOPTHOI Ta CKJIAJACBKOI 1HQPACTpyKTypH (IOpIr, MOCTIB,
3€pHOCXOBHIL), TOPYLIEHHS JAHIIOrIB [OCTaYaHHS CHUPOBUHHU, MPOIYKLIi Ta
MaTeplaIbHO-TEXHIYHUX PpecypciB, OOMEKEHHM AOCTyl 1O MHOPTIB 1 3alI3HUYHUX
IUISAX1B, U0 BIUIUBA€ HA €KCIIOPTHUN MOTEHIIIAI.

Bopor HaHOCHTH IIijIeCTIpsSMOBaH1 yJaapu IO C€HEPreTHUYHiN 1HQPaCcTPyKTypi.
VYHacniiok  0OHOBMX MM MOWIKOJKYIOThCS  ab00  3HHINYIOThCA 00 €KTH
€HeprornocTavyaHHs (eekTpoMepexi, I1ICTaHII), BOJIOTIOCTaYaHHS Ta
BOJIOBIJIBE/ICHHS, T'a30IPOBOJAM M CHUCTEMH OIIAJICHHSI, JIOPOTH, MOCTH, 3aJII3HHYHI
i1 1311, 00 €KTH HHMBIILHOTO 3aXUCTy (YKPHTTS, IYHKTH OITOBIIICHHS, MEIMYHI
3akianau). Y 30HI PU3HKY IMOBTOPHUX yAapiB OOMEXKEHI MOMKJIMBOCTI IIBHJIKOTO
PEMOHTY O00’€KTIB €HEpronocTrayaHHs. Y CKJIQJHIOE CHTYalll0 HHU3bKAa PE3EpPBHICTH
iHQpacTpyKTYypu B CUIBCBKIM MicmeBocTi. be3 maHoi iH(pacTpykTypu cTae
HEMOKJIMBUM O€3lepepBHE BUKOHAHHSI BUPOOHUYOIO LIMKITY IIPOEKTIB, B1JOYBAIOTHCS
BTpAaTU MPOAYKIi depe3 mepeboi 3 eNeKTpo- Ta BOJOMOCTAYaHHSM, MOPYIITY€ETHCS
JIOTICTHKA Ta MOCTa4aHHS PECYpCiB, MIABUILYEThCA HeOe3Neka s MpaliBHUKIB 1
HACeJeHHs, 3pOCTAalOTh BHUTPATH HAa AaBTOHOMHI JpKeperaa e€Heprii Ta BOAM,
B110yBa€ThCS BIITIK HACEJICHHS 1 pOOOUYOT CHUJTH 3 CIIILCHKUX TEPUTOPiN. PyitHyBaHHS
KPUTUYHOI 1H(PPACTPYKTYPU 3HMKYE >KUTTE3ATHICTH arpapHUX IPOEKTIB, HABITh
SKIO caMi BUPOOHUY1 00’ eKTU hopMaTbHO 30epekeHi. Y pe3yJibTaTi € HEMOXKIUBUM
BUKOHAHHSI MPOEKTIB arapHOTO BUPOOHUIITBA.

Jlnst miHIMIZaIii BTpaT y MPOEKTaX 3YMOBIEHUX OE3MEKOBUMH PH3UKAMHU
arpapHi MiANPUEMCTBA MAalOTh IIMPOKO BUKOPHUCTOBYBAaTH aBTOHOMHI JDKEpela
eHeprii (TeHepaTopu, COHAYHI YCTAaHOBKH), CTBOPIOBATH MOOLIBHI a00 MOJyJbHI
BUPOOHMYI OTYXHOCTI, CTBOPIOBATH PE3EPBU BOAM Ta MAJIbHOT0, POOUTH IMONIYK Ta
IUTAHYBAaTH aJbTEPHATHBHI JIOTICTUYHI MapLIPYTH, 3A1MCHIOBATH 1HTErpaLlllo0 3aX0/1B
UUBUIBHOTO 3aXUCTy B YIpPaBIIHHA NPOEKTAMHM, PO3BHUBATH CIIBIOpAIlO0 3
MIXHApPOJHUMHU IIpOrpaMamMu po3MiHYBaHHS Ta CIHIBIOPALIIO 3 MICUEBUMH IPOMaJilaMU
Ta OpraHamu Biaau, Toulo. IIpoBOAMTHM TryMaHITapHE pPO3MIHYBAaHHS TEPUTOPIi 3a
JOTIOMOT'OI0 CEPTU(IKOBAHUX ONEPATOPIB 13 BUKOPUCTAHHAM KapT MIHHOI HEOE3MEeKU
Ta CyIyTHUKOBHUX JaHuX. [loeTanmHo moBepTaTy 3emili O BAKOPUCTAHHS Y MTPOEKTaX.

VY BO€HHMI Mepioj MPOEKTH arpapHOro BUPOOHUIITBA (PYHKIIIOHYIOTh B YMOBax
M1JBUINEHOI 0araTopiBHEBOI PU3MKOBAHOCTI, IO MOTPeOy€e BIPOBAKEHHS CHCTEM
YIOPABJIIHHS PU3UKAMU, PO3BUTOK MPOEKTHOTO Ta MPOTPAMHOTO ITiIXO0/1iB, TOCHJICHHS
poii Ta 3aco0iB cui nuBuLibHOTO 3axucty [JJCHC, po3MiHyBaHHS Ta BIJHOBJICHHS
1H(paCTPYKTYpH, aKTUBHOI JIEP>KaBHOI Ta MI>KHAPOIHOT MIATPUMKH.

Cnucoxk Bukopuctanux Jkepes: 1. Tumouxo, B. O., l'opogenskuit, I. M., Cadonos, C. A.,
& Bicun, O. O. (2025). 3axuct 00’€KTIB KpUTUYHOI 1HQPACTPYKTYpPHU Y CUIBCHKOTOCIOIAPCHKOMY
MiANPUEMCTBI B yMOBaX BIMCBKOBOTO cTaHy. Y 3axHUCT HAaCelEHHS, TepUTOpi Ta 00’€KTiB
KpUTUYHOI 1HQPacTpyKTypu — OCBITa, Hayka, npaktuka (Marepianu II MixHapoaHoi HaykoBo-
MeTtonnyHoi koH(epeniii, ¢. 13). Kuis, Ykpaina; Lecce, ITamis.
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ONTUMIZAIISI THOOPMAIIIMHUX ITOTOKIB Y CUCTEMAX
UD®POBOI OCBITU: MOJIEJII TA IPAKTUKU PEAJII3ALIIT
C. TkaveHko
Hauionanvnuii ynieepcumem kopaoneodyoysanns imeni aomipana Maxapoea,
M. Mukonaie

Y poboti po3riasHyTO MpobieMy omTumizaimii 1H(OpMaLIHHUX TIOTOKIB Yy
cucreMax MHUQPPOBOI OCBITM B yMoBax nudposoi Tpancdopmarii. [npopmariiini
NOTOKM TPAKTYIOThCA SIK CYKyMHHICTHh IMpoleciB 300py, mepemaui, 30epiraHHs Ta
00poOKM JaHuX, MO0 3a0e3MeuYylTh KOOPJMHAIII MK YYaCHHUKaMH OCBITHBHOTO
cepe/oBUIIA Ta MIATPUMKY YNPABIIHCHKUX pillleHb. BU3HAYe€HO OCHOBHI MPOOJIeMU
(yHKUIOHYBaHHS UU(POBUX OCBITHIX CHUCTEM, 30KpeMa JyOJIOBaHHS JaHUX,
NEepEeBaHTAXCHHSI KaHaJIB KOMYHIKaIlli, 3aTpuMKH B mepemadi iHdopmarii Ta
HEJIOCTaTHIM piBeHB 1HTErpallii HuppPOBUX PECYPCIB.

OOrpyHTOBaHO JOLUIBHICTh 3aCTOCYBaHHS IMPOLIECHUX, MEPEKEBUX Ta
aJanTUBHUX Mojener onrtuMizamii iHpopmamiiinux mortokiB. IIporecHi mopem
crpsiMOBaH1 Ha ¢opMalizallilo Ta aBTOMATH3aIII0 OCBITHIX 1 MPOEKTHUX IMPOIIECIB;
MEpEeKeBl — Ha ONTHMI3allll0 MapuIpyTiB mepenadyi JaHux 1 OamaHCyBaHHSA
HaBaHTAXXEHHS MDK ITU(POBUMHU CEpBiCaMU; aJaNTUBHI — HA TUHAMIYHE YTPaBIIHHS
MOTOKaMH 3 BUKOPHUCTAHHSM METO/IIB MTYYHOTO IHTEJIEKTY Ta MAIIMHHOTO HABYAHHSI.
[TokazaHo, 110 KOMIUIEKCHE 3aCTOCYBaHHSI 3a3HAYCHHUX MOJEJIEH TMIiJBUIILYE
THYYKICTh, CTIHKICTh Ta €()EKTHBHICTh ITU(DPOBUX OCBITHIX MPOEKTIB.

[MudpoBa Tpanchopmalis OCBITH CYHNPOBOIKYETHCS 3POCTAHHSAM OOCSTIB
NaHuX, OaraTOKaHaJbHICTIO KOMYHIKAI[ii Ta MiJABUIIEHUMH BHUMOTaMH 10
OMEpPAaTUBHOCTI  YMPABIIHCBKUX pillleHb. Y TakuX yMmoBax e(EeKTUBHICTb
(GyHKIIIOHYBaHHS OCBITHIX CHCTEM 3HAYHOIO MIPOK0 3aJICKUTH BiJl PIBHS OpraHi3alii
Ta onTuMizaiii iHGopMaIIiHUX TOTOKIB. BoHU 3a0e3reuyioTh B3a€EMOJIII0 MIXK
CTyJCHTaMHU, BHUKJIaJlayaMH, aJMIHICTPAIIEI0 Ta 30BHINIHIMU CTEHKXOJAEpamHu,
dbopMyrour OCHOBY yMpaBIiHHS HaBYAIbHUMU TIpollecaMH Ta IU(pOBUMU
pecypcami.

He3Baxatoun Ha akTHBHE BIPOBAIKEHHS 1H(GOPMAIITHO-KOMYHIKAIIHHUX
TEXHOJIOTI, y 3aKjajiax OCBITH 30epiraroTbcsa MpoodiieMu TyONIOBAaHHS JaHUX,
NEpPEeBaHTAXKEHHS! KaHAJIB 3B 53Ky, BIACYTHOCTI €IMHMX CTaHIApTIB IHTErpauii Ta
3aTPUMOK y TOIIMPEHHI KPUTUYHO BaxiuBoi iHGopmanii. Ile 3ymoBmioe
AKTyaJbHICTh JOCIIJPKEHHS MOJENed Ta MNPaKTHUK ONTHUMI3auli 1H(pOpMaliitHuX
HNOTOKIB y LIM(PPOBIH OCBITI.

TeopeTnuHuii a”ami3 A03BOJSIE BUOKPEMHUTH TPU OCHOBHI TPYIMU MOJCIEH
ontumizauii 1H(GOpMaAUIHHUX MOTOKIB y CHCTEMax LU(PPOBOI OCBITH: MPOILECHI,
MEpeKeBi Ta aJIalTUBHI.

[IporecHi Mmoeni 6a3yr0ThCsS Ha ONMKCI Ta BAOCKOHAJICHH] 013HEC-TIPOIIECIB PYXY
iHpopmamii 3a gomomororw Hortamii BPMN Tta workflow-miarpam. Bonu
3a0€3MeuyloTh YCYHEHHS HAJJTMIIKOBUX OIepalliif, aBTOMAaTHU3AIll0 PyTUHHUX
poLeayp Ta MiABUIIEHHS TPO30POCTI YIPABIIHHS OCBITHIMH MPOIECAMHU.

MepexeBi MoJiei OpIEHTOBaHI HAa ONTHMI3allil0 MApPUIPYTIB Mepeaadl JaHuX 1
OaJlaHCyBaHHS HAaBaHTAXXEHHS MIDK KaHaJlaMM KOMYHIKalli. 3acTOCyBaHHS
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MexaHi3MIB Oydepwusallii, makeTHoi 0OpoOKM Ta AMHAMIYHOTO PO3MOALTY Tpadiky
JI03BOJISIE 3BMEHIITUTH 3aTPUMKHU Ta YHUKHYTH MEPEBAHTAXKECHD Y TIIKOBI1 IMEP10H.

AJanTUBHI MOJENI IPYHTYIOTbCS Ha BHUKOPUCTaHHI METOIIB IITYYHOIO
IHTEJeKTy Ta MAIIMHHOTO HaB4YaHHSA. BoHM 3a0e3medyroTh MPOTHO3YyBaHHS
HAaBaHTaXEHb, TMpPIOPUTE3AIlil0 TOBIJIOMJIEHb Ta aBTOMATHYHE HaJalITyBaHHS
napamMeTpiB iHGOpPMaIIHUX TOTOKIB BIAMOBIIHO JI0 3MiH OCBITHBOTO CEpEIOBHIIA
[1].

AHaJli3 TPaKTUYHOTO JOCBIJy 3aKJajJiB OCBITH TMOKa3ye€ e(PEeKTHUBHICTh
BIIPOBA/XKEHHSI 1IEHTPATI30BaHOTO JOCTYIy 0 JAaHMX, 1HTerpauii aHamituyHux BI-
naHesneu, 3actocyBaHHA Oydepusallii MOBIJOMIECHb Ta BUKOPUCTAHHS aJalTUBHUX
Al-ceppiciB. Taki pimeHHs CHPUSIIOTH CKOPOYCHHIO KITBKOCTI 1HGOpMAIITHUX
MapuipyTiB, 3MEHIIEHHI0O HABAaHTAXKECHHS HAa KaHAIM KOMYHIKAIli, MiABUIICHHIO
LIBUJKOCTI OOpOOKH JAaHMX Ta MOKPAIICHHIO 3PYYHOCTI KOPUCTYBaHHS LIU(PPOBHUMHU
OCBITHIMH MJIaTGOopMamMHu.

Bucnosku. Ontumizaiis iHQOpMamiHUX MOTOKIB € KIIOUOBUM YHHHHKOM
M1IBUIICHHS €PEKTUBHOCTI cUCTeM HUGPOBOI OCBITH. JlOCHIIPKEHHS MiATBEPIKYE,
0 TIOEJHAHHS TMPOIECHUX, MEPEKEBUX Ta aJalTUBHUX MOJCICH J03BOJISIE
3a0€3MEeUNUTH LUIICHICTh, THYUYKICTb 1 CTIMKICTh HU(PPOBOTO OCBITHBOI'O CEPEOBUIIIA.
[IpakTuyHl Ke¥Wcu AEMOHCTPYIOTh JAOLUUIBHICTh BIPOBAKEHHS KOMILIEKCHOTO
IIPOEKTHO-OPIEHTOBAHOTO MIAXOY JI0 YINpaBliHHSA 1HOOPMALIMHUMU TMOTOKAMH 3
METOIO ITIIBUIIEHHS SIKOCTI OCBITHIX MPOIIECIB 1 yIIPaBIIHCHKUX PIIICHb.

Cnucok Bukopuctanux axepen: 1. Wang S., Wang F., Zhu Z. Artificial Intelligence in
Education: A Systematic Literature Review // Expert Systems with Applications. 2024. Vol. 252. P.
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KOHUENIIA KOMIT'IOTEPHOI MOJEJII NIJITPUMKHA
YIIPABJIIHHA TPAHCKOPAOHHUMU NPOEKTAMMU Y COEPI
BE3INNEKHA
A. Tpury6a', I. Tpury6a', B. ®amyasxk’', I. ®ipman®
ITveiecokuii nayionanvnuii ynieepcumem eemepunapmnoi meouyunu ma
oiomexnonoziii imeni C.3. Dicuyvkozo, m. JIveie
2 /Tveiscokuii depycasnuii ynisepcumem beznexu ycummeoianvnocmi, m. Iveie

Crpateriune ynpaBiiHHS OpraHIYHUMH BIIXOJaMHU Ma€ CBOI OCOOJIMBOCTI, SIKi
HOJISITAIOTh B IHTErpamii €KOJIOrTYHUX, €KOHOMIYHHMX Ta COLIAJbHUX LUIEH y €IUHY
CUCTEMY MPUIHATTS YNPaBIIHCHKUX pillieHb. K 3a3HavaeThest y poOoTi [1], cyyacHi
MYHIIIUTIABHI CHCTeMH 300py Ta YTHWII3allli BIAXOMIB PO3TJISIAIOTHCS SK CKJIaAHI
COLII0-€KOJIOTO-€KOHOMIYHI ~ CHUCTeMH. Y  HHMX  €(EeKTHBHICTb  BHU3HAYAETHCS
JIOBFOCTPOKOBUMH €KOJIOTTYUHUMU e€(hEeKTaMH Ta PiBHEM 3aJTy4€HHS HACEICHHS TPOMa/I.
3a BUKOPHMCTAHHS 1HTENEKTYaJbHOTO MiAXOAY IOIUIBHO PO3TISIATH YIPaBIIHHSA
OpraHIYHUMH BIIXOJaMHU SIK TWHAMIYHY CHCTEMY 31 3BOPOTHUMH 3B’si3kamu [2]. ¥V
HIi OCHOBHMMHU 3MIHHMMH € OOCSTH YTBOPEHHS BIJXOJiB, YacTKa iX PO3ALIBHOTO
30upaHHs, piBEHb EPEPOOKHU Ta €KOJOTTUHI pu3uku (puc. 1).

Crparteri4Hi yini rpomagn
(exonoria — eKOHOMIKa — coLliym)

j\
Y v

AHanITMKa JaHWX | NporHo3yBaHHA OUiHKa eKONOMYHUX PU3UKIB
(oDcAam, NpoCTOPOBI TPEHAM, CLUEHAPIT) (MMOBIpPHICTb % LUKOOA, CUEeHapHi 3arposu)

\ J
y

F 3

v

Bubip ynpasniHCLKMX CUEHAPIB
(IHdpacTpykTypa, NOriCTMKE, CTUMYNM, TapUMdW)

1
¢ v

Peanisayia ynpaseniHCbKMX pilleHb MOHITOPHHT NOKa3HMKIE 1 KPI
(MPOEKTH, NpOTPaMK, PETTTAMEHTH) (30ip, nepepo0ka, BUKMOM, AKICTb CEPBICY)

| ]

Puc. 1. KonnenryanpHa cxema CTpaTEriqyHOro YIPABIIHHS OPraHIYHUMH B1JX0aMHU
Ha MYHIIIUTAIBHOMY PiBHI

V3araabHEeHUN  IHTErpajJbHUN  TOKa3HUK €(PEKTUBHOCTI  CTPATEr1YHOTO
YOpPaBIiHHSA OPraHIYHUMH BIIXOJaMHM HAa MYHILIMIAJIHLHOMY DPIiBHI BHU3HAYA€THCS 3a
dbopmyioro:

SOM = Werec + WZRbio + W3Eeco + W4Csoc 4 (1)
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ne R, — piBeHb PO3ALIBHOIO 30MpaHHs OpraHiYHMX BIAXONIB; R, ~—— dYacTka
010JI0T1YHOT TepepoOKH (KOMIIOCTYBaHHs, aHaepoOHe 30pojkyBaHHs), E = —

eco

IHTErpaJbHUN €KOJIOTIYHUM edeKT (3HumkKeHHs Bukuiaie CO,—exs.); C —

soc

cormiaabHUM ePeKT (3alydeHHs HACEJICHHS rpoMajl, pIBEHb €KOJOT14HOI CB1JOMOCTI
TOILIO); W, — BaroBl KOe(ILiEHTU CTPATErIYHUX IPIOPUTETIB TPOMAIH.

PiBeHb yTBOpEHHS OpPraHIYHHMX BIAXOIIB CYTTEBO PI3ZHUTHCS MIXK JKMTIOBUMU
paiioHaMu, IPUBATHOIO 3a0y/T0BOIO Ta KOMEpLIHHUMYU 30HamHU. Lle 3ymMoBII0€e moTpedy
y MPOCTOPOBO-OPIEHTOBAHOMY IUIAHYBaHHI JIOTICTUKHM 300py Ta MEpepoOKH BIAXO/IIB.
VY3aranpHeHy MOJENb MPOTHO3YBAaHHS OOCSTIB OPraHIYHHUX BIIXOIIB Y TpOMail Mae
BUTJISIA;

W,=aP,+ fH, +yB,+6T,, @)

e P — 4HMCeNnbHICTh HacelleHHS rpomaau; H,

CIOXKMBAHHSA OpPraHIYHUX IPOAYKTIB; B,— aKTUBHICTb OI13HEC-CEKTOpY; 1, —

- piBCHB AOMOTroC1rIoapCbKoro

TYPUCTHYHE HABAHTAXKEHHS;, &, 3, 7,0 — BINIOBIHO MapaMeTPH MOJIEITI.

[Ile onHI€IO TNPUHUHUIIOBOIO OCOONMBICTIO CTPATErIYHOTO YINPABIIHHA €
JOIIBHICTh  yYIOPaBIIHHS EKOJIOTIYHUMHU pHU3UKaMU. [HTErpalbHUM MMOKa3HUK
€KOJIOTIYHOTO PU3HKY JJIsl TPOMAJH OLIHIOETHCS 3a (POPMYJIOLO:

Renvzzpi.di’ (3)
i=1

1€ p, — IMOBIPHICTb HACTaHHs i-I HEraTUBHOI NOJIi (IIEPENOBHEHHS IOJITOHY,
HECAHKI[I0HOBaHI1 3BaJIUILA, BUTOKU QUIBTPATY); d, — 00CIT MOTEHLINHOT LIKOIU.

Takum 4YuHOM, OCOOJMBOCTI CTPATEriYHOTO YIPABIIHHA OPraHIYHUMU
BIIXO/laMA HAa MYHIIMIAIBHOMY PIiBHI TMOJSTAlOTh y OararokpurepiaabHOCTI
OPUNHATTS  YOPAaBIIHCBKUX  pIllieHb, TMOTPeOi MPOTHO3YBaHHS, BpaxXyBaHHS
IPOCTOPOBOI Opi€HTAIlli YMHPABIIHCBKUX i Ta 1HTerpaiii MpOIECiB YIPaBIIHHSI
€KOJIOTIYHUMHU pHU3UKaMH. BHUKOPUCTaHHS IHTENEKTYaJbHUX TEXHOJIOTIH CTBOPIOE
nepenyMoBd g (OpMyBaHHS CTIMKMX TEpPUTOpIaJbHUX TpoMaa 1 peami3amii
OPUHIUIIB HUPKYJISIPHOI EKOHOMIKH.

Cnucox Bukopucranux maxepei: 1. Tryhuba, A., Mudryk, K., Tryhuba, 1., Kotsylovskyi,
M., Sorokin, D., Bezaltychna, O., Pysz, P., & Hutsol, T. (2025). Models for sustainable
management of livestock waste based on neural network architectures. Scientific Reports, 15(1),
Article 28082. https://doi.org/10.1038/s41598-025-13150-9. 2.  Tryhuba, A., Sholudko, R.,
Andrushkiv, O., Oliinyk, R., & Kotsylovskyi, M. (2025). IaTenekryaibHi MOJENi YIIPaBIiHHS
1H(PaACTPYKTYPHUMHU TMPOEKTAMHU PO3BUTKY TpOMaJ B YMOBax 0OaraTopiBHEBHX pHU3HKIB. BicHuk
JIBBIBCBKOTO  JIEP)KAaBHOTO  YHIBEpCHUTETy  O€3meKku O KATTemisuibHOCTi, 31,  213-226.
https://doi.org/10.32447/20784643.31.2025.21.
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MMOSACHIOBAJIBHAM IITYYHUH IHTEJEKT HA OCHOBI
BEPBAJIBHOI'O AHAJII3Y Y CTPATEI'TYHOMY YIIPABJITHHI
E. ®acroBcbkuii, . €EabyaninoB
Hauionanvhuiit mexniunuii ynieepcumem
«XapkiecvKuil nonimexHiuHuil incmumymy, M. Xapie

BusHaueHHsT TOTOYHOIO CTaHy OpraHizaiii Ta HampsSIMKy 1ii MOAAJIBIIOrO
PO3BUTKY € OJHUMU 3 aKTYaJIbHUX 3aJlay CTPATETIYHOTO YMPaBiHHA. 3aCTOCYBaHHS
CyYaCHUX TOTYXHUX METOIB Ta 3aC00IB IITYYHOTO 1HTENEKTY JUIsl PO3B’A3KY IUX
3a/1a4 CTHUKAETHCS 3 MPOOJIEMOIO TOBIPH JI0 JIOTIKH Ta PE3yJIbTaTIB iX pOOOTH: MOJIEI,
10 3aCHOBAaHi, HAMPUKIAJ, Ha TTUOOKUX HEHUPOHHUX MEpPEekKax MOKa3ylOTh BHCOKY
TOYHICTh MPOTHO3YBAaHHS, aji¢ € HEe3PO3YMUIMMHU Ta HEMPO3OPUMHU I KEPIBHHKIB,
0 YXBAJIIOIOTH CTPATETiYHO BAXKJIMBI PIIICHHS. 3pO3YyMITH MPOIECH IMITYYHOTO
IHTENEKTy, MIJABUIIUTH JOBIPY IO pEe3yJbTaTiB, OTPUMAHHMX 3a WOro JOMOMOIOIO,
JI03BOJISIIOTh METOAM MOSICHIOBAIBHOTO IITy4yHOTro iHTenekTy (eXplainable Artificial
Intelligence, XAI) [1]. [lepcnektuBHuM Hampsimom XAl € cTBOpeHHS TiOpUIHUX
CUCTEM, B SKHX, HANpHUKIaA, I OOpPOOKH BEIMKHX JaHUX BHUKOPHUCTOBYIOTHCS
METOIM MAITMHHOTO HABYAHHS, a JJIA yXBAJICHHS OCTAaTOYHOTO PIIlIEHHS Ta HOTO
MOSICHEHHSI — METOJIU BepOabHOTO aHami3y [2]. OcobiuBICTh BepOATBHOTO aHATI3y
MOJISITa€ Yy 3aCTOCYBaHHI TEPMIHOJIOTIT KOpUCTyBaya (0CoOH, 110 YXBAJIIOE PIIICHHS)
pu 0OYI0BI HEUMCIIOBUX MOJECIECH MOpsAIKOBOI Kiacudikarii, BIOPSAIKYBaHHS a0bo
NMOpiBHAHHS 00’ €KkTiB gocaipkeHHs [3]. [lpukinanu BepOaJbHUX KPUTEPIiB OIIHKH,
OTIMCY KJIACiB Ta MOPSAIKOBOT Kiacudikarlii cTaHiB opraHizailii HaBejeHo y Tabm. 1-3.

Tabnuns 1 — BepOanpHi KpuTepii OLIHKK CTaHIB OpraHizarii

Kpurepiii Illkana 3HaYEeHb
A. ®inaHncoBa CTIHKICTB | A1. AGCONIOTHA CTIMKICTh
Ta pecypcHa 6a3a A». HopmainbHa CTIHKICTD

As. KpuzoBuii cran
b. PunkoBa mosumis Ta | bi. [lominyBanns / JlinepcTBo

KOHKYpPEHTHa Cujia b2. CrabinbpHa no3uiis

bs. Ayrcaiinep / Brpara puHky
B. VYmpasninceka | Bi. Bucoka 3piiicts
e(eKTUBHICTh Ta | B2. ®yHKITiOHATBHA 3pUTICTh
IPOLIECHA 3pUIICTh Bs. Opranizauiiinuii xaoc

Tabmuns 2 — Kimacu craniB opranizartii

Kaac Busnauenust
Ki. Crpareriunuii | CTaHu, 10 XapaKTepU3YIOThCS BHCOKOIO CTIMKICTIO Ta
yCHix MOTEHITIAJIOM JI0 CAMOCTIHHOT'O PO3BUTKY.
K>.  Crpareriuna | CTaHu «XUTKOi pIBHOBarw»: MarOTh CYTT€BI HEJOJIKH 3a
HEBU3HAYCHICTh OJTHMM a00 JIEKIIbKOX KPUTEPISX.
K3.  Crpareriuna | CtaHu, HECyMiCHI 3  JOBIOCTPOKOBUM  ICHYBaHHSAM
Kpu3a oprasizauii.
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Tabauus 3 — [opsaakoBa knacudikallis CTaHIB Oprai3arii
Kaac Crann
Ki. Crpareriunmii | (1,1, 1), (1, 1,2),(1,2,1),(2, 1, 1),(1,2,2), (2, 1,2), (2,2, 1)
yCHix
K2. Crpareriuna | (1, 1, 3),(1,3,1), (3, 1, 1), (1, 2,3), (1, 3, 2), (2, 1, 3), (2, 2, 2),
HeBu3HaueHicts | (2,3,1),(3,1,2),(3,2, 1),
Ks. Crpareriuna | (1, 3, 3),(2,2,3),(2,3,2),(3,1,3),(3,2,2),(3,3, 1), (2, 3, 3),
KpHu3a (3,2,3),(3,3,2),(3,3,3)

BusBnenns kputepiiB, mikai ix 3Ha4eHb, KJIAaciB Ta MOPSAKOBA Kiacu]ikaris
CTaHiB oprasizauii BiI0yBaeTbCsa yepe3 0e3nocepeHe CIUIKYBaHHS 3 €KCIepTamu y
rajiy3i CTpaTeriyHoro ynpasiiHHs abo aHami3y iX mnpams.

[lopsinkoBa kiacudikaiiss OyJIyeTbCs Ha OCHOBI MpaBuUjia JOMIHYBAHHS:
Kpalluil cTaH HE MO)KE MOTpalMuTH B Tipumiuil kiac. BoHa ogHo3HauHO 1A€HTH(DIKYE
INOTOYHUI CTaH opraHizauii. Mexi KiaciB € OCHOBOIO JJisl BU3HAUEHHS ONTHMaJIbHOIO
HUISAXY HOKPAILEHHS IOTOYHOTO CTaHy OpraHizaiii.

JIns OILHKM BIACTaHI MK CTaHAMU JOIUIBHO BUKOPHUCTOBYBATH €JIMHY IITKAITY
3miH sikocTi (€1L34) 3nauens kputepiiB. Ls mkana OyayeTbest TakOX yepe3 mpsamMy
KOMYHIKAIlI0 3 eKCIepTaMH-yIpaBIiHIsIMUA. BoHa MO)Xe MaTu, HalpuKIaj, TaKUi
BUTJIA;

b2-3 <A2-3=A1-2<Al-3=B2-3 <b1-2<Bb1-3<B1-2<BI-3

Bupas «b2-3» inTepnperyeThes Ik «3MiHa 3Ha4eHHsS KpuTepito b 3 b Ha B3».
Bupas «b2-3 < A2-3» iHTeprpeTyeTbes K «3MIHA 3HaYEHHS KpUTEpio A 3 Az Ha A3
€ OUIBIII CYTTEBOIO, HIK 3MiHA 3HaUYCHHS KpuTepito b 3 by Ha b3y,

€II35 no3Bonsie OMIHUTH CKIAMHICTh MEPEeXOAy MDK CTaHamMH 0e3
BUKOPHCTaHHS 4YWCIOBOI 1H(opMmarlii. Hanpukmnan, mominmenss crany (2, 2, 2) 1o
ctany (2, 1, 2) € 61nb11 CKIaAHUM, HIXK 10 cTany (1, 2, 2), Tomy o Al-2 <BI1-2.

Otxe, Bukopuctanus XAl Ha oCHOBI BepOanbHOTO aHami3y 3a0e3mnedye OiIbI
rIMOOKe PO3yMIHHS IPUUMHHO-HACIIIKOBUX 3B’ S3KIB B YIIPaBJIiHHI OpraHi3aIli€ro.

Cnucoxk Bukopuctanux Jkepena: 1. Chang T, Bau D (2025). eXplainable artificial
intelligence (XAI) in business management research: a success/failure system perspective. Journal
of Electronic Business & Digital Economics, Vol. 4 No. 1 pp. 36-53, doi:
https://doi.org/10.1108/JEBDE-07-2024-0019. 2. de Andrade, E.C., Pinheiro, L.I.C.C., Pinheiro,
P.R. et al (2023). Hybrid model for early identification post-Covid-19 sequelae. Journal of ambient
intelligence and humanized computing, 14, 14739-14752. https://doi.org/10.1007/s12652-023-
04555-3. 3. Mechitov, Alexander & Moshkovich, Helen & Klimberg, Ronald. (2022). Verbal
decision analysis for strategic decisions. International Journal of Business Research. 22. 26-37.
https://doi.org/10.18374/1JBR-22-1.4.
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BITPOBA/I’KEHHS SHIPBUILDING 4.0 TA IHIII OBOB’A3KOBI
EJIEMEHTH BIJTHOBJIEHHS CYJJHOBYJIYBAHHS YKPATHU
O. ®dengoros
Hauionanvnuit Ynieepcumem Kopaoneoyoysanns im. Aomipana Maxapoea,
M. Mukonaie

[loBoenHe  BITHOBIGHHS  YKpPAiHCBKOTO  CyJHOOYAYyBaHHA HE  MOXKE
oOMexXyBaTUCA BIIOYNOBOIO 3pyHHOBAHOro. l'amy3p, sika 3a3Haja KOJOCAIbHUX
BTpaT, CTOITh Mepea BUOOPOM: OCTATOUYHMI 3aHemnaj] ado TEXHOJOT1YHUU CTPUOOK.
BpaxoByroun riobanbHi TpeHAW Ta BHYTPILIHI pealii, EAUHUM LUISIXOM € 1HTerpais
koHuenuii Shipbuilding 4.0 — noBHoi u@posizauii Ta poOoTH3aLli BUPpOOHHUIITBA.

[ToTounuii cTan ramysi.

Hexonxypenmocnpomooicnicmo ma 30umxu. CydacHe CyTHOOyAyBaHHS YKpaiHU
nepeObyBae y TIMOOKIH KpW3i, CIPUYMHEHIH HE JIMIIE BIHHOIW, a W CHUCTEMHUMH
npo0iemMamu, 10 HAKOMUYYBAJIUCS TECATUIITTAMHU.

1. PyiinyBaHHs Ta BTpaTH, OCKUIBKH BHACIIJIOK POCIHCHKOI arpecii raiaysb
3a3Hana npsaMux (GizuyHux 30uTKIB. Jluie mo ogHOMY CyAHOOYAIBHOMY 3aBOAY B
Mukomna€eBi eKOJIOT14H1 30UTKH Bijl pyHHYBaHb OLIIHIOIOTHCS Y MTOHAA 1 MJIp/ TpH.

2. VYkpaiHncbkl Bep(d1 MNpOrparoTh KOHKYPEHIII 4Yepe3 BIACYTHICTb
JemeBoro piHaHCyBaHHA. Y TOW Yac SIK €BPOMEHCHKI Bep(i 3aiIydatoTh KPEAUTH Mij
1-1,5%, B VYkpaini BapTICTh BAJIOTHUX MO3MK cKianae 6-7%, 1m0 «3’igae» BCIO
Map>KMHAJIbHICTh O13HECY, PEHTA0ENbHICTh SIKOTO CTAHOBUTH OJIU3BKO 7%.

3. TexHonoriyHa BIACTAIICTh, OCKUIBKM BHPOOHHUITBO 3aJIMILAETHCA
Marepiajio- Ta eHEProMICTKHUM, 0a3yI0UHUCh Ha TEXHOJIOTISIX MUHYJIOT'O CTOJITTS, TOA1
sk cBiToB1 Jigepu (Kutaii, Kopest) Bxxe BIIpoBaKy0Th IUGPOBI EKOCUCTEMHU.

llacmka enympiwnvoeo punky. ICHye nyMKa, 10 raigy3b MOXE BIDKUTH 32
pPaxyHOK BHYTpIIIHbOIO 3aMoBHHMKA. [loTpeba nilicHO €: [JIs  BIJHOBJICHHS
€KCTIOPTHOT'O0 TOTEHIIay (3epHO, MeTan) YKpaiHi HeoOxigHo Onm3bko 160 HOBUX
CyJIeH JHIle y NMUBIIbHOMY cermeHTi. OHaK, Opi€HTAIlisl BUKIIOYHO HA BHYTPIIIHINA
NOMUT — 1€ DJIyXud KyT. BHyTpimHIA pUHOK 3amManuii i MiATPUMKH
BHCOKOTEXHOJIOTIYHOT 1HAyCTpii. be3 BUX0oMy Ha 30BHINIHI PUHKH YKpaiHCHKI Bepdi
HE 3MOXYTh OKYNHTH 1HBECTHLIi B MojaepHizauito. Jlo BiiiHM Bepd1 Smart Maritime
Group Oynu 3aBaHTaxkeHi Jjume Ha 25%, xoua Mand MOTeHLian OyayBatu
NOBHOKOMIUIEKTHI Cy/IHa JUIs 3aMOBHUKIB 3 Hinepnanais.

Ymosu euxody ma 306niwni punku. J|js yCniniHOT KOHKYPEHIIT Ha TI00aIbHIN
apeH1 YKpaiHi He0OX1THO pealli3yBaTu CTPATeTito, 1m0 0a3yeThCsl HA M'STH KIFOYOBUX
BEKTOpax.

Inmeepayis 3 €ponoro ma eapmonizayis cmanoapmie. YKpaiHa Ma€ CTaTH
YaCTHUHOIO €BPOIEHCHKOT0 MOPCHKOTO KilacTepa. MiHICTEPCTBO PO3BUTKY I'poMaj] Ta
TepuTopiit Ha 2026 pik IUIaHy€e MPOJAOBXKEHHS IHTETpallii B €BpONEHChKUNA PIYKOBUI
IPOCTIp Ta PO3UIMPEHHS MDKHAPOJHOTO BHU3HAHHS YKPAiHCBKUX JTOKyMeHTIB. lle
BiIKpU€e noctyn n0 puHKy €C, e MOmUT Ha CIemiali3oBaHl CyJHA 3aJIMIIAETHCS
BUCOKHUM.

THowyx punxosux wHiw. KoHKypyBaTh 3 a3liCBKHUMH TIraHTaMH y MacOBOMY
CEerMeHT1 (TaHKepH, Oalkepu) HEMOXJIMBO. YKpaiHa IMOBHHHA (POKycyBaTucCAd Ha
HilIax:
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1. Cynna «piuka-mope»: KputuuHo Baxkiausi mnsa [[yHaiicekoro kiacrepy,
PO3BUTOK SIKOTO € mpiopuTeToM Ha 2026 pik 3 METOIO 3a0e3MeYeHHsI BAaHTAKOMOTOKY
HE HUK4YE 15 MJIH TOHH.

2. «3enenuit» Guot: ByaiBHUITBO CyAe€H, IO BIAMNOBIIAIOTH €KOJOTIYHUM
BuMmoram €C (Fit for 55), BUKOpUCTOBYIOUM JOCBiJ €BPONEUCHKUX NApTHEPIB Y
BOJHEBUX Ta METAHOJIOBHUX TEXHOJIOT1SIX.

Bnpoesaoowcenns Shipbuilding 4.0. Lludposa Tpanchopmailist — 11e 3acid eKoHOMIT
peCypciB Ta MPUCKOPEHHS POLIECIB.

- mudpori aeidHuku (Digital Twins): J[03BOJAIOTE MOACTIOBATH MPOIECU
OyIIBHMIITBA Ta €KCIUTyaTallii, BUSIBIISIIOYN TTIOMHJIKH JI0 TIOYATKY POOIT;

- kibepdizuuni cucremu: IHTerparmis QizuyHoro obnagHaHHSA 3 UUPPOBUMU
MepexkaMu I yrpaBiaiHHS Bep(d'to B peanbHOoMy yaci. Lle 103BoMuTh yKpaiHCHKUM
3aBOJiaM 1HTETPYBATUCS Y TJI00aJIbHI JJAHIIOTH TOCTa4aHHS.

Paouxanvua pobomuzayis ma supiwenus kaoposoi kpuzu. Jledinut KaapiB €
KPUTUYHUM: MiclieBa Biaja MHKOJIa€Ba KOHCTATy€ TOTOBHICTh MOPTIB J0 POOOTH,
ajie BU3HA€E TOCTPY HECTauy Jrojiei. BiTHOBICHHS ragy3i MOXKIIUBE JUIIE 32 PAXyHOK
pPaAMKaIbHOTO CKOPOYEHHS 3aJIeKHOCTI BlJ pydHOi mpaui. BrpoBamkeHHs
3BaprOBaJbHUX POOOTIB Ta aBTOMAaTU30BAHMX JIIHIM JO3BOJIMTH KOMIIEHCYBaTH Opak
NepCOHaTy Ta IMiABUIIUTH SKICTh IO CBITOBUX CTaH/IAPTIB.

Enepeoegexmusnicmos. 3HMKEHHS C€OO0IBapTOCTI MPOAYKIlI HEMOXJuBE 03
JOCTYIly 1O JAeIIeBOi eHeprii Ta eHeproeekTUBHHUX TexXHOJOrid. Buxopucranhs
BIJIHOBJIFOBAaHHX JDKEPEN €HEPrii Ha BUPOOHUIITBI Ta ONTHMI3aIlisl €eHeProCTIOKHBAHHS
€ OOOB'A3KOBUMHM YMOBaMH i KOHKypeHiii 3 Kwutaem, sikmii mae goctynm A0
JIEIIEBUX PECYPCIB.

Bucnoeox. BinHoBneHHST CyaHOOyqyBaHHS YKpaiHM — 1€ TUTaHHSA
HalllOHAIbHOI O€3MEeKH Ta E€KOHOMIYHOI'O CYBEpPEHITETY. 3a OL[IHKAMH EKCIEPTIB,
MOTEHITiaN raxy3i 103BoJiste 30uThmuTH 11 BHecoK y BBII y 8—10 pa3is, cTBopuBIIH 110
56 000 pobouux Mmicib. [IpoTe 11e MOXKIMBO JMIIE 3a YMOBHU IMOBHOI BIAMOBHU Bij
3acTapiIuX MpakTUK Ha KopucTh Mozem Shipbuilding 4.0, rmmbokoi iHTerpamii 3
€BPOMNEHCHKUM PUHKOM Ta JIEpXKABHOI MIATPUMKHA Yy BHIJISA1I JOCTYIHOIO
KpEJIUTYBaHHS Ta JeperyJisiii.

Cnucox BukopucTtanux mkepea: 1. Arias, V., Blanc, S., Hathaway, E., Kivela, S., &
Valtanen, J. (2020). Forecasting trends & challenges for a 4.0 Shipbuilding Workforce in Europe.
USWE Project. https://www.usweproject.eu. 2. Iwankowicz, R., & Rutkowski, R. (2023). Digital
Twin of Shipbuilding Process in  Shipyard 4.0. Sustainability, 15(12), 9733.
https://doi.org/10.3390/sul5129733. 3. Lee, K.-R. (2019). Analytic Comparisons of Shipbuilding
Competitiveness between China and Korea. Journal of Korea Trade, 23(4), 1-16.
https: //d01 or /10.35611/jkt.2019.23.4.1. 4. Sea Europe. (n.d.). European Industrial Maritime
Strategy: Policy recommendations. Sea Europe. 5. Stani¢, V., Hadjina, M., Fafandjel, N., &
Matulja T (2018). Toward shipbuilding 4.0: An industry 4. 0 changmg the face of the shlpbulldmg
industry. Brodogradnja, 69(3), 111-128. https://doi.org/10.21278/brod69307. 6. Zhang, X., & Chen,
D. (2024). Shipbuil ing 4.0: A Systematic Literature Review. Applied Sciences, 14(14), 6363.
https://do1.org/10.3390/app14146363. 7. Marepunceka, O., & Ilycrosa, I1. (2024). BinnosneHHs Ta
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