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CHAPTER 1. MODERN BASICS OF ECONOMICS, MANAGEMENT AND
TOURISM

1.1. Improvement of Tactical Planning of Foreign Economic Activity Based on an
Algorithm for Evaluation and Selection of Priority Foreign Sales Markets

Under conditions of intensifying globalization processes and increasing
competition in international markets, effective tactical planning of enterprises” foreign
economic activity becomes crucial for ensuring sustainable development and enhancing
competitiveness. Particular importance is attached to the ability of enterprises to rapidly
adapt to changes in the external environment through the well-founded selection of
priority sales markets, which directly affects the effectiveness of export activities.

Tactical planning of foreign economic activity serves as a tool for detailing the
strategic goals of an enterprise in the short- and medium-term perspective, ensuring
alignment between resource capabilities and market conditions. At the same time,
traditional approaches to selecting foreign markets often fail to consider the complexity
of influencing factors, which leads to insufficiently justified resource allocation and the
loss of potential development opportunities.

In this context, the development of an algorithmic approach to the evaluation,
selection, and prioritization of foreign sales markets becomes particularly relevant, as it
allows systematizing the decision-making process and increasing its validity. The use of
such an algorithm contributes to reducing uncertainty, optimizing managerial
decisions, and improving the effectiveness of tactical planning of foreign economic
activity of the enterprise.

The relevance of the research is driven by the need to improve the effectiveness of
managerial decision-making in the field of enterprises’ foreign economic activity under
conditions of a dynamic and unstable international environment. Modern markets are
characterized by high volatility, intensified competition, changes in regulatory
requirements, and the growing influence of geopolitical risks, all of which complicate
the process of selecting priority export directions.

Most enterprises face the problem of fragmented approaches to foreign market
assessment, where decisions are made based on isolated indicators or expert judgments
without the use of a systematic toolkit. This reduces the quality of tactical planning of
foreign economic activity and limits the possibilities for effective utilization of the
enterprise’s resource potential.

In this context, there is a need to develop a consistent, multicriteria algorithm for
the evaluation and selection of foreign sales markets that would ensure objectivity,
transparency, and reproducibility of managerial decisions. Such an approach allows for
the integration of economic, logistical, competitive, and risk-related parameters into a
unified evaluation system, which is an important tool for improving the tactical
planning of an enterprise’s foreign economic activity.

The planning hierarchy within an enterprise can be represented as a system of
nested and interrelated cycles, where each lower level specifies and concretizes the
directives of a higher level. Tactical planning serves as an instrument for strategy
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implementation, ensuring the linkage between global objectives and the actual
capabilities of the organization. It enables a clear allocation of tasks among functional
and line departments, taking into account available resources and time constraints
(Table 1) [1].

Tactical planning is characterized by a lower level of subjectivity compared to
strategic planning, as managers at this level operate with more detailed and specific
information. The implementation of tactical decisions is associated with lower risk,
since they mainly address internal organizational issues and resource provision, which
is easier to forecast. Moreover, tactical results are easier to evaluate because they are
expressed in specific quantitative indicators.

Table 1. Comparative analysis of planning types within an enterprise

Planning Nature of decisions and time horizon Main objects and tasks
level

Strategic Long-term (3-5+ years), conceptual, Mission, market selection, general development
high level of risk direction

Tactical Medium-term (1-3 years), specific, Resource allocation, interdepartmental
based on quantitative methods coordination, operational conditions

Operational | Short-term (up to 1 year: quarter, Specific actions, schedules, performance
month), highly detailed standards

It should be noted that tactical planning tends to be associated with middle and
lower levels of management, covering individual regional or functional units. It ensures
the integration of efforts across different departments: for example, based on a sales
plan developed by the marketing department, production planning, material and
technical supply planning, and financial planning are carried out. Thus, the tactical
level serves as a “coordination hub,” where abstract strategic ideas are transformed into
a coordinated set of actions for each workshop or department.

The importance of tactical planning also lies in its role as a realism filter. Strategic
plans may be ambitious, but it is the tactical analysis of capabilities and resources that
determines whether an organization can implement these plans within the specified
time frame. The detailing of tactical plans in time and space, as well as the
establishment of intermediate goals and tasks, continues within the operational
planning process, thereby completing the integrated planning cycle of the enterprise.

The functions of tactical planning are specific types of work, procedures, and
actions carried out during the planning process and aimed at changing the state of the
enterprise in the desired direction [2]. The successful achievement of organizational
goals largely depends on how fully and effectively these functions are performed, in
particular:

1. Goal-setting and decomposition function - involves transforming strategic
objectives into a system of specific, measurable indicators for each department;

2. Resource function - focuses on determining the exact need for financial,
material, and human resources required to implement planned production and sales
volumes;
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3. Coordination function - ensures interconnection between different functional
areas (marketing, production, logistics, finance), helping to avoid resource conflicts;

4. Optimization function - involves selecting the most efficient ways of utilizing
capacities and capital to maximize results while minimizing costs;

5. Control and incentive function - relates to establishing a basis for performance
monitoring and developing personnel motivation systems based on the achievement of
planned targets.

The classification of tactical planning makes it possible to structure this complex
process according to various criteria (Table 2). Understanding the types of planning
helps to select the most appropriate management model for specific operating
conditions. The diversity of tactical plans requires their continuous coordination. The
planning process typically begins with determining sales volumes (a marketing
function), followed by the formation of a production program, a material and technical
supply plan, a personnel plan, and finally a financial plan. Such a logical sequence
ensures the integrity of the planning system and its alignment with real market
conditions.

Table 2. Classification of tactical management types within an enterprise [3,4]

Classification criterion Types of tactical planning (plans)
By planning object Sales planning, production, personnel, costs, finance, infrastructure, investment
By time horizon Medium-term (1-3 years) and short-term (up to 1 year: quarter, month)

By degree of obligation | Directive (mandatory tasks) and indicative (recommendatory guidelines)

By form of presentation | Programs (plan-progrcams), business plans, budgets

By development stage | Preliminary (forecast), intermediate (coordination), and final (approved)

Foreign economic activity (FEA) is one of the most complex and high-risk areas of
enterprise operation, requiring special approaches to planning. Tactical planning of
FEA is the process of detailing the strategy for entering and operating in foreign
markets over a period of one to two years. It involves defining specific ways of using
resources to achieve long-term goals of international expansion, taking into account the
specifics of international marketing, logistics, and finance.

The importance of tactical planning of FEA is driven by the need to synchronize
the internal capabilities of an enterprise with the requirements and constraints of global
markets. This process makes it possible to transform a strategic vision (“becoming a
global player”) into a concrete program of export-import operations, currency
transactions, and logistics schemes.

Key aspects of the essence of tactical planning of foreign economic activity (FEA):

planning of export-import operations - based on determining shipment volumes,
selecting foreign partners, and justifying the product assortment that meets
international quality standards;

currency planning - forecasting foreign currency inflows and outflows, planning
conversion operations, and hedging against adverse exchange rate fluctuations;

international logistics - planning complex cross-border supply chains, selecting
optimal transport modes and routes, and arranging customs clearance;

9




Modern Conditions of Development of Science,
Education and Production in the World - 2026

international risk management - taking into account not only commercial but also
political and legal risks in planning calculations [5].

Tactical planning of FEA begins with marketing research, where the marketing
department forecasts sales volumes in foreign markets, prices, and potential
profitability. Based on these forecasts, a production program is developed, which must
take into account specific product requirements in different countries (certification,
packaging, language specifications).

An important instrument here is logistics planning. At the tactical level, the
logistics team develops an “assumptions table” — a list of expected conditions (freight
costs, border crossing times, customs duties), which serve as a basis for calculating costs
and delivery timeframes. The consistency of these assumptions among all participants
in the planning process ensures the integrity of the FEA plan [6-8].

Tactical planning of foreign economic activity enables an enterprise to remain
tlexible. The use of a scenario-based approach makes it possible to develop action plans
in case of changes in customs regulations, the introduction of sanctions, or sharp
fluctuations in exchange rates. This ensures the resilience of the enterprise in an
unstable global environment and helps to avoid significant financial losses.

Thus, it can be concluded that tactical planning at the enterprise is a complex,
multifaceted management function that ensures the viability of the organization under
market conditions. It occupies a unique niche in the planning hierarchy, combining
strategic ideals with operational reality. The use of a wide range of methods from
balance methods to economic-mathematical approaches allows for the development of
well-founded and coherent development plans. In the context of foreign economic
activity, tactical planning becomes particularly important, serving as an instrument of
adaptation to global challenges and a mechanism for minimizing international risks. An
effective system of tactical FEA planning enables an enterprise not only to survive but
also to develop dynamically, exploring new horizons of the global economy.

In the current conditions of instability in international agricultural markets,
diversification is one of the key instruments for reducing dependence on individual
countries or trade directions. However, in business practice, the process of selecting and
developing foreign markets may be carried out without a unified, coherent system of
criteria and long-term logic.

This is manifested in the fact that decisions regarding entry into new markets or
expansion in existing ones may be made on an ad hoc basis, without a comprehensive
comparison of alternative directions. The absence of a clear methodology for assessing
market attractiveness leads to the fact that different opportunities are considered in
isolation, without taking into account their mutual influence on the overall structure of
exports.

As a result, a certain imbalance in the geography of sales is formed, when the
enterprise may become excessively oriented toward a limited number of foreign
markets.

The fragmentation of approaches also complicates long-term planning. In the
absence of a coherent diversification algorithm, it is difficult to determine market
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priorities, assess the potential risks of entering new territories, and ensure a gradual
expansion of export activities. This reduces the effectiveness of tactical planning, as it is
not based on a holistic vision of foreign market development but is instead formed as a
set of separate decisions.

The solution to the problem of fragmented approaches to the diversification of
foreign sales markets at the enterprise level should be implemented through the
development and introduction of a comprehensive algorithm for the evaluation,
selection, and prioritization of foreign markets. Such an approach makes it possible to
shift from situational decision-making regarding entry into new markets to a
systematic, logically consistent process based on unified criteria and a transparent
methodology for comparing alternatives. The proposed algorithm for the evaluation,
selection, and prioritization of foreign sales markets of enterprises is presented in
Figure 1.

The first stage of the algorithm is the preliminary screening of potential foreign
markets. At this stage, a broad list of countries or regions that may potentially be
interested in the enterprise’s products is formed. The selection is based on basic criteria
such as demand for agricultural products, the overall economic stability of the country,
market openness to imports, and the absence of critical trade restrictions. The purpose
of this stage is to create an initial “pool” of markets for further in-depth analysis.

The second stage is the basic analytical assessment of the selected markets. At this
level, unified evaluation criteria are applied, allowing markets to be compared with one
another. Such criteria may include the volume of potential demand for the products of
the company the level of price attractiveness, the degree of competition, the stability of
the economic environment, and logistical accessibility. To ensure objectivity of the
assessment, each criterion may be assigned a weighting coefficient reflecting its
significance for the enterprise.

The third stage involves a more in-depth comparative assessment of markets
using a matrix approach. At this stage, markets are systematized in the form of a matrix
that combines key attractiveness indicators with the level of potential risks. This enables
both a visual and analytical identification of the most promising directions for export
development. In particular, markets with high demand and a low level of risk receive
the highest priority, whereas markets with high competition or logistical barriers may
be classified as secondary.

The fourth stage is the prioritization of foreign markets and the formation of a
ranking of their attractiveness. Based on the results of the matrix analysis, markets are
ranked according to an integrated indicator. This allows the enterprise to determine the
sequence of entering new markets or expanding its presence in already developed ones.
Prioritization ensures consistency of managerial decisions and prevents the dispersion
of resources across too many directions simultaneously.
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Fig. 1. Recommended algorithm for assessing, selecting and prioritizing external
markets for enterprise products in order to improve tactical planning of foreign
economic activity
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The fifth stage is the integration of the algorithm’s results into the tactical planning
system of foreign economic activity. This involves regular updating of market
assessments in response to changes in the external environment, as well as aligning
export plans with the identified priorities. Thus, the dynamic nature of the algorithm
and its adaptability to fluctuations in international market conditions are ensured.

As a result of the implementation of a comprehensive algorithm, the DEMKIV
Financial Group will receive a structured decision-making mechanism for diversifying
sales markets, which will reduce the fragmentation of approaches, increase the validity
of management decisions, and ensure a more stable and balanced development of
foreign economic activity.
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1.2. Development of the Toolkit for Tactical Management of Enterprise Foreign
Economic Activity Based on the Systematization of Analytical Support

In the context of dynamic transformations of the global economy, increasing
global competition, instability of international markets, and a high level of uncertainty
in the external environment, the importance of effective management of enterprises’
foreign economic activity is growing. The competitiveness of business entities, their
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ability to adapt to changes in market conditions, ensure the stability of foreign
economic relations, and achieve planned economic results largely depend on the
effectiveness of managerial decision-making at the tactical level.

Modern conditions of enterprise functioning are characterized by a significant
influence of geopolitical, economic, technological, and logistical factors, which
complicates the process of forecasting the development of foreign economic activity and
requires the improvement of approaches to its tactical management. In this regard, the
development of tactical management tools becomes particularly important, and these
tools should be based on comprehensive analytical support capable of forming an
informational basis for timely identification of trends, risk assessment, modeling of
alternative scenarios, and substantiation of managerial decisions.

The effectiveness of the tactical management system of foreign economic activity is
largely determined by the quality of analytical support for forecasting. However, in the
practice of many enterprises, information and analytical processes are characterized by
fragmentation, insufficient systematization, and limited possibilities for integrating
heterogeneous data, which complicates the formation of reliable forecasts and timely
response to changes in the external environment. Under such conditions, the need to
develop and implement a technology for systematizing analytical support for
forecasting becomes increasingly relevant, aimed at improving the quality of
information support for tactical management processes in foreign economic activity.

Scientific and applied aspects of managing foreign economic activity, forecasting
economic processes, and developing information and analytical support have been
addressed in the works of domestic and foreign scholars. At the same time, modern
challenges associated with increasing turbulence in the international environment,
digitalization of business processes, and the need to enhance enterprise adaptability
create the necessity for further improvement of tactical management tools for foreign
economic activity based on the systematization of analytical support for forecasting.

In this regard, research aimed at forming modern approaches to the development
of tools for tactical management of an enterprise’s foreign economic activity, improving
analytical support for forecasting, and enhancing the substantiation of managerial
decisions under conditions of a changing international economic environment becomes
particularly relevant.

Planning is a necessary prerequisite for ensuring the stable development of an
enterprise, as it makes it possible to anticipate potential changes in both the internal and
external environment, respond to risks in a timely manner, and use available resources
efficiently. In the scientific literature, planning is considered as a process of defining an
enterprise’s objectives and developing a system of measures to achieve them. According
to Ukrainian scholars, planning ensures the coordination of activities of all structural
units of an enterprise, contributes to improving management efficiency, and creates a
basis for making well-grounded managerial decisions [1].

In economic science, planning is traditionally defined as a management function
that involves setting an enterprise’s development goals, determining the necessary
resources, and selecting optimal ways to achieve the defined objectives. The planning

14



Collective Monograph Publishing House NES s.r.0.,
Nova Dubnica, Slovak Republic

process includes the analysis of the current state of the enterprise, assessment of the
impact of external environmental factors, forecasting future performance results, and
the development of appropriate planning indicators.

The importance of planning lies in the fact that it enables an enterprise to:

- ensure purposeful activity;

- increase the efficiency of the use of material, financial, and labor resources;

- reduce the level of uncertainty and risks;

- ensure coordination among structural units;

- enhance the enterprise’s competitiveness;

- and adapt its activities to changes in the external environment.

The planning process is one of the key instruments for ensuring the economic
stability of an enterprise. The absence of an effective planning system may lead to
inefficient use of resources, loss of competitive positions, and a decline in the overall
performance of the enterprise.

Scholars emphasize that the planning system should be comprehensive and cover
all areas of an enterprise’s activity. In particular, D. V. Kulish notes that enterprise
planning should take into account not only internal capabilities but also the specifics of
the external economic environment, international competition, and changes in market
conditions [2]. The importance of the planning process for an enterprise can hardly be
overestimated, as it allows addressing critical issues of self-identification and
development. In particular, during the planning process, a firm must clearly define
what it aims to become in the future, assess its current state, resources, and operating
conditions, and choose a specific trajectory of development. Without a clearly
formulated plan, any organization risks becoming a victim of chaotic changes in the
external environment, losing its ability to act in a coordinated manner [3]. The
parameters of the significance of planning and the characteristics of its impact on the
enterprise are presented in Table 1.

Table 1.
Impact of Planning Parameters on an Enterprise
Planning parameter Characteristics of its impact on the enterprise
significance
Risk minimization Allows for anticipating negative scenarios and preparing measures for their
mitigation in advance.
Coordination of efforts Ensures a unified direction of work of all structural units to achieve
common goals.
Resource optimization Promotes the rational allocation of material, financial, and labor resources.
Control function Creates a basis (planned indicators) for comparison with actual results.
Motivational aspect Clearly defines duties and responsibilities, thereby increasing discipline.

Planning as a type of managerial activity directly affects the efficiency of the use of
production capacities and capital. It enables the modeling of the future state of an
enterprise, which is the ultimate goal of any planning process. In the context of
globalization and increasing competition, planning covers all enterprise operations -
technical, financial, and commercial - taking into account time periods, sources, and
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costs. Such a comprehensive approach ensures long-term effectiveness and the
development of new market opportunities [4].

An important element of planning is its principles, which define the general
requirements for the formation of enterprise plans. The main principles of planning
include:

- the principle of systematicity;

- the principle of continuity;

- the principle of scientific validity;

- the principle of flexibility;

- the principle of balance;

- the principle of efficiency;

- the principle of comprehensiveness.

The principle of systematicity implies the interconnection of all planning elements
and the coordination of plans among different structural units of the enterprise. The
principle of continuity means the constant updating of plans in accordance with
changes in both the external and internal environment. The principle of scientific
validity involves the use of modern methods of analysis, forecasting, and economic
justification of planning decisions.

Depending on the time horizons, objectives, and level of detail of managerial
decisions, enterprise management distinguishes between strategic, tactical, and
operational planning. Each of these types of planning performs a specific function
within the enterprise management system.

Strategic planning is aimed at defining the long-term development goals of an
enterprise and forming its overall strategy. It is focused on the prospective
development of the enterprise and takes into account the influence of the external
environment, competitive dynamics, and global economic trends.

Tactical planning occupies an intermediate position between strategic and
operational planning. Its main purpose is to specify the strategic objectives of an
enterprise and define mechanisms for their implementation in the medium-term
perspective. Tactical planning ensures the transition from strategic decisions to the
practical implementation of specific measures and programs of enterprise activity.

Operational planning, in turn, ensures the organization of the enterprise’s day-to-
day activities and is aimed at solving short-term tasks. It is characterized by a high level
of detail in planning indicators and is directly related to the current management of
production, financial, and organizational processes.

The effectiveness of tactical planning of an enterprise’s foreign economic activity is
significantly complicated by a number of internal organizational and analytical
problems, among which the insufficient systematization of analytical support for
forecasting export indicators and the fragmented approaches to the diversification of
foreign sales markets are particularly prominent.

One of the problems of tactical planning faced by enterprises in the process of
conducting foreign economic activity is the insufficient level of systematization of
analytical support for forecasting export volumes and external demand for products. In
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practice, the information used for the formation of tactical plans is often fragmented
and generated without a unified approach to its collection, structuring, and
interpretation. Data on product demand, seasonal fluctuations, changes in prices on
foreign markets, and actual export volumes may be accumulated in different formats,
which complicates their further aggregation and use for forecasting.

As a result of the lack of a clearly unified analytical base, difficulties arise in
forming a comprehensive understanding of the market situation. Forecast indicators are
often based on partial or non-systematic observations, which reduces their accuracy.
This is especially critical for enterprises in the agricultural sector, where external
demand is characterized by high seasonality, dependence on climatic conditions, and
fluctuations in world prices. Under such conditions, insufficient structuring of
analytical information leads to the risk of making managerial decisions based on
incomplete or outdated data.

In addition, the absence of a unified approach to analysis complicates the
comparison of planned and actual indicators, which reduces the effectiveness of
controlling the implementation of tactical plans. It is difficult for an enterprise to timely
identify deviations from the planned export volumes and to promptly adjust its foreign
economic strategy. Thus, this problem is systemic in nature and directly affects the
quality of managerial decisions made by enterprises in the process of conducting
foreign economic activity.

The solution to the problem of insufficient systematization of analytical support
for forecasting exports and external demand at the enterprise should be implemented
through the development and implementation of a technology for systematizing
analytical support for forecasting foreign economic activity. Such a technology should
ensure the transition from fragmented, unsystematic information collection to an
organized, regular, and logically structured process of forming an analytical base for
managerial decision-making in the field of foreign economic activity. The
recommended technology for systematizing analytical support for forecasting foreign
economic activity of the enterprise involves the sequential implementation of five stages
and is presented in Figure 1.

At the first stage of the proposed technology, the data collection process regarding
external demand and product exports is unified. For this purpose, it is necessary to
define a clear list of indicators subject to regular collection. These should include export
volumes by country or counterparties, seasonal demand fluctuations, price levels for
products on foreign markets, actual and forecast sales volumes, as well as deviations
between planned and actual indicators. An important element is the establishment of a
unified frequency for data collection (monthly or quarterly), which will ensure
comparability of data over time.

The second stage of the proposed technology is the standardization of the format
for presenting analytical information. This involves the development of standardized
internal analytical forms (tables or reports) in which all structural units of the enterprise
will record data in a unified format. Such an approach helps avoid situations where
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information is presented in an arbitrary form and requires additional processing time.
Standardization will contribute to faster aggregation of data and improve its reliability.

Unification of the process of collecting data on external
ISTAGE | demand and exports of enterprise products
determining the list of indicators to be establishing a single frequency for
collected regularly collecting information
II STAGE | Standardization of the form of presentation of analytical information of
the enterprise
@ Development of typical internal analytical forms

I STAGE . Development and implementation of a mechanism for regular
: analysis of accumulated information
Carrying out a comparative analysis of historical data to identify
trends in external demand, seasonality and cyclical changes

IV STAGE . Introduction of a regular forecasting cycle in the enterprise
Establishing a format for updating forecasts Taking into account the actual results of
of external demand and export volumes the previous period and adjusting the planned
indicators
_ Regulation of the exchange of analytical information between
V STAGE =+ divisions of the enterprize
establishing an internal data identification of reconciliation of
transfer order responsible persons indicators

Fig. 1. Recommended technology for systematizing analytical support for
forecasting the foreign economic activity of an enterprise

The third stage involves the development and implementation of a mechanism for
the regular analysis of accumulated information, which implies the use of comparative
analysis of historical data to identify trends in external demand, seasonality, and
cyclical changes. Such analysis enables the enterprise not only to record the actual state
of exports but also to form well-grounded short-term forecasts. It is important that the
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results of the analysis are systematically used in the formation of tactical foreign
economic activity plans.

The fourth stage of the technology is the introduction of a regular forecasting
cycle. It is advisable to establish a monthly or quarterly format for updating forecasts of
external demand and export volumes. At the same time, each new forecast should take
into account the actual results of the previous period and adjust planned indicators
accordingly. This approach ensures the adaptability of planning and increases its
accuracy under changing conditions of international market conjuncture.

The fifth stage involves regulating the exchange of analytical information between
the enterprise’s structural units. It is necessary to establish an internal procedure for
data transfer, define responsible persons for generating and updating information, and
ensure a unified logic for aligning indicators. This will eliminate data duplication and
reduce the risk of inconsistencies between different departments.

As a result of implementing the proposed technology, the enterprise will obtain an
integrated system of analytical support for forecasting foreign economic activity, which
will ensure improved forecast accuracy, reduced uncertainty in managerial decision-
making, and increased efficiency of tactical planning of foreign economic activity.

Thus, the developed technology for systematizing analytical support for
forecasting foreign economic activity is aimed at eliminating the fragmentation of
information flows and forming a coherent information and analytical base for tactical
managerial decision-making. Its implementation ensures the unification of data
collection and processing processes, improves the quality of export forecasting, and
contributes to the timely identification of changes in external market conditions.

The practical implementation of the proposed technology will enhance the
enterprise’s adaptability to external environmental influences, reduce the level of
uncertainty and risks in planning, and improve the substantiation of tactical managerial
decisions in the field of foreign economic activity. As a result, this will contribute to
strengthening the enterprise’s competitive position and improving the efficiency of its
performance in international markets.
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1.3. Recommendations for Improving the Strategic Activities of Enterprises in
Foreign Markets

The fundamental prerequisite for improving the quality of strategic planning is
the use of effective methodological tools. A modern business strategy should be based
on a multifactor analysis that assesses the financial condition, global market dynamics,
regulatory risks, and the limitations of internal resources. Such an approach enables
companies to act proactively and flexibly choose business scaling models in foreign
markets, taking into account the institutional characteristics of a particular country. The
primary direction for improving the activities of Ukrainian enterprises is the revision of
the fundamental management philosophy. The implementation of a strategy for
entering European markets requires replacing declarative intentions with the actual
implementation of existing quality standards. At the same time, the modernization of a
business strategy is impossible without a well-established mechanism for managing
organizational change within the enterprise.

Scientific research and business practice demonstrate that the existence of a well-
founded strategy is a fundamental prerequisite for a company's success. Such a plan
should define priorities for strengthening competitive positions while ensuring stable
income and profitability in the future. When it comes to entering foreign markets,
strategy development focuses on comparing internal business processes and identifying
the main growth points [1-3].

The problem of selecting a market entry strategy under conditions of high
uncertainty is closely associated with the factor of geopolitical tension, which has
become a key consideration for Ukrainian businesses. Therefore, the strategy cannot
remain unchanged. It should be based on the diversification of target markets and the
identification of niche opportunities in geographically distant but politically stable
regions. The key conclusion is that successful expansion requires not only economic
calculations but also a thorough analysis of political risks and the development of
mechanisms for the rapid relocation of trade and production resources [4].

The improvement of the strategy begins with the appropriate selection of the
market entry mode, ranging from indirect exporting to the establishment of joint
ventures. The choice of a foreign market entry strategy should be flexible and based on
a detailed analysis of entry barriers and the competitive advantages of the product. The
integration of marketing and sales strategies is essential, enabling an enterprise not only
to enter a market but also to establish a sustainable long-term presence within it [5].
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Effective strategy improvement is impossible without a thorough analysis of the
current state of foreign economic activity. O. Podra and N. Petryshyn provide the
theoretical and methodological foundation for such an analysis, emphasizing that the
assessment of foreign economic activity should be comprehensive and encompass not
only performance indicators (export revenue, market share) but also resource-related
and organizational aspects. The authors underline that strategic improvement begins
with the identification of the enterprise’s hidden reserves, which can be utilized to
mitigate external threats. Their methodological recommendations enable businesses to
develop an objective basis for decision-making regarding the expansion of their
presence in international markets [1].

Some authors argue that the process of selecting a strategy for entering
international markets can no longer be considered linear. Improving this process
requires taking into account both internal factors (resource potential and management
experience) and external macroeconomic determinants. Of particular value is the
algorithm proposed by the authors for evaluating alternative expansion strategies,
which makes it possible to minimize risks at the market entry stage and optimize
resource allocation [6].

The strategy for promoting products in foreign markets is increasingly shifting
toward enhancing the customer experience. Omnichannel sales strategies have become
a decisive factor for success. In the context of global digitalization, international
customers expect seamless transitions between online platforms, social media, and
physical points of presence. The implementation of omnichannel strategies enables
enterprises to collect deeper insights into consumer behavior across different countries,
tailor marketing communications, and ensure a high level of customer loyalty, which is
critically important when entering highly competitive foreign markets [7].

The quality of methodological tools is of fundamental importance for improving
the strategic process. A modern strategy should be based on a multicriteria analysis that
considers not only financial indicators but also the dynamics of international markets,
regulatory changes, and internal resource constraints. Such a model enables enterprises
to shift from reactive to proactive management, ensuring flexibility in selecting foreign
market entry modes according to the institutional environment of the host country [8].

A key direction for improving the strategy of Ukrainian enterprises on the path
toward European integration is a transformation in the very philosophy of
management. A strategy for entering EU markets requires not merely declarative
intentions but the implementation of European quality standards. Strategy
improvement is inseparably linked to effective change management. This involves a
transition to flexible Agile structures capable of integrating international ISO standards
and Total Quality Management (TQM) principles into the company's day-to-day
operations. Such an approach enhances the competitiveness of the strategy through
high product quality and transparent business processes [9].

The final component of a modern strategy for foreign markets is compliance with
global standards of ethics and transparency. Today, the improvement of strategic
positioning is directly associated with environmental, social, and governance (ESG)
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performance. For foreign investors and business partners, the availability of transparent
non-financial reporting serves as evidence of low risk and a high standard of corporate
governance. Thus, corporate social responsibility is viewed not as an additional cost but
as a strategic instrument for gaining access to international capital and premium market
segments [10].

To ensure that a strategy is viable, it is essential to have tools for the objective
assessment of an enterprise’s capabilities. Therefore, researchers propose an innovative
approach to this issue through the development of a grid-based model for evaluating
strategic potential. They argue that forecasting success in foreign markets is impossible
without taking random factors into account. The application of mathematical modeling
enables management to quantitatively assess a company’s readiness for expansion and
identify bottlenecks in resource availability before entering a foreign market. This
transforms strategic planning from an intuitive process into a scientifically grounded
decision-support system [11].

Strategic management of foreign economic activity is acquiring new characteristics
under the influence of digitalization and geopolitical shifts. Today, improving a
strategy in foreign markets is impossible without an innovation-driven approach and
the digitalization of export operations. The key priority is no longer merely increasing
sales volumes but enhancing supply chain resilience and establishing strategic alliances.
Particular importance is the integration of service components into a physical product,
which represents a significant factor of competitiveness in developed markets [12].

The process of improving strategic activities in foreign markets is based on a
thorough analysis of external factors, enabling a company to adapt its decisions to
specific market conditions. The structure of the strategy comprises three key elements:

1. A long-term vision of the company's business trajectory defined by top
management;

2. An objective internal assessment of the organization's existing challenges and
internal capabilities;

3. A set of macro- and micro-environmental factors that directly influence the
company's development dynamics.

The application of a systems approach throughout the strategy development and
implementation stages enhances a company's competitiveness in foreign markets. This
approach contributes both to strengthening the company's current market position and
to creating opportunities for its future development and economic growth. Strategic
plans are continuously reviewed based on the results of monitoring internal processes
and the external environment. This enables the enterprise to respond promptly to
market changes while maintaining the adaptability and flexibility required for effective
strategic management.

The procedure for developing a strategy for operating in foreign markets consists
of the following sequential steps:

1. Specification of the company's long-term objectives regarding its entry into
and establishment of competitive positions in foreign markets. This stage involves
defining the company's international mission and strategic vision. All objectives are
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formulated in accordance with the SMART framework. Target indicators are
established for market share in selected countries, export volumes, the profitability of
foreign sales, and other key performance measures. As a result, a strategic objective tree
is developed to support the effective management of foreign economic activity.

2. Conducting a comprehensive strategic analysis of the enterprise's internal
capabilities and assessing the conditions of target foreign markets. The company
evaluates its available resources while analyzing external factors in the countries
targeted for market entry. In particular, analysts examine market size, consumers'
purchasing power, the competitive landscape, regulatory and economic barriers to
entry, as well as the associated business risks.

3. Justification and selection of the fundamental international business strategy.
Management makes the final decision regarding the appropriate operating model for
foreign markets and determines the most suitable market entry scenario. The primary
objective is to choose an approach that minimizes risks while maximizing the return on
investment and resource utilization. Based on the results of the analysis, a specific type
of international strategy is selected and approved.

4. Development of a tactical action plan and identification of the instruments
required to implement the approved strategy. The selected strategic model is translated
into operational planning. This step involves the detailed development of the
company's marketing policy, taking into account the specific characteristics of the target
foreign market. Clear implementation timelines or project schedules are established,
and the budget for strategy implementation is prepared and approved.

5. Organization of strategy implementation, including resource allocation,
assignment of responsibilities, designation of accountable personnel, and monitoring of
the execution of strategic decisions. At this stage, the company moves from strategy
formulation to its practical implementation. The enterprise transforms its internal
processes to ensure sustainable operations in new markets. Management adapts the
organizational structure to meet international business requirements, allocates financial
and material resources across departments, and introduces a comprehensive system of
performance indicators to evaluate the effectiveness of foreign economic activity.

Establishment of a feedback system for the regular monitoring of interim results.
International markets change rapidly; therefore, this stage ensures a high level of
business flexibility and enables timely adjustments. The primary objective is the rapid
development of crisis-response measures and the prompt revision of the current
strategy in response to emerging challenges.

The sustainable operation of an enterprise in international markets depends on
management's ability to overcome the following challenges:

1. The existing line-and-functional organizational structure often limits the speed
of decision-making required for effective operations in foreign markets.

2. Building a workforce with expertise in foreign economic activity, proficiency
in foreign languages, knowledge of local legal regulations, and an understanding of the
business culture of international partners.

23



Modern Conditions of Development of Science,
Education and Production in the World - 2026

3. Increasing complexity in monitoring and controlling geographically dispersed
subsidiaries, which requires the implementation of advanced information channels and
management accounting tools.

4. A significant expansion of potential risks, requiring systematic monitoring and
timely response.

The process of entering foreign markets is associated with overcoming significant
competitive barriers. Foreign markets are already occupied by strong local and
international competitors with well-established logistics systems, extensive distribution
networks, and a high level of customer trust. Active competition from existing market
participants may require a company to promptly adjust its pricing strategy and identify
new approaches to cost optimization.

Conducting only a superficial market assessment may lead to adverse
consequences, ranging from incorrect market positioning to errors in pricing and
strategic planning. Differences in legal and regulatory frameworks, customs
restrictions, and specific standardization requirements create additional risks and
necessitate further capital investment. Failure to observe local business etiquette and
cultural differences may hinder communication with business partners and reduce the
effectiveness of the company's market promotion strategy.

The process of optimizing a strategy is hindered by several objective factors,
including an insufficient understanding of the fundamental role of strategic planning
and management in long-term development; the concentration of managerial efforts
primarily on addressing current tactical issues; methodological difficulties in selecting
the most appropriate strategic alternative and implementing it effectively; and the
gradual erosion of sustainable competitive advantages in the company's core market.

A company's entry into international markets and the strengthening of its
competitive position require more than simple business expansion; they demand a
comprehensive transformation and adaptation of the existing management model. An
effective foreign market strategy should combine clearly defined objectives with
practical implementation tools specifically designed to address the unique
characteristics and potential risks of each target foreign market.

To overcome these challenges, the following measures are recommended:
strengthening the role of top management in strategic planning and forecasting;
developing an effective and sustainable strategic model for foreign economic activity;
focusing the enterprise's resources on the achievement of long-term strategic objectives;
and ensuring continuous monitoring and timely adjustment of the strategy in response
to changes in the market.

Entering foreign markets is constrained by significant resource limitations. The
organization of foreign economic activity requires substantial financial investment, as
enterprises must cover the costs associated with advertising, establishing distribution
channels and logistics, as well as adapting and certifying products in accordance with
the legal requirements of target markets.

Expansion into foreign markets also requires companies to adapt branding
elements and promotional materials to the national and cultural characteristics of local
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consumers. An important task is to optimize and establish reliable distribution channels
that ensure uninterrupted access to target foreign markets.

The application of the multifactor SPACE analysis method for determining the
optimal strategy enables a comprehensive assessment of the current position of a
company and its structural units while providing a basis for the development of future
managerial actions. This analytical tool facilitates the clear positioning of an enterprise
within the competitive environment relative to other market participants. The
assessment process involves a detailed evaluation of the key internal and external
factors influencing organizational performance. The SPACE methodology is based on a
multifactor analysis of a firm's internal resources and the external market environment.
The final result is expressed as an integrated indicator, where each evaluation criterion
is assigned a specific weight, allowing for a balanced and objective assessment of the
company's actual strategic position.

For conducting a strategic analysis of the international business environment,
developing an information base, and formulating a long-term strategy, the following
evaluation criteria are recommended within the SPACE analysis framework:

- Competitive position in foreign markets (market position of the product);

- Financial strength (internal potential);

- Stability of the external environment in foreign markets (stability of the
importing countries' environment);

- Attractiveness of foreign markets (industry potential).

The recommended sequence for implementing the multicriteria SPACE analysis
method is presented in Figure 1.

The resulting set of characteristics and indicators should be systematically
organized and structured. The subsequent calculation of the weighted impact of these
parameters, with due consideration of their relative importance, enables the company's
management to develop and implement well-founded strategic decisions that are
aligned with the enterprise's current objectives. The implementation of the multicriteria
SPACE method for analyzing the business environment and substantiating a foreign
economic strategy requires the effective coordination of responsible personnel. The
execution of the relevant analytical procedures and the preparation of baseline data
should be assigned to specialists in strategic planning and foreign economic activity
management.

The evaluation criteria are presented in Table 1.

The specification of the SPACE analysis evaluation parameters is based on the
company's key priorities and long-term objectives in international markets. The
analytical model relies on the weighted assessment of financial strength, competitive
position in foreign markets, as well as the attractiveness and stability of the external
environment of foreign markets. The SPACE analysis is conducted by an internal expert
team responsible for evaluating the business environment in accordance with the
approved methodology. To ensure the effective implementation of this project, it is
essential to clearly define areas of responsibility, functional tasks, and the operational
roles of the expert team.
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Stage 1.

Collection of baseline data for the strategic positioning of the enterprise.

- =

Stage 2.

Assessment of the organization's financial strength

- =

Stage 3.

Assessment of the level of competitiveness in foreign markets

= =

Stage 4.

Assessment of the commercial attractiveness of target foreign industries

- =

Stage 5.

Monitoring the stability of the macroenvironment in foreign partner countries

~_~

Stage 6.

Integrated analysis of the company's performance using the SPACE methodology

- _—

Stage 7.

Identification of the company's international competitive position and
justification of the optimal foreign market development strategy

Figure 1. Process of implementing the multicriteria SPACE analysis method

Table 1. Evaluation Criteria for the Multicriteria SPACE Analysis Method

Evaluation Dimension

Recommended Criteria

Competitive position in foreign
markets

1. Alignment of product pricing with market expectations in
foreign markets.

2. Market share controlled by the enterprise within the selected
market segment.

3. Availability of unique product features and protected
competitive advantages.

Financial strength

1. Volume, dynamics, and predictability of net cash flow
generated from foreign economic activity.

2. Efficiency of the use of investments allocated to the
development of foreign economic activity.

3. Liquidity and financial stability indicators of the company.

Stability of the external environment
in foreign markets

1. Market sensitivity to cyclical fluctuations and demand
elasticity.
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2. Macroeconomic stability, political climate, and the stability
of the partner country's national currency.

3. Stability of customs and fiscal regulations governing import
operations.

Attractiveness of foreign markets 1. Identification of the target industry's life cycle stage and the
growth rate of foreign market capacity.

2. Market capacity and conditions for the development of
marketing activities.

3. Intensity of competitive pressure and the level of entry
barriers for foreign market participants.

The strategic management process involves the development of a system of
SPACE analysis evaluation criteria. For each criterion, its relative importance is
determined and a score ranging from 0 to 10 is assigned, forming the basis for
calculating the final weighted result. The resulting SPACE analysis matrix for the
company's international operations provides a foundation for selecting the most
appropriate strategic alternative. The proposed strategy is subsequently approved by
the company's director and undergoes corporate review to ensure a shared vision of the
company's future strategic direction and the development of its foreign economic
activities.

Assessing the combined impact of a company's internal resources and external
opportunities in foreign markets makes it possible to determine their precise influence
on the management system of the company's strategic business units. Within the
strategic planning process, particular attention should be devoted to maintaining
positions in foreign markets and consistently strengthening the enterprise's
international competitiveness. The justification of strategic choices through the
application of analytical methods provides an optimal and well-founded basis for
managerial decision-making. Such an approach ensures a balanced consideration of
both internal and external factors when formulating strategic development directions
for foreign markets and planning the company's future international expansion.

Strategy improvement involves not only external positioning but also profound
internal transformation. It is proposed that strategic imperatives be regarded as the
foundation for developing the organizational and economic mechanism of enterprise
development. Even the most advanced foreign market entry strategy is unlikely to
succeed if the enterprise's internal structure is incapable of adapting to change.
Improving the strategy requires the establishment of a mechanism that integrates
financial, technological, and human resources into a unified, adaptive system.
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1.4. Human Capital as a Factor in Restoring Ukraine’s Socio-Economic Potential
Amid Demographic Challenges

The full-scale military aggression of the Russian Federation against Ukraine has
caused substantial human, economic, and social losses, significantly constraining the
country’s prospects for further development. One of the key prerequisites for Ukraine’s
recovery is the preservation and reproduction of its human capital. Population decline,
forced migration, falling birth rates, deteriorating health, and learning losses weaken
the country’s labour, intellectual, and innovative potential.
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Human capital encompasses knowledge, professional skills, experience, health
status, and personal qualities that determine an individual’s capacity for productive
activity. Under current conditions, it has become a strategic resource for Ukraine’s
socio-economic recovery and modernisation. The intensification of demographic
problems necessitates a revision of public policy concerning population reproduction,
the development of education and healthcare, incentives for citizens to return from
abroad, and the creation of conditions for the realisation of their professional potential.

The formation of human capital as an independent economic category occurred
gradually - from classical views of labour as a source of societal wealth to
contemporary concepts of the knowledge economy. William Petty was among the first
to substantiate the decisive role of labour in wealth creation, thereby laying the
foundation for further research into human productive capabilities [1]. Adam Smith
regarded workers” acquired knowledge and professional skills as a component of social
capital, while expenditure on education and training was interpreted as investment
capable of generating future income [2].

The works of Karl Marx made a significant contribution to the development of
theoretical views on the role of human beings in the economic process. Although he did
not explicitly use the term «human capital» Marx distinguished between labour as a
process of value creation and labour power as the totality of an individual’s physical
and intellectual capabilities that enable the production of surplus value [3].

The concept of human capital received its comprehensive theoretical formulation
in the twentieth century through the works of T. Schultz and G. Becker. T. Schultz
interpreted expenditure on education, healthcare, and vocational training as investment
in individuals that contributes to the accumulation of productive capabilities and the
growth of social welfare [4; 5]. G. Becker further developed this approach by
demonstrating that investment in education, health, and professional development
increases labour productivity and individual income while generating broader
economic benefits for society [6; 7].

Thus, the evolution of scholarly views on human capital reflects a gradual shift
from perceiving individuals primarily as carriers of labour power to recognising their
knowledge, competencies, health, and creative abilities as a strategic economic resource.
This approach underpins the contemporary human development paradigm, according
to which individuals are simultaneously the principal actors, resources, and ultimate
beneficiaries of socio-economic growth.

In contemporary academic discourse, human capital is interpreted much more
broadly than in classical economic theories. It encompasses not only education,
professional knowledge, and skills, but also an individual’s physical and psychological
condition, social ties, motivation, creativity, and capacity for innovation. From this
perspective, human capital extends beyond the aggregate characteristics of an
individual worker and emerges as a strategic resource for the socio-economic
development of the state.

D. P. Melnychuk defines human capital as a combination of knowledge, skills,
experience, health status, and motivational characteristics that contribute to increased
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individual productivity and strengthen the economic potential of society. A distinctive
feature of this form of capital is its capacity to accumulate, reproduce, and increase
throughout a person’s lifetime under the influence of individual efforts, the social
environment, and public policy in the fields of education, healthcare, science, and
culture [8]. Other researchers regard human capital as an accumulated stock of
productive qualities whose application contributes to higher individual incomes and
greater social welfare. Its content encompasses not only the educated segment of the
labour force, but also managerial and intellectual potential, as well as the socio-cultural
conditions of work and everyday life [9].

A systemic approach to human capital becomes particularly relevant in the context
of Ukraine’s wartime resilience and post-war recovery. V. I. Luhova and B. M. Makov
view it as an integrated system of knowledge, skills, social ties, trust, and norms of
coexistence that underpin economic and social development. The loss of qualified
personnel, the destruction of educational and research infrastructure, and the
weakening of social trust threaten the vital, intellectual, and social components of
human capital, thereby necessitating a comprehensive public policy for its restoration
[10].

Yu. I. Pylypenko and A. S. Shvets emphasise knowledge, health, creativity, and
the capacity for innovation as key intangible human attributes that shape economic
competitiveness. They associate human capital development with investment in higher
education, science, healthcare, and digital transformation. In this context, higher
education is regarded not merely as a mechanism for knowledge transfer, but also as an
environment for developing an individual’s intellectual, creative, and adaptive
potential [11]. L. M. Yemelianenko and V. V. Pantasenko likewise define human capital
as a strategic resource for economic growth, social cohesion, societal adaptability, and
innovative development [12].

The synthesis of scholarly approaches provides grounds for viewing human
capital simultaneously as the outcome of investment in human development, an
economic asset, a driver of social progress, and a dynamic category whose realisation
depends on working conditions, institutional quality, and social interactions. Its
importance increases substantially in the context of Ukraine’s recovery, when the
preservation, development, and return of human capital should become one of the
priorities of public policy.

Accordingly, human capital may be defined as the totality of knowledge,
professional skills, experience, health, values, social engagement, and innovative
capabilities accumulated throughout an individual’s life. It results from both personal
effort and societal investment and contributes to the economic, social, and cultural
development of society.

The structure of human capital encompasses not only an individual’s professional
and economic characteristics, but also their physical, intellectual, socio-cultural,
motivational, and innovative potential. Scholarly approaches to this category have
evolved from simplified models focused primarily on education and health to
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multidimensional systems that incorporate creativity, adaptability, mobility, value
orientations, and spiritual development.

In monographic research, human capital is regarded as a complex multilevel
system comprising knowledge, skills, qualifications, competencies, professional
experience, motivation, mobility, physical and intellectual abilities, culture, morality,
creativity, entrepreneurial qualities, and information awareness [8]. This approach
makes it possible to integrate an individual’s personal characteristics with the social
and institutional conditions under which they are formed and realised.

L. Artemenko defines human capital as a dynamic, multidimensional system
shaped by the interaction of knowledge, professional competencies, innate abilities,
health status, experience, motivation, and capacity for work. Particular importance is
attributed to the vital, social, and motivational-psychological components, which
influence quality of life, labour activity, and opportunities for self-realisation. The
effectiveness of human capital is determined by the interrelationship among its
components and changes under the influence of the social environment, public policy,
and labour market conditions [13].

Innovative potential occupies an important place in the structure of human capital
and is manifested in the ability to generate new ideas, adapt to change, and apply
knowledge in practice. Yu. I. Pylypenko and A. S. Shvets associate the formation of
creative human capital with the quality of higher education, which should ensure not
only the transfer of knowledge, but also the development of intellectual flexibility,
creative thinking, and innovative activity [11].

Within the regional approach, the core of human capital consists of educational
capital, health capital, and cultural capital [12]. Its key components also include
professional qualifications, experience, motivation, initiative, work culture, creativity,
and adaptability. Their development requires coordinated investment by the state,
business, and individuals themselves [14].

Thus, human capital should be viewed as a multilevel system that integrates
knowledge, health, professional competencies, motivation, socio-cultural qualities,
innovative abilities, and the institutional conditions necessary for their realisation. The
generalised structure of its principal components is presented in Fig. 1.

A synthesis of the theoretical foundations of human capital research provides
grounds for considering it a multidimensional and dynamic system, thereby enabling a
deeper understanding of its significance for socio-economic development. At the
present stage, particularly in the context of post-war recovery and large-scale global
transformations, intellectual potential is becoming a key driver of innovation,
modernisation, and enhanced economic resilience [15]. The combination of knowledge,
professional skills, experience, good health, creativity, and motivation forms the
foundation of a knowledge-based economy capable of ensuring stable growth and
improving population well-being. Contemporary research confirms a close relationship
between human capital development and economic dynamics, since qualified,
educated, and mobile workers not only produce goods and services with high added
value but also stimulate domestic demand through rising personal incomes.
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International practice has established a broad consensus that intellectual and workforce
potential constitutes one of the most valuable resources of a state, capable of supporting
the balanced development of the economy, social sphere, and infrastructure. For
Ukraine, the significance of this resource is even greater, as substantial demographic
losses, forced migration, labour market imbalances, and the need for intellectual
modernisation make investment in human capital a strategic priority for long-term

growth and enhanced national competitiveness.
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Fig. 1. Key Components of Human Capital

Source: compiled by the author.

A synthesis of the theoretical foundations of human capital research provides
grounds for considering it a multidimensional and dynamic system, thereby enabling a
deeper understanding of its significance for socio-economic development. At the
present stage, particularly in the context of post-war recovery and large-scale global
transformations, intellectual potential is becoming a key driver of innovation,
modernisation, and enhanced economic resilience [15]. The combination of knowledge,
professional skills, experience, good health, creativity, and motivation forms the
foundation of a knowledge-based economy capable of ensuring stable growth and
improving population well-being. Contemporary research confirms a close relationship
between human capital development and economic dynamics, since qualified,
educated, and mobile workers not only produce goods and services with high added
value but also stimulate domestic demand through rising personal incomes.
International practice has established a broad consensus that intellectual and workforce
potential constitutes one of the most valuable resources of a state, capable of supporting
the balanced development of the economy, social sphere, and infrastructure. For
Ukraine, the significance of this resource is even greater, as substantial demographic
losses, forced migration, labour market imbalances, and the need for intellectual
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modernisation make investment in human capital a strategic priority for long-term
growth and enhanced national competitiveness.

In view of the above, human capital should be regarded not only as a major
economic asset but also as a critically important component of national security, social
stability, and the country’s capacity for innovation. At the same time, the opportunities
for its formation, reproduction, and effective utilisation depend directly on the
demographic situation. Accordingly, the logical continuation of this study is an analysis
of Ukraine’s demographic challenges, which significantly constrain the full
reproduction of human capital and the efficient use of its potential. One of the key
indicators in this context is population dynamics, which make it possible to assess the
scale of changes in the structure of human resources, the intensity of population ageing,
the extent of migration flows, and other critically important characteristics of the
country’s demographic development (Fig. 2).
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Fig. 2. Population Dynamics in Ukraine, 2014-2025, million people

Note: * - for the period after 2022, population figures are based on estimates by international
organisations, as the collection of official statistics has been partially disrupted by the hostilities.

Source: compiled from data in [16; 17].

Ukraine’s population has shown a persistent downward trend over recent
decades. While it exceeded 51,9 million in 1991, a prolonged decline began in the mid-
1990s, driven by natural population decrease and labour migration. Since 2014, official
statistics have excluded the temporarily occupied territories, while population estimates
have relied primarily on administrative data concerning births, deaths, and changes in
place of residence. According to the State Statistics Service of Ukraine, at the beginning
of 2022 the de facto population stood at 41,17 million, while the permanent population
was almost 41,0 million. By 1 February 2022, the de facto population had declined to
41,13 million [16].

Following the outbreak of the full-scale war, the demographic situation
deteriorated sharply. According to estimates by the International Monetary Fund,
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Ukraine’s population amounted to approximately 34 million in 2023, 33,3 million in
2024, and 32,9 million in 2025, excluding the temporarily occupied territories [17]. Other
estimates suggest that demographic losses since the beginning of the war may have
reached at least 10 million people, equivalent to almost one-quarter of the pre-war
population. A substantial proportion of those who left the country are women, children,
and older persons, which has significantly altered the age and sex structure of the
population. Prolonged residence abroad and the integration of Ukrainian citizens into
host societies also reduce the likelihood of their large-scale return after the cessation of
hostilities [18].

If current trends persist, natural population decline and intensive migration may
further deepen the demographic crisis in the medium term. This creates risks for labour
force reproduction, economic growth, the functioning of the social protection system,
and social stability. The most significant manifestations of the demographic crisis are
large-scale migration, population ageing, and declining birth rates, whose combined
effects weaken both the quantitative and qualitative characteristics of human capital.

Migration activity among the Ukrainian population had already been increasing
before the full-scale invasion under the influence of economic instability,
unemployment, and uneven socio-economic development. After 2022, however, forced
migration reached an unprecedented scale, resulting in a substantial outflow of people
abroad (Table 1). Since the beginning of the full-scale war, more than 6 million
Ukrainians have left the country, primarily for European Union member states.
According to the Office of the United Nations High Commissioner for Refugees, by the
beginning of 2024 more than 6,5 million Ukrainian refugees had been officially
registered in European countries and elsewhere [19].

Table 1
Migration Dynamics of the Ukrainian Population in the Post-2022 Period

Estimated Number of Ukrainians Who

Year/Period Left the Country Source
Approximately 6,5-6,9 million
24 February 2022 Ukrainians  were registered as | UNHCR data as of 15 February 2024 [19]
- February 2024
refugees abroad
December 2023 Approximately 6,17 million Ukrainian UNHCR data [20]

refugees in European countries

2025 estimate

Approximately 5,2-8,5 million

Ukrainians residing abroad

Estimates by the Centre for Economic
Strategy and sociologists: 5.2 million
refugees as of November 2024 and 5-8
million Ukrainians abroad in total [21]

2025 alternative

Approximately 8,5 million citizens
registered with Ukrainian consular

Data from the Ministry of Foreign Affairs
and the Ukrainian Parliament

estimate authorities abroad Commissioner for Human Rights [22]
Approximately 11 million Ukrainians | Statement by Ombudsman D. Lubinets,
2025 extended . . . . .
. may have left the country since the | including persons not registered with
estimate - "
beginning of the war consular authorities [23]
Approximately 3 million Ukrainians . .
2024 return trend | left the country and had not returned State Border Guard Service of Ukraine data,

over the three years of the war

cited by Forbes in 2025 [24]

Source: compiled by the author based on data from [19-24].
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The figures on registered refugees presented above reflect only part of the overall
scale of external migration. According to the Ministry of Foreign Affairs of Ukraine,
approximately 8,5 million Ukrainians were residing abroad; however, this estimate
does not include citizens who left the country without official registration [22]. Other
estimates suggest that the total number of people who have left Ukraine since the
beginning of the full-scale war may have reached 11 million [23]. The differences
between these figures stem from the use of varying accounting methodologies,
including the registration of refugees, persons under temporary protection, citizens
registered with consular authorities, and other categories of migrants.

The scale of migration losses is also confirmed by data on non-return. According
to the State Border Guard Service of Ukraine, approximately 3 million citizens who left
the country during the first three years of the full-scale war had not returned [24]. This
indicates the gradual formation of sizeable Ukrainian communities in Poland,
Germany, Czechia, and other countries that granted temporary protection to Ukrainian
citizens.

Despite some adaptation of public policy to migration-related challenges and the
introduction of measures aimed at encouraging return, the scale of external migration
remains substantial. The prolonged residence abroad of the working-age population
and young people constrains demographic reproduction, deepens labour shortages,
accelerates population ageing, and reduces economic activity in the domestic labour
market.

The likelihood of return gradually decreases as Ukrainian citizens become
integrated into the labour markets, education systems, and social environments of host
countries. Under these conditions, public migration policy should focus not only on
creating favourable conditions for re-emigration, but also on maintaining ties with the
Ukrainian diaspora and engaging its professional, intellectual, and investment potential
in the country’s recovery. Thus, migration processes create risks not only of temporary
population loss, but also of long-term depopulation. A strategic response to these
threats should involve a comprehensive policy aimed at preserving and restoring
human capital, integrating internally displaced persons, and encouraging Ukrainian
citizens to return.

Alongside migration, population ageing constitutes another major demographic
threat to the reproduction of human capital. It is reflected in the growing proportion of
older age groups and the simultaneous decline in the share of young people. Such a
transformation of the age structure increases pressure on the labour market, the pension
system, healthcare, and social protection, thereby requiring appropriate adjustments to
public policy.

The dynamics of the population aged 65 and over confirm the persistent
intensification of demographic ageing. While this age group accounted for 13,9% of
Ukraine’s population in 2000, its share increased to 15,7% in 2014 and to 17,7% in 2022.
According to estimates by international organisations, the figure reached 18,6% in 2023
and 19,0% in 2024 [16; 25]. Thus, over the period under review, the proportion of older
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persons increased by 5,1 percentage points, indicating a sustained contraction of the
demographic base for labour force reproduction.

Amid the armed conflict and the associated human losses, population ageing has
accelerated considerably. A substantial proportion of young people have left the
country or become involved in hostilities, while the number of older persons remains
consistently high. These trends are particularly pronounced in rural areas, where
demographic decline is most severe.

A significant concern is the growing demographic burden on the working-age
population. According to World Bank estimates, approximately 60 persons of non-
working age correspond to every 100 persons of working age in Ukraine, and this ratio
is expected to rise further in the coming years [25].

According to the United Nations classification, a population is considered aged
when the share of persons aged 65 and over exceeds 14%. Ukraine crossed this
threshold as early as 2017. UN projections indicate that by 2050 the proportion of
people aged 65 and over may reach 25% of the country’s total population [26].

The intensification of demographic ageing is accompanied by several adverse
socio-economic consequences:

- reduction in labour potential and the economically active population;

- increased financial pressure on the pension system;

- higher expenditure on healthcare, long-term care, and social support for older
persons;

- changes in the structure of consumption, affecting the pace and nature of
economic development.

Another major demographic challenge for Ukraine is the prolonged natural
population decline caused by falling birth rates and persistently high mortality,
particularly during periods of crisis. After 2014, these trends intensified because of the
temporary occupation of Crimea and hostilities in eastern Ukraine, and after 2022
because of the full-scale invasion. The war has resulted in additional human losses, the
destruction of healthcare infrastructure, increased migration, a deterioration in the
population’s psycho-emotional condition, and a decline in quality of life. Trends over
the past decade reveal a continuous decrease in the number of births alongside
persistently high mortality, resulting in sustained negative natural population growth
(Fig. 4).

Analysis of the statistical indicators confirms the systemic nature of Ukraine’s
natural population decline. Since 2016, the natural increase has remained negative,
while demographic losses have progressively intensified - from 184 thousand persons
in 2016 to more than 440 thousand in 2021. During 2022-2025, despite a certain
reduction in the number of deaths, the situation remained critical because of the
substantial decline in births. In 2025, the number of live births was almost half that
recorded in 2016. This trend reflects both long-term demographic processes and the
consequences of the war, including the emigration of people of reproductive age, the
postponement of childbearing because of uncertainty about the future, the deterioration
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of household financial conditions, and restricted access to high-quality healthcare
services.

on
S
v
o v ) < ) = 800000
o I NS — S o~ o
Ne) — \O — —_— ] o (@] (e
on <t >~ — N ~ < N O
il 0 ‘ & o 7 @& 600000
o o A A 0
N g g w on i
R © . = N
A O 2 b= N
e p = S e o =N o 400000
N S o~
© o Ny .
S5 o0 = %
— — ‘\2

200000

273772
[e)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

-208002
-270509 1308853 316518 -200000
-184352 -440491 [ . —
-249840 - — -
-318411 -400000
-321542 335707
-600000

B Number of live births, persons
I Number of deaths, persons persons
—a— Natural increase (decrease), persons

Fig. 4. Birth and Death Dynamics in Ukraine, 2016-2025, persons
Source: compiled by the author based on data from the Ministry of Justice of Ukraine [27].

The analysis demonstrates that the war has substantially transformed the
demographic structure of Ukraine’s population. Its consequences are reflected in
considerable human losses, large-scale migration, declining birth rates, and accelerated
population ageing. Under these conditions, demographic processes directly determine
the prospects for national recovery, societal resilience, and the country’s long-term
development.

One of the most acute challenges has been the large-scale displacement of the
population both within Ukraine and abroad. Women with children, older persons, and
representatives of socially vulnerable groups constitute a substantial proportion of
forced migrants. Many of them currently reside in European Union member states,
while prolonged adaptation to new conditions may reduce the likelihood of their return
to Ukraine.

In addition to migration-related losses, the country has suffered substantial
casualties among both civilians and military personnel. Deaths and injuries, the
destruction of healthcare infrastructure, and restricted access to medical services in
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frontline and temporarily occupied territories have resulted in a deterioration in quality
of life and intensified adverse trends in population health.

The persistent decline in birth rates is of particular concern, as it has reached a
critically low level during the war. Security threats, economic instability, the emigration
of young families, and uncertainty about the future have significantly influenced
reproductive behaviour. Consequently, the number of live births continues to decrease
each year, further deepening the natural decline of the population.

Thus, the current demographic situation in Ukraine is characterised by profound
structural distortions shaped by long-standing adverse trends and substantially
intensified by the war. Population decline, large-scale migration, the growing
proportion of older persons, falling birth rates, and persistently high mortality are
narrowing the country’s demographic base. At the same time, the working-age
population is shrinking, labour potential is weakening, and pressure on the social
protection system is increasing. Taken together, these processes indicate a deepening
demographic crisis that is already exerting a significant impact on the economy, the
social sphere, and national security.

In this context, challenges in education and healthcare, together with the
associated loss of intellectual potential, are becoming particularly acute. Population
ageing and large-scale migration complicate access to educational services, reduce
participation in education, and adversely affect the quality of human resource
development required by the national economy.

The hostilities have caused substantial transformations in the education system,
including the destruction of infrastructure and the widespread adoption of distance
learning. According to UNICEF, 1,611 schools have been damaged or destroyed since
February 2022, while approximately 4,6 million children have faced barriers to
accessing education [28]. At the same time, the Ministry of Education and Science of
Ukraine reports broader figures: since the beginning of 2022, 3,524 educational
institutions have been damaged, of which 360 were completely destroyed. The most
severe losses were recorded in communities that had been under occupation or
subjected to intensive shelling [29].

The findings of sociological studies conducted by researchers at the State
Institution «M. I. Dolishniy Institute of Regional Research of the National Academy of
Sciences of Ukraine» indicate a high level of migration aspirations among university
students. Positive migration intentions were reported by 51,6% of respondents, 14,9%
planned to seek employment abroad in the near future, and 26% had already taken
specific steps to implement such plans, including exploring study and employment
opportunities, investigating procedures for obtaining permanent residence, or seeking
intermediary assistance. Research involving Ukrainian young people residing abroad
also revealed a limited willingness to return: 17,0% of respondents intended to remain
permanently in their host country, while 16,2% did not associate their future prospects
with Ukraine even after the end of the war [30].

Demographic decline, forced migration, and security threats have substantially
altered the composition of the student population and weakened the staffing capacity of
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Ukraine’s education and research sector. According to an analytical report,
approximately 7,375 researchers, professors, associate professors, and lecturers were
either internally displaced or moved abroad. This has created shortages of qualified
personnel in educational institutions and research organisations and has necessitated
the adaptation of curricula and teaching formats [31].

The displacement of experienced educators and researchers complicates the
implementation of modern educational and research projects, as replacing such
specialists quickly is virtually impossible under wartime conditions. At the same time,
opportunities for conducting high-quality research and developing international
academic cooperation are becoming increasingly limited, adversely affecting the
research capacity and competitiveness of Ukrainian higher education [32]. Some
lecturers have been compelled to change their professional field or continue working
under significantly more difficult conditions, which also influences the quality of
training provided to future specialists.

The consequences of demographic change are equally significant for the
healthcare system. Problems related to population health, maternal and infant
mortality, and life expectancy existed even before the outbreak of the full-scale war,
indicating persistent structural imbalances. The hostilities have intensified these
problems by restricting access to healthcare, overburdening medical institutions,
displacing patients, and creating shortages of medical personnel. Taken together, these
factors worsen population health and directly reduce the quality of human capital.

A further threat is the intensification of the «brain drain» - the emigration of
qualified professionals in search of safety, stability, and better opportunities for
professional fulfilment. This process results in the loss of the most productive segment
of human capital, in whose education and training the state has already invested
considerable resources. Consequently, the country’s research and innovation capacity is
weakened, staffing risks increase in education, healthcare, and the technology sector,
and the prospects for their effective functioning in the future become more limited.

The interrelationship among the processes discussed above is summarised in Fig.
5, which illustrates the impact of demographic change on the principal components of
human capital.

As shown in Fig. 5, the principal demographic challenges - population decline,
falling birth rates, intensified migration, and population ageing - exert a complex
adverse impact on all components of human capital. The educational, health-related,
socio-cultural, innovative, motivational and psychological, and institutional
components are weakened by restricted access to essential services, the outflow of
qualified professionals, deteriorating health, declining motivation, and the disruption of
social ties. The combined effect of these factors leads to both a quantitative reduction
and a qualitative deterioration of human capital, which is subsequently reflected in
slower economic growth, lower labour productivity, and deepening socio-economic
imbalances.
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DEMOGRAPHIC CHALLENGES
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Fig. 5. Impact of the Demographic Crisis on Human Capital
Source: developed by the author.

An analysis of the current state of human capital in Ukraine indicates that these
losses are systemic and affect both its quantitative and qualitative dimensions.
Demographic decline, large-scale migration, population ageing, and falling birth rates,
together with the erosion of the institutional foundations of education, healthcare, and
science, create the risk of long-term degradation of the country’s workforce, intellectual,
and innovative potential.

Under these conditions, Ukraine’s post-war recovery strategy should be based on
recognising human capital as a key resource that determines not only the pace and
quality of economic growth, but also social cohesion, national competitiveness in the
global environment, and the country’s capacity for innovation [33; 34]. Human capital
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forms the foundation of the knowledge economy and digital transformation; therefore,
public policy in this area should be systematic and long-term rather than situational. Its
priorities should include the creation of a favourable institutional environment, the
preservation and enhancement of intellectual potential, and the provision of access to
high-quality education, healthcare, and social services.
In view of the above, it is appropriate to identify the strategic directions of public
policy aimed at preserving, reproducing, and developing Ukraine’s human capital

(Table 2).
Table 2
Strategic Directions of Human Capital Recovery Policy in Ukraine
No. | Policy direction Objective Key measures Expected outcomes
Social ~ support  for
Strengthening | Stabilising the| families, = reproductive| Higher birth rates and a
1 demographic | population and | health programmes, and | slower pace of
potential supporting birth rates | affordable housing for| depopulation
young people
. . Encouraging the return| Reintegration
Re-emigration o . .
. of qualified | programmes, return| Increased re-emigration
policy and . : . .
2 . ... | professionals and | incentives, and digital| and reduced losses of
cooperation with . . . - . )
. maintaining ties with| communication intellectual potential
the diaspora s
citizens abroad platforms
Reconstruction of Recovery and
Recovery of Improving the. quality SChOOIS.’ an.d . hlgher modernisation  of  the
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A key strategic priority for restoring Ukraine’s human capital should be the
strengthening of its demographic potential, which involves not only stabilising the
population but also improving its age, social, and professional structure. In the context
of prolonged natural population decline, large-scale migration, and population ageing,
demographic policy should shift from fragmented responses to systemic, proactive, and
long-term measures.

One of its main priorities is to stimulate birth rates through comprehensive
support for young families. Such support may include childbirth allowances, tax
incentives, affordable housing programmes, and the expansion of preschool institutions
and childcare services. The experience of European countries indicates that the most
effective results are achieved by combining financial instruments with social guarantees
and well-developed family support infrastructure.

Particular attention should also be paid to protecting reproductive health. Public
programmes should ensure access to high-quality medical care, prevention of
reproductive disorders, information and counselling services, and family planning
support. These measures should be targeted primarily at young people and the
population of reproductive age.

During the post-war period, support for demographic recovery will be especially
important in territories that have suffered the greatest population losses, particularly
rural areas, frontline communities, and de-occupied regions. Regional demographic
development programmes should therefore be designed with due regard to population
size, labour market conditions, the level of social infrastructure, and access to essential
services.

At the same time, comprehensive demographic recovery will be impossible
without the return of at least part of the population that left Ukraine during the war.
The return of young people, working-age citizens, qualified professionals, researchers,
students, and entrepreneurs is particularly important. Re-emigration policy should
combine housing, employment, educational, and social support, thereby creating
conditions not only for return but also for the long-term retention of citizens in Ukraine.

The principal instruments of such a policy should include:

- priority access to housing, tax incentives, and grant support for entrepreneurial
initiatives;

- professional reintegration programmes designed to facilitate the recognition and
application of knowledge, skills, and experience acquired abroad;

- support for families with children through access to education, healthcare
services, and social infrastructure;

- the development of digital platforms providing citizens with information on job
vacancies, housing programmes, available benefits, and return conditions;

- the introduction of mechanisms for the adaptation and integration of return
migrants within territorial communities.

The institutional framework for demographic policy requires effective
coordination between central executive authorities and local self-government bodies. It
would be appropriate either to establish a specialised coordination mechanism or to
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strengthen the mandate of existing institutions responsible for developing and
implementing a national demographic development strategy. Such cooperation should
involve the Ministry of Social Policy, the Ministry of Health, the Ministry of Education
and Science, and local self-government bodjies.

Another important area is systematic cooperation with the Ukrainian diaspora,
which represents a source not only of financial support but also of intellectual,
investment, diplomatic, and cultural resources. The relevant strategy should provide
mechanisms for engaging diaspora representatives in economic recovery, the
implementation of investment and research projects, the development of international
partnerships, and the promotion of Ukraine’s national interests abroad.

The experience of Israel, Ireland, and Armenia demonstrates that an active re-
emigration policy can strengthen a country’s intellectual potential by encouraging the
return of citizens who have acquired international experience. At the same time, the
effectiveness of such a policy depends directly on tangible improvements in domestic
living conditions, particularly security, employment opportunities, legal stability, and
the quality of public institutions.

The development of education and science is an essential prerequisite for the
formation of high-quality human capital, as these sectors determine innovation
capacity, economic competitiveness, and societal resilience. Accordingly, the restoration
of educational infrastructure should be combined with improvements in safety,
inclusiveness, and digital capacity.

The content of education must also be updated in line with labour market
requirements. Priority should be given to the development of STEAM competencies,
critical thinking, digital and entrepreneurial skills, and the training of professionals
capable of operating effectively amid technological change and global competition.

Particular attention should be paid to restoring the human resource capacity of the
education and research sector. Public policy should provide incentives for the return of
lecturers and researchers, support for their professional activities, opportunities for
continuing professional development, academic mobility, and access to international
research placements.

The development of science in the post-war period requires increased research
funding, greater support for early-career researchers, and broader participation by
Ukraine in international programmes, particularly Horizon Europe. Interdisciplinary
research focused on reconstruction, digitalisation, and economic modernisation is of
particular importance. Investment in education and science should be regarded as a
strategic prerequisite for innovation-driven development, job creation, and stronger
national competitiveness.

Population health is an equally important component of human capital, as it
determines labour productivity, the duration of active working life, and employment
capacity. In the post-war period, restoring the healthcare system will be a priority,
particularly because it has suffered substantial infrastructural and workforce losses in
frontline, de-occupied, and rural communities.
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The principal priorities of public policy should include:

- the restoration and modernisation of healthcare infrastructure;

- the creation of conditions conducive to the return of healthcare professionals;

- expanded access to primary healthcare and preventive services;

- the development of telemedicine for remote areas.

A separate priority should be the strengthening of the mental healthcare system,
particularly the diagnosis, treatment, and rehabilitation of military personnel, civilians,
children, and young people. At the same time, disease prevention, public health
programmes, and infrastructure for physical activity and recreation should be
expanded.

Improving population health will help reduce social expenditure, minimise
working-time losses caused by illness, extend active life expectancy, and increase labour
productivity. Therefore, the healthcare system should be viewed not only as part of the
social sphere but also as an integral component of the state’s economic strategy.

The development of labour potential is another important factor in post-war
recovery and requires adaptation to structural changes in the labour market caused by
enterprise destruction, internal displacement, and declining employment. The priority
should be not only to reduce unemployment but also to create sustainable, productive,
and flexible jobs aligned with the needs of the emerging economy.

Professional retraining, the development of modern skills, and the establishment
of a lifelong learning system are of particular importance. These measures will provide
the sectors driving post-war reconstruction with the required workforce and strengthen
employees” adaptability to labour market changes.

At the same time, productive employment must be ensured for socially vulnerable
groups, including internally displaced persons, young people, and persons with
disabilities. This requires professional adaptation programmes, individualised support,
inclusive working conditions, and equal access to employment.

Entrepreneurship represents an important source of new employment,
particularly in regions where the production base has been destroyed or traditional
forms of employment have declined. Support for small and medium-sized enterprises,
improved access to finance, business incubators, and entrepreneurship education
programmes can become effective instruments for revitalising local economies.

A separate priority should be the enhancement of internal labour mobility and the
reintegration of citizens returning from abroad. The professional experience they have
acquired can contribute to the modernisation of production, management practices, and
innovation activities.

Accordingly, labour potential development policy should aim to create flexible,
innovative, and socially responsible employment that combines individual professional
development with the needs of the economy and increases the effectiveness of
investment in human capital.

Internally displaced persons occupy a special place in the structure of human
capital, as a considerable proportion of them are of working age. Large-scale internal
displacement has altered the demographic distribution of the population, increased
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pressure on social infrastructure, and intensified the need to ensure equal opportunities
for displaced persons.

The integration of internally displaced persons should not be limited to short-term
assistance. It should ensure access to housing, education, healthcare, employment, and
participation in the life of host communities. This requires targeted national and local
programmes, financial support, and an appropriate institutional framework.

An important component of integration policy is the professional adaptation of
internally displaced persons through retraining, career counselling, and support for
micro-entrepreneurship. Their inclusion in the formal economy will help preserve
labour potential and reduce dependence on social assistance.

At the same time, successful integration depends on the capacity of host
communities. Population growth increases pressure on education, healthcare, housing
and communal services, and social provision. Therefore, policies for the integration of
internally displaced persons should be coordinated with regional development,
additional funding for communities, and consideration of the new demographic and
socio-economic conditions.

The social and psychological adaptation of internally displaced persons is also a
vital component of integration. It requires not only individual support but also the
creation of an environment of trust and cooperation within host communities. Local
initiatives, volunteer projects, dialogue platforms, and shared community spaces can
contribute to this process.

The implementation of human capital recovery policy requires a coherent
institutional approach and coordinated action across the fields of demography,
education, healthcare, employment, social protection, and regional development. The
existing fragmentation of governance reduces the effectiveness of public decision-
making; therefore, inter-agency cooperation should be strengthened and a specialised
body should be designated to monitor and coordinate policy in this area.

It is advisable to develop a National Human Capital Development Strategy with
clearly defined objectives, priorities, performance indicators, and implementation
mechanisms. Such a strategy should take into account regional disparities,
demographic risks, social differentiation, and the requirements of innovation-driven
development, while its implementation should be supported by continuous monitoring.

Territorial communities, businesses, and civil society should play an important
role in this process. At the local level, targeted programmes should be implemented,
human potential development centres established, and partnerships promoted among
communities, enterprises, and educational institutions. Businesses may contribute
through dual education, corporate training, and research support, while civil society
organisations may participate through adaptation and educational initiatives.

Under wartime conditions, human capital is becoming not only a driver of
innovation, but also a resource for national survival and recovery. Accordingly, policy
in this area should combine demographic reproduction, the return of citizens from
abroad, the modernisation of education and science, the strengthening of the healthcare
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system, the integration of internally displaced persons, and the development of labour
potential.

These priorities should be implemented as interrelated components of a unified
human development strategy. Particular importance should be attached to the regional
level, where access to essential services, employment, and opportunities for self-
realisation is directly ensured.

Thus, under current conditions, human capital should be regarded not merely as
an object of investment, but as a crucial prerequisite for Ukraine’s sustainable post-war
recovery, capable of supporting economic mobilisation, social cohesion, and the state’s
strategic adaptation to global challenges. Accordingly, the development and
implementation of an effective policy in this area should become a central component of
the national agenda for the coming decades.
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1.5. Development of Warehousing Activities in the Cold Logistics System:
Modern Logistics Solutions

Problem statement. The growing trade in food products, pharmaceuticals, and
other goods requiring low-temperature storage is driving demand for cold logistics
services. This growth is reflected not only in higher freight volumes but also in a
broader range of products that must be stored and transported within precisely defined
temperature limits. Under these conditions, warehousing becomes a key link in the cold
supply chain, since the main risks of temperature excursions, product quality
deterioration, and avoidable logistics costs arise during receiving, put-away, storage,
order picking, and dispatch. From an economic perspective, the cold logistics market
remains attractive to developers and logistics service providers; however, it requires
substantial investment in specialized infrastructure, energy-efficient equipment, and
monitoring and control systems [1].

Modern cold supply chains comprise a set of interconnected operations designed
to maintain an uninterrupted temperature regime from production through delivery to
the final consumer. Even a short-term deviation from the prescribed parameters may
accelerate product spoilage, impair consumer properties, shorten shelf life, or require
the withdrawal of an entire batch from circulation. The effectiveness of cold logistics
therefore depends not only on the availability of refrigeration equipment, but also on
the coordination of warehouse processes, cargo-handling speed, appropriate facility
zoning, inventory-record accuracy, compliance with the FIFO and FEFO principles,
batch traceability, and the ability of personnel to respond promptly to deviations.
Automated warehouse management systems (WMS), temperature and humidity
sensors, remote monitoring systems, backup power supply, and digital recording of all
cargo-handling operations are becoming particularly important.

The development of temperature-controlled warehousing infrastructure is closely
linked to broader changes in the warehouse real estate market. During 2022-2024, the
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Ukrainian market was shaped by the destruction of logistics facilities, business
relocations, shifts in the geography of freight flows, and the growing role of the western
regions as transit and distribution hubs. A shortage of high-quality Class A and Class B
space, low vacancy rates, and limited additions to new supply intensified competition
among tenants for modern warehouse premises. The problem is even more acute in
cold logistics, because chilled, frozen, and multi-temperature facilities account for only
a limited share of total warehouse stock and are characterized by higher construction
costs, more complex engineering systems, and substantial operating expenses.

In 2024, Ukraine's warehouse real estate market experienced a gradual recovery in
leasing activity and renewed investor interest. At the same time, the supply of high-
quality warehouse space expanded more slowly than demand, which kept vacancy
rates low and encouraged the modernization of existing facilities. Demand was driven
primarily by retail chains, distributors, e-commerce operators, postal and logistics
companies, and third-party logistics (3PL) providers. For cold logistics facilities,
traditional requirements related to location, transport accessibility, and clear warehouse
height were supplemented by requirements for energy autonomy, backup generators,
redundant refrigeration circuits, enhanced thermal insulation, sanitary safety, and
flexible temperature zoning. Thus, market conditions at the end of 2024 supported
investment not only in new construction but also in the refurbishment and conversion
of existing warehouses for temperature-controlled storage.

According to Prologis Research, global demand is increasing for new and more
resilient supply chains. The most promising segments remain the production and
distribution of food, consumer, medical, and pharmaceutical products. Companies seek
to locate warehousing capacity closer to final consumers, increase inventories of critical
goods, and reduce dependence on individual suppliers and routes. During transition
periods, increasing inventories by 5-10% creates additional demand for warehouse
space; for perishable products, this demand is accompanied by the need to establish
dedicated temperature zones. In practice, therefore, upgrading existing warehouse
infrastructure by installing cold rooms, automated control systems, and energy-saving
technologies is often as important as constructing new facilities [2, 3].

Industry experts report a persistent shortage of modern cold-storage facilities
capable of maintaining temperature regimes ranging from chilled conditions for meat,
dairy products, and vegetables to deep-freezing. The shortage is attributable to the high
capital intensity of such projects, long implementation periods, substantial energy costs,
the need for specialized equipment, and stringent sanitary requirements. Moreover, the
effectiveness of these investments depends on the stability of freight flows, capacity
utilization, the structure of the customer portfolio, and the operator's ability to maintain
the required service level. Decisions to expand cold-storage capacity should therefore
be based on a comprehensive assessment of projected revenue, cash flows, the payback
period, and project risks [4].

Literature review. Cold logistics, as an increasingly important area of logistics
management aimed at meeting consumer needs, has attracted considerable attention
from researchers and practitioners. Ye. V. Krykavskyi and N. V. Chornopyska define
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the cold chain as a sequentially organized structure in which the required temperature
must be maintained throughout the logistics chain. They note that cold-chain reliability
is particularly important in the pharmaceutical market, which is closely linked to
biotechnology. If even one element of the cold chain is unreliable according to a critical
criterion, the integrity of the entire system is compromised [5, 6]. T. Moskvitina argues
that goods handled within Fresh Logistics are highly vulnerable and require stringent
conditions during handling and transportation; therefore, reliable logistics performance
and the advantages embedded in procurement and handling processes are essential for
these products [7]. M. A. Saiensus emphasizes that, despite limitations on storage
duration and order-processing efficiency, the market still has an underserved niche for
high-quality refrigerated facilities suitable for efficient logistics operations [1]. The topic
has also been examined by international scholars, including D. ]. Bowersox and D. J.
Closs [8], J. R. Stock and D. M. Lambert [9], and D. Waters [10]. Nevertheless, decision-
making in specific functional areas, particularly warehousing, remains insufficiently
explored. Accordingly, identifying ways to improve the performance of the entire cold
chain by enhancing each individual link remains a priority for further research.

Main results and discussion. Maintaining food quality over extended periods is
one of the key challenges in production, transportation, and subsequent distribution.
Temperature is the most critical factor for chilled and frozen products, while warehouse
facilities play a central role in maintaining the required conditions.

The refrigerated warehouse market has not demonstrated rapid growth. Supply
has consistently lagged behind demand, particularly for modern Class A facilities. The
expansion of refrigerated warehouses and fruit-storage facilities is constrained by high
construction, engineering, and operating costs. In general, temperature-controlled
facilities may be classified as chilled, frozen, and multi-temperature warehouses.
Chilled warehouses are used to store berries and vegetables, alcoholic beverages,
confectionery, pharmaceuticals, chilled meat, seafood, and semi-finished products, and
typically maintain temperatures at or above 0°C. Frozen warehouses operate at lower
temperatures, generally from 0°C to —-24°C, and accommodate frozen meat, semi-
finished products, ice cream, and other frozen goods. Multi-temperature warehouses
combine chilled and frozen zones and may also form part of an ambient warehouse
[11].

Market operators are imposing increasingly stringent quality requirements on
refrigerated warehouses. Each product category requires a specific temperature regime,
and storage parameters vary considerably across products. The principal storage
conditions for major product groups are presented in Table 1.

Upon receipt of inbound goods, warehouse personnel verify quantities against the
accompanying shipping documents, check product temperature, and register each item
using barcodes. Internal material flows involve sorting incoming goods and moving
them to the relevant warehouse zones, such as order-picking, cross-docking, packing,
and outbound staging areas. The outbound flow is the final stage of warehouse
handling and includes loading refrigerated vehicles with goods received through the
inbound flow or dispatching goods and raw materials to production facilities.
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Table 1
Standard storage temperatures for the principal product categories handled in
refrigerated warehouses

# Product category Producc; rfgr;}gfature Storage t(irél)perature
1 Confectionery products Up to +18
2 Cakes and pastries positive temperature range 0to+5
3 Chocolate and chocolate products +14 to +16
4 Vegetables and fruit +4 to +10
5 Citrus fruit moderate temperatures +2 to +6
6 Meat and fish delicatessen products +2 to +7
7 | Diried fruit, vegetables, and mushrooms broad temperature range 0 to +10
8 Dairy products and cheese . +1 to +7
9 = Seafood chilled 0to +5
10 Fermented, salted, and marinated M to+4
vegetables .
11 Semi-finished meat products superchilled -1to +1
12 Fresh meat and fresh fish -1to+2
13 Frozen products, meat, fish, and 18 to -8
dumplings frozen
14 Soft ice cream -15 to -18
15 Ice cream —24
16 Special regime for rapid freezing and deep-frozen 45
medical purposes

Source: [1]

Before goods requiring special handling during loading, unloading, and storage
are handed over for transportation, the consignor must affix appropriate handling
labels to each cargo unit, such as “Liquid,” “Protect from light,” “Hermetically sealed
packaging,” “Protect from freezing,” and “Do not stack.” Such requirements are
communicated through standardized handling symbols.

Raben Ukraine is active in the market for perishable products and provides
integrated logistics services that meet European quality standards, including Fresh
Logistics services. The company is one of the leading logistics operators and draws on
proprietary know-how and 75 years of experience within the Raben Group. Raben
Ukraine provides logistics services for fresh products requiring a temperature range of
2-6°C and applies cross-docking technology, which increases cargo-handling speed,
reduces rates for less-than-truckload consignments, eliminates storage costs, and is
supported by modern IT solutions, including scanning, 24/7 video surveillance, the
Track & Trace cargo-tracking system, and the Web Order Entry order-registration
system [7].

In 2024, road freight traditionally accounted for the largest share of the Raben
Group's services (66%), followed by contract logistics (13%), full truckload (FTL)
transport (8%), fresh logistics (8%), lead logistics provider services (4%), and sea and air
freight (1%) (Figure 1).
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Figure 1. Service portfolio of Raben Ukraine LLC in 2024

Source: compiled by the author based on [12]

To examine warehousing within fresh logistics, the customer portfolio of the Lviv
branch of Raben Ukraine LLC is considered in greater detail; this branch serves as the

object of the present study (Table 2).

Table 2

Revenue from Fresh Logistics customers of the Lviv branch of

Raben Ukraine LLC in 2024

# Customer Revenue, UAH
1 2 3

1 | APK-Invest LLC 1,560,887
2 | Ichnianskyi Milk Canning Plant LLC 921,281
3 | Hurmandis LLC 647,333
4 | Klub Syru LLC 635,105
5 | Koziatyn Meat Processing Plant PJSC 623,231
6 | Khodoriv Meat Processing Plant LLC 512,345
7 | Yarych Confectionery Factory LLC 483,419
8 | Lviv Cold Storage Plant LLC 478,565
9 | Barkom LLC 347,225
10 | Bukovynskyi Sad LLC 286,031
11 | Svit Miasa LLC 189,215
12 | Iberia Ukraine LLC 107,363

Source: compiled by the author based on [12]

Table 3 presents the revenue generated from Fresh Logistics customers whose

goods require transportation under a controlled temperature regime.
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Table 3
Revenue from Fresh Logistics customers of the Lviv branch of
Raben Ukraine LLC
Year 2020 2021 2022 2023 2024
Revenue, thousand UAH 2,159 2,497 3,517 4,918 6,792

Source: compiled by the author based on [12]

To assess the feasibility of additional capital investment, it is necessary to estimate
projected revenue from Fresh Logistics customers for subsequent periods. A
comparative trend analysis showed that a polynomial trendline best represented the
future dynamics of this indicator, as it produced the highest coefficient of determination
(R?) among the models considered (Figure 2).

The adequacy of the model was tested using Fisher's F-test, which confirmed that
the model was suitable for further calculations. Forecast values were calculated for 2025
and 2026, together with a confidence interval for the 2025 forecast: 6,984; 9,209; and
11,434 thousand UAH [15].
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Revenue, thousand UAH

Figure 2. Revenue from Fresh Logistics customers of Raben Ukraine LLC with a
polynomial trendline

To justify the expansion of warehousing operations at the Lviv branch of Raben
Ukraine LLC, the existing warehouse capacity is assessed (Tables 4 and 5).

Table 4
Input data for calculating warehouse floor area
at the Lviv branch of Raben Ukraine LLC
# Indicator Symbol Value Unit
1 | Number of warehouse operating days T 250 days
2 | Average cargo storage period t_s 1 day
3 | Annual warehouse throughput Q 6,500 t
4 | Warehouse height h 1.8 m
5 | Floor-space utilization factor 0.75 -
6 | Average load per 1 m? of floor area q 1 -
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Table 5
Warehouse capacity and floor-area calculation
for the Lviv branch of Raben Ukraine LLC
# Indicator Calculation formula Value
1 | Warehouse capacity, units E=Qxt)/T 26
2 | Total warehouse floor area, m? Stota1 = E /(g x Ky X h) 19.26

Source: calculated by the author based on [13]

The calculations indicate the need to purchase one additional cold-storage
chamber. The economic feasibility of investing in the additional unit is therefore
assessed using the net present value method [14, 15].

The input data for the calculations are presented in Table 6.

Table 6
Input data for evaluating capital investment in a cold-storage chamber
Indicator Value
Cost of the cold-storage chamber, UAH 2,000,000
Projected revenue in 2025, UAH 9,209,000
Projected revenue in 2026, UAH 12,104,240

Source: calculated by the author based on [14, 15]

To determine the present value of future cash flows, an expert-assessment method
was used to set the discount rate at 20%. The corresponding discount factors for 2025
and 2026 are 0.833 and 0.694, respectively.
The project payback calculation is presented in Table 8.
Net present value is the difference between the present value of the project's
future cash flows and the initial investment:
NPV = 2,031,759 - 2,000,000 = UAH 31,759.

Table 8
Discounted payback calculation
Year Cash flow, UAH Discount factor Present value, Cumulative
UAH present value,
UAH
2025 1,168,707 0.833 973,533 973,533
2026 1,524,822 0.694 1,058,226 2,031,759
Total - - 2,031,759 -

Source: calculated by the author based on [14, 15]

The project's payback period is 0.97 years, or 355 days.
Thus, the present value exceeds the project's initial cost, resulting in a positive net
present value; therefore, implementation of the proposed project is economically

feasible.

Conclusions. The study confirms that warehousing is a critical link in the cold

supply chain, as its efficiency directly affects the preservation of the quality and
consumer properties of perishable products, compliance with established temperature
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requirements, loss minimization, and the overall level of logistics service. Amid a
shortage of high-quality refrigerated, freezer, and multi-temperature storage facilities,
rising energy costs, and increasingly demanding customer requirements, the
competitiveness of logistics operators is determined to a growing extent by their ability
to combine the technological modernization of warehouses with efficient cost
management. The key prerequisites for such modernization include the implementation
of warehouse management systems (WMS), remote temperature and humidity
monitoring, digital batch traceability, the FIFO and FEFO inventory management
principles, backup power supply systems, and flexible zoning of warehouse premises in
accordance with product characteristics.

The analysis of the warehousing operations of Raben Ukraine LLC demonstrates
that the development of the Fresh Logistics business segment is of practical importance
for expanding the company’s service portfolio and improving the quality of service
provided to customers whose products require continuous temperature control. The
dynamics of revenue generated from Fresh Logistics customers during 2020-2024
indicate growing demand for the relevant logistics services. The economic and
mathematical model applied in the study made it possible to forecast revenue for 2025-
2026 and provided an analytical basis for assessing the feasibility of expanding the
warehousing capacity of the company’s Lviv branch. The results confirm that
investment decisions in cold logistics should be based not only on the expected increase
in cargo flows but also on a comprehensive assessment of equipment utilization, the
structure of the customer portfolio, operating costs, power supply risks, and logistics
service quality requirements.

The calculations concerning the acquisition of an additional cold-storage chamber
yielded a positive net present value of UAH 31,759, indicating the economic feasibility
of the proposed investment under the baseline assumptions adopted in the study. The
implementation of the project would increase warehouse throughput capacity, reduce
the risk of turning away prospective customers because of insufficient temperature-
controlled storage space, improve service reliability, and create the conditions for
further revenue growth in the Fresh Logistics segment. At the same time, the final
managerial decision should be supported by scenario analysis accounting for possible
changes in electricity prices, logistics service rates, demand volumes, and the discount
rate.

Therefore, the improvement of warehousing activities within the cold logistics
system should be based on an integrated combination of organizational, technological,
and investment decisions. Their coordinated implementation will contribute to
reducing logistics costs, improving cold-chain reliability, enhancing customer service
quality, and strengthening the company’s competitive position. Further research should
focus on assessing the sensitivity of the investment project to market risks, comparing
alternative options for expanding warehousing capacity, evaluating the effects of
warehouse automation, and developing a system of indicators for measuring cold
supply chain resilience.
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1.6. Methodological Toolkit for Evaluating Business Plans of Enterprises: Current
Trends and Directions for Improvement

A business plan is a comprehensive strategic document that reflects the goals of a
business entity, ways to achieve them, necessary resources, expected results and
possible risks of project implementation. It serves as a tool for substantiating an
entrepreneurial idea and provides a systematic approach to the organization and
development of economic activity. Thanks to a business plan, business entities are able
to assess the prospects of a future project, determine its competitive advantages and
calculate the need for financial, material and labor resources [1].

The main purpose of a business plan is to substantiate the economic feasibility of
creating, expanding or modernizing a business. It provides an information basis for
making management decisions, promotes the rational use of resources and allows for
timely identification of potential risks, and helps coordinate the activities of all project
participants, determine priority areas of development and form a long-term strategy of
the enterprise [3].

One of the most important stages in the implementation of a business plan is the
evaluation process, as it allows you to determine the realism, effectiveness, and
prospects of the proposed project.

In the practical sphere and scientific literature, several approaches to evaluating
business plans have been formed, each of which focuses on individual aspects of the
future activities of a business entity.

I. Expert approach, which involves involving specialists to analyze the content of
the business plan and form conclusions about its quality. Experts assess the logical
structure of the document, the validity of the initial assumptions, compliance with
market conditions, the level of risk processing, and the realism of forecast indicators.
The advantage of this approach is the ability to take into account the qualitative
characteristics of the project, which are difficult to express quantitatively.

However, the main disadvantage of the expert approach to business plan
assessment is its subjectivity, since the assessment results largely depend on the
experience, professional knowledge, competence and personal judgments of experts.
Thus, with the same initial data, different experts may reach different conclusions about
the prospects and effectiveness of the same project.

The significant disadvantages of the expert approach include:

- high probability of bias in assessments due to personal beliefs or conflict of
interest of experts;

- the difficulty of verifying the results, since some of the conclusions are based on
professional judgment, rather than on clear calculations;

- significant expenditure of time and money on attracting qualified specialists;

- the dependence of the quality of the assessment on the competence of experts
and their awareness of the specifics of the industry;

- limited possibilities for quantitative substantiation of conclusions, which may
complicate the comparison of alternative business projects.

57



Modern Conditions of Development of Science,
Education and Production in the World - 2026

In general, the expert approach allows you to take into account the qualitative
characteristics of the business plan, its main drawback remains the subjectivity of the
assessment, which can affect the objectivity and reliability of the decisions made.

II. Financial and economic approach, based on the analysis of the projected
financial results of the business project. The indicators of profitability, liquidity,
profitability, investment payback period, net present value (NPV), internal rate of
return (IRR) and profitability index (PI) are evaluated, which allows determining the
economic feasibility of the project and its investment attractiveness.

However, this approach has a number of disadvantages.

- depends on the quality of forecast data. Errors in forecasting sales volumes, costs,
inflation or the cost of capital can significantly affect the assessment results and lead to
erroneous management decisions.

- focus on quantitative parameters and limited use of qualitative parameters (level
of managerial competence, innovative potential, reputation, social effect of the project).

- high sensitivity of results to changes in the external environment. Fluctuations in
exchange rates, interest rates, inflation rates, or changes in market conditions can
significantly change the actual effectiveness of the project compared to the forecast.

- the complexity of using individual financial indicators requires a high-quality
information base and specialized knowledge in the field of financial analysis.

III. The marketing approach to assessing a business plan involves analyzing the
market environment and determining the prospects for the sale of products or services
offered within the framework of a business project, with the main goal of this approach
being to assess the compliance of the business idea with market needs, the level of
competitiveness of the enterprise and the possibilities of achieving planned sales
volumes. The assessment process examines market capacity, demand trends,
characteristics of target consumers, competitors' activities, pricing policy, sales channels
and the effectiveness of marketing activities. This approach is of particular importance
for new enterprises and startups, the success of which largely depends on the correct
definition of the market niche and consumer needs.

At the same time, the marketing approach has a number of significant drawbacks.

- forming estimates based on forecasting consumer behavior and market trends,
which can change rapidly under the influence of economic, social, technological or
political factors, which increases the level of uncertainty and may reduce the accuracy
of the results obtained.

- the dependence of the assessment on the quality of marketing research. An
insufficient sample of respondents, errors in data collection, or the use of outdated
information can lead to distorted conclusions about the prospects of the project. Also,
the marketing approach mainly focuses on the market aspects of the entity's activities
and does not sufficiently take into account the financial, production, and organizational
capabilities of implementing the business plan.

- some marketing indicators are qualitative in nature and are not always amenable
to precise quantitative measurement (consumer loyalty, brand awareness and
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popularity, competitive advantages) and are often based on assumptions and expert
judgments.

IV. The risk-based approach to business plan assessment is based on the
identification, analysis and assessment of possible risks that may affect the
implementation of the business project and the achievement of planned results. Its main
purpose is to determine the level of uncertainty of the external and internal
environment, as well as assess the ability of the enterprise to counteract potential
threats. Within the framework of this approach, financial, production, marketing,
investment, organizational, legal and other types of risks are analyzed.

Risk assessment is analyzed using the following tools: sensitivity analysis,
scenario analysis, expert assessments, SWOT analysis, decision tree method, risk matrix
construction and simulation modeling. The use of these methods allows to identify the
most critical factors that can negatively affect the effectiveness of the project, as well as
to develop measures to minimize them.

The main advantage of a risk-based approach is the ability to take into account
uncertainty and assess the resilience of the business plan to changes in the market
environment. It helps to increase the validity of management decisions and reduce the
likelihood of financial losses during the project implementation process.

However, this approach has a number of disadvantages:

- difficulty in determining the full list of risks and objectively assessing the
probability of their occurrence. A significant part of the risks is predictive in nature, so
the results of the analysis often depend on assumptions and expert assessments, which
in turn may reduce the accuracy of the conclusions obtained.

- high labor intensity and complexity of the analysis. For a high-quality risk
assessment, significant information resources, specialized software and the involvement
of specialists with appropriate qualifications are required.

- detailed risk analysis requires additional time and money.

- excessive concentration on potential threats, which can lead to underestimating
the prospects of a business project and hindering the adoption of innovative or
strategically important decisions.

- lack of accurate prediction of a number of risks: economic crises, trade conflicts,
military actions, pandemics, changes in state policy.

V. A comprehensive approach to evaluating business plans provides a
comprehensive analysis of the project and allows you to take into account both financial
results and non-financial success factors, as it provides a combination of expert
assessments, financial and economic analysis, marketing research and risk assessment,
creating a reliable basis for making informed management decisions regarding the
implementation of a business project.

The integrated approach is based on the simultaneous use of several assessment
methods and involves the analysis of all key components of the business plan without
necessarily combining the results into a single indicator, with the main advantage being
the comprehensiveness of the study of the business project.
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A comprehensive approach allows you to take into account not only financial
results, but also marketing prospects, production capabilities, organizational support,
human resources potential, level of innovation and risks.

An important advantage is the preservation of the detail of the assessment results.
Unlike the integrated approach, each component of the analysis is considered
separately, which allows you to identify specific problematic aspects of the project and
develop targeted measures to eliminate them. It is characterized by high flexibility of
application, since the composition of the criteria and assessment methods can change
depending on the field of activity, business scale, analysis objectives and investor
requirements, which allows you to adapt the assessment system to the specifics of a
particular project.

The advantage of the method is to increase the reliability of the results by cross-
checking the conclusions obtained by different analysis methods. If the results of
financial, marketing, and risk analysis confirm each other, this increases the level of
confidence in the business plan.

A comprehensive approach also provides the opportunity to take into account
qualitative factors that are difficult to formalize or translate into quantitative form,
which is especially important when evaluating startups, innovative projects, and
socially oriented business initiatives.

Disadvantages of an integrated approach

- high labor intensity. Conducting a comprehensive analysis requires significant
time, financial and human resources, which requires the involvement of specialists of
various profiles: financiers, marketers, technologists, lawyers and risk management
experts.

- the need to collect a large amount of information, since analyzing all aspects of
the business plan requires detailed data on the market, the financial condition of the
enterprise, production facilities, the competitive environment, and other factors.

- lack of a single generalizing indicator, which can complicate management
decision-making. Different components of a business plan may demonstrate
contradictory results: for example, a high level of financial efficiency may be combined
with increased risks or an insufficiently developed marketing strategy.

- a comprehensive approach may also contain elements of subjectivity, especially
when conducting expert analysis of the qualitative characteristics of the project. The
results of the assessment may depend on the professional experience and competence of
the experts involved, which complicates the interpretation of the results.

A comprehensive approach, on the contrary, allows for a deep multifaceted
analysis of all components of the business plan, but requires significant resources and
does not always ensure ease of making a final decision.

VI. The integrated approach involves a comprehensive assessment of the business
plan by combining a set of financial, marketing, production, organizational and risk
indicators into a single general indicator. Each criterion is given a certain weight
depending on its significance, after which an integrated assessment is calculated, which
characterizes the overall quality and prospects of the business project.
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The advantages of the integrated approach are the ability to obtain a generalized
quantitative assessment of the business plan. By combining many indicators into one
integrated index, the decision-making process regarding financing or project
implementation is simplified. Investors, lenders, and business managers are able to
quickly assess the overall level of attractiveness of the project without having to analyze
a significant number of individual indicators.

An integrated approach ensures comprehensive consideration of various aspects
of an enterprise's activities. The evaluation system may include financial, marketing,
production, organizational, innovative, social and environmental indicators. This allows
taking into account a wide range of factors that determine the success of a business
project.

An important advantage is the ability to compare alternative projects. Using a
single integral indicator allows you to rank business plans by level of efficiency and
identify the most promising investment areas. This is especially important for financial
institutions and investors who select projects from a large number of applications.

An integrated approach also helps reduce the influence of individual random
factors, since the assessment is formed on the basis of a large number of criteria, which
allows for a more stable and substantiated result compared to the analysis of one or
several indicators.

Disadvantages of the integrated approach

- the complexity of defining the system of criteria and their weighting. The
selection of indicators and the establishment of weighting coefficients are often carried
out by experts, which creates a risk of subjectivity and may affect the final results of the
assessment.

- there is a loss of detail in information. Consolidating a large number of indicators
into one integral index can hide individual shortcomings of the business plan.

- high sensitivity to the calculation method. Changing the method of normalizing
indicators, choosing criteria or weighting factors can significantly affect the final result.
This makes it difficult to standardize the assessment and compare the results obtained
using different methods.

- the need for a significant amount of information and complex calculations. For
high-quality analysis, it is necessary to ensure the reliability of all source data, which is
not always possible at the early stages of business project development.

The integrated approach provides a single, general assessment of the business
plan and is convenient for comparing alternative projects, but may lead to the loss of
important detailed information and depends on the calculation method.

In modern practice of evaluating business plans, the most appropriate is to
combine the advantages of both comprehensive and integrated approaches, when
comprehensive analysis is used to study individual aspects of the project, and
integrated assessment is used to form a final conclusion regarding its feasibility and
prospects.

VII. The comparative (benchmarking) approach to business plan evaluation is
based on comparing the indicators, characteristics and expected results of a business
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project with similar projects, enterprises or industry standards that are already
operating on the market. The main goal of this approach is to determine the
competitiveness and realism of the business plan by comparing its parameters with the
best practices and achieved results of successful business entities.

The evaluation process analyzes indicators such as product sales, profitability, cost
structure, labor productivity, return on investment, market share, marketing
effectiveness, and other characteristics. The results are compared with industry
averages or indicators of leading enterprises, which allows assessing the potential
advantages and disadvantages of the business project.

The main advantage of the benchmarking approach is its clarity and practical
orientation, which allows you to use the real experience of successful enterprises,
identify reserves for improving efficiency and form more informed management
decisions. In addition, comparison with best practices helps increase the
competitiveness of a business project and helps set realistic targets.

However, this approach has certain drawbacks. First of all, its effectiveness
depends on the availability of reliable information about the activities of similar
enterprises. In addition, not all business projects have direct analogues, especially when
it comes to innovative or unique business ideas. There is also a risk of mechanically
copying someone else's experience without taking into account the specifics of a
particular enterprise, market or region of activity.

VIII. The scenario approach to business plan assessment involves analyzing
possible project implementation outcomes under different scenarios of internal and
external environment development. Its essence lies in the formation of several
alternative business operation scenarios and assessment of their impact on key
performance indicators of the enterprise, and the development of three basic scenarios:
optimistic, basic (realistic), and pessimistic.

Within the framework of the scenario approach, the impact of changes in factors
such as sales volumes, cost levels, product prices, inflation, exchange rates, interest
rates, tax burden, competitive environment and other parameters that may affect the
implementation of a business project is assessed and forecast financial results,
profitability indicators, return on investment and liquidity are calculated.

However, the scenario approach has a number of disadvantages.

- the results of the assessment largely depend on the correctness of the
assumptions made regarding the future operating conditions of the business. Errors in
selecting key factors or establishing their possible values may distort the results of the
analysis.

- the formation of multiple scenarios requires significant time and analytical
resources, which makes it difficult to apply this approach for small enterprises.

- the scenario approach does not determine the probability of each scenario being
implemented, but only demonstrates the possible consequences of different options for
the development of events, therefore it does not give an unambiguous answer
regarding the prospects of a business project, but requires the additional use of other
assessment methods.
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The quality of business planning largely determines the success of the
implementation of an entrepreneurial idea and the effectiveness of management
decisions. That is why the assessment of a business plan should be carried out on the
basis of clearly defined criteria and principles that allow establishing the degree of its
validity, realism and practical value. A comprehensive assessment of the quality of
business planning makes it possible to timely identify project shortcomings, reduce the
level of risk and increase the efficiency of resource use.

The main criteria for assessing the quality of a business plan include, first of all,
the completeness of information, which characterizes the level of disclosure of all key
aspects of the enterprise's activities. The business plan should contain a detailed
description of the project, market analysis, production plan, organizational structure,
financial calculations and risk assessment. The absence or insufficient detail of
individual sections can significantly reduce its practical value.

An important criterion is the validity of the indicators, which involves the use of
reliable initial data and logically reasoned forecasts. All calculations should be based on
the results of marketing research, statistical data, financial statements and real
conditions of the enterprise's operation. Unfounded assumptions can lead to erroneous
management decisions and negative financial consequences.

Table 1
Comparative characteristics of approaches to evaluating business plans
Approach Terms of use Scope of application
Insufficient statistical data, the need to Startups, innovative projects,
Expert assess the qualitative characteristics of the | management team assessment, strategic
project, the availability of qualified experts | decision analysis
. . Availability of reliable financial data and Investment projects, lending,
Financial and s . . 1T
economic forecasts, the ability to conduct economic assessment of business profitability and
calculations payback
Availability of information about the Launching new products on the market,
Marketing market, consumers and competitors, the developing a marketing strategy,
need to assess market prospects assessing demand
High level of uncertainty in the external . . .
. . g1 eV Y . Innovative, investment and high-risk
Risk-oriented environment, the need to assess possible - .
projects, anti-crisis management
threats
The need to generalize the results of Selection of investment projects, rating
Integral evaluations based on many criteria and of business plans, making strategic
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The next criterion is the realism of the forecasts, which reflects the compliance of
the planned indicators with the actual capabilities of the enterprise and the market
situation. During the assessment, special attention is paid to the forecasts of sales
volumes, costs, profits, investment needs and project payback periods. A realistic
business plan should take into account potential limitations and risks of the external
environment.

Other important criteria include economic efficiency, investment attractiveness,
project competitiveness, risk level, and adaptability to changes in the external
environment. They allow us to assess the prospects of a business idea, its ability to
generate profit, and ensure the long-term development of the enterprise.

The assessment of the quality of business planning should be carried out in
compliance with a number of principles. One of the key ones is the principle of
systematicity, according to which all sections of the business plan should be
interconnected and coordinated with each other. Changes in one element of the project
should be reflected in its other components.

The principle of objectivity is important, which involves the use of reliable and
verified information when preparing calculations and forecasts. A business plan should
not be based on subjective assessments or overly optimistic assumptions. It is
complemented by the principle of reliability, which requires confirmation of the initial
data with official statistical materials, market research results or financial documents.

The principle of complexity plays a significant role, which involves taking into
account the economic, financial, production, marketing, organizational and social
aspects of the enterprise's activities. Along with it, the principle of alternativeity is
applied, which consists in considering several scenarios of events and possible options
for project implementation.

In addition, high-quality business planning should be based on the principle of
flexibility, which provides the ability to adjust planned indicators in accordance with
changes in the market environment, and the principle of efficiency, which orients the
planning process towards achieving maximum economic results through the rational
use of available resources.

Business plan assessment is a multi-stage process aimed at determining the level
of its validity, realism and prospects for implementation. The effectiveness of a business
project largely depends not only on the quality of the business idea itself, but also on
the completeness and reliability of the information provided in the business plan. That
is why the assessment should be carried out on the basis of a systematic approach that
includes the analysis of all key components of the document: from the structure and
marketing justification to financial calculations and risk assessment. The complexity of
such analysis allows you to get a holistic picture of the prospects for project
implementation and minimize the likelihood of making erroneous management
decisions.

The first stage of the assessment is the analysis of the structure and content of the
business plan, which determines the compliance of the document with generally
accepted requirements of business planning and the logical construction of its sections.
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A high-quality business plan should contain a project summary, a description of the
enterprise, a description of products or services, a marketing plan, a production plan,
an organizational plan, a financial plan and a section on risk assessment. Special
attention at this stage is paid to the completeness of the presentation of information, the
relationship between individual sections and the absence of contradictions between the
data provided.
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Eeflects the level of disclosure Based on the use of unbiased
Completeness - B o ; ) o
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Economic = pr_\o]ec. _S abrity to prm.1 = o Itinvolves the development and
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Figure 1. Criteria and principles for assessing the quality of business planning

Developed by the author

The quality of the document preparation, the validity of the sources of information
used, the reliability of statistical data and the level of detail of the calculations are also
assessed. An important aspect is the presence of clearly formulated project goals and
specific mechanisms for their achievement. The business plan should not only describe
the future activities of the enterprise, but also demonstrate the practical possibility of
implementing the tasks set.
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Analvsis of the structure and content of the business plan
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Studying the market feasibility of the project

(1

Competitive environment analysis

(1

Assessing the realism of forecasted sales volumes

(7

Analysis of production and organizational components

o

Evaluation of the financial part of the business plan

(7

Amnalvsis of risks and mechanisms for their minimization

.

Forming a conclusion about the business plan

Figure 2. Stages of business plan evaluation
Developed by the author

The next stage is the study of the market feasibility of the project, which is the
most important component of the business plan assessment and involves determining
the realism of marketing forecasts and the ability of the enterprise to take competitive
positions in the market. The assessment process analyzes industry development trends,
market capacity, demand dynamics, consumer behavior and competitor activities. The
main market segments that the project is focused on are determined, and the level of
their attractiveness and prospects is also assessed. Special attention is paid to the study
of the target audience and its needs.

An important element of the assessment is the analysis of the competitive
environment. The market positions of the main competitors, their advantages and
disadvantages, the level of price competition, the features of sales channels and
marketing policy are studied. Based on the results obtained, the possibility of achieving
the projected market share and forming sustainable competitive advantages is assessed.

The realistic nature of the forecasted sales volumes is assessed separately. To do
this, the planned indicators are compared with the industry averages, the results of
similar enterprises, and actual market development trends. If the forecast indicators
significantly exceed the market averages without proper justification, this may indicate
that the business plan developers have overestimated expectations.

Production and organizational components determine the practical possibility of
implementing a business project and achieving planned results. Their assessment is
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aimed at determining the adequacy of resource provision, the efficiency of production
processes and the ability of the management team to achieve the set goals. During the
analysis of the production part, production technologies, production capacities,
technical condition of equipment, availability of raw materials and materials, logistics
processes and the possibility of scaling activities are assessed. The correspondence of
production resources to the projected volumes of production and sales of products is
determined.

The organizational component includes an assessment of the enterprise
management structure, personnel qualifications, distribution of functions between
departments, and a system for monitoring the implementation of management
decisions. The experience of management, the professional level of key employees, and
their ability to ensure the implementation of the business project are analyzed.

Evaluation of the financial part of the business plan. The financial part is the central
element of the business plan, since it is it that allows you to determine the economic
feasibility of the project and its investment attractiveness. The main purpose of financial
analysis is to assess the project's ability to generate profit, ensure the return on invested
funds and maintain the financial stability of the enterprise. At this stage, forecasted
income and expenses, the structure of investment investments, sources of financing,
cash flows and project performance indicators are analyzed. Particular attention is paid
to such indicators as net present value (NPV), internal rate of return (IRR), profitability
index (PI), payback period and project profitability.

An important area of assessment is the analysis of the liquidity and solvency of the
enterprise. It allows determining the ability of a business entity to timely fulfill its
financial obligations and maintain an appropriate level of financial stability.

The final stage of business plan evaluation is risk analysis, which allows you to
determine the level of uncertainty of the project and its resistance to the influence of
adverse factors. In modern business conditions, risks are an integral part of any
business activity, therefore their proper assessment is of key importance for making
investment decisions.

In the process of analysis, financial, production, marketing, investment, legal,
personnel and foreign economic risks are identified. For each risk, the probability of
occurrence, possible consequences and the degree of impact on the results of the project
are determined. To assess risks, methods of scenario analysis, sensitivity analysis,
expert assessments, construction of risk matrices and simulation modeling are used. Of
particular importance is the analysis of critical factors, the change of which can
significantly affect the financial results of the business project. An important component
is the assessment of measures to minimize risks. Such measures may include
diversification of activities, insurance, formation of reserve funds, conclusion of long-
term contracts with suppliers and consumers, use of modern information management
technologies and implementation of internal control systems.

The effectiveness of business plan evaluation largely depends on the presence of a
clear sequence of actions, which provides a comprehensive analysis of all components
of the project and allows you to form a reasoned conclusion on the feasibility of its
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implementation. That is why an important tool for increasing the objectivity of the
evaluation is the development of a business plan evaluation algorithm, which
determines the procedure for analysis, a list of criteria and a mechanism for making a

management decision [10].

¥

Tnitial business plan review- preliminary assessment of compliance with
redquirements
- checking the completeness of the business plan structure;
- azzessment of the quality of information support;
- analveis of the losic of vresenting the material:

¥

Evaluetion af the marketing componentand determining the market fazsibility of N
the project. The analy=sis is carried out-
- target consumers;

- market capacity;

- demand tremds;

- competitive environment;

- forecasted zalex volumes _/

L J
[ﬂssessmmt of the company's ability to ensure the implementation of the busmﬂssq\'

plan. The following are analyvzed:
- production facilitie: and technological processes;

- logistical support;
- human resource potential;
- logistical support.
S
Y ™y
Finaneial efficiency assesament Analysis 15 camied out:
- income and expenses;
- cash flows;
- investment neads;
- performance mdicators. Y,
v
Potential threats to the implementation of the business plan are identified. The A
following are assessed:
- financial risks;
- production risks;
- investment risks; v
- legal riaks:
vy
[ Aszzeszment and decizion maling ]
¥ k 4 k 4
(e ) (e ) (e
*

[ APPROVAL J

Fig. 3 Flowchart of the business plan evaluation algorithm
Developed by the author

68



Collective Monograph Publishing House NES s.r.0.,
Nova Dubnica, Slovak Republic

The formed algorithm makes it possible not only to evaluate individual
components of a business plan, but also to determine the overall level of its quality
using an integral indicator.

In the context of the digital transformation of the economy, increased competition,
and growing investor demands for the quality of business projects, traditional
approaches to assessing business plans need constant improvement. Modern business
planning practice requires not only the analysis of financial indicators, but also the
consideration of a wide range of factors related to technological changes, risks, social
responsibility, and sustainable development.

In this regard, they become particularly relevant

- digitalization of assessment processes,

- application of multi-criteria analysis methods

- integration of ESG approaches into the business plan evaluation system.

One of the most promising areas for improving business plan evaluation is the
implementation of digital technologies and analytical platforms. The use of modern
software allows you to automate the processes of data collection, processing and
analysis, which significantly increases the speed and accuracy of business project
evaluation.

Digital tools enable the rapid calculation of financial indicators, modeling of
alternative business development scenarios, sensitivity analysis and risk assessment.
The use of business intelligence systems, Big Data technologies and forecasting tools
that allow taking into account significant amounts of structured and unstructured
information is particularly effective. [6]

Artificial intelligence and machine learning technologies also play an important
role, as they can be used to predict market trends, analyze consumer behavior, and
identify potential project risks. This increases the validity of management decisions and
reduces the level of subjectivity in evaluation.

In addition, the digitalization of the business plan evaluation process contributes
to the formation of a single information base for investors, credit institutions, and
enterprises, ensuring transparency and accessibility of analysis results.

Traditional methods of evaluating business plans often focus primarily on
financial indicators, which does not allow for the full consideration of all factors of
success of a business project. Therefore, an important area of improvement is the use of
multi-criteria evaluation methods that provide a comprehensive analysis of various
aspects of the enterprise's activities.

The essence of the multi-criteria approach is to form a system of interrelated
criteria that cover the financial, marketing, production, organizational, innovation and
risk components of the business plan. Each criterion is given a certain weight
depending on its significance, after which an integral assessment of the project is
carried out.

The most common multi-criteria methods include the Analytical Hierarchy
Process (AHP), TOPSIS, ELECTRE, expert evaluation, and various rating models. Their
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application allows not only to determine the overall effectiveness of the project, but also
to identify the strengths and weaknesses of the business plan.[7]

The advantage of multi-criteria evaluation is the ability to take into account both
quantitative and qualitative indicators, which helps to increase the objectivity of the
analysis results. In addition, the use of such methods allows you to more effectively
compare alternative business projects and choose the optimal investment directions.

Current trends in the development of the world economy indicate an increasing
role of environmental, social and governance factors in the process of making
investment decisions. In this regard, a promising direction for improving the
assessment of business plans is the integration of ESG criteria (Environmental, Social,
Governance) and sustainable development principles into the project evaluation
system.

The environmental component involves assessing the impact of the project on the
environment, the level of use of natural resources, energy efficiency of production and
the implementation of environmentally friendly technologies. The social component
covers the issues of job creation, ensuring proper working conditions, social
responsibility of business and interaction with stakeholders. The management
component characterizes the quality of corporate governance, transparency of the
enterprise's activities, the effectiveness of the internal control system and compliance
with ethical standards of business conduct.

Integrating ESG criteria into the business plan assessment process allows assessing
not only the economic efficiency of the project, but also its long-term impact on society
and the environment. This approach helps attract investments from international
financial institutions, increases the reputational attractiveness of the enterprise, and
ensures its competitiveness in the long term.

The use of digital analysis tools, the application of multi-criteria assessment
methods and the integration of ESG criteria form the modern direction of development
of the business plan assessment system. Their comprehensive implementation allows to
improve the quality of analytical procedures, to ensure a more objective assessment of
business projects and to facilitate the adoption of effective management and investment
decisions in a dynamic market environment. [8,9]

Conclusions. As a result of the conducted research, it was established that the
assessment of the business plan is one of the key stages in the process of making
management and investment decisions, since it is precisely the quality and validity of
the business plan that largely determines the success of the project implementation, the
level of attraction of investment resources and the achievement of the strategic goals of
the enterprise. Modern business conditions are characterized by a highly dynamic
market environment, increased competition and increasing uncertainty, which
necessitates the improvement of methodological approaches to the assessment of
business plans and the introduction of complex analytical tools.

The study summarized theoretical approaches to evaluating business plans and
identified their main features. It was found that the expert approach is effective for
analyzing the qualitative characteristics of the project, but is characterized by a high
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level of subjectivity. The financial and economic approach provides a quantitative
determination of the effectiveness of the business project, but does not take into account
a number of non-financial factors. The marketing approach allows you to assess the
market prospects of the project, but largely depends on the reliability of market
development forecasts. The risk-oriented approach ensures that the uncertainty of the
external environment is taken into account, although it requires significant analytical
resources. The most comprehensive are the integral and complex approaches, which
provide a multifactor analysis of the business plan and allow you to form more
objective conclusions about the prospects for project implementation.

It is substantiated that an effective assessment of a business plan should be based
on a systematic analysis of its main components. In particular, the important areas of
assessment are the analysis of the structure and content of the business plan, the
assessment of the market feasibility of the project, the study of production and
organizational support, the analysis of financial efficiency and the assessment of risks.
This approach allows taking into account both the internal capabilities of the enterprise
and external factors that affect the success of the business project.

The key result of the study was the development of a business plan assessment
algorithm, which involves the sequential passage of six interrelated stages: initial
examination of the business plan, assessment of the marketing component, analysis of
the production and organizational component, assessment of financial efficiency, risk
analysis and integral assessment of results. The proposed algorithm ensures the
complexity of the analysis and allows minimizing the influence of subjective factors
when making a decision on the feasibility of implementing a business project. A feature
of the algorithm is the use of a system of indicators grouped by the main areas of
assessment, as well as the use of an integral indicator to form a general conclusion on
the quality of the business plan.

The study also confirmed the feasibility of using a multi-criteria approach to
evaluating business plans. Unlike traditional methods, which are mainly focused on
individual groups of indicators, the multi-criteria model allows you to simultaneously
take into account the financial, marketing, production, organizational and risk aspects
of project implementation. This provides a more objective assessment of the prospects
of the business plan and improves the quality of management decisions.

An important direction in the development of business plan assessment
methodology is the digitalization of analytical procedures. The use of modern digital
platforms, business analytics tools, Big Data technologies, artificial intelligence and
automated decision support systems allows to significantly increase the efficiency,
accuracy and reliability of the assessment. Digital technologies create the prerequisites
for automating the process of business plan analysis and provide the possibility of
rapid modeling of alternative project development scenarios.

The study paid special attention to the integration of ESG criteria into the business
plan assessment system. It was found that the modern requirements of investors and
international financial organizations are increasingly focused not only on the economic
efficiency of the project, but also on its environmental, social and management impact.
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Taking into account ESG factors allows assessing the long-term sustainability of the
business model, increasing the investment attractiveness of the project and ensuring its
compliance with the principles of sustainable development.

Thus, the proposed business plan evaluation algorithm forms a holistic
methodological basis for a comprehensive analysis of business projects and can be used
by enterprises, financial institutions, investors, government agencies and other
stakeholders when making decisions on financing and implementing business
initiatives. The practical implementation of the proposed approach will contribute to
improving the quality of business planning, reducing investment risks and more
efficient use of resources.

Prospects for further scientific research should be linked to the development of
adaptive models for evaluating business plans based on artificial intelligence
technologies, improving mechanisms for integrating ESG criteria into the business
planning process, and creating industry-specific assessment systems that take into
account the specifics of the functioning of enterprises in different sectors of the
economy. This will contribute to the formation of a modern system of support for
management decisions and increasing the efficiency of business project implementation
in the conditions of the digital economy and sustainable development.
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1.7. Financial Instruments for Ensuring Economic Recovery Under Global Challenges

The contemporary development of the economy is taking place under the
influence of complex and interrelated challenges that significantly change the
conditions under which national economic systems operate. Geopolitical tensions,
energy instability, inflationary pressure, limited investment resources, and rising
financial risks affect the behavior of the state, businesses, financial institutions, and
households. Under such circumstances, economic recovery acquires a broader meaning
than a simple return to previous levels of production, consumption, or investment
activity. It should be considered as a process of restoring financial stability, revitalizing
entrepreneurial activity, renewing production potential, strengthening investment
capacity, and creating the prerequisites for further economic development.

In this process, financial instruments acquire particular importance, as they ensure
the attraction, allocation, and targeted direction of resources to areas that are crucial for
restoring economic activity. Such instruments include budgetary, tax, banking,
investment, insurance, international, and digital mechanisms capable of supporting
business entities, stimulating business activity, reducing risks, and strengthening
macrofinancial stability. The effectiveness of their application is determined not so
much by the amount of funds raised as by the quality of financial policy, the
coordination of financial institutions, the availability of resources for the real sector, and
the economy’s ability to adapt to an unstable environment. Therefore, the study of
financial instruments for economic recovery is of considerable theoretical and practical
significance.

Economic recovery is a complex process of restoring the functional capacity of an
economic system after the impact of crisis factors that disrupt the normal course of
production, investment, employment, consumption, and financial circulation. In the
current context, this concept should not be reduced merely to the return of key
macroeconomic indicators to their previous levels. It refers to a broader process that
encompasses the restoration of economic linkages, the resource base, entrepreneurial
activity, institutional trust, and the economy’s ability to operate under new conditions.
Therefore, economic recovery should be viewed as a transitional stage between crisis
destabilization and the subsequent development of the economy.

In the academic literature, economic recovery is often analyzed in connection with
the consequences of large-scale crises, military conflicts, structural imbalances, and
external shocks. In particular, S. Ivanov, examining the experience of countries after
armed conflicts and wars, emphasizes that successful recovery is associated not merely
with the reconstruction of destroyed potential, but with the formation of a new

73



Modern Conditions of Development of Science,
Education and Production in the World - 2026

development model capable of ensuring employment, labor productivity, and long-
term economic dynamics [1]. This approach provides grounds for considering recovery
not as a technical reproduction of the previous state of the economy, but as a qualitative
renewal of its key structural elements.

It is also important to distinguish between the concepts of economic stabilization,
economic recovery, and economic growth, since they reflect different states of the
economic system. Economic stabilization involves reducing the intensity of crisis
manifestations, restraining macroeconomic imbalances, and ensuring a minimum level
of manageability of economic processes. Economic recovery is the next stage, during
which production, investment activity, business initiative, and financial and economic
linkages gradually revive. Economic growth, in turn, reflects a more stable positive
development trend, when the economy compensates for previous losses and creates
new opportunities for expanded reproduction. Thus, stabilization primarily answers
the question of how to prevent the crisis from deepening; recovery explains how to
return the economy to active functioning; and growth determines how to ensure its
further development.

A. Danylenko and H. Yershova, analyzing the post-war recovery of Ukraine’s
economy, emphasize that recovery processes should take into account current realities
together with the strategic objectives of the country’s future development. The
researchers highlight the importance of revising economic development priorities,
overcoming accumulated systemic problems, and creating the prerequisites for a
qualitative renewal of the economy [2]. This argument is important because it shows
that economic recovery has both a compensatory and a transformational character.

In the current context, economic recovery increasingly depends on the ability of
the economic system to adapt to global challenges. Such challenges alter the usual
conditions under which markets operate, influence the behavior of investors, the state,
businesses, and households, and raise the requirements for the resilience of economic
policy. Considering the conceptual foundations of post-war recovery, N. Pokrovska
emphasizes the need to take into account globalization changes, the European
integration vector, and the staged nature of economic reconstruction [3]. This
interpretation makes it possible to understand recovery as a process that should be
consistent, institutionally coordinated, and focused on the modernization of the socio-
economic system.

From a theoretical perspective, economic recovery requires a set of necessary
prerequisites. These include the preservation of basic economic governability, the
functioning of the production sector, the availability of labor potential, the institutional
capacity of the state, trust among economic actors, and an adequate level of financial
support. The latter prerequisite is of particular importance, since financial resources
create the capacity to maintain current activity, restore capital, implement investment
decisions, and gradually expand economic activity. Without a financial foundation,
recovery remains an intention rather than a real economic process.

At the same time, financial support should not be understood solely as the
availability of a certain amount of funds. Its meaning is broader and encompasses the
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economy’s capacity to generate, attract, allocate, and effectively use financial resources
in accordance with recovery priorities. Therefore, the role of the financial system is not
limited to financing individual needs; it also involves maintaining overall economic
equilibrium, trust, solvency, and predictability of the economic environment. In this
context, I. Lunina considers public finance an important element of the macroeconomic
policy of growth, emphasizing long-term sustainability, the solvency of the state, and
the role of budgetary resources in the development of the national economy [4].

Financial support is one of the key prerequisites for economic recovery, as it
affects the pace at which economic actors return to active operations, the extent to
which recovery processes are implemented, and the future quality of economic
development. When accessible resources are available, businesses are able to restore
production, maintain employment, make investments, and meet their financial
obligations. Conversely, limited financing narrows the space for recovery, increases
dependence on external support, and restrains the modernization of the economy. It is
important that financial resources be directed not toward the mechanical reproduction
of the previous economic model, but toward the formation of a more resilient,
productive, and adaptive economic system.

In this regard, the position of T. Yefymenko is particularly relevant, as she links
public finance management under martial law and post-war reconstruction with the
formation of internal foundations for the resilience and security of economic
development [5]. This approach makes it possible to view financial support not as an
auxiliary element, but as one of the fundamental conditions for restoring the economic
system. The point is that the financial sphere creates the basis for aligning the current
needs of the economy with the long-term objectives of its development.

Based on the analysis of the literature, it can be argued that economic recovery
under current conditions has a dual nature. On the one hand, it is aimed at overcoming
the consequences of crisis phenomena and restoring disrupted economic processes. On
the other hand, it creates an opportunity to reconsider the previous development
model, improve the effectiveness of economic policy, and strengthen the economy’s
resilience to future shocks. Therefore, recovery should not be limited to a short-term
response to a crisis; it should be regarded as a stage in the formation of a new quality of
the economic system.

Global challenges significantly change the conditions under which national
economies operate, as they increase uncertainty, complicate the forecasting of
macroeconomic dynamics, and raise risks for the state, businesses, and the financial
sector. Under conditions of relative stability, financial support for the economy is
usually based on the planned allocation of resources, predictable budget parameters,
accessible lending, and the gradual attraction of investment. In a period of global
instability, however, such a model loses sufficient effectiveness. Contemporary crises
are not isolated but interconnected: geopolitical conflicts affect energy markets, energy
shocks intensify inflationary pressure, inflation increases the cost of financial resources,
and the rising cost of capital limits investment activity and the possibilities for
economic recovery [6; 7]. For Ukraine, the impact of global challenges is combined with
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large-scale internal losses caused by the war. According to the RDNAS assessment, as of
the end of 2025, direct damage amounted to USD 195.1 billion, socio-economic losses
reached USD 666.7 billion, and total recovery and reconstruction needs over a ten-year
horizon were estimated at USD 587.7 billion [8]. This is equivalent to an average of
almost USD 58.8 billion annually over ten years, which demonstrates the scale of the
gap between recovery needs and available financial capacity.

The specific nature of modern global challenges lies in the fact that they
simultaneously affect the demand for financial resources and the possibilities for their
mobilization. On the one hand, crisis phenomena increase expenditures on economic
support, social stability, security, infrastructure restoration, and the functioning of
critical sectors. On the other hand, they narrow the financial base through a slowdown
in business activity, a decline in investment, reduced solvency of enterprises and
households, and the growth of debt burden. As a result, a contradiction emerges
between rising financial needs and limited possibilities for covering them, which
requires a revision of approaches to the financial support of the economy [9].

One of the most significant factors transforming financial support is geopolitical
instability. It increases the risk premium, complicates capital attraction, changes the
investment behavior of economic actors, and forces states to redirect financial resources
toward priority needs. Under such conditions, the traditional approach, in which
financial resources are allocated mainly according to established budgetary or
investment priorities, gives way to a more flexible model. This model must take into
account the dynamics of risks, the possibility of rapid resource reallocation, the need to
maintain liquidity, and the importance of preserving confidence in the financial system.

Inflationary pressure and the related increase in the cost of financial resources
represent an equally important challenge. Rising prices affect consumer demand and
investment decisions, as they increase business costs, reduce the predictability of cash
flows, and raise the cost of borrowing. Under these circumstances, financial support for
economic recovery cannot be limited to increasing the volume of financing [10]. The
quality of financial planning, the justification of priorities, the coordination of fiscal and
monetary policy, and the ability of the financial system to support economic activity
without deepening macrofinancial imbalances become particularly important.

Debt risks also have a significant impact on the logic of financing economic
development. During periods of crisis, the state is often forced to increase borrowing in
order to cover urgent needs; however, excessive debt burden limits the space for future
financial policy. This means that economic recovery requires more than additional
resources; it requires a balanced approach to their attraction and use. Financing should
be directed toward covering current deficits, creating conditions for expanding the
economic base, increasing budget revenues, stimulating entrepreneurship, and
strengthening the economy’s capacity to generate resources for development
independently.

Technological transformation has a distinct impact on the financial support of the
economy. The digitalization of financial relations accelerates the circulation of funds,
expands access to financial services, and increases the transparency of individual
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transactions. At the same time, it creates new risks related to cybersecurity, data
protection, digital inequality, and the regulation of emerging financial formats.
Therefore, under current conditions, the financial system must provide resource
support for the economy while adapting to a new technological reality. This changes
the very nature of financial support: it becomes more dynamic, information-intensive,
and dependent on the quality of digital infrastructure.

It should also be taken into account that global challenges have a cumulative
effect. Their impact is not limited to a particular sector or a short period of time. For
example, energy instability may simultaneously increase producers’ costs, intensify
inflation, reduce the competitiveness of products, and require additional investment in
modernization. Disruptions in logistics chains, in turn, complicate foreign trade, reduce
enterprise profitability, and affect budget revenues. Therefore, the financial support of
the economy should not be built on the principle of responding to a single specific risk,
but rather as a system capable of functioning under the simultaneous impact of several
shocks.

Financial instruments for ensuring economic recovery should be considered as a
set of interrelated financial means, mechanisms, and forms of resource provision aimed
at restoring economic activity, supporting business entities, stabilizing the financial
environment, and creating prerequisites for further development. Their content is not
limited to the financing of individual expenditures or programmes. Under current
conditions, financial instruments perform a broader function: they ensure the
mobilization of resources, their targeted allocation, the redistribution of risks, the
maintenance of liquidity, the stimulation of investment activity, and the strengthening
of confidence in the economic system.

Given the complexity of recovery processes, financial instruments should be
classified according to the sources of resource formation, implementing actors,
functional purpose, and the nature of their impact on the economy. This approach
makes it possible not merely to list individual instruments, but to determine their place
within the overall system of financial support. In World Bank studies, finance is
regarded as one of the key factors of post-crisis recovery, since it is the financial system
that provides support for households, businesses, the public sector, and investment
activity [11].

Given the multi-component nature of financial support for economic recovery, it is
important not only to identify individual financial instruments, but also to systematize
them according to their functional purpose. This approach makes it possible to show
through which channels financial resources can be mobilized, allocated, and directed
toward supporting economic activity. In this context, financial instruments should be
considered as a combination of fiscal, banking, investment, international, insurance,
and digital financial instruments, each group performing its own role in the process of
economic recovery. A generalized classification of financial instruments for ensuring
economic recovery is presented in Fig. 1.

Fiscal instruments occupy a fundamental place in the system of financial support
for economic recovery, since the state budget and tax policy form the initial financial
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response to crisis phenomena. During periods of instability, the state is required to
perform several tasks simultaneously: to maintain socio-economic stability, finance
critical expenditures, create conditions for business activity, and ensure the minimum
necessary level of investment in recovery. This group includes state targeted
programmes, budget transfers, subsidies, grants, tax incentives, state guarantees, and
compensation programmes for businesses. Their distinctive feature is that they have a
direct or indirect impact on the financial capacity of economic actors. For example,
budget transfers and grants may support specific sectors or territories, tax incentives
reduce the financial burden on enterprises, and state guarantees increase the possibility
of attracting borrowed resources. At the same time, the effectiveness of fiscal
instruments depends on their targeted nature, transparency of administration, and
capacity to generate a long-term economic effect. If such instruments are used only to
cover current deficits, their impact on recovery remains limited. Conversely, when
resources are directed toward supporting production, entrepreneurship, infrastructure,
and employment, they can generate a multiplier effect by strengthening the tax base
and stimulating future economic activity.

Fiscal instruments:

Banking instruments:
v state targeted

v’ bank lending;

Investment instruments:
v’ foreign direct

programmes; v preferential loan investment;
v budget transfers; programmes; v’ domestic private
v subsidies and grants; v’ credit guarantees; investment;

v’ tax incentives;
v/ state guarantees;
v/ compensation
programmes for
businesses.

v refinancing;

v’ financial leasing;
v" support for small and
medium-sized

enterprises.

v’ investment funds;
v' infrastructure
investment;

v’ portfolio investment;
v project finance.

o1

Financial instruments for
ensuring economic recovery

«— v -s

International financial
instruments:

v' loans from international
financial institutions;

v/ grant assistance;

v macro-financial support;
v' donor programmes;
v blended finance;

v’ technical assistance.

Insurance instruments:
v" insurance of business
risks;

v’ investment insurance;
v" insurance of war and
political risks;

v’ export transaction
insurance;

v’ guarantee-based
insurance mechanisms.

Digital financial
instruments.

v’ digital banking;
v fintech platforms;
v’ electronic
payments;

v’ digital lending
services;

v digital monitoring
of the use of financial
resources.

Fig. 1. Classification of Financial Instruments for Economic Recovery

Source: compiled by the author
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Banking instruments play an important role in ensuring economic recovery, since
the banking system is the main channel for redistributing financial resources among
savers, the state, businesses, and households. In crisis conditions, the importance of the
banking sector increases, as enterprises often require additional liquidity, working
capital financing, debt restructuring, or resources to restore their business operations.
Banking instruments include bank lending, preferential loan programmes, credit
guarantees, refinancing, financial leasing, and programmes to support small and
medium-sized businesses. A practical example of this approach in Ukraine is the state
programme “Affordable Loans 5-7-9%”, which aims to facilitate entrepreneurs’ access
to bank financing through interest rate compensation [12]. In addition, the programme
provides for the use of partial credit guarantees, which helps address the problem of
insufficient collateral on the part of borrowers. From an analytical perspective, banking
instruments have a dual nature. On the one hand, they directly support businesses by
providing access to financial resources. On the other hand, during periods of high
uncertainty, banks themselves become more cautious, tighten borrower requirements,
and limit lending due to rising risks. Therefore, the effectiveness of banking
instruments largely depends on combining market mechanisms with state or
international support, which makes it possible to partially compensate for risks and
stimulate lending activity.

Investment instruments provide the long-term foundation for economic recovery.
While budgetary and banking mechanisms are often aimed at stabilization and support
for current operations, investment instruments are associated with the modernization of
production, infrastructure renewal, technological development, and the formation of
the economy’s future competitiveness. This group includes foreign direct investment,
domestic private investment, investment funds, infrastructure investment, portfolio
investment, and project finance. Their common feature is their focus on creating or
restoring economic potential. Infrastructure investment and project finance are
particularly important in the context of recovery, as they allow resources to be directed
toward specific facilities or areas with a predictable economic effect. At the same time,
investment instruments are highly sensitive to risks. An investor assesses expected
profitability along with political stability, legal protection, currency risks, the condition
of the financial market, and the predictability of economic policy. Therefore, in order to
intensify investment in recovery, it is important to move beyond declaring the need for
capital and to create conditions for its safe and effective use.

International financial instruments become particularly important when domestic
resources are insufficient to ensure full-scale recovery. They may take the form of loans
from international financial institutions, grant assistance, macro-financial support,
donor programmes, blended finance, and technical assistance. Their role is to expand
the volume of available financial resources while also supporting macrofinancial
stability, reforms, institutional capacity, and the confidence of foreign investors. For
Ukraine, one of the key contemporary examples of an international financial instrument
is the Ukraine Facility, which provides up to EUR 50 billion of stable and predictable
European Union support for 2024-2027 aimed at recovery, reconstruction, and
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modernization [13]. This format of support demonstrates a shift from one-time
assistance to a medium-term financial mechanism that combines resource support with
reforms and strategic planning. Blended finance should be considered separately, as it
combines public, private, and donor resources. Its importance lies in its ability to reduce
risks for private investors and attract capital to areas that are important for
development but may be insufficiently attractive in terms of commercial profitability.

Insurance instruments are an important, although often underestimated,
component of financial support for economic recovery. Their purpose is to reduce the
impact of risks on the activities of businesses, investors, creditors, and other economic
actors. Under conditions of global instability, insurance performs both a compensatory
and a stimulating function: it increases the willingness of enterprises and investors to
participate in recovery processes. This group includes business risk insurance,
investment insurance, insurance against war and political risks, export transaction
insurance, and guarantee-based insurance mechanisms. Insurance against war and
political risks plays a particularly important role in the current environment, since these
risks are among the main factors restraining investment activity and long-term
financing. In Ukraine, since 2024, the Export Credit Agency has started accepting
applications for investment insurance against war and political risks, which is an
important step toward strengthening investor protection [14]. MIGA guarantees for war
risk insurance in Ukraine through a special trust fund supporting Ukraine’s
reconstruction and economy are also an important international mechanism [15]. This
confirms that insurance instruments are gradually becoming a systemic element of the
financial architecture of recovery rather than an auxiliary mechanism. Their use makes
it possible to compensate for potential losses and reduce barriers to attracting private
and foreign capital.

Digital financial instruments form a modern dimension of financial support for
economic recovery. Their emergence is associated with the development of digital
banking, fintech platforms, electronic payments, digital lending services,
crowdfunding, and digital systems for monitoring the use of financial resources.
Compared with traditional financial mechanisms, digital instruments provide greater
speed, accessibility, transparency, and flexibility in financial operations.

In the context of economic recovery, digital financial instruments have several
important advantages. First, they expand access to financial services for small
businesses and households. Second, they reduce transaction costs and the time required
to obtain financial resources. Third, they increase the transparency of cash flows, which
is especially important when significant amounts of domestic and international support
are involved. A World Bank study on fintech emphasizes that digital financial services
can play a significant role in maintaining active credit markets and contribute to a more
resilient and inclusive recovery. At the same time, digital financial instruments should
not be idealized. Their effectiveness depends on the level of digital infrastructure, users’
tfinancial literacy, personal data protection, cybersecurity, and the quality of regulation.
Therefore, the digitalization of financial support should be viewed not as a replacement
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for traditional financial mechanisms, but as a way to modernize them and improve their
effectiveness.

Thus, the classification of financial instruments for ensuring economic recovery
makes it possible to form a comprehensive understanding of the various channels of
financial influence on the economy. Fiscal instruments create the basis for state support;
banking instruments provide businesses with access to resources; investment
instruments form the long-term foundation for development; international instruments
expand the resource capacity of the state; insurance instruments reduce risks; and
digital instruments increase the speed and transparency of financial processes. Their
effectiveness depends on integrated rather than isolated application, when individual
instruments complement one another and form a unified system of financial support for
€conomic recovery.

An analytical assessment of the financial prerequisites for economic recovery
should be carried out using Ukraine as an example, since its economy operates under
the combined influence of internal crisis factors and external global challenges. The
Ukrainian experience is indicative for studying the role of financial support in recovery
processes, as the need to restore economic activity is accompanied by a significant
budgetary burden, inflationary pressure, high risks for businesses, the need to attract
investment, dependence on international financial support, and the necessity of
maintaining macrofinancial stability. Therefore, the analysis of Ukraine’s key financial
and economic indicators makes it possible to assess the real resource potential of
economic recovery and to identify the constraints that affect the effectiveness of
financial instruments. In this context, particular importance is attached to the dynamics
of GDP, inflation, the state of public finances, debt burden, investment activity, bank
lending, and the scale of recovery needs. These indicators reflect the financial space of
the economy, its level of resilience, and its capacity to mobilize resources.

The real GDP growth of Ukraine in 2023-2025 characterizes a gradual but slowing
recovery of economic activity after a deep crisis decline. In 2023, real GDP increased by
5.5%, reflecting the adaptation of businesses, households, and the public sector to the
conditions of the full-scale war. In 2024, the growth rate declined to 3.2%, which was
associated with the deterioration of the security situation, the renewed electricity
deficit, lower harvests, and damage to production infrastructure. In 2025, real GDP
grew by 1.8%, confirming the continuation of positive dynamics while also indicating
the gradual exhaustion of the economy’s initial adaptive potential [16]. This trend
suggests that Ukraine’s economic recovery remains unstable and depends to a
considerable extent on domestic demand, budgetary support, investment activity, the
condition of energy infrastructure, and the security environment. Accordingly, the real
GDP indicator demonstrates the transition of the economy from a phase of rapid post-
crisis recovery to a stage of slower growth, in which the effectiveness of financial
support for recovery processes becomes critically important.

An analysis of the execution of the State Budget of Ukraine in 2022-2025 shows
that the financial prerequisites for economic recovery were formed under conditions of
significant pressure on public finances. In 2022, state budget revenues amounted to
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UAH 1,787 4 billion, while expenditures reached UAH 2,705.4 billion. This gap between
revenues and expenditures reflects the sharp increase in the budgetary burden during
the first year of the full-scale war, when the state had to rapidly redirect financial
resources toward defence, security, social payments, support for critical infrastructure,
and the maintenance of basic economic governability.

Subsequently, state budget revenues increased from UAH 2,672.0 billion in 2023 to
UAH 3,122.7 billion in 2024, and to UAH 3,834.2 billion in 2025. This trend indicates a
gradual expansion of the budget revenue base; however, it should not be interpreted
solely as a result of the recovery of domestic economic activity. Part of budgetary
stability during this period was ensured by external inflows and the specific conditions
under which the wartime economy functioned. Expenditures increased at a faster
absolute pace: from UAH 4,014.4 billion in 2023 to UAH 5,473.6 billion in 2025,
reflecting the continued high demand for state financing of defence, security, social
obligations, support for critical infrastructure, and the basic functions of public
administration. This forms the key contradiction in the budgetary support of recovery:
the state is expanding its resource base while simultaneously being forced to maintain
an exceptionally high level of expenditures.

Particular attention should be paid to the dynamics of the state budget deficit. In
2023, its amount was UAH 1,333.1 billion; in 2024, it reached UAH 1,358.5 billion; and
in 2025, it increased to UAH 1,635.8 billion. This means that Ukraine’s budgetary
system remained in deficit throughout the period under review, while financing
recovery largely depended on the state’s ability to attract additional resources. The ratio
of the deficit to budget revenues gradually decreased: from approximately 49.9% in
2023 to 43.5% in 2024 and 42.7% in 2025 [17]. This change may indicate a certain
improvement in the proportions between revenues and the deficit; however, the scale of
the deficit itself remains substantial and points to the limited capacity of domestic
financial resources to ensure full-scale economic recovery. In this context, the budget
functions not only as an instrument for redistributing financial resources, but also as a
mechanism for maintaining macrofinancial stability, without which the restoration of
production potential, investment activity, and socio-economic stability becomes more
difficult.

A separate element of the financial prerequisites for recovery is international grant
support. In 2023, revenues under the item “From the European Union, foreign
governments, international organizations, and donor institutions” amounted to UAH
433.6 billion; in 2024, they reached UAH 475.4 billion, while in 2025 their volume
decreased to UAH 174.9 billion. This demonstrates a change in the structure of external
support: in 2023-2024, grant revenues played a notable role in the formation of
budgetary resources, whereas in 2025 their share in state budget revenues declined
significantly [17]. This trend increases the importance of domestic revenue sources, debt
instruments, international credit financing, and greater efficiency of budget
expenditures. For economic recovery, this is of fundamental importance, since grants
reduce the debt burden, while credit financing creates future obligations for the budget.
Therefore, the sustainability of financial support for recovery depends on the total
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amount of resources attracted as well as on their structure, cost, maturity, and targeted
allocation.
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Figure 2. Dynamics of Revenues, Expenditures, and Deficit of the State Budget of

Ukraine in 2022-2025, UAH billion
Source: [17].

The persistence of a substantial state budget deficit brings the issue of debt burden
to the forefront, as it reflects the scale of additional financial resources attracted to
maintain economic resilience and support recovery processes. According to the
Ministry of Finance of Ukraine [18], total public and publicly guaranteed debt increased
from UAH 4.075 trillion in 2022 to UAH 5.520 trillion in 2023 and UAH 6.981 trillion in
2024, while its ratio to GDP rose from 77.8% to 83.3% and 91.2%, respectively. This
indicates a growing debt dependence of the budgetary system under the conditions of a
wartime economy and a significant state budget deficit. In 2025, this trend continued: as
of 31 December 2025, Ukraine’s public and publicly guaranteed debt amounted to UAH
9.0427 trillion, or USD 213.3 billion, which was 29.5% higher than at the end of 2024;
according to preliminary estimates, the debt-to-GDP ratio reached 98.4%. Such
dynamics should not be viewed solely as a consequence of fiscal imbalance, since in
2022-2025 debt resources performed a stabilizing function by financing critical
expenditures, maintaining budget liquidity, and partially compensating for the limited
domestic revenue base. At the same time, the debt structure demonstrates growing
dependence on external financing: the share of external debt in public debt increased
from 63% in 2022 to 72% in 2024, while at the end of 2025 around 75% of public and
publicly guaranteed debt consisted of external liabilities. A positive aspect is that a
significant share of these liabilities is concessional: in 2025, 66% of the debt consisted of
concessional loans from international financial institutions and foreign governments,
while the weighted average maturity increased to 13.37 years and the weighted average
cost of debt decreased to 4.55%. Thus, Ukraine’s debt burden has a dual character. On
the one hand, it reflects the objective need of the state to finance the deficit and
maintain economic resilience. On the other hand, it creates long-term risks for financial
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security related to the currency structure of debt, future debt servicing payments, and
dependence on the regularity of international support. Therefore, in the context of
economic recovery, the key issue is not only the volume of borrowed resources
attracted, but also their cost, maturity, sources of origin, and allocation to areas capable
of strengthening the country’s production, investment, and budgetary potential.

The increase in the budget deficit and debt burden indicates that economic
recovery cannot be ensured solely through public expenditures or external borrowing.
Under such conditions, the institutional capacity of the financial system becomes
particularly important, namely the ability of the state, the central bank, the banking
sector, the insurance market, international financial institutions, investors, and fintech
companies to coordinate the allocation of resources toward maintaining economic
activity. Financial institutions ensure the practical implementation of financial
instruments: they accumulate, redistribute, guarantee, insure, and control the
movement of financial resources. Academic studies devoted to corporate finance during
wartime emphasize the need for institutional support for financing post-war business
recovery, taking into account risks, limited own capital, and the need for enterprise
recapitalization [19].

The leading role in shaping the financial prerequisites for recovery belongs to the
state, since it determines budgetary priorities, tax conditions, guarantee mechanisms,
business support programmes, and directions for attracting international assistance. In
a wartime economy, the state effectively acts as a coordinator of financial flows,
directing resources toward defence, social stability, support for critical infrastructure,
and the gradual restoration of economic activity. Research on the financial support of
Ukraine’s economic development emphasizes that fiscal and financial stability, effective
attraction of public borrowing, rational allocation of financial resources, and the
effectiveness of state programmes for supporting entrepreneurship are important for
recovery. In this context, the state should not be viewed merely as an administrator of
budgetary funds; its function is to create rules under which other financial institutions
can operate predictably, responsibly, and with a focus on recovery outcomes.

The National Bank of Ukraine is an important institutional centre for ensuring
economic recovery. Its role lies in maintaining monetary stability, regulating the
banking system, ensuring the functioning of payment infrastructure, preserving
confidence in the national currency, and containing systemic risks. This is of
fundamental importance for recovery processes, since monetary instability complicates
lending, investment, and long-term financial planning. Commercial banks serve as the
main channel for business financing, as enterprises obtain working capital, investment
loans, leasing finance, guarantees, and payment services through the banking system.
During the recovery period, the role of banks increases, since businesses need rapid
access to resources for restoring production capacities, replenishing liquidity,
relocation, equipment modernization, and expansion of operations. At the same time,
banks remain sensitive to credit, collateral, and security risks; therefore, their activity
largely depends on state guarantees, compensation programmes, and the quality of the
regulatory environment.
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Insurance companies perform the function of risk reduction within the system of
economic recovery, without which it is difficult to stimulate private investment and
long-term lending. For Ukraine, this issue is of particular importance due to high war-
related, political, property, and operational risks. Investment insurance, business risk
insurance, export insurance, and guarantee-based insurance mechanisms create
conditions under which an investor or creditor can assess risks not as entirely uncertain,
but as risks that can be partially transferred to a specialized financial institution. In
contemporary Ukrainian studies, insurance of investments against war risks is
considered an important prerequisite for attracting capital investment and foreign
direct investment into Ukraine’s economy [20]. Therefore, in the recovery process, the
insurance market should be regarded not as an auxiliary element, but as an
infrastructural component of investment security.

International financial organizations and donor institutions occupy a separate
place in this system. Their role consists in providing loans, grants, macro-financial
support, technical assistance, guarantees, and blended finance. For Ukraine,
international support is a factor of budgetary resilience and a source of resources for
reforms, infrastructure restoration, social programmes, and macrofinancial stabilization.
Under current conditions, international financial institutions perform the role not of an
external supplement to the domestic financial system, but of one of its key stabilizers.
Investors ensure the transition from financial stabilization to economic development.
While budgetary and debt resources are often directed toward maintaining current
resilience, investment capital creates the basis for enterprise modernization, renewal of
fixed assets, technological development, job creation, and future growth of budget
revenues. However, investor activity depends on the protection of property rights,
transparency of rules, availability of risk insurance, the quality of the judicial system,
stability of the tax environment, and the existence of clear mechanisms for public-
private interaction. Therefore, the role of the state, banks, insurance companies, and
international partners in this area is interconnected: each of these actors reduces a
specific type of risk that influences investment decisions.

Fintech companies form the modern technological framework of financial support
for recovery. Their significance lies in improving access to financial services, developing
digital banking, electronic payments, online lending, digital identification,
crowdfunding models, and monitoring the movement of funds. During the recovery
period, this makes it possible to reduce transaction costs, accelerate access to financing,
and increase the transparency of resource use. At the same time, the development of
fintech requires high-quality regulation, cybersecurity, users’ financial literacy, and
personal data protection.

Thus, the role of financial institutions in ensuring economic recovery lies in the
formation of an integrated system of financial interaction. The state defines priorities
and provides guarantees; the central bank maintains monetary and banking stability;
commercial banks ensure the functioning of the credit channel; insurance companies
reduce risks; international financial organizations compensate for resource shortages
and support reforms; investors direct capital toward modernization; and fintech
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companies increase the speed and accessibility of financial services. The effectiveness of
this system depends on coordination among all participants, since the isolated use of
individual instruments cannot ensure sustainable recovery. It is institutional coherence
that transforms financial instruments from a set of separate mechanisms into an
effective architecture for Ukraine’s economic recovery.

An important aspect of further research on financial instruments for economic
recovery is the assessment of their effectiveness. Under current conditions, it is not
sufficient merely to identify the existence of certain financial mechanisms or the volume
of resources directed toward supporting the economy. What is more important is to
understand what economic effect these instruments generate, to what extent they
correspond to the real needs of economic actors, and whether they are capable of
ensuring a long-term strengthening of financial resilience. Therefore, financial
instruments should be analyzed not only in terms of resource provision, but also in
terms of their impact on the restoration of production activity, employment, investment
capacity, budget revenues, and institutional trust. Such an approach makes it possible
to move from the formal use of financial instruments to the assessment of their practical
value for economic recovery.

The issue of financing prioritization becomes particularly important. Under
conditions of limited resources, the state and financial institutions cannot support all
areas of economic activity to the same extent. This requires identifying those sectors in
which the use of financial resources can generate the greatest recovery effect. Such
sectors may include the production of high value-added goods, critical infrastructure,
energy resilience, logistics, the agro-industrial complex, the manufacturing industry,
export-oriented businesses, as well as small and medium-sized enterprises that provide
employment at the local level. Financing priorities should be determined not
administratively, but on the basis of an assessment of economic returns, the project’s
ability to generate income, create jobs, expand the tax base, and reduce dependence on
external support.

In this context, it is advisable to introduce a clearer system of criteria for selecting
recovery projects. Financing should be directed toward initiatives that have an
economic rationale, a transparent cost structure, realistic implementation timelines, and
a predictable outcome. It is important to assess not only the need for financing, but also
the project’s ability to generate a multiplier effect for related industries, territories, and
the labour market. For example, investment in the restoration of production
infrastructure may create demand for construction materials, transport services, energy
equipment, labour, and financial services. In this case, financial resources are not
limited to one-time cost coverage, but trigger broader economic activity.

Equally important is the consideration of risks when using financial instruments.
Economic recovery takes place under conditions of uncertainty; therefore, every
tinancial decision should be accompanied by an assessment of possible budgetary, debt,
currency, credit, investment, and operational risks. Ignoring such risks may lead to
inefficient use of funds, an increase in the debt burden, the accumulation of non-
performing loans, or a decline in confidence in state support programmes. Accordingly,
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financial instruments should be developed on the basis of a risk-oriented approach, in
which financing is combined with mechanisms of control, guarantees, insurance, and
responsibility of participants.

Separate attention should be paid to aligning the short-term and long-term
objectives of financial policy. In crisis conditions, a significant share of financial
resources is naturally directed toward covering urgent needs. However, excessive
concentration on current financing may restrain the structural renewal of the economy.
Therefore, it is important that even anti-crisis financial decisions be linked to future
development. Business support should not only preserve current operations, but also
create conditions for modernization. Budget expenditures should not merely ensure the
functioning of individual sectors, but should support those areas that strengthen
economic capacity. International financing should be used not only for stabilization, but
also for laying the foundations for self-sustaining economic growth.

An important condition for the effectiveness of financial instruments is improving
the quality of financial flow management. This concerns transparency in decision-
making, openness of information on the use of resources, a clear distribution of
responsibility among participants, and regular assessment of achieved results. In the
process of economic recovery, trust in financial institutions is as important as the
volume of available funds. When society, businesses, and international partners see that
financial resources are used purposefully, reasonably, and effectively, this increases
their willingness to continue participating in recovery processes. At the same time, low
transparency or weak control reduces the effectiveness of even substantial amounts of
financing.

Thus, the further improvement of financial instruments for economic recovery
should be based on a combination of resource-based, performance-oriented, and risk-
oriented approaches. Financial instruments should be assessed not only by the amount
of funds attracted, but primarily by their ability to generate economic returns, reduce
the vulnerability of the economy, support entrepreneurial activity, and form long-term
financial resilience. This logic makes it possible to regard the financial support of
recovery not as a tool of temporary assistance, but as a means of gradually shaping a
more resilient, productive, and adaptive economic system.

Improving the financial instruments of economic recovery should be based on a
transition from a predominantly reactive financing model to a more integrated and
strategically oriented system of financial support. In the current environment, it is
important that financial resources be directed primarily toward generating an economic
effect capable of strengthening production potential, expanding the tax base,
stimulating entrepreneurship, and reducing the economy’s dependence on external
sources of support. This requires a clear definition of financing priorities, a stronger link
between the allocation of resources and the results of their use, and the introduction of
continuous monitoring of the effectiveness of financial decisions.

One important direction should be the deepening of financial support for
businesses, primarily those economic entities capable of ensuring employment,
production, export potential, and local economic recovery. Preferential lending,
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guarantee mechanisms, and financial leasing should be oriented toward enterprises
whose activities generate a tangible economic result. Particular attention should be paid
to small and medium-sized businesses, since this sector responds more quickly to
changes in the market environment, supports self-employment, and forms the basis of
domestic economic activity. At the same time, business support should be linked to
economic feasibility, transparency in the use of funds, and the ability of enterprises to
restore or expand their economic activities.

The further development of financial instruments should be closely connected
with the activation of investment financing. Economic recovery requires capital directed
toward the modernization of production, renewal of fixed assets, infrastructure
development, energy resilience, and technological upgrading. For this purpose, it is
necessary to create a predictable investment environment in which investors have clear
entry rules, protection of invested capital, access to guarantee mechanisms, and the
ability to assess risks. Strengthening the role of project finance is appropriate, as it
allows resources to be directed toward specific economically justified projects with
defined sources of repayment, expected outcomes, and a control system.

An important condition for attracting private and foreign capital is the
development of risk insurance. In conditions of high uncertainty, insurance
mechanisms should perform the function of reducing barriers to investment and
lending activity. This concerns insurance against war, political, property, investment,
and export risks. The development of such instruments will make it possible to
transform part of the uncertainty into a manageable financial risk, thereby increasing
the willingness of investors and creditors to participate in recovery projects. This
requires a combination of the capacities of the national insurance market, state
guarantee mechanisms, and support from international institutions.

Improving the use of international financing is also of particular importance.
External support should be directed toward creating long-term prerequisites for
economic self-sufficiency. In this context, it is important to increase the share of grant
resources, expand the use of guarantees and blended finance, and channel international
funds into investment, infrastructure, and production projects. Credit resources should
be used for those areas capable of generating future economic returns, rather than
merely covering current expenditures. Such an approach would reduce the risks
associated with debt burden and increase the effectiveness of external financial support.

A promising direction for improving financial instruments is the digitalization of
financial monitoring. Significant volumes of budgetary, international, and investment
resources require a high level of transparency, accountability, and control. Digital
platforms should ensure the tracking of cash flows, the status of project
implementation, achieved results, and the compliance of expenditures with defined
objectives. This will strengthen the trust of society, businesses, and international
partners in the recovery process. In addition, digital solutions can reduce administrative
costs, accelerate financial decision-making, and improve the quality of recovery
programme management.
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The development of public-private partnership has significant potential, especially
in the areas of infrastructure, energy, logistics, industry, and socially important services.
This format makes it possible to combine the resources of the state and business,
distribute risks among participants, and attract private capital to the implementation of
socially significant projects. The effectiveness of public-private partnership will depend
on the transparency of procedures, the economic justification of projects, a clear
distribution of responsibilities, and the availability of mechanisms to protect the
interests of the parties involved. With proper institutional support, this instrument can
become one of the key channels for restoring infrastructure and production potential.

Improving the effectiveness of budgetary instruments should remain a central
element of the financial policy of recovery. Under conditions of limited resources,
budget financing should have a clearly defined targeted nature and be directed toward
areas that generate the greatest economic effect. Priority should be given to projects that
support production, employment, critical infrastructure, energy resilience,
entrepreneurship development, and the expansion of the domestic revenue base. It is
important to strengthen the evaluation of the effectiveness of budget programmes, since
the link between the resources spent and the economic results achieved will determine
the quality of financial support for recovery.

Thus, improving the financial instruments of economic recovery should involve a
coordinated combination of budgetary support, credit mechanisms, investment
financing, risk insurance, international assistance, digital monitoring, and public-
private partnership. Their effectiveness will be determined not by the number of
instruments applied, but by their ability to operate within a unified system, ensure the
rational use of resources, and form the long-term financial resilience of the economy.
This approach will make it possible to move from short-term financing of needs to the
formation of a financial foundation for qualitative economic recovery.

The practical implementation of the proposed directions for improving financial
instruments requires the formation of a clear management logic, within which financial
decisions are made not situationally, but on the basis of defined economic priorities,
efficiency criteria, and expected results. In the process of economic recovery, the ability
of the state and financial institutions to distinguish between expenditures that ensure
short-term support for the system and financing that generates a long-term economic
effect becomes particularly important. This makes it possible to avoid the dispersion of
resources and to direct them toward areas where they are capable of strengthening
production activity, investment capacity, employment, and future budget revenues.

In this context, it is advisable to introduce a consistent approach to the evaluation
of recovery projects. Its basis should not be the formal existence of a need for financing,
but the ability of a specific project to generate an economic result. This involves
assessing its impact on the development of entrepreneurship, job creation, expansion of
the tax base, productivity growth, restoration of critical infrastructure, and
strengthening of the financial resilience of territories. Such an approach makes it
possible to view financial instruments not as a mechanism for the mechanical
distribution of funds, but as a tool for managing economic change. Accordingly, every
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financial decision should be linked to a specific objective, an expected effect, and a
system of subsequent control.

It is also important to ensure coherence between different levels of financial
management. Economic recovery encompasses the national, sectoral, regional, and local
levels; therefore, the effectiveness of financial instruments depends on the extent to
which the actions of central government authorities, local self-government bodies, the
banking sector, insurance companies, international partners, and businesses are
coordinated. In the absence of such coordination, even sufficient volumes of financing
may fail to produce the expected result due to the duplication of programmes, unclear
distribution of responsibility, or the mismatch between financial support and the real
needs of economic actors. For this reason, the financial policy of recovery should be
based on a transparent distribution of powers, regular information exchange, and a
shared vision of priorities.

The issue of trust in the use of financial resources also requires particular
attention. Under conditions of significant demand for domestic and external financing,
trust becomes an important economic category, since it influences the willingness of
businesses to invest, banks to lend, international partners to provide support, and
society to perceive financial decisions as justified. Trust is formed through openness of
information, clear rules for access to financial resources, public reporting, independent
control, and real accountability for the inefficient use of funds. Therefore, transparency
should be regarded not as a formal requirement, but as a necessary condition for the
effectiveness of financial instruments.

At the same time, the financial policy of recovery should remain flexible. The
environment in which recovery takes place is characterized by a high degree of
variability; therefore, financial support instruments should be periodically reviewed
with regard to new risks, changes in business needs, the state of public finances,
investment activity, and international support. Excessive rigidity of financial
programmes may reduce their effectiveness, whereas adaptability makes it possible to
adjust financing mechanisms in a timely manner and direct resources to where they are
most needed. This is especially important for an economy affected simultaneously by
security, budgetary, debt, investment, and social challenges.

Thus, the practical significance of financial instruments for economic recovery is
determined not only by their availability, but also by the quality of management,
transparency of application, coordination of participants” actions, and their ability to
generate a measurable economic result. These conditions transform financial
instruments from separate support measures into an effective mechanism for restoring
economic activity and laying the foundations for future development.

The further effectiveness of economic recovery will be determined by the capacity
of the financial system to move beyond maintaining current resilience and toward the
formation of long-term sources of development. In this context, the quality of financial
decisions becomes particularly important: their validity, consistency with the real needs
of the economy, ability to create added value, and capacity to strengthen the country’s
internal potential. Financial resources should be directed to those areas where they can
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generate the greatest recovery effect: production, infrastructure, energy resilience,
entrepreneurship, innovation, and human capital. At the same time, it is important to
maintain a balance between the need for an operational response to current challenges
and the necessity of strategic planning, since excessive reliance on short-term financing
may increase the economy’s dependence on external support and limit opportunities
for future development. Therefore, financial instruments for economic recovery should
develop as a flexible, transparent, and institutionally coordinated system in which
budgetary, credit, investment, insurance, international, and digital mechanisms work
toward a common result. Under this approach, finance will perform not an auxiliary
but a strategic function, ensuring the transformation of available resources into
sustainable economic growth, strengthening confidence in financial institutions, and
creating the foundations for the qualitative renewal of the economy under conditions of
global instability.
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1.8. Staff Competency Development as a Foundation for
Enterprise Resilience to Change

Under the conditions of the modern economy, enterprise development
increasingly depends not only on the availability of material, financial, and
technological resources but, above all, on the quality of human capital and employees'
ability to respond effectively to changes in both the external and internal environment.
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Globalization, economic digitalization, the acceleration of technological innovation,
market volatility, geopolitical risks, the consequences of pandemics, and wartime
challenges have significantly transformed the operating environment of enterprises.
Under these circumstances, organizational resilience is determined less by static
competitive advantages than by the ability to adapt rapidly to new conditions, develop
innovative solutions, and ensure business continuity. In this context, employees play a
pivotal role, as their competencies constitute a key strategic resource for enterprise
development [16].

In contemporary academic literature, employee competencies are viewed as an
integrated set of characteristics encompassing knowledge, professional skills, practical
experience, personal attributes, values, motivation, and behavioral traits that enable
individuals to perform their professional responsibilities effectively and contribute to
the achievement of an organization's strategic objectives [13]. Unlike the traditional
approach to human resource management, the competency-based approach focuses not
only on employees' compliance with job requirements but also on their capacity for
continuous learning, professional development, innovation, and adaptation to change.
Consequently, competency development has become a critical factor in ensuring the
long-term competitiveness of enterprises.

Global practice demonstrates that enterprises that systematically invest in
employee competency development adapt more rapidly to changing market conditions,
implement digital technologies more successfully, execute innovation projects more
effectively, and achieve higher levels of labor productivity. Conversely, organizations
that pay insufficient attention to the development of human capital often experience
declining productivity, shortages of qualified personnel, increased employee turnover,
and a growing risk of losing their competitive position [12].

The issue of competency development has become particularly significant in the
context of the digital transformation of the economy. The widespread adoption of
artificial intelligence, production automation, big data analytics, cloud computing, and
digital platforms has fundamentally altered the competency requirements for
employees. Whereas professional expertise and specialized knowledge were previously
considered the primary prerequisites for effective performance, today's business
environment increasingly emphasizes digital literacy, analytical thinking, information
management skills, communication abilities, interdisciplinary collaboration, critical
thinking, creativity, change management capabilities, and a commitment to lifelong
learning. As a result, the concept of lifelong learning has become a fundamental
principle of contemporary human resource management.

Another important factor is the increasing uncertainty of the external
environment. Modern enterprises operate under conditions characterized by
continuous economic, social, political, and technological change, significantly increasing
the requirements for organizational resilience. Academic research defines
organizational resilience as an enterprise's ability not only to withstand adverse
external influences but also to adapt effectively, recover rapidly from crises, and
leverage change as a source of new development opportunities [10]. Employees
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represent the central element of such resilience, as they are capable of responding
promptly to emerging challenges, making effective managerial decisions, and ensuring
the continuity of organizational operations.

For Ukrainian enterprises, the development of employee competencies has
become particularly relevant. Martial law, structural changes in the economy, large-
scale business relocation, shortages of highly qualified professionals, intensified
migration processes, and the need for integration into the European economic area have
created fundamentally new challenges for human resource management. Under these
conditions, enterprises are compelled to reconsider their approaches to workforce
development, implement modern learning and development systems, expand the use of
digital tools for employee development, and foster a corporate culture that supports
continuous professional improvement [9].

In contemporary management theory, competency development is increasingly
regarded as an integral component of strategic enterprise management. This
perspective is based on the recognition that human capital constitutes one of the most
valuable intangible assets of an organization, capable of generating sustainable
competitive advantages. Unlike tangible resources, employee competencies are difficult
for competitors to replicate or imitate, making them a unique strategic asset of the
enterprise. Consequently, the modern resource-based view of the firm and the dynamic
capabilities theory place particular emphasis on human capital development as a key
determinant of enterprises' strategic adaptation to environmental change [3].

Significant contributions to the development of the competency-based approach
have been made by both international and Ukrainian scholars. Contemporary research
substantiates the need to shift from traditional personnel administration toward
strategic talent management, the development of competency models for positions, the
assessment of employees' professional potential, the enhancement of digital
competencies, and the establishment of corporate learning systems. Particular attention
is devoted to the development of soft skills, which facilitate effective employee
interaction, team management, innovation capability, and the successful functioning of
organizations under conditions of high uncertainty [1].

Contemporary international research confirms that competency gaps have become
one of the major barriers to the economic development of enterprises. According to the
forecasts of the World Economic Forum, a substantial proportion of the global
workforce will require reskilling or upskilling in the coming years due to the rapid
advancement of digital technologies, automation, and artificial intelligence. This
indicates that enterprises should move beyond occasional training initiatives and
establish comprehensive systems of continuous competency development integrated
into their overall organizational management strategies [5].

At the same time, employee competency development should not be regarded
solely as a tool for enhancing the professional qualifications of individual employees.
Under contemporary conditions, it constitutes an integral component of the enterprise's
strategic management system, as a competent workforce ensures the efficient utilization
of material, financial, informational, and technological resources. The development of
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the required competencies contributes to higher labor productivity, improved
managerial decision-making, enhanced innovation capacity, shorter adaptation periods
to new business conditions, and stronger competitive positions. In this context,
employee competencies represent not only individual characteristics but also a
significant element of organizational capability that determines an enterprise's capacity
for sustainable development and rapid response to external challenges [7].

The development of employees' digital competencies has become particularly
important, as these competencies are essential for the successful digital transformation
of business. The application of modern information and communication technologies,
automated management systems, digital platforms, cloud services, big data analytics,
and artificial intelligence requires employees not only to possess appropriate technical
expertise but also to demonstrate a willingness to continuously update their
professional competencies. The ability to rapidly master new digital tools has become
one of the key determinants of enterprise competitiveness in the digital economy.

Equally important are transferable competencies, commonly referred to as soft
skills, which facilitate effective interaction among employees, promote teamwork, and
enhance managerial effectiveness. These competencies include communication skills,
emotional intelligence, critical thinking, leadership, decision-making ability, conflict
management, creativity, responsibility, and adaptability. Academic research indicates
that the combination of professional expertise and well-developed transferable
competencies generates the greatest benefits for organizational development and
strengthens organizational resilience to change [4].

Approaches to employee learning and development have also undergone
substantial transformation. Whereas traditional professional development systems
primarily focused on the periodic completion of training courses, contemporary
competency development models are based on the principles of continuous learning,
personalized learning pathways, and the integration of formal, non-formal, and
informal learning. Corporate universities, digital learning platforms, distance learning
systems, microlearning, adaptive learning technologies, mentoring, coaching, and
mentorship programs have become increasingly widespread. These instruments enable
enterprises to develop the competencies required to meet their strategic objectives and
respond effectively to changing market conditions.

Effective competency development management requires the implementation of
modern methods for assessing employees' professional potential. The most widely
applied tools include competency frameworks, Assessment Centers, 360-degree
feedback, individual professional development plans, Performance Management
systems, HR analytics, and digital platforms for monitoring employee development.
The application of these approaches enables organizations to identify competency gaps
in a timely manner, forecast future training needs, and develop talent pools aligned
with the enterprise's strategic objectives.

Contemporary research increasingly emphasizes that employee competency
development should be integrated into the strategic change management system.
Organizational transformations, regardless of their scale, inevitably require employees
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to adapt to new operating conditions. Consequently, the successful implementation of
strategic change largely depends on employees' professional qualifications, their
readiness for innovation, openness to learning, and ability to work effectively under
conditions of uncertainty. Therefore, competency development serves as an important
mechanism for mitigating the risks associated with organizational change and ensuring
the long-term resilience of enterprises [8].

For Ukrainian enterprises, this issue has acquired particular significance in light of
the need for post-war economic recovery, industrial modernization, integration into the
European economic area, and the acceleration of digital transformation. The restoration
of the competitiveness of domestic businesses will largely depend on their ability to
develop modern human capital, establish effective competency development systems,
foster employees' innovative capacity, and ensure a high level of organizational
adaptability to new socio-economic conditions. Therefore, the study of employee
competency development as a foundation of enterprise resilience to change is timely,
highly relevant, and of considerable theoretical and practical significance.

At the current stage of the development of management theory and human
resource management, employee competencies are regarded as one of the key concepts
determining the quality of an enterprise's human capital and the effectiveness of its
operations. Despite the widespread use of this concept in both academic literature and
management practice, there is still no universally accepted definition among scholars.
This can be explained by the interdisciplinary nature of the concept of competency,
which has been examined within the fields of management, labor economics,
psychology, education, sociology, and organizational theory. Consequently,
contemporary academic approaches emphasize different dimensions of competencies,
including professional performance, occupational qualifications, behavioral
characteristics, learning capacity, adaptability, and value creation for the organization
[1].

Historically, the development of the competency-based approach is associated
with the work of the American psychologist David McClelland, who demonstrated that
traditional employee evaluation criteria based solely on educational attainment,
professional experience, or intelligence test scores do not provide reliable predictions of
job performance [14]. In contemporary research, the terms 'competence" and
"competency" are often used interchangeably; however, most scholars emphasize the
importance of distinguishing between them. Competence is generally understood as a
defined set of knowledge, skills, abilities, experience, behavioral patterns, and personal
characteristics required for the effective performance of professional functions.
Competency, in contrast, refers to an individual's actual ability to apply these
competencies in practice to achieve the desired outcomes. Thus, competence represents
the employee's potential, whereas competency reflects the extent to which this potential
is effectively realized in professional practice [6].

From the perspective of contemporary management, employee competencies
should be viewed as an integrated system of interrelated characteristics that enable
employees to perform professional tasks effectively, achieve the enterprise's strategic
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objectives, and create added value. This approach reflects a shift away from the narrow
interpretation of competencies as merely a combination of professional knowledge and
technical skills and instead encompasses cognitive, functional, social and
communication, ethical, and personal attributes. It is the comprehensive nature of these
competencies that determines employees' ability to perform effectively in highly
dynamic environments, make non-standard decisions, and contribute to the innovative
development of the organization [13].

Contemporary literature proposes several approaches to the classification of
employee competencies. The most widely adopted is the functional approach,
according to which competencies are categorized into professional, managerial, social,
personal, and digital competencies. Professional competencies comprise the specialized
knowledge, practical abilities, and technical skills required to perform specific job
functions. Their content depends directly on the nature of the profession, the industry
sector, and the employee's level of responsibility. These competencies constitute the
foundation of professional qualifications and ensure the quality and effectiveness of
operational processes within the enterprise [16].

Managerial competencies refer to the ability to organize team activities, make
managerial decisions, perform planning, coordination, control, and employee
motivation. They are essential not only for managers at different organizational levels
but also for professionals whose responsibilities include project implementation, team
leadership, or business process coordination. This group of competencies encompasses
strategic thinking, systems analysis, change management, risk management, leadership,
delegation of authority, and employee development [10].

Social competencies reflect an employee's ability to interact effectively with other
participants in the work process, maintain constructive communication, work
collaboratively in teams, resolve conflicts, and build cooperative relationships. In
contemporary organizations, the level of social competency development largely
determines the effectiveness of teamwork, the quality of internal communication, and
the efficiency of knowledge sharing among organizational units. These competencies
are particularly important in project-based organizations, where performance depends
on collaboration among specialists from different professional fields.

Personal competencies encompass the individual psychological characteristics that
influence employees' professional performance. These include responsibility, initiative,
self-organization, discipline, emotional resilience, the capacity for self-development,
creativity, entrepreneurship, and a results-oriented mindset. This group of
competencies largely determines employees' readiness for continuous professional
improvement, the acquisition of new knowledge, and effective performance under
conditions of uncertainty.

A separate category consists of digital competencies, whose importance has
increased substantially with the development of the digital economy. These
competencies include the ability to use modern digital technologies effectively, work
with information systems, analyze data, apply digital communication tools, utilize
cybersecurity practices, and integrate digital solutions into professional activities.
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Unlike occupation-specific professional competencies, digital competencies are
universal in nature and have become essential for employees across virtually all sectors
of economic activity [7].

Alongside the functional classification, the behavioral approach has gained
considerable prominence. According to this approach, competencies are understood as
a set of behavioral patterns that enable individuals to achieve high levels of job
performance. Within this framework, attention is focused not only on what employees
know but also on how they apply their knowledge in the course of performing their
professional duties. Behavioral indicators make it possible to assess objectively the level
of competency development, identify professional development needs, and design
individualized learning pathways for employees.

Contemporary scholars increasingly employ an integrated approach to
competency classification that combines professional, behavioral, digital, managerial,
and strategic characteristics of employees. This approach reflects the complex nature of
professional activity in modern organizations, where performance is determined not by
isolated knowledge or skills but by their interaction and by employees' ability to apply
their capabilities effectively across diverse work situations. This integrated
understanding of competencies now forms the basis of most international human
resource management models and is widely applied in the development of corporate
competency frameworks, employee assessment, career planning, and the design of
professional development programs.

The continued evolution of human resource management theory has led to the
emergence of the competency-based approach, which is now recognized as one of the
fundamental concepts of contemporary personnel management. Unlike the traditional
functional approach, which primarily focuses on the fulfillment of job responsibilities in
accordance with qualification requirements, the competency-based approach provides a
comprehensive assessment of employees' professional potential, their capacity to create
value for the organization, and their ability to contribute to the achievement of strategic
objectives. This approach is based on the understanding that enterprise performance
depends not only on employees' formal compliance with job requirements but, above
all, on the level of competency development, which can continuously evolve in
response to changes in the external environment and the strategic needs of the
organization [3].

The competency-based approach integrates all key human resource management
processes into a unified system. It is applied in workforce planning, job profile
development, recruitment and selection, performance evaluation, professional
development planning, succession planning, compensation system design, and career
management. In this way, competencies serve as a universal criterion that aligns human
resource processes with the strategic objectives of the enterprise. This approach
minimizes subjectivity in HR decision-making and enhances the effective utilization of
human capital.

An important feature of the competency-based approach is its focus on the future
needs of the organization. Whereas traditional human resource management systems
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primarily assess employees' current qualifications, the competency-based approach
emphasizes their potential for professional development and their ability to perform
new functions in the context of evolving business processes. Consequently,
competencies are regarded as a dynamic concept that continuously evolves under the
influence of technological progress, labor market developments, organizational
transformation, and emerging professional requirements [15].

Contemporary human resource management practice demonstrates that most
international companies use corporate competency frameworks as the foundation of
their HR policies. These frameworks specify the competencies required for different
categories of employees, establish competency assessment criteria and proficiency
levels, and ensure consistency in human resource management practices throughout the
organization. A distinctive feature of modern competency frameworks is their
flexibility, as they are regularly updated to reflect strategic changes, technological
innovations, and the evolving demands of the business environment [8].

International professional organizations have made significant contributions to the
advancement of the competency-based approach. In particular, the competency model
developed by the Society for Human Resource Management (SHRM) identifies eight
core competency domains for human resource professionals, including leadership,
ethical practice, critical evaluation, relationship management, business acumen, and
consultation. Similarly, the competency framework of the Chartered Institute of
Personnel and Development (CIPD) emphasizes professional expertise, leadership
capabilities, digital literacy, analytical thinking, and the promotion of a culture of
continuous learning. Despite differences in their structures, both frameworks are based
on the integration of professional, behavioral, and strategic competencies, reflecting
contemporary trends in human resource management.

An important direction in the evolution of the competency-based approach is the
implementation of international standards for human capital management. In
particular, ISO 30414 establishes a system of metrics for measuring human capital,
including indicators related to competency development, professional learning,
workforce productivity, employee engagement, and the effectiveness of human
resource processes. At the same time, ISO 30401 defines the principles for establishing
knowledge management systems that facilitate the creation, sharing, and effective
utilization of professional competencies within organizations. The application of these
standards supports the transition from intuitive personnel management to evidence-
based human capital management founded on objective indicators and analytical data.

In contemporary economic literature, employee competencies are increasingly
examined through the perspectives of the resource-based view of the firm and the
dynamic capabilities framework. According to these theoretical approaches, the unique
competencies of employees constitute the primary source of sustainable competitive
advantage because they are difficult for competitors to replicate. While tangible
resources can often be acquired or reproduced relatively quickly, competency
development requires long-term investment, continuous learning, accumulated
practical experience, and the establishment of an appropriate organizational culture.
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This characteristic underpins the strategic value of human capital as one of the most
important intangible assets of the enterprise [16].

The relationship between the level of employee competency development and
enterprise resilience is reflected in an organization's ability to operate effectively under
conditions of change, rapidly adapt its business processes, ensure business continuity,
and recover from crisis situations. In this context, resilience should not be equated with
maintaining the enterprise's existing state. Rather, in its contemporary interpretation,
resilience refers to an organization's capacity to sustain operational effectiveness
through timely adaptation to new conditions, the transformation of internal processes,
and the exploration of new development opportunities. Competent employees play a
central role in these processes, as they serve as the primary carriers of professional
knowledge, innovative ideas, and managerial expertise.

The enhancement of employee competencies has a direct impact on enterprise
competitiveness. This is reflected in higher labor productivity, reduced operating costs,
improved product and service quality, faster implementation of innovations, greater
customer orientation, and more efficient utilization of organizational resources.
Furthermore, a highly competent workforce facilitates the faster integration of new
employees, reduces the incidence of managerial errors, improves teamwork
effectiveness, and contributes to the development of a positive organizational culture.
Collectively, these factors generate sustainable competitive advantages that strengthen
the enterprise's long-term market position.

The relationship between employee competencies and the innovation capacity of
an enterprise is of particular importance. Employees possessing advanced professional,
digital, communication, and creative competencies are capable of generating innovative
ideas, participating in the implementation of innovation projects, optimizing business
processes, and facilitating the adoption of advanced technologies. Accordingly,
competency development should be regarded not merely as an instrument of
professional training but also as a key mechanism for building the enterprise's
innovation potential, thereby determining its capacity for long-term development in a
highly competitive environment.

The analysis of contemporary academic approaches leads to the conclusion that
employee competencies constitute a multidimensional socio-economic concept
encompassing professional knowledge, practical skills, behavioral characteristics,
digital capabilities, managerial potential, and personal attributes. The competency-
based approach integrates all human resource management functions into a unified
system oriented toward the achievement of the enterprise's strategic objectives. At the
same time, competency development forms the foundation of organizational resilience,
enhances the enterprise's adaptability to change, strengthens its competitive position,
and creates the conditions necessary for long-term innovation-driven growth.
Therefore, effective competency management should be regarded as one of the strategic
priorities of contemporary enterprise management.

Under current conditions, enterprise resilience is understood as a comprehensive
characteristic reflecting an organization's ability to maintain effective operations,
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achieve its strategic objectives, and ensure business continuity in a dynamic internal
and external environment. Unlike traditional approaches, which primarily associated
resilience with financial stability or economic security, contemporary management
theories conceptualize resilience as a multidimensional phenomenon encompassing
economic, organizational, human resource, technological, informational, and
innovation-related dimensions. This perspective is based on the recognition that
modern enterprises function as open socio-economic systems whose effectiveness
depends not only on the availability of resources but also on their ability to adapt
rapidly to emerging challenges, transform internal processes, and sustain development
even under crisis conditions.

The concept of organizational resilience has gained increasing prominence in the
academic literature as a framework for describing an enterprise's ability to anticipate
potential threats, respond to them in a timely manner, minimize the adverse effects of
crises, and leverage change as a source of future development. Within this framework,
employees are viewed not merely as performers of operational tasks but as active
contributors to organizational resilience who facilitate the generation of new
knowledge, the adaptation of business processes, the implementation of innovations,
and the maintenance of business continuity. Consequently, the development of
employee competencies has become a strategic priority for ensuring the long-term
sustainability and viability of enterprises.

The mechanism through which employee competencies influence enterprise
resilience is multidimensional. First, it is reflected in employees' ability to identify
changes in the external environment promptly, assess their potential impact on
organizational performance, and develop effective managerial responses. A high level
of professional competence ensures the efficient execution of operational processes,
while advanced analytical, communication, and managerial competencies enable the
coordination of organizational units, the rapid adaptation of business processes, and the
effective utilization of available resources. As a result, enterprises are better positioned
to mitigate the adverse effects of external challenges without experiencing substantial
declines in organizational performance.

One of the key mechanisms for strengthening organizational resilience is
organizational learning, which is understood as the systematic process of acquiring,
sharing, and applying knowledge throughout the enterprise. Unlike the individual
professional development of employees, organizational learning facilitates the creation
of collective competencies that become shared organizational resources. In this context,
knowledge ceases to be the exclusive asset of individual employees and is transformed
into a component of organizational capital, thereby significantly enhancing the
enterprise's capacity to adapt to change. For this reason, contemporary organizations
increasingly establish internal knowledge repositories, corporate universities, digital
learning platforms, and professional communities that promote continuous knowledge
exchange among employees [1].

Employees' capacity for adaptation plays a particularly important role in ensuring
organizational resilience. Employee adaptability is determined by the speed with which
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individuals acquire new knowledge, their willingness to modify established work
practices, their openness to innovation, and their ability to perform effectively under
conditions of uncertainty. However, adaptability does not emerge spontaneously;
rather, it is the result of systematic competency development, the cultivation of a
learning-oriented organizational culture, and the application of contemporary human
resource management practices. Enterprises that consistently develop employees'
adaptive capabilities are able to respond more rapidly to crises, accelerate the adoption
of new technologies, and reduce the risks associated with organizational change.

Another important factor contributing to organizational resilience is the
establishment of a culture of continuous learning. In contemporary academic literature,
such a culture is defined as a set of organizational values, behavioral norms, and
managerial practices that encourage the continuous professional development of
employees. Unlike traditional training, which is typically conducted on an occasional
basis, a culture of continuous learning integrates learning activities into the enterprise's
everyday business processes. This approach creates favorable conditions for the
continuous renewal of competencies in accordance with the organization's strategic
priorities, enhances workforce mobility, and facilitates the rapid dissemination of new
knowledge throughout the organization.

The effectiveness of knowledge management also has a substantial impact on
organizational resilience. Under contemporary conditions, competitive advantage is
derived not only from the creation of new knowledge but also from an organization's
ability to capture, organize, transfer, and utilize the intellectual capital of its workforce.
The loss of critical competencies resulting from employee turnover or inadequate
knowledge transfer can significantly undermine enterprise resilience. Consequently,
one of the strategic priorities of modern organizations is the implementation of
knowledge management systems that ensure the preservation of critical organizational
knowledge regardless of personnel changes.

Enterprise resilience also depends to a large extent on the interaction among
different groups of competencies. In practice, even a high level of professional expertise
does not guarantee effective organizational performance in the absence of
communication, digital, or managerial competencies. It is the synergistic combination of
these competencies that enables employees to respond rapidly to change, collaborate
effectively within cross-functional teams, support innovation, and contribute to the
strategic development of the enterprise.

To summarize the relationship between different competency groups and the key
dimensions of enterprise resilience, the information is presented in Table 1.

The findings presented in Table 1 indicate that no single competency group can
ensure organizational resilience independently. Rather, enterprise resilience is achieved
through the comprehensive development of complementary competencies that
collectively enable organizations to maintain operational stability, adapt effectively to
change, and create the conditions necessary for long-term strategic development.
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Table 1. - The Impact of Employee Competency Groups on

Enterprise Resilience

Competency Primary Area of Impact Contribution to Enterprise Resilience

Group

Professional Effective execution of operational and | Maintenance of operational stability
managerial processes

Digital Application of digital technologies and | Faster adaptation to technological
process automation change

Analytical Information analysis, risk forecasting, and | Improved  quality of managerial
evaluation of alternatives decision-making

Communication | Work coordination, knowledge sharing, | Enhanced alignment of business
and team collaboration processes

Leadership Change management and employee | Effective implementation of
motivation organizational transformation

Innovation Generation of new ideas and process | Creation of sustainable competitive
improvement advantages

Adaptive Rapid acquisition of new knowledge and | Reduced response time to changes in
technologies the external environment

Consequently, contemporary human resource management systems should focus
not on the development of isolated professional skills but on establishing a balanced
competency framework aligned with the enterprise's strategic priorities and the specific
characteristics of its business environment.

In a highly dynamic economic environment, particular importance is attached to
the development of competencies that directly enhance an enterprise's ability to
respond to change and sustain organizational performance. While professional
competencies provide the foundation for the effective execution of job responsibilities,
the conditions of digital transformation require competencies that promote
organizational agility and strategic flexibility. In particular, digital, managerial,
communication, leadership, and innovation competencies constitute the core
capabilities supporting organizational adaptability and determining the effectiveness of
strategic transformation.

Digital competencies have become one of the most rapidly evolving dimensions of
employee professional development. Their significance extends far beyond the ability to
use information and communication technologies. Contemporary employees are
expected to utilize digital platforms for organizing work processes, analyze information
using digital tools, operate automated systems, apply artificial intelligence technologies,
ensure information security, and collaborate effectively within digital environments.
Digital competency therefore contributes to the acceleration of business processes, the
reduction of operating costs, the improvement of managerial decision-making accuracy,
and the expansion of enterprises' capacity for innovation. At the same time, the
development of digital competencies must be continuous, as technological advances
occur at a much faster pace than the renewal of traditional professional knowledge.

Managerial competencies are equally important, as they enable the coordination of
organizational units, the efficient allocation of resources, and the achievement of the
enterprise's strategic objectives. Contemporary managers are expected not only to
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master the fundamental management functions of planning, organizing, motivating,
and controlling but also to operate effectively under conditions of high uncertainty,
rapidly assess risks, make well-informed decisions, and coordinate the activities of
cross-functional teams. Consequently, modern management theories increasingly
emphasize the development of strategic thinking, systems analysis, project
management, and data literacy as essential components of managerial competence.

Communication competencies also play a critical role in ensuring enterprise
resilience. In contemporary organizations, organizational effectiveness increasingly
depends on the quality of information exchange among employees, the speed of
knowledge sharing, the level of mutual trust, and the ability to collaborate across
functional boundaries. Poorly developed communication competencies may result in
duplication of tasks, an increased frequency of managerial errors, slower decision-
making processes, and inadequate coordination among organizational units.
Conversely, strong communication competencies facilitate the rapid exchange of
information, the development of a shared understanding of strategic objectives, and the
effective implementation of organizational change.

Leadership competencies have become particularly significant in the context of
business transformation. Contemporary leadership is increasingly focused not on
administrative control but on the ability to unite employees around common goals,
foster trust, encourage innovation, and create an environment that supports continuous
professional development. Leaders serve as catalysts for organizational change by
coordinating activities, managing conflicts effectively, motivating employees, and
cultivating an organizational culture oriented toward continuous improvement.
Research indicates that enterprises with highly developed leadership competencies
among their managers adapt more rapidly to crisis situations and demonstrate superior
organizational performance [2].

Change management competencies also play a vital role. These competencies
encompass the ability of employees and managers to assess the need for organizational
transformation, determine strategic priorities, anticipate potential consequences,
coordinate the implementation of change initiatives, and minimize employee resistance.
Effective change management requires well-developed capabilities in strategic
planning, crisis management, negotiation, teamwork, and communication. Together,
these competencies enable enterprises to transition smoothly to new operating models
while maintaining productivity and the quality of business processes.

Under contemporary conditions, enterprise competitiveness increasingly depends
on its ability to create, accumulate, and effectively utilize knowledge. This necessitates
the development of employees' innovation competencies, which are reflected in their
ability to generate new ideas, evaluate alternative solutions to complex problems,
implement advanced technologies, and improve business processes. Employees'
innovative capacity contributes not only to the development of new products and
services but also to the optimization of organizational structures, the improvement of
management systems, the enhancement of customer service quality, and the more
efficient utilization of organizational resources. Consequently, the development of
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innovation competencies has a direct impact on the long-term competitiveness of
enterprises.

The development of employee competencies produces a multiplier effect. The
enhancement of individual competencies not only improves the performance of
individual employees but also generates positive outcomes for the organization as a
whole. As a result, enterprises develop a comprehensive set of competitive advantages
reflected in higher labor productivity, improved product and service quality, reduced
operating costs, increased innovation activity, a stronger organizational culture, and a
higher level of organizational resilience.

The development of a balanced system of professional, digital, managerial,
communication, leadership, and innovation competencies creates the conditions
necessary for timely responses to changes in the external environment, enhances the
effective utilization of human capital, strengthens competitive positions, and ensures
the long-term resilience of the enterprise. Therefore, investment in employee
competency development should be regarded as a strategic management priority that
enables the creation of an adaptive, innovation-oriented, and competitive organization
capable of operating successfully in the context of contemporary economic
transformations.

Employee competency development is a systematic process that should be
integrated into the overall strategy of enterprise development. The effectiveness of such
a system is determined not by the number of training activities conducted but by the
organization's ability to ensure the continuous enhancement of employees' professional
capabilities in accordance with its strategic objectives, technological developments, and
business requirements. Consequently, contemporary enterprises are moving beyond
occasional training initiatives toward comprehensive competency development systems
that encompass planning, implementation, evaluation of learning outcomes, and their
integration into the broader human resource management system.

The development of an effective competency development system is based on the
principles of strategic alignment, continuous learning, individualization, adaptability,
practical relevance, and performance evaluation. Adherence to these principles ensures
the development of competencies that correspond to the enterprise's actual needs and
can be effectively applied in professional practice.

Corporate learning remains the primary instrument for competency development,
with its content directly aligned with the strategic objectives of the enterprise. Its focus
is determined not only by the requirements of specific job positions but also by the
organization's future development, digital transformation initiatives, and the need to
cultivate new competencies. The competency-based approach has become widely
adopted, involving the use of competency profiles to assess employees' qualifications
and design individualized professional development programs.

In the contemporary business environment, the processes of upskilling and
reskilling have become particularly important. Upskilling focuses on expanding and
deepening employees' existing competencies to enable them to perform more complex
tasks and work with emerging technologies. Reskilling, in contrast, involves the

105



Modern Conditions of Development of Science,
Education and Production in the World - 2026

acquisition of entirely new competencies required for changes in job responsibilities or
career transitions. Both approaches represent organizational responses to rapid
technological advancement, production automation, and the digital transformation of
the economy.

The effectiveness of competency development depends largely on the application
of contemporary approaches to adult learning. Practice-oriented learning methods,
including case studies, business simulations, project-based learning, training programs,
workshops, role-playing exercises, and the analysis of real business situations, are
considered particularly effective. These methods simultaneously support the
development of professional, communication, analytical, and managerial competencies.

Workplace learning (on-the-job learning) also occupies an important place within
contemporary competency development systems. This approach enables employees to
apply newly acquired knowledge immediately in their daily work, adapt more rapidly
to technological changes, and receive continuous feedback from supervisors and
colleagues. It is complemented by the 70-20-10 learning model, according to which the
majority of competencies are developed through practical work experience, a
substantial proportion through interaction with mentors and colleagues, while formal
education provides the foundational component of professional development.

Overall, contemporary competency development systems combine corporate
learning, the competency-based approach, upskilling, reskilling, workplace learning,
business simulations, project-based learning, training programs, and other practice-
oriented learning methods. Despite differences in their implementation, all of these
approaches share the common objective of ensuring the systematic development of
employee competencies in alignment with the enterprise's strategic needs. Their
greatest effectiveness is achieved through integrated application, which contributes to
the development of an adaptive, competitive, and change-ready workforce.

Alongside traditional forms of professional training, contemporary enterprises
increasingly implement individual employee development tools that support not only
the acquisition of new knowledge but also the development of practical experience,
managerial thinking, and the ability to perform effectively in non-routine situations.
One such tool is mentoring, which involves the systematic transfer of professional
knowledge and experience from a more experienced employee to a less experienced
colleague. Unlike conventional job instruction, mentoring is a long-term developmental
process aimed not only at facilitating professional adaptation but also at fostering
corporate values, organizational culture, and employees' professional identity.
Mentoring programs are particularly effective in onboarding new employees,
developing talent pools, and preparing future leaders.

Another important instrument for competency development is coaching, which
focuses on unlocking employees' potential by helping them establish professional goals,
identify effective ways to achieve them, and strengthen their capacity for independent
decision-making. Unlike mentoring, coaching does not involve the transfer of
predefined solutions or accumulated experience; instead, it is based on a collaborative
partnership between the coach and the employee. This approach promotes
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responsibility, critical thinking, self-management, and continuous professional self-
development. Consequently, coaching is increasingly employed to develop managerial,
leadership, and strategic competencies among managers at different organizational
levels.

Effective competency development cannot be achieved without a well-established
Knowledge Management system that supports the acquisition, organization,
dissemination, and utilization of the organization's intellectual resources. In the
contemporary business environment, knowledge has become a strategic organizational
asset, while its loss due to employee turnover or inadequate knowledge transfer may
negatively affect business continuity. For this reason, enterprises implement electronic
knowledge repositories, internal professional communities, digital libraries, corporate
forums, and systems for documenting best practices. These mechanisms provide
employees with continuous access to accumulated organizational knowledge regardless
of structural changes or personnel movements, thereby enhancing organizational
resilience to both internal and external challenges.

An important direction in the modernization of competency development systems
is the adoption of digital learning platforms. The most widely implemented solutions
are Learning Management Systems (LMS), which support the planning, delivery,
monitoring, and evaluation of employee learning activities. Their implementation
enables organizations to automate training processes, design individualized learning
programs, monitor course completion, and maintain comprehensive records of
employees' competency development. Furthermore, LMS platforms provide employees
with access to learning resources regardless of their physical location, making them
particularly valuable in remote and hybrid work environments [14].

Alongside LMS platforms, a new generation of learning technologies —Learning
Experience Platforms (LXP)—has gained increasing prominence in recent years. Unlike
traditional learning management systems, LXP platforms are designed to personalize
the learning experience by applying data analytics algorithms to generate
individualized recommendations for educational content. These recommendations take
into account employees' professional profiles, competency assessment results, career
aspirations, and previous learning experiences. As a result, employees are able to
design personalized learning pathways, thereby increasing both learning motivation
and the overall effectiveness of professional development.

The integration of artificial intelligence technologies into the learning process has
also had a substantial impact on employee competency development. Intelligent
systems can analyze employee performance, identify competency gaps, forecast future
learning needs, and automatically generate personalized development programs. In
addition, artificial intelligence is increasingly used to develop interactive simulations,
virtual training environments, adaptive assessments, and digital learning assistants that
provide immediate feedback and support continuous learning. These technologies
enhance the effectiveness of competency development by enabling greater
personalization of learning experiences and more efficient utilization of educational
resources.
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An important trend in contemporary human resource management is the
transition from standardized training programs to personalized professional
development pathways. This approach takes into account employees' individual
competency levels, the specific nature of their professional responsibilities, their career
development potential, and the strategic needs of the enterprise. Personalized learning
enhances the practical effectiveness of training, reduces the time required to acquire the
necessary competencies, and promotes the more efficient utilization of human capital.

Each of the contemporary competency development tools has its own advantages
and specific areas of application. The highest level of effectiveness is achieved when
these tools are implemented in an integrated manner. The combination of corporate
learning, mentoring, coaching, digital learning platforms, knowledge management
systems, and artificial intelligence technologies creates an integrated learning ecosystem
capable of supporting the continuous development of employee competencies in
alignment with the organization's strategic objectives.

A contemporary competency development system should be founded on the
principles of continuous learning, flexibility, personalization, and digital integration. Its
effectiveness should be evaluated not by the number of individual training activities
but by the organization's ability to establish a comprehensive professional development
ecosystem in which learning becomes an integral part of everyday work. The
implementation of modern competency development tools contributes to the formation
of adaptive human capital, enhances employees' readiness for organizational change,
strengthens the enterprise's competitive position, and supports its long-term resilience
in the context of digital transformation and a highly uncertain external environment.

The analysis of theoretical approaches and contemporary human resource
management practices demonstrates that ensuring enterprise resilience requires a
transition from isolated professional training initiatives to the establishment of a
comprehensive system of strategic competency management. Such a system should be
integrated into the overall strategic management framework of the enterprise and
ensure the alignment of human resource policies with the organization's long-term
objectives. Its primary purpose should extend beyond improving employees'
professional qualifications to include the development of the competencies required to
implement strategic transformation, enhance organizational adaptability, and
strengthen competitive advantage.

The establishment of a strategic competency management system should be
viewed as a continuous cycle of interconnected processes encompassing the definition
of the enterprise's strategic development objectives, forecasting future competency
requirements, assessing the existing human capital base, identifying competency gaps,
designing professional development programs, implementing learning initiatives, and
evaluating their effectiveness. This approach ensures the systematic management of
competencies and enables the timely adaptation of the workforce to changes in the
external environment.

An important component of the proposed system is the development of a
corporate competency framework. This framework should define the key competencies
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required to achieve the enterprise's strategic objectives, establish the expected
proficiency levels for different categories of employees, and include clearly defined
behavioral indicators for competency assessment. The use of a unified competency
framework ensures consistency across recruitment, onboarding, performance
evaluation, learning and development, career management, and succession planning
processes, thereby improving the transparency of human resource decisions and
promoting the more effective utilization of human capital.

Given the rapid evolution of technologies and business models, corporate
competency frameworks should be reviewed and updated regularly. The revision of
key competencies should reflect changes in the enterprise's strategic priorities, advances
in digital technologies, transformations in the labor market, and the emergence of new
professional requirements. Such an approach ensures that the competency development
system remains relevant and enables organizations to respond proactively to external
challenges.

A fundamental prerequisite for effective employee development is the systematic
assessment of competency levels. The purpose of such assessment should extend
beyond determining employees' current professional qualifications to identifying their
potential for further development, forecasting future learning needs, and designing
individualized professional development plans. Competency assessment should be
conducted using a comprehensive approach that combines both quantitative and
qualitative methods.

In contemporary human resource management practice, the most effective
approach involves combining several assessment methods, including competency-
based interviews, 360-degree feedback, Assessment Centers, performance evaluation,
professional and digital competency testing, employee self-assessment, and expert
evaluation by supervisors. The integrated use of these methods provides objective
information about employees' strengths, identifies areas for further development, and
reduces subjectivity in human resource decision-making.

Particular attention should be devoted to competency gap analysis. Comparing
employees' actual competency levels with those required to achieve the enterprise's
strategic objectives makes it possible to identify priority areas for learning and
development and to allocate resources for employee development more efficiently. This
approach increases the relevance of learning programs while improving their overall
cost-effectiveness.

An important recommendation is the integration of competency development into
the enterprise's strategic management process. In practice, employee development often
remains the responsibility of the human resource department and is insufficiently
connected with strategic planning activities. To enhance management effectiveness,
competency development indicators should be incorporated into the enterprise's key
performance indicators (KPIs), digital transformation programs, organizational
development plans, and investment projects.

Integrating the competency-based approach into strategic management also
requires the application of HR analytics to forecast future competency needs, evaluate
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the effectiveness of learning initiatives, and analyze the impact of employee
development on organizational performance. The use of analytical tools enables
evidence-based managerial decision-making, facilitates the early identification of
competency shortages, and improves the return on investment in human capital.

To ensure long-term organizational resilience, enterprises should cultivate a
culture of continuous professional development that encourages employees to engage
in self-directed learning, share knowledge, and participate actively in the improvement
of business processes. Achieving this objective requires strong leadership support, the
creation of a favorable learning environment, the implementation of modern digital
learning platforms, and the establishment of motivation and recognition systems that
acknowledge employees' professional achievements.

The findings of this study confirm that employee competency development
should be regarded not merely as a functional component of human resource
management but as a strategic prerequisite for enterprise resilience to change. Under
contemporary conditions, an organization's ability to develop employee competencies
proactively, foster a culture of continuous learning, and integrate the competency-based
approach into strategic management determines its capacity to adapt to emerging
challenges, utilize human capital effectively, maintain competitive advantage, and
achieve long-term sustainable development.
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1.9. Change Management in Enterprises: Impact on the Socio-Psychological Climate
of the Workforce and Stabilization Mechanisms

In the context of today's economic development, enterprises operate in an
environment characterized by continuous change driven by the acceleration of digital
transformation, market globalization, economic instability, a shortage of qualified
personnel, and the need to adapt to the consequences of military conflict. For Ukrainian
enterprises, these challenges are further exacerbated by the destruction of production
and logistics infrastructure, business relocation, changes in employment patterns,
intensified competition for human capital, and the necessity of ensuring business
continuity under conditions of heightened uncertainty. Under such circumstances,
traditional management approaches are no longer capable of providing the required
level of organizational effectiveness, thereby underscoring the need for a
comprehensive approach to organizational change management.

Today, change management is recognized as one of the key instruments for
ensuring the sustainable development of an enterprise, enhancing its adaptability, and
strengthening its competitiveness. Organizational change encompasses the
transformation of business processes, the digitalization of operations, the improvement
of human resource management systems, the development of corporate culture, and the
implementation of innovations. At the same time, the success of such transformations
depends not only on economic or technological factors but also on employees'
willingness to embrace change, their level of motivation, trust in management, and
ability to adapt to new working conditions. Therefore, effective change management
should integrate organizational, economic, and socio-psychological mechanisms that
help minimize employee resistance and foster positive attitudes toward organizational
transformation processes [4; §; 10].

Particular importance in the implementation of organizational change is attached
to the socio-psychological climate of the workforce, which is one of the key
determinants of enterprise performance. A favorable socio-psychological climate fosters
an atmosphere of mutual trust, openness, cooperation, and support, enhances employee
motivation, improves labor productivity, strengthens teamwork, and reduces the level
of workplace conflict. Conversely, an unfavorable psychological climate, which often
arises during large-scale organizational transformations, may lead to resistance to
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change, professional burnout, reduced employee engagement, and a decline in
organizational performance [1; 9; 12].

In the context of war and post-war recovery, maintaining a stable socio-
psychological climate has become particularly important. Employees face increased
levels of stress, psychological exhaustion, uncertainty about the future, and emotional
strain, all of which directly affect their work performance and their perception of
organizational change. Therefore, the implementation of modern mechanisms for
psychological support, the promotion of effective leadership, the development of a
strong corporate culture, the establishment of constructive internal communication, and
effective conflict management have become essential prerequisites for stabilizing the
socio-psychological climate and ensuring the successful implementation of
organizational change [3; 5].

Thus, the relevance of this study lies in the need to further develop the theoretical
foundations and practical approaches to organizational change management while
taking into account its impact on the socio-psychological climate of the workforce. The
development of effective mechanisms for stabilizing this climate will enhance employee
adaptability, reduce resistance to change, strengthen corporate culture, and contribute
to the sustainable development of enterprises operating under contemporary socio-
economic challenges.

In today's dynamic economic environment, effective change management has
become an integral component of strategic management, enabling enterprises to adapt
to both internal and external challenges, maintain competitiveness, and create favorable
conditions for long-term sustainable development.

Contemporary academic literature defines change management as a purposeful
and systematic process of planning, organizing, implementing, and controlling
organizational transformations aimed at adapting an enterprise to changes in its
internal and external environment. It encompasses not only the introduction of new
technologies, organizational structures, and business processes but also the
management of employee behavior, the development of positive attitudes toward
innovation, overcoming resistance to change, and ensuring effective interaction among
all participants in the transformation process. Such a comprehensive approach to
change management minimizes the risks associated with organizational transformation
while improving the overall effectiveness of its implementation [4].

The need for change management stems from the fact that a modern enterprise
operates as an open socio-economic system that continuously interacts with its external
environment. Changes in legislation, market conditions, technological development,
consumer behavior, and workforce availability all require timely and appropriate
managerial responses. At the same time, organizational change should not be viewed
solely as a response to crises, but rather as a strategic instrument for organizational
development, improving operational efficiency, and achieving the enterprise's long-
term objectives [8].

Scientific approaches to change management are based on various concepts that
explain the patterns of organizational transformation and employee behavior
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throughout the change process. Among the most widely recognized are Kurt Lewin's
Three-Stage Model, John Kotter's Eight-Step Model, Jetf Hiatt's ADKAR Model, and the
Organizational Development (OD) approach, which emphasizes the continuous
improvement of organizational performance through employee development and the
strengthening of corporate culture. Despite their conceptual differences, these
approaches share several common principles, including the need for systematic change
planning, effective communication, active employee involvement, and continuous
monitoring of implementation outcomes. Contemporary Ukrainian scholars also
emphasize that the application of change management models should take into account
the specific characteristics of an enterprise, the scale of organizational transformation,
and the influence of the external environment [10].

The implementation of organizational change is based on a number of
fundamental principles, among which systematicity, comprehensiveness, consistency,
adaptability, continuity, transparent communication, and a people-centered approach
are of particular importance. Adherence to these principles ensures that managerial
decisions are aligned with the enterprise's overall development strategy while
promoting the efficient use of available resources. In practice, organizational change
typically involves several interconnected stages, including identifying the need for
change, defining objectives and expected outcomes, developing a transformation
program, implementing planned initiatives, monitoring progress, and evaluating the
effectiveness of the measures undertaken.

An essential component of the change management process is the application of
appropriate managerial tools that facilitate the successful implementation of
organizational transformation. These tools include strategic planning, business process
reengineering, the digitalization of management processes, risk management, project
management, key performance indicator (KPI) monitoring systems, as well as modern
internal communication and employee training solutions. The effective use of these
instruments enables organizations to coordinate change initiatives, identify potential
deviations from planned objectives in a timely manner, and respond flexibly to
emerging challenges [8].

A particularly important role in organizational change management is played by
the leadership of the enterprise. Senior management defines the strategic direction of
development, formulates a vision for future transformation, allocates the necessary
resources, and creates conditions for effective cooperation among organizational units.
Leaders' ability to communicate openly, motivate employees, and foster an atmosphere
of trust largely determines the success of organizational change initiatives. At the same
time, employees should not be viewed merely as recipients of managerial decisions but
as active participants in the transformation process. The effectiveness of organizational
change depends significantly on their level of engagement, professional competence,
willingness to learn, and readiness to embrace innovation [2].

The theoretical foundations of change management indicate that the success of
organizational transformation depends not only on the appropriate selection of change
management models and implementation tools but also on management's ability to
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secure employee support and create favorable conditions for workforce adaptation to
new organizational requirements. Therefore, particular attention should be given to the
socio-psychological climate of the workforce as one of the key factors influencing both
the effectiveness of change management and the overall performance of the enterprise.

A deeper understanding of the theoretical foundations of change management
necessitates examining its impact on the socio-psychological climate of the workforce,
as the human factor is often the decisive determinant of the success or failure of
organizational transformation. Regardless of the scale of change, its implementation is
accompanied by modifications to established working conditions, interpersonal
relationships, the distribution of authority and responsibilities, and organizational
practices. These changes directly affect employees' psychological well-being,
motivation, and willingness to support managerial decisions.

The socio-psychological climate is a complex characteristic of a work collective
that reflects the quality of interpersonal relationships, the level of trust between
employees and management, the moral and psychological atmosphere, the degree of
team cohesion, mutual support, and employees' satisfaction with their working
conditions. Unlike organizational structure or management systems, the socio-
psychological climate develops gradually under the influence of managerial, social,
psychological, and cultural factors and serves as an important indicator of the quality of
an enterprise's internal environment. Researchers emphasize that a positive socio-
psychological climate contributes to higher labor productivity, encourages employee
initiative, strengthens corporate culture, and improves overall organizational
performance.

The socio-psychological climate is not a static phenomenon, as it continuously
evolves under the influence of both internal and external factors. One of the most
significant drivers of its transformation is organizational change, which alters
established patterns of interaction, professional roles, communication systems, and
routine work processes. When organizational changes are accompanied by transparent
communication, open leadership, and a fair distribution of responsibilities, they can
serve as a foundation for team development and organizational growth. Conversely,
inadequate preparation for change, the absence of clearly defined objectives, or a low
level of trust between employees and management often leads to a deterioration of the
socio-psychological climate, increased tension, and interpersonal conflicts [1].

The implementation of organizational change is almost invariably accompanied by
a range of psychological responses from employees, as any change disrupts established
work routines and requires adaptation to new conditions. The nature of these responses
depends on individual employee characteristics, professional competence, previous
experience with organizational change, leadership style, and the effectiveness of
internal communication. The most common reactions include uncertainty, anxiety, fear
of losing one's job or professional status, emotional strain, reduced self-confidence, and
a cautious attitude toward innovation. At the same time, when the change process is
effectively managed, employees may demonstrate genuine interest, professional
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growth, willingness to acquire new competencies, and active participation in the
implementation of managerial initiatives [3].

In the context of martial law, employees' psychological responses acquire
distinctive characteristics. High levels of emotional stress, persistent uncertainty,
security risks, forced displacement, and disruptions to everyday life intensify
occupational stress, anxiety, and emotional exhaustion. Under these circumstances, the
success of organizational change increasingly depends on management's ability to
maintain employees' psychological resilience, ensure transparent communication, and
foster an atmosphere of mutual support within the workforce.

Table 1. Factors Influencing the Socio-Psychological Climate during
Organizational Change

Positive factors Impact on the workforce Negative factors Consequences for the
workforce

Open and timely Increased trust in Insufficient information | Spread of rumors and

communication management and reduced increased anxiety

uncertainty

Democratic leadership
style

Development of
partnership-based
relationships

Authoritarian
leadership style

Distrust and
increased conflict

Employee involvement
in decision-making

Greater responsibility and
stronger support for
change

Exclusion of employees
from decision-making

Resistance to change

Fair motivation and
reward system

Higher job satisfaction

Unequal distribution of
workload and rewards

Demotivation and
reduced productivity

Psychological support
and employee training

Improved adaptation to
change

Lack of organizational
support

Stress and
professional burnout

Supportive corporate
culture

Stronger team cohesion

Weak organizational
culture

Deterioration of
employee interaction

Source: compiled by the author based on [1; 2; 7; 9; 11].

The data presented in Table 1 indicate that the nature of the socio-psychological
climate is largely determined by the quality of managerial decisions and the way
organizational change is implemented. Transparent communication, effective
leadership, fair motivation systems, and continuous employee support contribute to the
creation of a positive psychological environment that facilitates workforce adaptation to
new organizational conditions. Conversely, deficiencies in management practices,
informational uncertainty, and a lack of trust between employees and management
create conditions that undermine the moral and psychological atmosphere, thereby
complicating the successful implementation of organizational change.

One of the most common manifestations of a negative perception of organizational
transformation is resistance to change. In the academic literature, resistance to change is
defined as a set of conscious or unconscious behaviors exhibited by employees aimed at
preserving established working conditions and avoiding the uncertainty associated
with organizational innovations. The underlying causes of resistance may include an
insufficient understanding of the need for change, fear of job loss, doubts about one's
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professional competence, lack of trust in management, negative previous experiences,
insufficient motivation, or reluctance to move beyond familiar job responsibilities [4].

Resistance to change may take various forms, ranging from passive non-
compliance with new requirements, reduced productivity, avoidance of responsibility,
and the spread of negative attitudes to open conflicts, the sabotage of managerial
decisions, or employee turnover. Such behaviors may result in a deterioration of the
socio-psychological climate, increased staff turnover, reduced organizational trust,
disrupted internal communication, delays in the implementation of strategic initiatives,
and a decline in the enterprise's financial and operational performance. Therefore, the
timely identification of the causes of resistance and the application of appropriate
managerial and psychological interventions to overcome it constitute one of the key
challenges of contemporary management [8; 11].

The socio-psychological climate is one of the fundamental determinants of
successful organizational change, as it shapes team cohesion, employees' readiness to
embrace innovation, and the overall effectiveness of managerial decision-making.
Taking into account employees' psychological characteristics, responding promptly to
manifestations of resistance, and creating a supportive internal environment make it
possible to minimize the negative consequences of organizational transformation and
ensure the successful functioning of the enterprise. This, in turn, highlights the need to
examine practical mechanisms for stabilizing the socio-psychological climate that can
facilitate the effective implementation of organizational change and enhance
organizational resilience in the face of contemporary challenges.

The established relationship between organizational change and the socio-
psychological climate of the workforce demonstrates that the success of transformation
processes depends not only on the appropriateness of the enterprise's development
strategy but also on management's ability to maintain the stability of the organization's
internal environment. Consequently, particular attention should be paid to the
mechanisms for stabilizing the socio-psychological climate, as they create favorable
conditions for employee adaptation, reduce resistance to change, strengthen trust
between employees and management, and contribute to the effective implementation of
managerial decisions.

In contemporary human resource management practice, mechanisms for
stabilizing the socio-psychological climate are viewed as a comprehensive set of
organizational, psychological, communicative, and motivational measures designed to
support constructive interaction within the workforce and ensure employees'
psychological readiness for change. The implementation of these mechanisms helps
reduce uncertainty, prevent workplace conflicts, increase employee engagement, and
create favorable conditions for developing positive attitudes toward organizational
transformation.

Effective internal communication is of primary importance in the implementation
of organizational change. Open information exchange between management and
employees facilitates a timely understanding of the objectives, tasks, and expected
outcomes of organizational transformation. Transparency in managerial decision-
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making reduces uncertainty, prevents the spread of rumors, and fosters an atmosphere
of mutual trust. Particularly important is the establishment of two-way communication,
enabling employees to express their opinions, ask questions, receive feedback, and
actively participate in discussions regarding forthcoming changes [7].

Another important mechanism for stabilizing the socio-psychological climate is
employee involvement in managerial decision-making. Engaging employees in the
planning and implementation of organizational change increases their sense of
responsibility for the final outcomes, strengthens their commitment to the
organization's development, and reduces psychological barriers to innovation. Practical
experience demonstrates that employees are considerably more willing to support
change when they understand its necessity and have the opportunity to influence
certain aspects of its implementation [4].

Leadership also plays a crucial role in maintaining a positive socio-psychological
climate during periods of organizational transformation. Contemporary managers are
expected not only to organize and coordinate the change process but also to serve as
communicators, mentors, and motivators for their teams. Leadership qualities such as
openness, consistency, professional competence, and the ability to support employees
largely determine the level of organizational trust and the workforce's successful
adaptation to new working conditions.

Table 2. Key Mechanisms for Stabilizing the Socio-Psychological Climate
during Organizational Change

Mechanism Main purpose Expected outcome

Internal Timely information sharing and Increased trust and reduced uncertainty

communication feedback

Employee Participation in managerial Greater support for change and stronger

involvement decision-making sense of responsibility

Leadership Mentoring, coordination, and Improved team cohesion
employee support

Employee training Skills development and Faster adaptation to organizational change
professional learning

Motivation Financial and non-financial Higher labor productivity
incentives

Psychological Counseling and stress prevention | Reduced emotional strain

support

Corporate culture Development of shared Stronger teamwork and collaboration
organizational values

Source: compiled by the author based on [1; 2; 5; 7; 11].

Continuous employee training and competency development constitute an
essential component of successful organizational change. The introduction of new
technologies, digital tools, and modern work practices requires employees to
continuously update their knowledge and skills. Training not only enhances
professional competence but also reduces the anxiety associated with unfamiliar
working conditions, strengthens employees' confidence in their own capabilities, and
promotes a positive attitude toward organizational change.
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Alongside professional development, employee motivation, adaptation, and
psychological support remain essential instruments for stabilizing the socio-
psychological climate. An effective motivation system should incorporate not only
financial incentives but also opportunities for professional development, career
advancement, public recognition, and participation in managerial decision-making.
Particular attention should be devoted to onboarding programs for new employees,
psychological counseling, the development of emotional resilience, and the prevention
of occupational burnout, especially under conditions of martial law.

The development of a positive socio-psychological climate is impossible without
fostering a corporate culture based on the principles of openness, mutual respect,
partnership, and trust. Corporate culture shapes employees' patterns of behavior,
regulates interactions among organizational units, influences attitudes toward
innovation, and strengthens employees' organizational identity. As such, it creates
favorable conditions for supporting organizational change, enhancing teamwork, and
promoting shared responsibility for the enterprise's performance.

The stabilization of the socio-psychological climate is a continuous managerial
process that requires the integrated application of organizational, communicative,
psychological, and motivational mechanisms.

Table 3. Impact of Socio-Psychological Climate Stabilization Mechanisms on
Change Management Outcomes

Area of impact Primary mechanism Organizational outcome

Reducing resistance to change Internal communication and Greater support for
employee involvement organizational change

Employee adaptation Training and mentoring Shorter adaptation period

Increasing employee motivation | Financial and non-financial Higher productivity
incentives

Maintaining psychological Psychological support Reduced stress and workplace

resilience conflict

Building trust Corporate culture and leadership Stronger team cohesion

Improving change management | Integrated application of all Sustainable enterprise

effectiveness mechanisms development

Source: developed by the author based on [1; 2;5; 7; 9; 11].

Only their systematic combination can create an atmosphere of trust, enhance
employees' readiness for change, reduce resistance, and strengthen teamwork. Under
contemporary conditions, a human-centered approach to change management has
become one of the key prerequisites for improving enterprise competitiveness,
increasing organizational adaptability, and ensuring long-term sustainability.

The analysis of the theoretical foundations of change management, the
characteristics of the socio-psychological climate, and the mechanisms for its
stabilization demonstrates that the success of organizational transformation largely
depends on an enterprise's ability to align its strategic development objectives with
effective human resource management. The experience of contemporary organizations
confirms that even economically justified and technologically advanced changes may
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fail to achieve the expected outcomes if insufficient attention is paid to employees'
psychological readiness, the quality of internal communication, and the creation of a
supportive socio-psychological climate.

The experience of leading global companies indicates that change management is
no longer viewed as an isolated managerial function. Instead, it has become an integral
component of strategic management, human resource management, corporate culture,
and digital transformation initiatives. Consequently, improving the effectiveness of
organizational change requires the integrated application of modern human capital
management practices, digital technologies, employee motivation systems, and
continuous feedback mechanisms between management and employees. Such a
comprehensive approach enables enterprises to strengthen their adaptability to changes
in the external environment while maintaining high levels of employee engagement.

One of the key directions for improving change management is the integration of
HR policy into the overall enterprise management system. Whereas human resource
departments were previously focused primarily on personnel administration,
recruitment, and employee training, the contemporary concept of human resource
management assigns HR a strategic role in organizational development. HR
departments increasingly serve as coordinators of employee adaptation to change,
competency development, corporate culture enhancement, internal communication,
and the assessment of the socio-psychological climate.

The integration of HR policy into the change management system involves a
comprehensive set of interrelated measures. First and foremost, HR policies should be
aligned with the enterprise's strategic objectives. Workforce planning should take into
account long-term organizational development priorities, the introduction of new
technologies, the digitalization of business processes, and changes in organizational
structure. Under these conditions, strategic human resource planning becomes
particularly important, as it enables organizations to develop talent pipelines, anticipate
future competency requirements, and minimize the risks associated with shortages of
qualified personnel [10].

At the same time, an effective HR policy should focus not only on providing the
enterprise with an adequate workforce but also on unlocking the potential of every
employee. Organizational change is frequently accompanied by the need to acquire
new professional skills, adopt new working methods, or assume revised job
responsibilities. Under such circumstances, it is essential to establish a system of
continuous professional development that enables employees to upgrade their
qualifications, undergo reskilling, and acquire competencies related to modern digital
technologies.

A successful example of such an approach is provided by Microsoft, which,
during its large-scale digital transformation, introduced the concept of a "learn-it-all
culture" instead of the traditional "know-it-all' mindset. The company emphasized
continuous learning, the development of soft skills, openness to new knowledge, and
support for internal talent mobility. This approach significantly enhanced employees'
innovative capacity, accelerated their adaptation to technological change, and fostered a
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culture of continuous learning, ultimately contributing to the company's overall
organizational performance.

Another essential component of an integrated HR policy is the development of a
talent management system. Modern enterprises are increasingly shifting from
traditional personnel management toward human capital management, recognizing
employees as the organization's most valuable strategic resource. Consequently, HR
policy should encompass not only the attraction of highly qualified professionals but
also the creation of favorable conditions for their long-term professional development,
career advancement, and retention within the organization. Research indicates that
enterprises investing in employee development are more successful in implementing
organizational change and experience significantly lower levels of staff turnover [9].

The development of HR policy has become particularly important under
conditions of martial law. Ukrainian enterprises are facing large-scale employee
relocation, workforce mobilization, changes in employment structures, shortages of
highly qualified specialists, and considerable psychological pressure on work teams.
Under these circumstances, HR departments increasingly perform functions related to
employee psychological support, adaptation programs, the promotion of corporate
collaboration, and the strengthening of employees' emotional resilience [3].

Another important direction for improving the effectiveness of change
management is the use of modern digital communication tools. Business digitalization
has fundamentally transformed approaches to internal communication by enabling the
rapid exchange of information regardless of employees' physical location. Digital
communication has become especially important since the COVID-19 pandemic and,
subsequently, during the full-scale war in Ukraine, when a substantial proportion of
employees shifted to remote or hybrid work arrangements.

Modern digital platforms enable organizations to provide employees with timely
information regarding organizational change, conduct online meetings, training
sessions, and consultations, as well as maintain continuous feedback between
management and the workforce. Among the most widely used tools are Microsoft
Teams, Slack, Google Workspace, Zoom, corporate intranet portals, customer
relationship management (CRM) systems, human resource management (HRM)
platforms, and mobile applications designed for internal communication.

However, the effectiveness of digital communication depends not only on the
adoption of advanced software solutions. Equally important is the development of a
digital organizational culture characterized by common standards for information
exchange, transparent communication, managerial accessibility, and the continuous
enhancement of employees' digital competencies. Without these conditions, even the
most sophisticated information systems are unlikely to deliver the desired outcomes.

Particular attention should be given to the use of digital platforms in supporting
change management processes. Through corporate information systems, management
can communicate project progress, provide access to learning resources, conduct online
surveys, assess employee satisfaction, and obtain real-time feedback from the
workforce. These capabilities significantly enhance the transparency of organizational
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transformation, strengthen trust in managerial decisions, and facilitate the timely
identification of issues arising during the implementation of change initiatives.

A notable example is IBM, which extensively utilized internal digital platforms
during its digital transformation to communicate regularly with employees, conduct
electronic surveys, and analyze workforce sentiment. The information collected was
used by management to adjust managerial decisions promptly, thereby minimizing
resistance to change and maintaining a high level of employee engagement throughout
the implementation of strategic initiatives.

The integration of HR policy with modern digital communication tools provides a
solid foundation for effective change management, as it not only ensures efficient
information support throughout the transformation process but also creates favorable
conditions for employee development, strengthens trust between management and the
workforce, and enhances the organization's capacity to adapt to contemporary
challenges.

Another essential prerequisite for the successful implementation of organizational
change is the timely availability of reliable information regarding the socio-
psychological climate within the workforce. Because organizational transformation is
accompanied by changes in organizational structures, the redistribution of
responsibilities, the introduction of new technologies, and modifications to established
work practices, employees' psychological well-being continuously evolves throughout
the change process. Consequently, the assessment of the socio-psychological climate
should not be conducted on an occasional basis but should instead become an integral
component of the organization's strategic human resource management system.

Regular monitoring of the socio-psychological climate enables management to
identify, at an early stage, factors that negatively affect employee motivation, trust in
leadership, the quality of internal communication, and the effectiveness of teamwork.
Unlike traditional employee satisfaction assessments, contemporary monitoring
encompasses a much broader range of indicators. These include employee engagement,
psychological safety, readiness to support organizational change, trust in managers, the
quality of horizontal and vertical communication, the frequency of workplace conflicts,
levels of occupational burnout, and the overall assessment of corporate culture [9].

A comprehensive approach should be adopted when assessing the socio-
psychological climate by combining both quantitative and qualitative research methods.
The most commonly used instruments include anonymous employee surveys,
sociological questionnaires, individual interviews, focus groups, psychological
assessments, and the analysis of workforce indicators such as staff turnover,
absenteeism, labor productivity, and requests submitted to human resource
departments. The integrated use of these methods provides a more objective
understanding of the organization's internal environment and facilitates the
identification of areas requiring timely managerial intervention.

The monitoring of the socio-psychological climate becomes particularly important
during periods of large-scale organizational transformation. At this stage, it is essential
not only to assess the final outcomes of change initiatives but also to continuously
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evaluate employees' responses throughout each phase of implementation. Such an
approach enables management to identify early signs of psychological tension,
increasing workplace conflict, or the emergence of negative attitudes toward change
before these factors begin to adversely affect organizational performance [5].

Another important direction for improving change management is the assessment
of employees' readiness for organizational transformation. Practical experience
indicates that most difficulties encountered during the implementation of change arise
not from shortcomings in strategic decisions but rather from employees' insufficient
readiness to accept and implement them. Therefore, it is advisable to evaluate
employees' psychological, professional, and organizational readiness during the
planning stage of change initiatives.

Employee readiness for change can be defined as a multidimensional construct
encompassing employees' awareness of the necessity for transformation, positive
attitudes toward innovation, willingness to engage in professional learning, ability to
adapt to new working conditions, and trust in organizational leadership. A high level of
readiness facilitates the successful implementation of managerial decisions, whereas
insufficient readiness may result in either passive or active resistance to change.

The assessment of employees' readiness should be conducted across several
interrelated dimensions. First, it is important to determine employees' level of
awareness regarding the reasons for and objectives of the proposed changes. Equally
important is the evaluation of their professional competencies, willingness to acquire
new technological skills, level of motivation, and psychological resilience. Particular
attention should also be paid to assessing employees' trust in management, as this
factor significantly influences their perception of managerial decisions and their
willingness to support organizational transformation.

The experience of Toyota illustrates that the successful implementation of large-
scale production changes relies heavily on thorough employee preparation. Before
introducing new production processes, employees participate in specialized training
programs, engage in group discussions, contribute suggestions for process
improvement, and are given opportunities to evaluate the potential implications of
forthcoming changes. This approach helps reduce resistance to change while fostering
employees' sense of responsibility and commitment to the successful implementation of
managerial initiatives.

One of the most effective instruments for maintaining a positive socio-
psychological climate is the establishment of an efficient feedback system.
Contemporary approaches to human resource management increasingly reject the
traditional one-way communication model, in which information flows exclusively
from management to employees. Instead, organizations are adopting two-way
communication systems that facilitate the continuous exchange of information across all
levels of the organizational hierarchy.

A feedback system should operate on a continuous basis and involve all categories
of employees. It may be implemented through regular meetings between managers and
staff, digital suggestion platforms, corporate portals, anonymous surveys, internal
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discussion forums, individual consultations, and periodic employee interviews. A
crucial prerequisite for its effectiveness is the timely response of management to the
feedback received. When employees do not observe tangible outcomes resulting from
their participation, trust in the feedback system quickly diminishes.

A noteworthy example is the practice adopted by Unilever, which utilizes digital
platforms to regularly collect employee feedback regarding working conditions, the
effectiveness of managerial decisions, and the organization of work processes. The
collected information is analyzed in real time, enabling the company to identify
emerging issues promptly and make timely adjustments to various aspects of its human
resource management policies.

Alongside the development of communication systems, change risk management
has become an increasingly important component of organizational transformation.
Contemporary management theory defines change-related risks as potential factors
capable of negatively affecting the achievement of transformation objectives. These
risks include employee resistance, shortages of professional competencies, insufficient
financial resources, ineffective communication, conflicts between organizational units,
information barriers, employee psychological exhaustion, and inadequate managerial
support [5; 11].

Effective risk management should be implemented throughout every stage of
organizational change. Initially, organizations should identify potential risks, assess the
likelihood of their occurrence, and evaluate their possible impact on organizational
performance. The subsequent stage involves developing a comprehensive set of
preventive measures aimed at mitigating adverse consequences. It is equally important
to assign responsibility for risk monitoring, establish a system of early warning
indicators, and regularly review response plans in accordance with changes in the
external and internal environment.

Under martial law, the range of risks associated with organizational change
expands considerably. In addition to traditional organizational challenges, enterprises
face security threats, business relocation, disruptions in logistics, labor shortages, the
psychological consequences of prolonged stress, and the need to adapt rapidly to
changing economic conditions. Consequently, integrating psychological considerations
into the organizational risk management system has become particularly important.
The timely identification of signs of professional burnout, chronic fatigue, or emotional
exhaustion enables organizations to prevent the deterioration of the socio-psychological
climate and maintain employees' productivity and overall well-being [3; 6].

Particular attention should also be paid to the use of advanced digital analytics for
forecasting risks related to organizational change. Large international companies
increasingly employ Human Resources Analytics (HR Analytics) to assess employee
engagement, labor productivity, professional development, staff turnover, and job
satisfaction. Based on these analytical insights, management can identify potential
problems at an early stage, anticipate employees' responses to forthcoming changes,
and make more informed managerial decisions.
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The success of organizational change largely depends on the systematic and
integrated nature of managerial actions. Practical experience demonstrates that
organizations achieve the best outcomes when change management is viewed as a
continuous process embedded within the broader corporate governance system. Within
this approach, particular emphasis is placed on human capital development,
transparent internal communication, the strengthening of corporate culture, leadership
development, and the cultivation of an organizational environment founded on mutual
trust.

For Ukrainian enterprises operating under conditions of martial law and during
the post-war recovery period, these recommendations have particular practical
significance. The integration of contemporary HR management practices, digital
technologies, employee psychological support, continuous monitoring of the socio-
psychological climate, and systematic risk management can significantly enhance
organizational adaptability to external challenges, mitigate the adverse consequences of
organizational transformations, and contribute to the sustainable development and
long-term resilience of enterprises.

Improving the effectiveness of change management requires a comprehensive
approach that integrates strategic human resource management, the digitalization of
internal communications, continuous monitoring of the socio-psychological climate,
assessment of employees' readiness for change, an effective feedback system, and
proactive risk management. The implementation of these recommendations will
contribute to creating a supportive organizational environment, increasing employee
engagement in the change process, strengthening trust between employees and
management, and ensuring the long-term competitiveness of enterprises in the context
of dynamic socio-economic transformations.

Conclusions. In today's rapidly changing environment, change management has
become a prerequisite for ensuring the effective functioning and sustainable
development of enterprises. Increasing uncertainty, digital transformation, economic
instability, and wartime challenges require organizations not only to adopt new
managerial approaches but also to take into account the socio-psychological aspects of
workforce management.

The study has demonstrated that the socio-psychological climate is one of the key
determinants of successful organizational change implementation. Employees'
readiness to embrace change, their resistance to innovation, and the achievement of
intended organizational outcomes largely depend on the level of trust, the effectiveness
of internal communication, employee motivation, leadership, and the strength of the
corporate culture.

The findings substantiate that enhancing the effectiveness of change management
requires the integrated application of modern managerial mechanisms, including the
development of HR policies, improvement of internal communication systems,
continuous professional development of employees, regular monitoring of the socio-
psychological climate, the adoption of digital technologies, and the implementation of
effective feedback mechanisms. The integration of these elements strengthens
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organizational adaptability, increases employee engagement, and enhances
organizational resilience in an environment of continuous change.

Effective change management should be based on the integration of strategic
managerial decisions with a human-centered approach that considers employees'
needs, motivation, and psychological well-being. Such an approach creates favorable
conditions for fostering a positive socio-psychological climate, ensuring the successful
implementation of organizational transformations, and supporting the long-term
development and sustainability of the enterprise.
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1.10. Conceptualization of the Innovative Development of Agricultural Enterprises
Within the Framework of Scientific Approaches

Theoretical understanding of the innovative development of agricultural
enterprises requires an examination of the evolution of scientific approaches to
interpreting its essence, substantive characteristics, and formation patterns. The
contemporary understanding of this category has emerged as a result of the long-term
development of economic thought, within which innovation has been regarded as a
source of economic change, development as a process of quantitative growth and
qualitative transformation of an economic system, and agricultural production as a
specific environment for the creation, diffusion, and practical application of
innovations. The combination of these scientific perspectives has gradually contributed
to the formation of a comprehensive vision of enterprise innovative development as a
purposeful process of renewal based on the use of new knowledge, technologies,
management methods, organizational solutions, and market opportunities.

The need for an in-depth study of this issue is determined by the fact that the
innovative development of an agricultural enterprise cannot be reduced solely to
technical modernization or the implementation of individual new technologies. It
encompasses systemic changes in the production, organizational, managerial,
marketing, personnel, financial, and environmental components of enterprise activity.
At the same time, the nature and effectiveness of such changes are largely determined
by the specific features of agricultural production, including its dependence on natural
and climatic conditions, seasonality, the duration of production cycles, the biological
characteristics of agricultural products, the limited availability of land resources, and an
increased level of economic risk. Therefore, it is appropriate to consistently examine the
scientific propositions within which the concept of innovative development has evolved
- from classical theories of innovation to contemporary approaches that take into
account the sectoral characteristics of agricultural enterprises.

The concept of «innovation» constitutes the fundamental category for revealing
the content of innovative development. In scientific literature, it is characterized by
multidimensionality and combines procedural, result-oriented, functional, and
instrumental features. Historically, the term originates from the Latin word innovatio,
meaning renewal, change, or the introduction of something new. In the course of the
development of economic science, its meaning has expanded considerably - from the
designation of a specific technical novelty to a comprehensive category reflecting the
creation, implementation, diffusion, and commercialization of new solutions in various
spheres of economic activity [1].
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In its contemporary interpretation, innovation is not limited to the mere
emergence of novelty. Its defining features include practical implementation, the ability
to generate economic, social, technological, or environmental effects, and its orientation
toward strengthening the competitiveness of an economic entity. New ideas, scientific
developments, or technical solutions acquire the characteristics of innovation only
when they are introduced into production or management practice and produce
tangible results. This approach makes it possible to distinguish between an invention or
novelty and an innovation: a novelty represents a potentially new solution, whereas an
innovation is the result of its practical implementation and utilization.

The first fundamental approach to interpreting innovation in economic science is
generally associated with the concept developed by J. Schumpeter, who, in the first half
of the twentieth century, substantiated its understanding as a new combination of
production factors. The scholar identified five principal forms of innovation: the
creation of a new product or the improvement of its properties; the introduction of a
new method of production; the development of a new market; the use of a new source
of raw materials or semi-finished products; and the implementation of new forms of
business organization [1]. Within this approach, innovation is regarded not as an
accidental change but as a deliberate combination of resources capable of disrupting the
established state of an economic system and ensuring its transition to a qualitatively
new level of functioning.

A fundamentally important provision of J. Schumpeter’s concept is the recognition
of innovation as an internal driver of economic dynamics. New combinations of
production factors create the prerequisites for structural shifts, the emergence of new
types of economic activity, changes in the competitive positions of enterprises, and the
transformation of the market environment. The renewal of the economic system occurs
through the mechanism of “creative destruction,” whereby new technologies, products,
organizational models, and business practices gradually displace obsolete ones. For
agricultural enterprises, this process may take the form of a transition to resource-
saving technologies, the use of high-yielding crop varieties and animal breeds, the
digitalization of production processes, the implementation of precision agriculture, the
modernization of logistics, and changes in market interaction mechanisms.

The further development of the process-oriented understanding of innovation is
reflected in the works of B. Twiss. The scholar interpreted innovation not as a single
event or the final outcome of scientific and technological activity, but as a consistent
and manageable process encompassing the path from the emergence of an idea to its
practical implementation in the form of a product, technology, or service capable of
generating market value [3]. This approach emphasizes the interrelationship between
scientific research, the development of a new solution, its adoption in production,
commercialization, and diffusion among consumers.

The process-oriented interpretation is particularly important for studying the
innovative development of agricultural enterprises, since the implementation of
innovations in agriculture usually requires a prolonged period of preparation, testing,
and adaptation to specific natural and production conditions. The effectiveness of
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innovation depends not only on its technical characteristics but also on the availability
of financial, material, informational, and human resources, the readiness of personnel
for change, the level of managerial competence, and the enterprise’s ability to integrate
a new solution into the existing management system. Accordingly, the innovation
process in agriculture should be regarded as a set of interrelated stages, each of which
influences the final outcome and requires appropriate managerial support.

In the second half of the twentieth century, economic science witnessed a further
expansion of the content of the innovation concept, which was associated with its
interpretation in the context of entrepreneurship, strategic management, and the
formation of competitive advantages. One of the most influential theorists in this field,
P. Drucker, defined innovation as a specific instrument of entrepreneurship through
which change is transformed into new economic opportunities [4]. Accordingly,
innovativeness is associated not only with the creation of fundamentally new
technologies or products but also with an entrepreneur’s ability to identify changes in
the external environment in a timely manner, assess their potential, and use them for
business development.

As V. Naidiuk aptly observes, this interpretation reflects the instrumental
approach to understanding innovation, according to which its essence is determined
not merely by the presence of novelty but primarily by the possibility of transforming
change into a practically applicable economic opportunity [5]. From this perspective,
innovation acquires significance only when it is incorporated into entrepreneurial
activity and contributes to the creation of new value. Such value may be manifested in
the establishment of a new business, the development of a new service, the
modernization of an existing product, the formation of a new market offer, or the
emergence of promising areas of economic activity.

The instrumental approach therefore shifts the emphasis from novelty as an
abstract characteristic to the economic and managerial consequences of its practical
application. A new idea, scientific achievement, or technological solution does not
automatically become an innovation unless it is introduced into business processes and
produces a measurable effect. Accordingly, the defining features of innovation include
not only originality but also feasibility, practical applicability, economic relevance, and
the ability to generate benefits for the enterprise, consumers, and other stakeholders.

In this context, innovation serves as a mechanism for implementing
entrepreneurial initiative and converting uncertainty into development opportunities. It
enables enterprises to identify unmet consumer needs, create new market segments,
improve existing value propositions, and respond more flexibly to changes in demand.
Innovation may also facilitate market differentiation by allowing an enterprise to offer
products or services with improved characteristics, higher quality, lower costs, greater
convenience, or additional consumer value.

The instrumental interpretation is particularly important under conditions of
economic instability, rapid technological change, and intensifying competition. In such
an environment, enterprises are required not only to react to external changes but also
to anticipate them and deliberately shape their strategic responses. Innovation becomes
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a means of increasing organizational flexibility, reducing vulnerability to market
fluctuations, and strengthening the enterprise’s capacity to operate under uncertainty. It
also supports the timely adjustment of production, marketing, investment, and
management decisions to new technological, institutional, and consumer trends.

The instrumental approach has substantially broadened the conceptual
boundaries of innovation. It is increasingly viewed not only as an outcome of scientific
and technological progress but also as an instrument of strategic enterprise renewal.
This interpretation encompasses transformations that may affect production systems,
organizational structures, management models, business processes, communication
mechanisms, and relationships with external stakeholders. Consequently, innovation
may be technological, product-related, process-related, organizational, managerial,
marketing-oriented, social, or institutional in nature.

Within production activity, innovation may involve the implementation of new
machinery, automated systems, resource-efficient technologies, advanced materials, or
data-driven control methods. In management, it may be expressed through new
planning systems, decentralized decision-making, digital monitoring, project-based
approaches, or performance management tools. Marketing innovations may include
new distribution channels, digital communication platforms, personalized customer
interaction, and new methods of product positioning. Organizational innovations may
involve changes in the division of responsibilities, internal coordination, personnel
motivation, partnership arrangements, and mechanisms of knowledge exchange.

An equally important dimension concerns the interaction of enterprises with
suppliers, consumers, investors, research institutions, and public authorities.
Innovation may transform traditional business relationships by replacing linear supply
chains with more flexible networks of cooperation. It can also support the establishment
of long-term partnerships, joint research projects, shared digital platforms, and
collaborative forms of value creation. In this sense, innovation contributes not only to
the internal modernization of the enterprise but also to the reconfiguration of its
position within the broader economic environment.

For agricultural enterprises, the instrumental approach is especially relevant
because innovative development in this sector cannot be confined to the acquisition of
new machinery or the introduction of individual production technologies. It may
include the application of precision agriculture, digital monitoring systems, automated
irrigation, remote sensing, decision-support tools, and resource-saving production
methods. At the same time, it also encompasses the improvement of planning systems,
logistics, financial management, marketing, cooperation, personnel development, and
risk management.

Innovative development in agriculture may therefore be supported through the
introduction of digital platforms, the use of agricultural data, the modernization of
storage and processing systems, the development of direct sales channels, and the
integration of producers into value chains. It may also involve production
diversification, the introduction of new crop varieties and livestock breeds, the
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development of organic production, the implementation of circular-economy principles,
and entry into new domestic or international markets.

The strategic significance of innovation for agricultural enterprises is also
associated with the specific risks inherent in agricultural production. Dependence on
natural and climatic conditions, seasonality, biological production cycles, and
fluctuations in market prices increase the need for adaptive and risk-resilient solutions.
In this context, innovation becomes a means of improving forecasting, reducing
production losses, stabilizing yields, optimizing resource use, and strengthening the
enterprise’s ability to respond to external disruptions.

Thus, the evolution of scientific approaches to interpreting innovation
demonstrates a gradual transition from its narrow understanding as an isolated
technical novelty to a comprehensive vision of innovation as a process, a result, an
entrepreneurial instrument, and a factor of strategic transformation. The classical
approach emphasizes new combinations of production factors and their role in
economic dynamics. The process-oriented approach focuses on the sequence of stages
through which an idea is transformed into a practically applied solution. The
instrumental approach, in turn, highlights the capacity of innovation to create new
economic opportunities, strengthen competitiveness, and ensure enterprise renewal.

These approaches should not be viewed as mutually exclusive. On the contrary,
they complement one another and make it possible to reveal different aspects of the
same phenomenon. The classical interpretation explains the transformative nature of
innovation, the process-oriented approach clarifies the mechanisms of its creation and
implementation, while the instrumental approach emphasizes its practical and strategic
value. Their integration provides a more comprehensive theoretical understanding of
innovation and its role in enterprise development.

The synthesis of these provisions forms the conceptual basis for further
examination of the innovative development of agricultural enterprises as a systemic,
continuous, and purposeful process of qualitative renewal. Such development involves
not only the implementation of individual innovations but also the consistent
transformation of technologies, resources, management systems, organizational
structures, and market behavior. Its effectiveness depends on the enterprise’s ability to
integrate innovation into long-term strategic priorities and ensure coherence between
technological, economic, organizational, and institutional changes.

The subsequent expansion of scientific views on the essence of innovation was
associated with the gradual transition from a closed model of innovation activity to an
open approach. The closed model assumed that enterprises generated ideas, conducted
research, developed technologies, and commercialized new products primarily through
their own internal resources. Although this model contributed to the accumulation of
internal competencies, it also limited access to external knowledge, increased the cost of
innovation, and reduced the speed at which enterprises could respond to technological
and market change.

Under the open innovation model, the creation and implementation of
innovations are no longer confined to the internal capabilities of a single enterprise.
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Instead, they are based on active interaction with other participants in the economic and
innovation environment. Enterprises may obtain ideas, technologies, competencies, and
research results from external sources while simultaneously sharing or commercializing
those developments that cannot be fully utilized internally. Such interaction contributes
to a more efficient allocation of knowledge and resources and accelerates the
transformation of ideas into marketable solutions.

Studies devoted to the concept of open innovation demonstrate that an enterprise
cannot ensure sustainable innovative development by relying exclusively on its own
research potential and internal developments. The growing complexity of technologies,
the increasing cost of research, the shortening of product life cycles, and the rapid
diffusion of knowledge make isolated innovation activity progressively less effective.
To strengthen innovation capacity, enterprises should combine internal competencies
with external sources of knowledge and technological expertise [6; 7].

External knowledge may be obtained through cooperation with universities,
research institutions, technology centres, consulting organizations, suppliers,
customers, start-ups, and other enterprises. Such cooperation enables access to
specialized competencies, research infrastructure, experimental results, market
information, and technological solutions that would be difficult or costly to create
independently. It also allows enterprises to reduce uncertainty, share risks, and shorten
the period between idea generation and practical implementation.

Partnerships and network cooperation are therefore becoming essential
components of contemporary innovation activity. They may take the form of joint
research projects, strategic alliances, innovation clusters, public-private partnerships,
technology transfer agreements, contractual research, or shared digital platforms.
Through these mechanisms, enterprises are able to coordinate resources, exchange
knowledge, test new solutions, and jointly create products or services that reflect the
needs of different participants in the innovation process.

An important feature of open innovation is the increasing role of customers and
users in creating new solutions. Enterprises may involve consumers in identifying
problems, testing prototypes, evaluating product characteristics, and generating ideas
for improvement. This interaction makes it possible to reduce the gap between
technological capabilities and actual market demand. As a result, innovations become
more responsive to user needs and have a greater probability of successful
commercialization.

For agricultural enterprises, the transition to open innovation is particularly
significant because their innovation capacity is often constrained by limited financial
resources, insufficient research infrastructure, and unequal access to advanced
technologies. Cooperation with research institutions, advisory services, technology
providers, processing companies, financial organizations, and public authorities may
compensate for these limitations. It also creates opportunities for adapting scientific
developments to local production conditions and accelerating their diffusion across the
agricultural sector.
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Open innovation in agriculture may include the joint development of new crop
varieties, the testing of digital technologies, the introduction of resource-efficient
production systems, the creation of traceability platforms, and the implementation of
environmental solutions. Such cooperation may also facilitate access to investment,
specialized knowledge, market information, and international experience. Therefore,
the open innovation model expands the sources of enterprise renewal and strengthens
the integration of agricultural enterprises into broader innovation ecosystems.

Accordingly, the transition from closed to open innovation represents not merely a
change in the sources of knowledge but a transformation of the entire logic of
innovation management. The enterprise becomes part of a network in which innovation
emerges through the interaction of multiple actors, the combination of diverse
competencies, and the joint creation of value. This approach deepens the understanding
of innovative development as a collective, interorganizational, and ecosystem-based
process rather than an exclusively internal function of a single enterprise [6; 7].

These propositions were further developed in the works of M. Curley, who
associates the transformation of the open innovation concept with the emergence of the
Open Innovation 2.0 paradigm. Its content is determined by the transition from
individual partnerships to systemic and integrated cooperation among businesses,
research institutions, public authorities, civil society, and other participants in
innovation processes. The principal characteristics of this paradigm include
collaborative value creation, the development of innovation ecosystems, the use of
emerging technological opportunities, the integration of resources and competencies,
and an orientation toward the practical implementation of developed solutions [8].
From this perspective, innovation is viewed not only as the outcome of an individual
enterprise’s activity but also as the result of multilevel interaction among actors
involved in the creation, adaptation, diffusion, and commercialization of new
knowledge.

Contemporary international methodological approaches have made an important
contribution to specifying the content of the category of innovation. According to the
Oslo Manual 2018, an innovation is defined as a new or improved product or process
that differs significantly from the enterprise’s previous products or processes and has
already been made available to potential users or brought into use [9]. Therefore, the
mere generation of a new idea or the development of a promising solution is
insufficient for it to be recognized as an innovation. A necessary condition is the
practical application of such a solution or its introduction to the market.

The distinction made in the Oslo Manual 2018 between innovation and innovation
activity is of particular methodological importance. Innovation refers to a specific result
that has already been applied in practice, whereas innovation activity encompasses a set
of scientific, technological, organizational, financial, and commercial actions aimed at
developing, financing, implementing, and disseminating new solutions [9]. This
approach makes it possible to distinguish the achieved result from the processes,
resources, and activities that ensure its creation, testing, commercialization, and
practical use.
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In Ukrainian economic research, the category of innovation is predominantly
interpreted broadly, combining result-oriented and process-oriented dimensions. It
includes not only the outcomes of scientific and technological activity but also
purposeful transformations in the production, organizational, managerial, marketing,
and other functional areas of an enterprise. A. V. Hryshchenko, for instance, interprets
innovation, on the one hand, as the final outcome of the innovation process embodied
in a new or substantially improved product, method, or technology that is applied
within an enterprise and has market value. On the other hand, innovation is regarded
as a sequential process encompassing the stages from the development of a new
solution to its practical implementation and aimed at achieving economic, social, and
environmental effects [10].

A similar position is advanced by V. S. Naidiuk, who systematizes existing
interpretations of innovation according to functional, attributive, and object-based
approaches. The functional approach defines innovation as a process of change; the
attributive approach emphasizes novelty as its defining feature; and the object-based
approach presents innovation as a specific product, technology, process, or
organizational solution resulting from the practical implementation of new ideas [5].
The combination of these approaches confirms the multidimensional nature of the
category and demonstrates that it cannot be restricted to a single form of manifestation.

An important extension of this perspective is provided by O. H. But-Husaim, who
emphasizes that innovation should not be identified exclusively with technological
renewal. According to the researcher, innovation is simultaneously a socio-economic
phenomenon capable of transforming business models, organizational structures,
internal communication patterns, employee interactions, and managerial approaches
[11]. Consequently, the effects of innovation implementation may encompass not only
the production and technological sphere but also the organizational, human resource,
social, and institutional components of enterprise activity.

A broad interpretation of innovation is also incorporated into the Ukrainian legal
framework. According to the Law of Ukraine «On Innovation Activity» innovations
include newly created or improved competitive technologies, products, or services, as
well as organizational and technical solutions of a production, administrative,
commercial, or other nature, whose application substantially improves the structure
and quality of production and the social sphere [12]. This definition emphasizes the
practical application of innovations, their competitiveness, and their ability to generate
positive changes in economic and social activities.

The legislative interpretation confirms that innovation may take technological,
product-related, process-related, organizational, or managerial forms. The decisive
criterion for identifying an innovation is not only the presence of novelty but also the
achievement of a practical result manifested in improved product quality, enhanced
production processes, more efficient management, stronger competitive positions, or
better social conditions.

The synthesis of the scientific and regulatory provisions considered above
provides grounds for defining innovations as new or substantially improved products,
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technologies, production and management processes, organizational forms, and
business solutions that have been practically implemented in enterprise activities and
contribute to qualitative renewal. Their application promotes more efficient resource
utilization, the creation of competitive advantages, greater adaptability to changes in
the external environment, and the formation of prerequisites for long-term
development. From this perspective, innovations should be regarded as one of the key
drivers of enterprise transformation and the development of its capacity for systemic
and continuous growth.

With regard to the essence of the concept of «development» both Ukrainian and
international scholarly literature describe it as a multidimensional phenomenon
encompassing a set of transformations that enable an object or system to move toward a
qualitatively new and more advanced level of organization, functioning, and
performance [13]. Early reflections on development can be traced to the works of
ancient Greek philosophers, including Aristotle, Plato, and Democritus. However, their
interpretations were predominantly philosophical and contemplative and lacked a
clearly defined scientific and methodological foundation. Over time, the understanding
of development evolved within classical and historical schools of economic thought,
Marxism, institutionalism, Keynesianism, and neoclassical theory, gradually acquiring a
more structured conceptual and methodological framework [1].

Contemporary economic literature offers a broad range of interpretations of this
category. According to the Academic Explanatory Dictionary of the Ukrainian
Language, development is understood as a process of transition from one qualitative
state to another, accompanied by changes in the internal properties and characteristics
of a particular phenomenon or object [14]. This interpretation provides a conceptual
basis for economic research, in which development is associated not only with increases
in production volumes, income, or other quantitative indicators but also with more
profound structural transformations. These may include technological modernization,
the renewal of organizational forms, changes in employment patterns, and the
redistribution of resources among sectors of the economy.

From this perspective, development is not regarded as an automatic or exclusively
externally determined process. It presupposes the active involvement of economic
actors in creating competitive advantages, responding to global challenges, adapting
their activities to changing conditions, and ensuring sustainable economic progress [15].
Accordingly, the content of development combines quantitative growth with qualitative
transformation, while its results are reflected in changes in the structure, capabilities,
relationships, and performance of an economic system.

The position advanced by V. O. Zanora deserves particular attention. The scholar
interprets enterprise development as a sequence of purposeful transitions to a new
organizational level, determined by the combined influence of internal and external
factors and accompanied by qualitative and quantitative changes in the functioning of
the system [16]. This interpretation makes it possible to examine development
simultaneously as an achieved result and as a dynamic state that is continuously
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transformed under the influence of numerous economic, technological, organizational,
social, and institutional factors.

A similar scientific perspective is presented by O. V. Lopushynska, who defines
enterprise development as an integrated set of changes occurring both within the
internal environment of an enterprise and in its interaction with the external
environment [17]. Internal transformations may affect the organizational structure,
personnel, technologies, management mechanisms, corporate culture, information
flows, and the allocation of financial and material resources. External changes, in turn,
are associated with market conditions, competitive pressures, institutional
requirements, technological trends, stakeholder expectations, and other environmental
determinants. Such an interpretation emphasizes that enterprise development is formed
at the intersection of internal capabilities and external challenges. The author stresses
that effective development is possible only when the strategic objectives of the
enterprise are aligned with the tendencies and requirements of the external
environment and supported by adequate internal resources and managerial
competencies.

This approach also highlights the importance of maintaining a balance between
internal stability and external adaptability. An enterprise must preserve the integrity of
its organizational system while simultaneously introducing changes that enable it to
respond to market fluctuations, regulatory shifts, technological progress, and changes
in consumer behaviour. Consequently, development should not be regarded solely as
internal restructuring. It also involves the establishment of effective mechanisms for
interaction with suppliers, customers, investors, public authorities, research institutions,
and other stakeholders whose decisions may influence the enterprise’s long-term
prospects.

In turn, O. M. Vinichenko interprets enterprise development as a combination of
interrelated changes that ensure its gradual transition toward new states of functioning,
contribute to higher operational efficiency, and strengthen its capacity to adapt to
external conditions [18]. Under this approach, development is viewed as a continuous
movement rather than a single transformation or isolated managerial action. It is
manifested through the accumulation of changes that gradually alter the enterprise’s
internal configuration, strategic orientation, resource potential, technological
capabilities, and ability to respond to emerging challenges.

An important feature of this interpretation is the recognition of development as a
cumulative process. Individual changes may initially appear limited in scale, but their
interaction can generate significant structural and functional effects over time. For
example, the modernization of production technologies may require changes in staff
qualifications, management systems, logistics, financing mechanisms, and market
positioning. Therefore, the effectiveness of enterprise development depends on the
consistency of transformations and the degree to which they are coordinated within a
unified strategic framework.

The analysis of the existing scientific approaches provides grounds for defining
development as a dynamic, continuous, and purposeful process involving qualitative

135



Modern Conditions of Development of Science,
Education and Production in the World - 2026

and quantitative changes in all areas of enterprise activity and in its relationships with
the external environment. Quantitative changes may be reflected in the growth of
production volumes, income, market share, labour productivity, or investment
resources. Qualitative changes involve deeper transformations in technologies,
organizational structures, management systems, competencies, business models, and
the enterprise’s position within the market environment.

Such changes enable the enterprise to move toward a new state of functioning,
improve the efficiency of resource use and managerial decision-making, and enhance its
adaptability to changing economic conditions. Development therefore combines the
achievement of higher performance indicators with the transformation of the
enterprise’s internal characteristics and external interaction mechanisms. Its results are
manifested not only in economic growth but also in greater flexibility, resilience,
innovation capacity, and readiness to respond to emerging risks and opportunities.

This interpretation is particularly relevant in the context of innovative
development, where the enterprise’s transition to a qualitatively new level is directly
associated with its ability to generate, adopt, adapt, diffuse, and commercialize
innovations. Innovative development requires not only the availability of new ideas or
technologies but also the organizational capacity to transform them into practical
solutions. This includes the ability to assess innovation opportunities, mobilize
resources, manage implementation risks, train personnel, and integrate innovations into
existing production and management systems.

Unlike general development, which may result from a wide variety of internal and
external factors, innovative development is distinguished by the fact that innovations
serve as the principal source of qualitative transformation. In this case, the process
extends beyond the modernization of individual components of enterprise activity and
involves systemic changes based on the introduction of new technological,
organizational, managerial, marketing, digital, and market-oriented solutions.
Innovative development therefore affects not only production methods but also the
enterprise’s structure, business processes, management system, interaction with
partners and consumers, mechanisms for creating value, and approaches to strategic
decision-making.

At the same time, innovative development should not be reduced to the
mechanical introduction of new technologies. Its essence lies in the ability of an
enterprise to ensure the interconnection between innovation and strategic renewal. A
technological solution becomes a factor of development only when it contributes to
improved productivity, reduced costs, increased product quality, better market
responsiveness, or stronger competitive positions. Similarly, organizational or
managerial innovations acquire practical importance when they improve coordination,
accelerate decision-making, increase employee involvement, or enhance the efficiency
of resource allocation.

For this reason, contemporary economic research considers innovative enterprise
development an essential prerequisite for maintaining competitiveness, strengthening
adaptability, and ensuring long-term resilience under conditions of rapid and often
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unpredictable environmental change. The systematic implementation of innovations
allows an enterprise to respond more effectively to technological shifts, changing
consumer demand, intensified competition, resource constraints, institutional
transformations, and growing sustainability requirements. It also creates opportunities
for entering new markets, developing new products and services, and forming more
flexible business models.

The effectiveness of innovative development, however, depends on the
enterprise’s ability to integrate innovations into a coherent development strategy rather
than apply them as isolated, fragmented, or temporary measures. Strategic integration
involves defining innovation priorities, aligning them with long-term objectives,
ensuring appropriate financing, developing personnel competencies, creating
mechanisms for monitoring results, and adjusting innovation activities in response to
external change. Without such coordination, even potentially valuable innovations may
fail to produce sustainable economic and organizational effects.

A more comprehensive examination of the category of “innovative enterprise
development” requires consideration of the interpretations presented in contemporary
scientific literature (Table 1.1). The synthesis of the existing definitions demonstrates
that scholars approach this concept from different methodological perspectives and
emphasize various substantive aspects. Some researchers focus on the realization of
innovation potential, others on the continuity of innovation processes, structural
renewal, strategic change, competitiveness, or the achievement of economic and social
effects.

Nevertheless, most interpretations share the understanding of innovative
development as a process of qualitative enterprise transformation driven by the
creation and implementation of innovations. The common feature of these approaches
is the recognition that innovative development involves purposeful changes in the
internal state of an enterprise and in the way it interacts with the external environment.
It is therefore appropriate to interpret this category as a complex process that combines
innovation activity, strategic renewal, resource transformation, and the formation of
new competitive capabilities.

Table 1.1
Interpretations of the Essence of the Concept of
«Innovative Enterprise Development»

Author(s) Definition

Innovative development of business structures is regarded as a comprehensive
process of continuous renewal of business processes through the implementation
of new technologies, products, and services aimed at improving operational
quality and adapting to changes in the market environment.

O. H. But-Husaim

Innovative enterprise development is the result of the coordinated functioning of
financial, managerial, technological, marketing, and innovation-related
components that ensure strategic performance and determine the level of
innovation activity.

A. V. Hryshchenko

Ye. O. Didenko, Yu. | Innovative enterprise development is interpreted as a process of systemic renewal
S. Motorna based on the utilization of innovation potential and aimed at increasing
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competitiveness, achieving strategic objectives, and ensuring innovation security.

L. O. Voloshchuk

Innovative enterprise development refers to achieving positive qualitative changes
in the enterprise’s condition through the formation and effective utilization of its
innovation potential in the course of its activities.

L. I. Fedulova

Innovative enterprise development is defined as a dynamic process of qualitative
changes in the innovation-related condition of an enterprise resulting from the
intensification of its innovation activity.

O. A. Adamenko

Innovative enterprise development consists in a consistent transition to a new
qualitative state through the implementation of innovations in products, processes,
and all areas of economic activity.

O. Yu. Yemelianov,

Innovative enterprise development is associated with changes in the characteristics
of resources and managerial competencies that contribute to the growth of

D.R. Havras innovation potential and ensure a stable improvement in financial and economic
performance.
Innovative enterprise development is a process of purposeful change in the
V. S. Naidiuk enterprise’s condition based on its innovation potential, which creates new

opportunities for further development and market activity.

N. Kashchena, Ye.
Chmil

Innovative enterprise development is viewed as the capacity for comprehensive
transformation and multidirectional growth through the implementation of
innovations aimed at strengthening competitive positions, resilience, and
operational security.

K. V. Kovtunenko,
A. O. Kotsaha

Innovative development of a business structure is defined as innovation-oriented
development of its areas of activity aimed at improving efficiency and profitability
and expanding sales markets.

O. B. Vatchenko, B.
S. Vatchenko, O. L.
Cherevko

Innovative development is a continuous process of qualitative change based on the
creation and implementation of innovations with the aim of increasing
competitiveness and efficiency in a changing environment.

M. M. Koshlata

Innovative enterprise development is characterized by the use of various forms of
innovation in production and commercial activities to increase profitability and
strengthen competitive advantages.

N. M. Sulima, M. V.

Savytskyi

Innovative enterprise development is a systemic transformation of its
organizational, production, managerial, and marketing activities through the
implementation of innovations aimed at ensuring long-term competitiveness in a
dynamic external environment.

Source: compiled based on data from [5; 10; 11; 19; 20; 21; 22; 23; 24; 25; 26; 27; 28].

The principal differences between the existing approaches concern the specific

components and outcomes emphasized by individual researchers. Some definitions
focus on the continuity and systematic nature of innovative change, while others
highlight the realization of innovation potential, the renewal of internal elements of
enterprise activity, or the transformation of business processes and organizational
structures. A considerable number of scholars also associate innovative development
with improved efficiency, stronger competitive positions, increased resilience, and the
ability of an enterprise to operate effectively in a dynamic external environment.

Thus, the common conceptual basis of the analyzed approaches lies in the
recognition that innovative development is not limited to the introduction of individual
new products, technologies, or managerial methods. It constitutes a comprehensive and
continuous process that transforms the enterprise as an integrated economic system,
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strengthens its innovation capacity, and creates the conditions necessary for sustainable
functioning and long-term advancement.

At the same time, the generalization of scientific approaches to interpreting
innovative enterprise development provides only a broad theoretical basis for further
analysis and does not fully reflect the sector-specific characteristics of agricultural
production. Unlike enterprises operating in many other areas of the economy,
agricultural enterprises are exposed to pronounced seasonality, dependence on natural
and climatic conditions, lengthy biological cycles, the specific role of land as the
principal means of production, and an elevated level of production and market risks.
Under such circumstances, innovative development in agriculture cannot be reduced to
the introduction of isolated innovations. It requires a comprehensive consideration of
the technological and biological features of production, the availability and structure of
resources, environmental constraints, and the need to ensure food security.

The economic literature presents a considerable variety of approaches to defining
the essence of innovative development in agricultural enterprises, which reflects the
complexity and multidimensional nature of this category. In particular, O. V. Bolshaia
and O. S. Bilichenko emphasize that such development should not be interpreted
merely as partial technological modernization. Instead, it should be regarded as a
systemic process that combines scientific knowledge, advanced technologies,
institutional transformations, and managerial innovations [29]. A similar position is
expressed by A. M. Brychko, who associates innovative development in agricultural
enterprises with the improvement of organizational management structures, the
application of resource-saving technologies, the enhancement of personnel
qualifications, and the selection of innovations appropriate for production and
economic activities [30].

Particular attention should also be given to the approach according to which
innovation processes in agricultural enterprises are closely connected with biological
transformations in crop and livestock production. Such processes are generally long-
term in nature and are manifested through the modernization of products and services,
as well as through the introduction of new methods, technologies, and approaches to
operational activity [31]. A related position is advanced by O. B. Slyvinska, who
explains innovative development in the agricultural sector through the specific features
of innovation activity and the mechanisms by which innovations are incorporated into
production. The researcher also emphasizes the importance of combining internal and
external sources of investment to intensify innovation processes and ensure their
continuity [32].

Recent studies increasingly focus on the technological and digital dimensions of
innovative development in agricultural enterprises. B. Huang notes that the
implementation of innovations contributes to higher labour and land productivity,
improved product quality, reduced operating costs, and increased profitability. At the
same time, it strengthens the resilience and competitiveness of agricultural enterprises
and promotes a higher level of environmental safety [33]. Thus, innovation is viewed
not only as a means of improving economic performance but also as a factor in
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achieving greater sustainability and reducing the negative environmental impact of
agricultural production.

The digital dimension of innovative development is examined by M. I. Burdiak
and I. V. Tomashuk, who argue that contemporary technologies contribute to the
formation of an integrated digital model of an agricultural enterprise. Such a model
combines management systems, machinery and technical equipment, software tools,
data flows, and organizational and economic relationships within a unified information
environment [34]. This integration improves the coordination of production and
management processes, increases the accuracy and timeliness of managerial decisions,
and creates opportunities for continuous monitoring of resource use and operational
performance.

Other researchers likewise substantiate the importance of digital technologies as
an essential component of the innovative development of agricultural enterprises. Their
application supports the improvement of management systems, the automation of
production operations, the optimization of resource use, and the strengthening of the
competitive position of agribusiness entities [35; 36; 37].

Particularly illustrative in this context is the study in which the innovative
development of agricultural enterprises is examined through the lens of readiness for
Agribusiness 4.0, digital transformation, and innovation activity [38]. This approach
provides grounds for asserting that the contemporary interpretation of innovative
development in agricultural enterprises is increasingly shifting toward the integration
of conventional technological modernization with digital solutions, data-driven
technologies, automation, and new management formats.

The institutional dimension is equally important, since the effectiveness of
innovative development in agricultural enterprises largely depends on the external
environment. N. M. Vdovenko substantiates this process from the perspective of
institutionalization, emphasizing the role of innovation infrastructure, the institutional
ecosystem, and coordination mechanisms [39]. At the same time, another approach
views innovative development in agricultural enterprises as closely related to the
management of processes involving the creation, identification, and implementation of
innovations in production and supporting business processes in order to strengthen
competitiveness [40]. A conceptually similar position is reflected in OECD provisions,
where agricultural innovation systems are interpreted as mechanisms for improving the
economic, social, and environmental performance of the agri-food sector through
coordinated interaction among its participants and public support for innovation [41].

Alongside this, contemporary studies increasingly examine the innovative
development of agricultural enterprises through ecosystem-based and sustainability-
oriented approaches. In this context, a number of researchers substantiate an integrated
model for supporting such development, combining systemic, ecosystem, mechanism-
based, and model-oriented approaches and encompassing technological, organizational,
economic, social, and environmental components [42]. At the same time, V. A.
Mamchur and H. Ya. Studinska emphasize the necessity of combining increased
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efficiency in agricultural production with improved socio-economic conditions in rural
areas [43].

The position according to which innovative development in agricultural
enterprises should be examined in relation to competitiveness and an innovation-driven
model of economic activity is also well founded. In particular, V. V. Skrypnyk
associates the category under study with the intensification of innovation processes in
the agro-industrial sector under the conditions of globalization and integration [44],
whereas T. M. Stukan links it to the modernization of the material and technical base,
the implementation of resource-saving technologies, and the improvement of
organizational arrangements [45]. From this perspective, innovative development
serves as a prerequisite for strengthening market resilience, adaptability, and the

competitive position of agricultural enterprises.

The synthesis of the scientific approaches considered above makes it possible to
identify the principal features of the innovative development of agricultural enterprises
arising from the specific characteristics of agricultural production (Table 1.2).

Table 1.2

Features of the Innovative Development of Agricultural Enterprises

Feature

Manifestation in the Agricultural
Sector

Impact on Innovative Development

Dependence on
natural and climatic
conditions

The  activities  of  agricultural
enterprises are influenced by weather
conditions, soil quality, and water
availability.

Creates a need for adaptive, resource-
efficient, and risk-resilient innovations.

Biological nature and
seasonality of
production

Innovative changes are linked to
biological cycles in crop and livestock
production and to the temporal
unevenness of production processes.

Determines a longer innovation cycle
and requires careful planning of
innovation implementation.

Land as the principal
means of production

Land  resources  constitute  the
foundation of production activity and
are directly affected by technological
interventions.

Increases the importance of precision
agriculture, monitoring technologies,
and the restoration of resource
potential.

High resource
intensity and risk
exposure

Innovation activity requires substantial
financial, technical, human, and
information resources under conditions
of considerable uncertainty.

Strengthens the role of innovation
potential, investment support, and
institutional support mechanisms.

Technological and
digital
transformation

Innovative development is increasingly
associated with digitalization,
automation, Big Data, precision
agriculture, and smart farming,.

Enhances productivity, the quality of
managerial decision-making, resource-
use efficiency, and competitiveness.

Institutional, social,
and environmental
determinants

Innovation processes depend on
innovation infrastructure, technology
transfer, and government support and
generate social and environmental
consequences.

Shapes the external conditions for
innovation implementation and directs
development toward the long-term
sustainability of the agricultural sector.

Source: summarized by the author based on [29-45].
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The findings of the study provide grounds for concluding that the contemporary
interpretation of the innovative development of agricultural enterprises has emerged
through the gradual complication and integration of scientific views on innovation,
development, and the mechanisms of their practical implementation in economic
activity. The evolution of this category reflects a transition from a narrow
understanding of innovation as the introduction of individual technological solutions to
its interpretation as a systemic driver of qualitative transformation, structural renewal,
and long-term enterprise development.

Within the agricultural sector, innovative development acquires an independent
and sector-specific meaning, since it combines general economic patterns of innovation-
driven change with the distinctive conditions under which agricultural enterprises
operate. These conditions include dependence on natural and climatic factors, the
biological nature and seasonality of production, the specific role of land and other
natural resources, the duration of production cycles, the high level of operational and
market uncertainty, and the need to ensure efficient resource use. Consequently, the
innovative development of agricultural enterprises cannot be reduced to isolated
modernization measures or the introduction of individual technologies. It should be
regarded as a comprehensive process that encompasses technological, organizational,
managerial, economic, digital, social, and environmental transformations.

The specific nature of agricultural production also determines the objectives and
expected outcomes of innovative development. In addition to increasing productivity
and profitability, it is aimed at strengthening the adaptability of enterprises to
environmental change, reducing production and market risks, improving the quality
and safety of agricultural products, rationalizing the use of land, water, energy, and
other resources, and enhancing the long-term resilience of agricultural production. In
this context, innovation becomes a means of reconciling economic efficiency with
environmental responsibility, social development, and food security.

The generalization of the examined scientific approaches also demonstrates that
innovative development should be understood as a continuous and purposeful process
based on the realization of an enterprise’s innovation potential. This process involves
the generation, selection, adaptation, implementation, dissemination, and
commercialization of innovations, as well as the creation of appropriate organizational,
financial, technological, and institutional conditions for their effective application. Its
success depends not only on the availability of innovative solutions but also on the
enterprise’s managerial capacity, personnel competencies, investment resources, digital
readiness, access to knowledge, and interaction with research institutions, public
authorities, business partners, and other participants in the agricultural innovation
ecosystem.

Thus, the innovative development of an agricultural enterprise may be interpreted
as a dynamic process of systemic qualitative transformation driven by the
implementation of innovations and adapted to the specific characteristics of agricultural
production. Its purpose is to improve economic performance, strengthen resilience and
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competitiveness, enhance resource efficiency, and ensure the enterprise’s ability to
respond effectively to technological, market, institutional, and environmental changes.

Such an interpretation provides a theoretical basis for further substantiating the
conceptual foundations of innovation management in agricultural enterprises. It also
creates the necessary prerequisites for identifying the principles, objectives, functions,
methods, and organizational mechanisms of managing innovation processes, as well as
for developing practical approaches to forming and implementing innovation-oriented
development strategies in the agricultural sector.
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1.11. Predictive Analytics and Machine Learning in
Digital Marketing Effectiveness Assessment

The digital transformation of business processes and the rapid expansion of digital
communication channels have significantly influenced approaches to promoting
products and services, interacting with consumers, and organizing the marketing
activities of enterprises. The use of digital marketing tools enables organizations to
reach target audiences rapidly, personalize advertising messages, automate individual
marketing operations, and analyze user behavior within the digital environment. At the
same time, the growing number of digital platforms and advertising channels, together
with the continuous accumulation of large volumes of marketing data, complicates the
assessment of digital marketing performance and creates a need to apply modern
analytical methods [1].

Traditional approaches to evaluating marketing performance are primarily based
on analyzing the outcomes of completed advertising campaigns and do not always
provide sufficient opportunities for responding promptly to changes in consumer
behavior and the dynamics of the digital environment. Under such conditions,
predictive analytics and machine learning technologies become particularly important.
Their application enables forecasting conversion rates, estimating the probability of
customer churn, identifying typical behavioral patterns, and improving the validity of
managerial decision-making in digital marketing [2]. The relevance of this study is
driven by the need to develop a comprehensive system for evaluating digital marketing
tools that integrates behavioral, conversion, financial, and predictive indicators into a
unified analytical environment.

Issues related to the application of predictive analytics, machine learning, and
digital marketing analytics have occupied an important place in academic research in
recent years. In particular, D. Herhausen et al. demonstrated that the application of
machine learning in marketing improves the quality of marketing decisions, enhances
the accuracy of consumer behavior forecasting, and increases the effectiveness of
personalized offers. At the same time, the authors emphasized the emergence of new
challenges associated with integrating algorithmic models into marketing management
systems [3].

H. Alserhan et al. found that the application of predictive analytics in marketing
strategies and e-commerce personalization positively affects customer engagement and
improves the effectiveness of marketing decisions. However, the practical
implementation of such technologies is complicated by insufficient data quality and
challenges in integrating digital systems [4]. A. Kaponis et al. demonstrated that
machine learning in digital marketing automates content personalization, improves
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recommendation systems, and enhances customer retention through behavioral
analysis [5].

In their study, N. Laila et al. systematized contemporary trends in digital
marketing development among small and medium-sized enterprises. The authors
emphasized the increasing importance of digital transformation, e-commerce, and
marketing analytics in strengthening business competitiveness [6]. The importance of
data analytics and machine learning for the personalization of marketing
communications was also substantiated by Z. Zare et al. The researchers concluded that
the application of predictive models and customer segmentation improves consumer
interactions and strengthens long-term customer relationships [7].

H. Kennedy et al. confirmed the feasibility of applying predictive analytics to
evaluate user engagement on social media platforms. Their findings demonstrated that
machine learning models can provide higher forecasting accuracy than traditional
regression methods [8]. M. Al Khaldy et al. found that combining artificial intelligence
and predictive analytics in digital marketing contributes to higher audience
engagement, increased conversion rates, and improved return on marketing
investments [9].

R. Basu et al. summarized the current directions of applying artificial intelligence,
machine learning, and data analytics in digital marketing. Among the principal areas of
digital transformation in marketing activities, the authors identified Al-driven
personalization, branding automation, e-commerce optimization, and enhanced
marketing interactions through social media [10].

O. Leha and A. Makarchuk substantiated the effectiveness of ensemble machine
learning models in improving the accuracy of analytical evaluation of digital systems.
Their findings confirm the appropriateness of applying intelligent algorithms in
forecasting processes and maintaining the performance of digital platforms [11]. Yu.
Bezruchenkov and H. Shchuka established that the use of digital tools, analytical
platforms, and artificial intelligence algorithms contributes to improving managerial
processes, enhancing user interaction, and increasing the adaptability of digital systems
to changes in the external environment [12].

Therefore, the analysis of previous studies indicates the active implementation of
predictive analytics, machine learning, and artificial intelligence technologies in digital
marketing. Their application enhances the accuracy of marketing performance
evaluation, enables the personalization of consumer communications, and optimizes
managerial decision-making in the digital environment.

Despite the considerable number of studies conducted in this field, most focus on
individual digital marketing tools or specific machine learning applications. At the
same time, the development of an integrated system to evaluate the effectiveness of
digital marketing processes remains underexplored. Further research is required to
combine behavioral, conversion, financial, and predictive indicators within a unified
analytical framework.

A separate scientific challenge concerns integrating predictive analytics and
machine learning models into the system to evaluate the effectiveness of marketing
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campaigns. Most existing methodological approaches are primarily oriented toward the
retrospective analysis of actual digital marketing outcomes and pay insufficient
attention to forecasting future user behavior and the expected results of marketing
activities.

The scientific novelty of this study lies in the development of an integrated
approach to the analytical evaluation of digital marketing that combines behavioral,
conversion, financial, and predictive indicators within a unified framework. The
proposed approach leverages predictive analytics and machine learning models,
enabling more accurate evaluation of the effectiveness of digital marketing campaigns
and expanding the use of comprehensive analytical tools in marketing decision-making.

The effectiveness of digital marketing requires a systematic evaluation approach
because each marketing instrument performs a distinct function within the process of
communicating with potential customers [13, p. 231]. Some tools contribute to raising
awareness of products or services; others facilitate users' transition to interacting with
the enterprise; while still others influence customer retention and repeat purchases [14,
p- 67]. Therefore, a comprehensive assessment of digital marketing effectiveness should
rely not on a single aggregated indicator but on a system of complementary indicators
that evaluate both the behavioral and financial outcomes of marketing activities (Table
1).

The proposed system of indicators demonstrates the comprehensive nature of
evaluating digital marketing effectiveness, since the performance of marketing
instruments is determined not only by the scale of audience reach but also by user
engagement, conversion activity, economic efficiency, and the enterprise's ability to
retain customers over the long term. At the same time, different groups of indicators
perform distinct analytical functions. Web analytics and behavioral indicators
characterize audience activity and conversion, advertising indicators assess the
effectiveness of marketing campaigns, and financial and retention indicators evaluate
the economic efficiency of digital marketing and the stability of the customer base.

Table 1
System of Indicators for Evaluating the Effectiveness of Digital Marketing Tools

Indicator . .
Indicators Description
Group
. . . Characterize audience size, user
Web Analytics |[Total users, active users, new users, returning users, . . . .
. . . activity, and the intensity of
Indicators average session duration . . . .
interaction with the website.
Reflect the level of user
Engagement . interaction with content and the
. Engagement rate, bounce rate, engagement duration . s
Indicators effectiveness of maintaining user
attention.
Search . . . . . ||Determine a website's visibili
. Organic traffic, keyword rankings, backlinks, domain ||. . . ty
Analytics . in search engines and its overall
. authority -
Indicators authority.
. . . . Characterize the effectiveness of
Conversion Conversion rate, click-through rate (CTR), primary . . . .
. . converting visitors into desired
Indicators conversions actions
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Indicator

Indicators Description
Group P

Measure the costs associated

Advertising Cost per click (CPC), cost per action (CPA), cost per with attracting users, leads, and

Indicators lead (CPL), customer acquisition cost (CAC)
customers.
Return on investment (ROI), return on advertising
Financial spend (ROAS), marginal return on advertising spend |Reflect on the profitability of
Indicators (mROAS), average revenue per user (ARPU), digital marketing activities.

monthly recurring revenue (MRR)

Characterize customer loyalty

Retention Customer retention rate, customer churn rate,
) o and the long-term value of the
Indicators customer lifetime value (CLV)
customer base.
Social Media Reflect audience activity on

. Likes, shares, comments, engagement metrics
Indicators

social media platforms.

Source: Developed by the author based on [15-18].

Importance should be attached to combining quantitative indicators with
analytical approaches to their interpretation, because individual indicators alone cannot
provide a comprehensive understanding of digital marketing effectiveness.
Consequently, there is a need to employ various methodological approaches to evaluate
the performance of digital marketing tools, enabling a comprehensive analysis of an
enterprise's marketing activities (Table 2).

The methodological approaches presented above demonstrate the gradual
evolution of digital marketing evaluation from the simple recording of statistical
indicators toward comprehensive analytical modeling of user behavior and marketing
communication effectiveness. Whereas traditional web analytics primarily focuses on
assessing website traffic and audience activity, predictive analytics and machine
learning techniques enable forecasting future user behavior, estimating conversion
probabilities, and predicting the effectiveness of marketing campaigns.

At the same time, attribution analysis, behavioral modeling, and marketing funnel
analysis provide opportunities to identify the most effective communication channels,
detect problematic stages in the customer interaction process, and determine the factors
influencing customers' purchasing decisions.

Table 2
Methodological Approaches to Evaluating the Effectiveness of
Digital Marketing Tools
Evaluation . . L
Method Essence of the Method Analytical Tools Practical Significance
. Google Analytics 4, Evaluation of website traffic,
. Analysis of user . . .
Web Analytics . . BigQuery, Google Tag user interactions, and
behavior on a website . L
Manager behavioral characteristics
Behavioral Analysis of user Heatmaps, interaction Id?ntlflcatlon of engagement
. . . . . drivers and reasons for user
Analytics behavioral patterns analysis, session tracking
abandonment
Conversion HAnalysis of the HConversion tracking, HAssessment of marketing
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Evaluati . . .
vatuation Essence of the Method Analytical Tools Practical Significance
Method

Analytics effectiveness of target attribution models funnel performance
actions
- . Artificial intelli - .
Predictive Forecasting future user i l.Cla inte 1g(.en§e Prediction of conversion rates
. . algorithms, predictive .
Analytics behavior and user behavior
models
Machi.ne Automated modeling of Machir}e Iearning algorithms, Optimi.zation of marlfe.ting
Learning . clustering techniques, and  ||strategies and advertising
. marketing processes . . :
Analytics behavioral modeling campaigns
Allocation of conversion Determination of the
Attribution . Data-driven attribution, contribution of individual
. value across marketing . ) .
Analysis multi-channel analytics channels to conversion
channels
outcomes
i Evaluation of th . e .
Marketing e u'at1on of t ¢ Upper-, middle-, and lower- |[Identification of problematic
Funnel effectiveness of different . . . .
. funnel performance metrics ||stages in customer interaction
Analysis funnel stages
Fi ial A f th . . . 1t
naneia ssessn.lent ° t. ¢ ROI analysis and advertising ||[Evaluation of the profitability
Marketing economic effectiveness of . . .
. g . expenditure analysis of marketing investments
Analysis digital marketing

Source: Developed by the author based on [15-18].

The integration of analytical, behavioral, and financial approaches forms the
foundation for a comprehensive evaluation of digital marketing effectiveness and
enhances the validity of managerial decision-making in digital communications.

For the practical application of these methodological approaches, a well-designed
system of marketing indicators is critical, as it provides the analytical basis for
evaluating digital marketing performance by enabling quantitative assessment of
advertising campaign effectiveness, user engagement, and the economic efficiency of
marketing expenditures (Table 3).

Some indicators assess audience behavioral activity, particularly user engagement
and interaction with content, whereas others characterize the effectiveness of users’
transitions to target actions and the return on marketing investments.

Indicators such as return on advertising spend, customer acquisition cost, and
customer lifetime value are of particular importance within the system of digital
marketing analytics, as they enable assessment not only of the short-term effectiveness
of marketing campaigns but also of their impact on the enterprise’s long-term
profitability.

Some indicators assess audience behavioral activity, particularly user engagement
and interaction with content, whereas others characterize the effectiveness of users’
transitions to target actions and the return on marketing investments.
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Table 3

Key Digital Marketing Indicators and Their Economic and
Analytical Interpretation

Indicator

Calculation Formula

H Economic Meaning

Managerial Significance ‘

Click-through rate

Number of clicks / Number
of impressions x 100%

Level of advertisement
clickability

Assessment of the
attractiveness of advertising
content

Conversion rate

Number of conversions /
Number of visitors x 100%

Share of users who
completed a target
action

Analysis of the effectiveness
of marketing campaigns

Cost per click

Advertising expenditure /
Number of clicks

Cost of one click

Control of digital advertising
expenditure

Cost per action

Advertising expenditure /
Number of target actions

Cost of achieving a
target action

Assessment of advertising
campaign effectiveness

Customer
acquisition cost

Marketing expenditure /
Number of new customers

Cost of acquiring a new
customer

Analysis of customer
acquisition efficiency

Return on
advertising spend

Revenue generated from
advertising / Advertising
expenditure

Return on advertising
expenditure

Assessment of the
effectiveness of advertising
investments

Incremental return
on advertising
spend

Incremental revenue /
Advertising expenditure

Incremental revenue
generated through
advertising

Analysis of improvements in
the effectiveness of
marketing campaigns

Customer lifetime
value

Average order value %
Purchase frequency x
Duration of interaction

Long-term customer
value

Assessment of the
profitability of the customer
base

Engagement rate

Number of engaged sessions
/ Total number of sessions x
100%

Level of user
engagement

Analysis of audience
engagement

Bounce rate

Number of sessions without
engagement / Total number
of sessions x 100%

Share of sessions
without engagement

Identification of content and
navigation problems

Source: Developed by the author based on [17].

Indicators such as return on advertising spend, customer acquisition cost, and
customer lifetime value are of particular importance within the system of digital
marketing analytics, as they enable assessment not only of the short-term effectiveness
of marketing campaigns but also of their impact on the enterprise’s long-term
profitability.

At the same time, the analysis of click-through, conversion, and engagement
indicators creates opportunities to promptly adjust advertising messages, content
structure, and digital communication channels.

The further development of digital marketing analytics is associated with the use
of predictive models, artificial intelligence algorithms, and machine learning tools,
which enable not only the assessment of the actual results of marketing activities but
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also the forecasting of future user behavior, conversion probabilities, and the risk of
customer loss.

Under such conditions, digital marketing is gradually shifting from descriptive
analysis to prediction-oriented management of marketing processes. The use of
predictive analytics in digital marketing relies on processing large volumes of
behavioral data, automating pattern identification, and developing consumer behavior
forecasting models.

Artificial intelligence algorithms enable the analysis of users’ interaction paths
across digital platforms, the assessment of purchase probability, the forecasting of
conversion rates, and the determination of customer churn risk.

Audience segmentation based on behavioral characteristics is becoming
increasingly important, as it enables the personalization of marketing communications
and improves the effectiveness of advertising campaigns.

One area of predictive analytics application is the automated optimization of
advertising campaigns, in which machine learning algorithms adjust advertising
parameters based on audience responses and predicted outcomes.

Such approaches are used in digital analytical systems, including Google
Analytics 4, where predictive analytics enables the forecasting of users” future actions,
purchase probability, and expected customer value.

The principal areas of applying predictive analytics and machine learning within
the digital marketing evaluation system are summarized in Table 4.

Table 4
Application of Predictive Analytics and Machine Learning in the
Digital Marketing Evaluation System
- Technologies and . . s
Application Area Methods Analytical Outcome Practical Application

. - . Estimation of the Identification of users with a
Conversion Predictive analytics, o . L .

. . probability of completing ||high likelihood of making a
Forecasting regression models .

a target action purchase
Behavioral Machine learning Analysis of user Development of personalized
Modeling models behavioral patterns marketing communications
Audience . . Formation of customer Groupmg HSers accordmg to
. Clustering algorithms behavioral and consumption

Segmentation segments

characteristics

Customer Churn

Churn prediction

Identification of customer

Detection of customers with a
high probability of terminating

Prediction models attrition risk their relationship with the
company
I Evaluation of the Identification of the most
Attribution . I S . . .
: Data-driven attribution |contribution of effective digital marketing
Analysis .
marketing channels channels
. Artificial intelligence- ||Generation of Automated selection of
Recommendation . . .
Svstems based recommendation ||personalized products and content according
y systems recommendations to user preferences
Audience HEngagement forecastingHPrediction of user activityHIdentification of content
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Engagement models generating the highest level of
Analysis engagement
. Automatic adjustment of
Automated Automated advertising ||Automated management . J
Optimization optimization systems ||of advertising campaigns advertising parameters
P p Y & paigh according to audience behavior

Source: Developed by the author based on [11; 13; 19; 20].

As demonstrated in Table 4, contemporary digital technologies enable forecasting
of user behavior, estimation of conversion probabilities, and timely identification of
customer churn risks [21, p. 26]. The application of machine learning models to
behavioral modeling and audience segmentation is particularly important, as it enables
the development of personalized marketing communications and enhances the
relevance of advertising content.

At the same time, automated advertising optimization systems and data-driven
attribution analysis contribute to more efficient allocation of advertising budgets and
improved return on marketing investments. The integration of behavioral, conversion,
financial, and predictive analytics establishes the foundation for a comprehensive
evaluation of digital marketing effectiveness. Consequently, it is appropriate to develop
an integrated evaluation system that combines actual marketing performance with
predictive assessments generated by analytical methods and machine learning.

The proposed predictive and analytical framework for evaluating digital
marketing effectiveness integrates several interrelated evaluation components. Its
principal concept is to assess digital marketing comprehensively, considering not only
the current outcomes of advertising campaigns but also audience behavioral
characteristics, financial performance, and the projected future results of customer
interactions.

The principal components of the proposed predictive and analytical digital
marketing evaluation system are presented in Table 5.

Table 5
Indicators of the Predictive and Analytical System for
Evaluating Digital Marketing Effectiveness

. . F la / Evaluati . N
Evaluation Block Indicator ormu &é chcal uation Analytical Significance
Behavioral Engaged sessions / Total | Measures the level of audience

. Engagement rate . o
Effectiveness sessions x 100% engagement
Behavioral Bounce rate Non-engaged sessions / Indicates the proportion of low-
Effectiveness Total sessions x 100% quality or irrelevant traffic

. . Measures the effectiveness of
Conversion Conversion rate Number of conversions / converting users into target
Effectiveness Number of visitors x 100% . & &

actions
Conversion . Number of clicks / Number |[Reflects the attractiveness of
. Click-through rate . . 0 .
Effectiveness of impressions x 100% advertising messages
Financial Return on advertising || Advertising revenue / Measures the profitability of
Effectiveness spend (ROAS) Advertising expenditure advertising campaigns
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Financial Customer acquisition |Marketing expenditure / Measures the cost of acquiring
Effectiveness cost (CAC) Number of new customers |jone new customer

Predictive Predicted conversion ||Machine learning model Expected proportion of future
Effectiveness rate prediction conversions

Predictive Customer churn Predictive estimate of Measures the risk of losing
Effectiveness probability customer attrition risk customers

Predictive Predicted customer ||Forecast of future customer ||[Measures potential long-term
Effectiveness lifetime value revenue customer value

Source: Developed by the author.

The proposed system of indicators enables a comprehensive evaluation of digital
marketing effectiveness across several interrelated dimensions. Behavioral indicators
characterize the level of audience engagement and the quality of user interaction with
digital content. Conversion indicators measure the effectiveness of users' transition
toward target actions. Financial indicators evaluate the economic efficiency of
marketing expenditures, whereas predictive indicators assess the expected future
outcomes of marketing activities.

The integration of these evaluation blocks enables assessment of digital marketing
not only from the perspective of current performance but also from the perspective of
the prospective effectiveness of marketing communications.

The proposed system of indicators enables a comprehensive evaluation of digital
marketing effectiveness across several interrelated dimensions. Behavioral indicators
characterize the level of audience engagement and the quality of users' interaction with
digital content; conversion indicators measure the effectiveness of users' transition to
target actions; financial indicators assess the economic efficiency of marketing
expenditures, whereas predictive indicators reflect the expected future outcomes of
marketing activities. The integration of these components enables the assessment of
digital marketing not only from the perspective of current performance but also from
the perspective of the prospective effectiveness of marketing communications.

To ensure a comprehensive evaluation of digital marketing performance, it is
advisable to employ an integrated effectiveness indicator that combines behavioral,
conversion, financial, and predictive components within a single analytical framework.

The weighting coefficients of the integrated indicator were determined by
considering the analytical significance of each evaluation block within the digital
marketing system. Behavioral effectiveness and conversion effectiveness were assigned
equal weights of 0.25 each, as they characterize the level of audience engagement and
the effectiveness of users' transition to target actions. These components form the
foundation for evaluating the effectiveness of digital marketing communications and
reflect the quality of user interactions with digital platforms.

The highest weight (0.30) was assigned to financial effectiveness because of the
decisive role of economic performance in the digital marketing evaluation system.
Financial indicators enable assessment of the return on advertising expenditures, the
profitability of marketing investments, and the overall economic impact of digital
marketing tools.
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Predictive effectiveness was assigned a weight of 0.20 because predictive analytics
and machine learning techniques primarily perform analytical and forecasting functions
to assess future trends in user behavior, conversion probabilities, and customer churn
risk. Nevertheless, incorporating the predictive component into the integrated indicator
enhances the evaluation system's adaptability and promotes a forward-looking
orientation in digital marketing management.

Accordingly, the proposed weighting structure provides a balanced integration of
behavioral, conversion, financial, and predictive dimensions within the integrated
evaluation framework for digital marketing effectiveness:

[IDME = 0.25 X BE + 0.25 X CE + 030 X FE + 0.20 X PE]
where:

IDME - Integrated Digital Marketing Effectiveness indicator;

BE - Behavioral Effectiveness;

CE - Conversion Effectiveness;

FE - Financial Effectiveness;

PE - Predictive Effectiveness.

For the practical application of the integrated effectiveness indicator, it is
advisable to employ an interpretation scale that enables the assessment of digital
marketing performance and supports the identification of priorities for further
optimization of marketing activities.

An IDME value ranging from 0.00 to 0.25 indicates low digital marketing
effectiveness, reflecting poor marketing performance, insufficient user engagement, and
inefficient use of the marketing budget.

A value between 0.26 and 0.50 indicates a moderate level of effectiveness, with
certain positive marketing outcomes observed; however, advertising campaigns,
content strategy, and communication channels still require further optimization.

Values within the range of 0.51 to 0.75 indicate a satisfactory level of effectiveness,
demonstrating efficient marketing performance, stable conversion rates, and positive
returns on marketing investments.

Finally, values between 0.76 and 1.00 represent a high level of digital marketing
effectiveness, characterized by substantial returns on marketing investments, highly
effective digital communications, and favorable forecasts regarding the future
development of marketing campaigns.

Conclusions

The application of the proposed integrated framework for evaluating digital
marketing effectiveness combines actual marketing performance indicators with
predictive assessments generated through predictive analytics and machine learning
techniques. The practical value of this approach lies not only in determining the current
effectiveness of an enterprise's marketing activities but also in forecasting user
behavior, conversion probabilities, customer churn risks, and the expected customer
lifetime value.

The findings of this study demonstrate that digital marketing performance is
inherently multidimensional. Consequently, its objective evaluation cannot be achieved
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using isolated or unrelated indicators. Developing a comprehensive understanding of
marketing effectiveness requires the systematic integration of relevant indicators within
a unified analytical framework.

Traditional web analytics and conversion analysis methods primarily provide
descriptive and retrospective assessments of marketing performance. In contrast,
predictive analytics and machine learning substantially expand analytical capabilities
by incorporating forecasts of future user behavior, conversion probabilities, and
customer churn risks. This creates the foundation for a transition from the analysis of
historical performance toward prediction-oriented management of digital marketing
processes.

The proposed integrated effectiveness indicator ensures a balanced consideration
of different indicator groups and enhances the objectivity of digital marketing
performance evaluation. The developed weighting structure reflects the priority of
financial outcomes while simultaneously incorporating behavioral, conversion, and
predictive characteristics of marketing activities.

Future research should focus on improving machine learning models to increase
forecasting accuracy and on integrating artificial intelligence technologies into
automated digital marketing campaign management systems.
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1.12. Innovative Approaches to Risk Management in International Industrial
Logistics Under Uncertainty

IHHOBALIVIHI IIIIXOM OO PU3UK-MEHEDKMEHTY B MDKHAPO/THIV
ITPOMVICJIOBIVI JIOTICTVMIII B YMOBAX HEBYM3HAYEHOCTI

BCTYII TA IIOCTAHOBKA ITPOBJIEMU B 3ATAJIbHOMY BUIJISOL

Y cydacHux ymoBax (PyHKIIIOHYBaHHS IJIOOa/IbHMX Ta HalliOHaJIbHUX PUHKIB
KaTeropist «pmsmuk» HaOyBae crarycy (yHAaMeHTaJIbHOIO 4YMHHMKA, IO BM3HaYae
CTpaTeTilo pO3BUTKY Oyap-aKoi soricrmuHoil cuctemu [6]. CorliaIbHO-eKOHOMIYHU
3MICT PU3MKY B JIOTICTUIIL IIOJIATac y BUHMKHEHHI CUTyalil HeBM3HAa4YeHOCTI, 3a SKOi
icCHye€ VIMOBIpHICTh HaCTaHH: IIO/IiVi, IO IIPU3BOAATE A0 BIAXVUICHH: Bifl 3aIUIaHOBAaHMX
IOKa3HMKIB e(eKTMBHOCTI JIaHIfora IocTadaHHd [2]. AKTyaJIbHICTh TeMU 3yMOBJIeHa
HOKOPiHHOIO TpaHcdopMalliero I7100aIbHMX JIOTICTMYHMX CHUCTeM Il BIUIMBOM
reoIOJITUYHOI HecTaOUIbHOCTI, TIOCTIIaHIEeMiUHVX BUKIIMKIB Ta CTPIMKOIO PO3BUTKY
1 POBUIX TEXHOJIOTIN [2].

Y cermeHTi MiXKHapOIHMX IepeBe3eHb IIPOMICIIOBOrO OOJIaIHaHHS Ta TeXHIYHMX
3aco0iB piBeHb HeBM3HAUEHOCTi € KPUTUYHO BUCOKMM, OCKUIBKM OyIb-dKa 3aTpUMKa
abo TOIIKO/KeHHs BaHTaXXy HPU3BOAUTE H0 3yNVHKNM BUPOOHMYMX IIVKIIB i 3HAUHMX
dinancoBux Brpar [2]. Tpaguiiviai migxoamn A0 yIIpaBiliHHS pU3MKaMy, 110 0a3yroTbCd
Ha peaKTVBHIlI Mofeli — TOOTO pearyBaHHi Ha iHIMIEHTM IIC/IS IX HaCTaHHS depes3
MexaHi3MM CTpaxyBaHHsI abo IIpeTeH3iHOI pobOTM — BXe He 3a0e3nedyroTh
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KOHKY PeHTOCIIPOMOXKHOCTI [2]. Cy4yacHWMV pUHOK BMMAarae Bifl JIOTiCTMYHMX OIepaTopiB
repexofy 0 IIPpeAVKTVBHOIO YIIpaBJliHH:, sIKe J03BOJIIE ileHTndiKyBaT! 3arpos3u e
mo ixHporo d@ismunHoro mposisy [2]. Ilompm Te, mo mHpoBigHI KOMIIaHII aKTUBHO
BIIPOBAJKYIOTh ejleMeHTM KoHuernil 4PL Ta BMKOpUCTOBYIOTH OKpemi IHCTPYMeHTU
MOHITOPUHIY, Y TaJIy3i CIIOCTepiraeTbcsl CyTTEBUN MeTOAUYHUN po3puBs [2]. ITpoGiema
NOJIATAE B TOMY, IO HAaKONMYeHi MacVuBY JaHWX YacTO 3aJIMIIAIOTHCA «CUPUMVD» 1 He
IHTerpyIoTbCsl B €QVHY aHAJITUYHY CUCTeMy, sKa MoIjla O BuIaBaTM TOTOBi clieHapil
pimmens [2]. Ile cTBOprOe cuTyaliro, 3a AKOI KOMIIaHid BOJIOflie€ iHdopMmariieo mpo
po0JieMy B peaJIbHOMY Yaci, ajie He Ma€ aJIrOPUTMIB IS 11 3aBY4aCHOTO IIPOrHO3YBaHHSA
[2]. Orxe, pospoOka iHTeleKTyaJIbHMUX MoOIesleV], IO IIO€AHYIOTb TeXHIuHMI
MOHITOPVIHT i3 IIPOTHO3y0Y0I0 aHAITUKOIO, € KPUTUYIHO He0OXiITHOO IS JIOTiCTMYHOT
ratysi Ykpainu [2].

JvHaMiKa pO3BUTKY MiXXHapOIHOI TOPriBJjli Ta IIPOMMCIIOBOI Koomepallil BuMarae
IepeoCMMCJIeHHS KJIaCMYHMX KaHOHIB HaIiVIHOCTI JIaHIIOriB moctavaHHs. [Ipomuciiose
obOrlamHaHHA, IO € O00'eKTOM IHBeCTyBaHHSI Ta OCHOBOIO KalliTaJIbHMX aKTWBiB
HiJIPUEMCTB, XapaKTePU3Y€ETbC BUCOKMM CTyIleHeM YHIKaJIbHOCTi Ta IPaKTUYHOIO
HeMOXXTVBICTIO IIIBMAKOL 3aMiHV Ha PMHKY B pa3i HacTaHHS (popc-MakOpHMX 00CTaBUH
[2]. SIxmio B soricTui crioxxmBumx ToBapiB (FMCG) 36i11 y moctauaHHi okpeMoi mapTil
KOMIIEHCY€TbCS 3a PpaxXyHOK CTpaxOBMX 3allaciB Ha pO3HOAUIbYMX LIeHTpax, TO B
iHgycTpiaJIbLHOMy CeKTOpi 3aTpMMKa VHiKaJbHOIO TifpaBIiyHOro mpeca abo
TypOoreHepaTopa aBTOMaTMYHO KOHCepBY€e OyAiBHUIITBO UM MOJEpHi3allilo 3aBOAy Ha
HeBM3HaueHU TepMiH. Taka crenmdika IepeHOCUTD aKIIeHT 3 IIPOCTOrO PO3PaXYHKY
VIMOBIpHOCTe/I BTpaT Ha IIOOYIOBY CTiIKMX Ta THYYKMX €KOCUCTeM, 3[IaTHUX
aJanTyBaTVICS 0 Ty pOYJIEHTHOTO 30BHIIITHBOTO CEePeIOBIIIIA.

TEOPETUKO-METOOOJIOITYHI OCHOBI HJOCIIIIPKEHHSI
EKOHOMIYHOI CYTHOCTI JIOTICTUYHOTO PU3UKY

JlorictuHUI pU3MK He CJII Ppo3DIAfdaTH JIMINe SIK IMOBIpHICTB 30UTKY; Iie
CKiIajHa OaraTopiBHeBa KarTeropis, sKka BimoOpa)kae TOTOBHICTb cCy0’ekTa
rocriofaploBaHHs 10 HPUVHATTS pillleHb B yMOBaX ajIbTepHATMBHOCTI Ta AediluTy
indopwmarii [2]. Sk 3a3HauaeTbes y Haykosint npami P. O. IToGepexroro, ekoHOMIuHa
Opupota PU3MKY HPOSBIIAETHCA Y 3arpo3i 3HVDKeHHS KalliTaylsarii IiJIpueMcTBa,
3pOCTaHHI oIepaliiHiX BUTpaT Ta HeedeKTMBHOMY BMKOPWMCTaHHI pecypciB yepes
Herlepef0avuyBaHi KOJIMBAaHHS PUHKOBOI KOH IOHKTypu [10]. BaxwmmBo posymitwy, 1mio
PV3MK Y JIOTiCTUIII BUKOHY€E HU3KY crelndiuamx dpyHKIIin [2]. 3o0kpeMa, iHHOBaIilHa
PYHKIIISL CTUMYJIIOE MEHeKMEeHT [0 IIOIIYKYy HeTpaduIliViHMX IUIAXiB BUpIllIeHH:
mpoOsieM Ta BIIPOBajKEHHS IPeIMKTUBHUX TexHosorinm [2]. PerynsrmBHa yHKIIiSA
MPOSBIIAETECS y CTBOPEHi pe3epBHMX (DOHMIB Ta po3poO1ii IUIaHiB JIKBifallil HacIioKiB
HeraTuBHMX HofAi [2]. ConiayibHMUI aclieKT PU3MKY Ma€ He MeHIIle 3HauYeHHs, OCKIIbKI
BiH Oe3Nocepe/lHbO CTOCYETHCS CTaOUILHOCTI 3abe3lledeHHs HaceJIeHHsI TOBapaMw,
Oesmexy Impalli IepcoHajly Ha CKJIaJax Ta Iif dYac TpaHCHOpTyBaHHS [2]. Y
AHAIITUYHUX MaTepiajlaX PeKpyTMHIOBUX IIOPTaIiB IIKPeC/IIOETLCA, IO CydacHi
BUKJIVIKM, 30KpeMa BO€HHI Ail Ta MirpamiriHi IIpoIecy, CTBOPIOIOTb HOBI COIfiaJIbHi
pV3MKY, TI0B s13aHi 3 medinmToM KBatidpiKoBaHMX KalpiB Ta HeOOXiAHICTIO agarrrariii
KOPIIOPaTMBHOI KYJIBTYPU 10 KPU30BMX YMOB [1].
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3 TOmIAAy CHUCTeMHOTO INJXOMmy, JIOTICTMYHWI PUSUK € JeCTPYyKTMBHOIO
BJIACTVMBICTIO JIOTICTMYHOI CUCTEMM, IO BUMHMKAE BHACTIOK B3aeMOil cucTeMm 3 il
30BHIIIHIM cepelloBUIIIeM Ta 4Yepe3 HENOCKOHAJICTh BHYTPIIIHIX 3B'43KiB MiX
esleMeHTaMy. EKOHOMIUHaA CyTHICTBH IIi€l KaTeropii TaKoX TICHO IIOB's3aHa i3
TpaHCaKLiMHMMM BUTpaTamiu. HeBusHaueHICTP NOBeOiHKM KOHTpareHTiB, 3arposa
OIOPTYHICTMYHOIO BUKOHAHHS 3000B's13aHb IlepeBisHMKaMI, acMeTpis iHdopMallil Ha
PUHKY paxTy — Bce 1le MABUIIYye IPMUXOBaHi BUTpaTH HiAIipueMcTBa. Binrak, pmsmk-
MeHe/DKMEeHT Yy IIPOMMCIIOBIM JIOTICTMIII BWUCTyIIa€ He <K i30JIbOBaHa (PYHKIIis
TeXHIYHOIO KOHTPOJIIO, a $K CTpaTeriyHmi IHCTPyMEHT ONTMMi3allii 3arajibHUX
moricrmyamx Butpar (Total Logistics Costs) Ta 3axmcTy iHBECTMIIIIHOTO KalliTasly
cy06’exTis 3E/I.

Posrisgarouy MeTOIOJIOTiUHI 3acafgy OIiHKYM PU3MKiB, HeOOXiTHO 3BepHYTHUCS 10
KOHIIEMIIil MpuMHSATHOro pusuky (tolerable risk). B ymoBax m1obanpHOL
MaKpOeKOHOMIiUHOI HecTaOUIbHOCTI [JOCATHEHHsS HyJIbOBOTO PiBHSI PU3UKY €
€KOHOMIYHO HeIOIUIBHMM 1 TeXHIYHO HeMOXXJIMBUM, OCKUIBKM BUTpPaTV Ha CTBOPEHH:
abCOITIOTHOT CHCTeMM 3axVCTy IepeBUIaTh IOTeHIIiIHI 30uTKn Bif iHIMaeHTiB. OTXe,
3aBIAaHHSAM MeHeKMEHTY € BM3Ha4deHHs ONTMMAJIbHOIO OaslaHCy MDK BUTpaTaMiu Ha
IIPeBeHTMBHI 3aX00M Ta piBHeM 3aJIMIIIKOBI PU3MKY, SIKMV KOMIIaHisg 3/1aTHa CaMOCTIVIHO
abcopOyBaty Ge3 3arposu mrs cBoel piHaHCOBOT cTabUTBHOCTI [2].

KOMIUIEKCHA KITACU®IKALIISZL EK3OIEHHMX TA EHJOIEHHUX
JIOTICTIYHMX 3ATPO3 B CYHACHMX YMOBAX

15t po3poOkm edeKTMBHOIO MexaHi3My YIIpaBJliHHS HeOoOXimHO 3acTocoByBaTHU
HayKoOBO OOIpPyHTOBaHY KilacudiKallifo pusuKiB, sKa [103BOJIA€ imeHTUdiKyBaTu
mxepesia HeOesrekn [6]. TpaaguiivtHoO pU3MKM HOAUISIOTh Ha 30BHIIIHI (€K30TeHHI) Ta
BHYTPpIllIHI (eHgoreHHi) [6]. 3oBHimHI pusuky OpMyIOTbCs Iif] BIUIMBOM (paKTOpiB
MaKpocepeloBIIlla, Ha SKi JIOTICTMYHA CUCTeMa IIpaKTMYHO He MOXXe BIUIMBATH, ajle
3000B’s13aHa BpaxoByBaTH IIpU IUIaHyBaHHI [6]. 1o 11i€l rpynv HajleXXaTh IIOJITUYHI Ta
BOEHHI 3arposm, sIKi B KOHTeKCTi YKpalHu cTaym Bu3HavaJibHMMM [2]. Bomosi mif
COPUYMHSIOTh PYVIHYBaHHS iHPpacTpyKTypn, O7I0KyBaHHS MOPCBHKIX IIOPTIB Ta 3MiHYy
3BUYHIMX Ha3zeMHMX MapHipyTis [2]. KpiM Toro, KpuTHIHMMI € HOPMaTVBHO-IIPaBOBi
PVI3MIKM, IO BKJIIOYAIOTh 3MiHM Y MUTHOMY 3aKOHO/ABCTBI, IOJJaTKOBOMY PeryJIIOBaHHI
Ta IpaBWlax IepeTVHY KOPAOHY CYMDKHMMU JepkaBamu [2]. SIk cTBepmXKyeTbcs y
HaBYaJIbPHMX ITOCIOHMKaX 3 JIOTICTMKM, 30BHIIIHI PU3MKIM YacTO MAIOTh KyMYJISTUBHUM
XapakTep, Je OJiHa IIOfIisl TATHe 3a cOOO00 JIAHIIIOTOBY peakKIlilo ITOJOpOKUaHHS [1aJInBa,
3aIryacTyH Ta IIOCIIyT CyOminpsaHuKiB [5].

HeTati3yeMo CTPYKTYPYy €K30Te€HHMX PU3MKIB y Cy4acHIVI IIPaKTMIL:

- 'eomoniTv4Hi Ta MUTITapHi 3arpo3u: IIpsiMe MOIIKOIKeHH: aKTMBiB BHACIIIJOK
OovioBuMX [ilf, 3aKpUTTd MOBITPSHOIO IPOCTOPY, MiHYBaHHS MOPCBKMX IIUIAXIB,
KoHdickarlig abo ekcrpornpiattist MmarHa [2].

- MakpoeKoHOMiYHi pM3MKM: Pi3Ki KOJIMBaHHA BJIFOTHMX Ky PCiB, 1110 BIUIMBAOTh
Ha pO3paxyHKM 3 iHO3eMHVMMM KOHTpareHTaMy, iHQJIALiVIHe 3pOCTaHHs BapTOCTI
eHeproHoCiiB, 3MiHa BilICOTKOBMX CTaBOK 3a KpeauTamu s piHaHCYBaHHS 0OOPOTHMIX
korrris [10].
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- ®opc-Ma)KOpHi IPUPOTHO-K/ITiMaTUYHI YMHHMKN: aHOMaJIbHI IOTOIHI YMOBY,
10 OJIOKYIOTH KJIFOYOBI TPAaHCHOPTHI apTepil (Harmpukiiag, oOMUIIHHS CyIHOIUIaBHMIX
KaHQJTiB UM KPUTWYHI ITaBoAKM) [2].

BuyTpimHi pusuku OesrocepeqHbO IIOB'si3aHi 3 BHYTPIIIHBOIO CTPYKTYPOIO
JIOTICTMYHOTIO JIAHIIIOTa Ta SKIiCTIO OolepaliHOro MeHeKMeHTY [6]. Bonu BkIroyaroTs
TeXHIKO-TeXHOJIOTiUHI acIeKTV, OpraHi3alliviHi IIPOpaxyHKM Ta KaJpoBi pu3uKmn [6].
BigmosigHO A0 HOpOdUIBHMX MeTOAMYHMX [IKepesl, BHYTPIIIHI pU3MKM € OuIbII
KOHTPOJIbOBaHVIMM, OCKUIBKM IXHs MiHIMI3allid 3aJIeXXKUTh Bill BIIPOBa/KEHHS CHCTEM
MOHITOPVHIY, PeryJIIpHOTO TeXHIYHOro 00CIIyroByBaHHS OOJIalHAHHS Ta IiABUIIEHHS
kBaridikaril mepconaiy [5]. Y manHIforax ImocrayaHHsI IIPOMMCIIOBOTO OOJIaHaHHS
BHYTpIIIIHI PpWM3MKM YacTO IIOB'si3aHi 3 TMOPYyIIEeHHSM TeXHOJIOTIYHMX yMOB
TPaHCIIOPTYBaHHS HaJBaXKMx abo BeMKorabapuUTHMX BaHTaXiB, IO BMMarae
crerdiyHOro iHXXeHepHOro cymposoy [2].

OcoOnmmBy yBary citipg OpuauIgTit iHOPMAIiIHUM pU3MKaM, afke B yMOBax
umdposizallil BTpaTa IOCTYIIy [0 JaHMX IIPO BaHTaX MOXe IapaltisyBaTi poOOTy BCiel
koMmrraHil [2]. Takox BaroMe Miciie mocimaroTe KOMEPIIiVIHI PU3VKM, 110 BUHUKAIOTH Y
mporieci B3aemopmii 3 KoHTpareHTamm [2]. Ile MOXyTp OyTw pM3MKM HEBUKOHAHHS
3000B’s13aHb ITOCTaYaJIPHMKAMMY, 3pVBY TEPMIiHIB BijBaHTakeHHS a0O HEBiIIIOBiIHICTH
SKOCTi 00JTaIHaHHS 3asBJIEHV M XapaKTepuCTrKaMm [2].

JJonaTKkoBO B MeXXax eHAOreHHIX 3arp03 BUIUISAIOTh:

- VopaBniHcbki mnpopaxyHKM: IOMWIKM IIpy  BUOOpi cyOmimpsgHUKIB
(mepeBi3HMKIB, eKCIIeAUTOpPiB), HEKOpeKTHe IUIaHyBaHHs TIpadikiB mocraBkm 0Oe3
ypaxyBaHHSI TexXHOJIOTIYHMX BIKOH, BiICyTHICTb AyOsroroumx KaHasliB 3B'SI3Ky Ta
aJIbTepHATMBHIIX MapIIPyTiB [2].

- TexHo10Ti4HI pM3MKM: BiIMOBa BaHTa KOIIIIVIOMHOI TeXHiKM i, Yac IepeBaIKu
Ha MyJIbTVMMOOIBHIIX TepMiHas1ax, 3001 B poboTi kopriopatmsHIX ERP Ta TMS cucrewm,
disnyHe cTapiHHS IIapKy cHelliali3oBaHMX TPaHCIIOPTHMX 3acobiB [2].

CIIEHVI®IKA  ®OPMYBAHHJ JIAHIOIOITB IIOCTAYAHHJ TA
IMPOEKTHOI JIOTICTMKW Y CETMEHTI ITPOMUCJIOBOTIO OBJIAITHAHHSI

dopMyBaHHS JIAHIIIOTIB ITOCTaYaHHs Y CerMeHTi IPOMICIOBOrO o0JIagHaHH: Ta
CKJIQTHMX TeXHIUHVX 3acOo0iB CyTTEBO BiApi3HSETHCS Bill JIOTiCTMKM TOBapiB MacOBOTO
cnoxvBaHHsA (FMCG) dyepe3 yHikasibHi (pi3MKO-XiMiuHI XapaKTepuCTMKM BaHTaXiB,
Ha/IBMCOKY KaIliTaJIOMIiCTKICTh Ta TEeXHOJIOTIYHY CKJIQJHICTh IIPOIIeCiB IlepeBajIKu [2].
SIKII10 JI0TiCTMKA TOBapiB IIMPOKOIO BXUTKY OpPi€HTOBaHA Ha IIBUIKICTH OOOPOTHOCTI
3allaciB Ta MaKCMMaJIbHy CTaHOapTu3allifo oIlepallill, TO IIOCTayaHHS BepCTaTiB,
aBTOMATV30BaHMX JIiHIiVI, eHepreTUYHNX arperaTiB Ta Ba’KKOI CIIELITEXHIKM IIOTpebye
IHIVBIy&JIbHOIO IPOEKTHOTO ITIJIXO/Y, BITIOMOIO y MiKHAapOAHIV MpakTull sk «Project
Cargo Management» [2]. Crienmdika IIpoMmcIIOBO1 JIOTICTMKIM 3yMOBJIeHa HacaMIlepe,
ONVMHMYHMM abo apiOHOcepitHMM XapaKTepoM BUPOOHMIITBA, IO BUKIIIOYAE
MOXJIVBICTh BUKOPVMCTaHHS IIAOJIOHHMX JIOTICTMYHMX CXeM 1 BUMarae po3poOKu
YHIKaJIbHOTO IUIaHy TPaHCIOPTYBaHHS I KOXKHOI OOVHMUILL ToBapy [5].

[TepmioueproBuM  akTOpoM CKJIQIHOCTI € eKCTpeMasIbHi BarorabapurtHi
ImapaMeTpy IIPOMMUCIIOBMX O0’eKTiB [2]. BiybiricTes arperartiB HasieXxaTb OO0 KaTeropii
HerabaputHMX abo Benmkosarosux BaHTaxiB (Out of Gauge), 110 BuMarae 3ajaydeHHs
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CIIeriajizoBaHOrO pyXOMOIo CKJIaly: HUM3bKOPaMHVX TPaJliB 3 TiIpaBIiiuHOIO Mi/IBiCKOIO,
MOCWIEHNX 3aJIi3HMYHMX IUIaTdopM-TpaHcropTepis abo cymeH Tumy «Ro-Ro» Ta
«Heavy Lift» [2]. Ilpomec TpaHCIOpPTYBaHHSI Takoro oOJagHaHHA HOTpedye
MIPOBeJIeHHs MOIIePelHbOr0 iHKeHepHOTro OOCTeXXeHHs BChOTO MAPIIPYTY IJIS OLIIHKMU
HeCy4ol 3JaTHOCTI MOCTIB, pajilyCiB IIOBOPOTY HOPIr Ta BMUCOTH JIiHIV eJIeKTporiepeay
[2]. Bucoka BapricTh onuHMIN OOJaJHAaHHS, sIKa YacTO CTaHOBUTH OCHOBY aKTWBIB
MiAITPUEMCTBA, 3YMOBJIIOE KPUTUYHY IOTpeOy Yy KOMIUIEKCHOMY CTpaxyBaHHi 3a
npuHImoMm «All Risks» [10]. Byap-sike MiKpOIOIIKOIKeHHS IIpelM3iliHIX By3J1iB abo
eJIEKTPOHHMX IUIAT YIIpaB/IiHHS Min yac BiOpallivi um HaBaHTaXKeHHS MOXKe IIPU3BeCTU
10 TIOBHOI BTpaTy (PYHKIIOHaJIbHOCTI BepcTaTa, IO O3HadaTuMe [JIsi 3aMOBHMKa He
mmire piHaHCOBI 30MTKM, a 11 3pMB TEPMiHIB 3aIlyCKy BChOIO iHBECTUIIITHOTO IIPOEKTY
[2].

OkpeMy yBary B KOHTeKCTi popMyBaHH# JIQHIIOTIB ITOCTaYaHHS ITPOMMCIIOBOY
TeXHIKV oI OpUOUIATU CKIagHMUM I[IpoledypaM MWTHOIO peryjloBaHHA Ta
IOKyMeHTaJIbHOro cymposony [2]. Ha BigMiHY Bif, crioxmBumx TOBapiB, IIPOMMCIIOBI
BepcTaTy Ta JIiHil YacTO MalOTh CKJIaZHI KOOy 3rigHO 3 YKpalHChKOIO Kilacudikarlliero
TOBapiB 30BHilTHboeKoHOMiuHOT fisuibHOCTI (YKT 3E/I), 110 perysisipHO OpU3BOANUTE 10
KIacu@ikaminHmX cyrepevok i3 MuTHMMY opraHamu [2]. Crenndiuroro mpobieMoro €
IOCTavaHHA 00JIagHaHHS Y po3i0paHOMYy CTaHi IeKiTbKoMa TPaHCIOPTHMMM 3acobamu
IIPOTSTOM IIeBHOIO 4Yacy, IO BMMarae odOpMIeHHS TaK 3BaHMX «KOMIUIEKTHMX
00'exTiB» [2]. SIk migkpecmoeTbes B gociimkeHHsax O. I'. KocTioka, HaviMeHIIIa ToMIIKa
y TexHiUHOMY omnmci crienmdikariii abo HeKOpeKTHe TpaKTyBaHHS TepMiHiB [HKoTepMc
TATHe 3a co0OI0 TpuBasli IPOCTOI Ha KOPAOHI, HapaxXyBaHHS INTpadpHMX CaHKIIN Ta
3HaYHe IT0/JOPOKYaHHS JIOTICTUYHOT CKJIa/10BOT [9)].

ExonomiuHa cremmdika TaKoX IHPOSBIISETBCS Y HaA3BUYaHO TPUBAJIOMY
jorictmaHoMy 1Mkl [2]. Bim MoMmeHTy migmmcaHHS KOHTPAaKTy Ha BUTOTOBJIEHHS
BepcTaTa 110 11oro iHajlbHOI iHCTasIALlil Ha PyHIaMeHT 3aMOBHMKA MOXYTb IIPOVTH
Micsi ado HaBiTe poku [2]. Lle cTBOpIOE BUCOKY Bpas3IMBICTh JIQHITIOra IIOCTaYaHHS 10
MaKpOeKOHOMIUHMX PW3MKIB: KOJIMBaHb BaJIIOTHMX KypcCiB, 3MiHM BapTOCTi
eHeproHociiB Ta dppaxroBux craBok [10]. [IpenukaTBHMI aHaIi3 Y TaKMX YMOBax Mae
OXOIUTIOBATV He JmIe Oe3locepenHiv TPaHCIOPT, a ¥ MOHITOPMHI CTafil
BUPOOHMIITBA Ha CaMOMY 3aBOfi-BUroToBmoBadi [2]. dedinmT omHOro KpUTUYHOTO
KOMIIOHeHTa abo 3aTpyMKa y BilBaHTa’keHHi OKpeMOro By3JIa MOXe 3YIIMHUTY MOHTaX
BCi€l TeXHOJIOTIYHOI JIiHil, TeHepylouM KOJIOCcaJIbHI HempsiMi 30MTKM uepe3 IIPOCTOX
IIepCOHAITy Ta HEMOXJIVMBICTh BUKOHAHHS BUPOOHMYNMX IUIaHIB [2].

IIpoexTHa JIOTiCTMKA Y IIBOMY KOHTEKCTi BMMAarae€ CMHXPOHi3alil Ait 6aratbox
y4acHMKIB: BUPOOHMKA, KUIBKOX IIePeBi3HMKIB PisHMX BUAIB TPaHCIOPTY, MWUTHMX
OpokepiB, cTpaxOBMX KOMIIaHill, Jlep)XaBHMX OpraHis, IO BWAAIOTh [103BOJIM Ha
IepeBe3eHHsI HerabapuTy, Ta MOHTaXHMX Opuraj Ha ManjaHUYMKy 3aMOBHMKa. KoxHa
JIaHKa IIhOTO JIAHITIOTa € ITIOTEeHIIVIHVIM JDKepesIoM pusuKy. ToMy yrpaBiliHHS TaKUMU
HpoeKTaMn 0a3yeTbcs Ha CTBOPEHHI JIeTaJIbHOI JOPOXHBOI KapTW — KPUTUYHOIO
nursixy npoekty (Critical Path Method), me Oynp-sike BinmxwieHHs Bim rpadika Ha
IOYaTKOBVX eTallaxX Ma€ KyMyJIATMBHUI edeKT 3aTpUMOK Ha (iHiIIIi.
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KPUTUYHUW AHAJII3 HAYKOBUX TIOTJDIOIB HA IIPOBJIEMY
YIIPABJIIHHI JIOTICTUYHUMMU PU3VKAMMU

CucreMHMII aHaJIi3 Cy4acHOIO HayKOBOIO AVICKYPCY Ta HPaKTUYHOIO IIOCBiLy
JIOTICTUYHOTO MeHeKMEHTY CBiJUMUTh HIpO Te, IO TeOpeTWYHa Oa3a yIpaB/IiHHS
pV3MKaMM IIPOMIIUIa CKJIAIHY €BOJIIOLIII0 — BifJ CTMXIiVTHOTO pearyBaHHs Ha 30MTKM 110
dopMyBaHHSI KOMIUIEKCHMX CTpaTerinl pusuK-MeHekMeHTY [2]. ITpore peTtenbHwmm
oIS, Tpalb BITUM3HSIHMX Ta 3apyODKHMX BUEHMX [I03BOJIIE€ BUSBUTU HU3KY
dyHIaMeHTaIbHMX PO3OLKHOCTE MDK TeOPeTMYHMMM MOMAEIIMIM Ta BUMOramu
pearrbHOTO Oi3Hec-cepenoBuiria [2]. Ilepmr 3a Bce, KpUTMYHOTO II€peOCMVCIIEHHS
norpebye MAOMiHyIOUMII Yy HayKOBilI JliTepaTypi minxim pmo xiacmudikariii  Ta
HemTpasisalii pusukis [2]. YV dyHmaMmeHnTasibHMX poboTax, 30kpeMa y 1ocioHmky O. M.
lpxeBoi, HOpuUAOUIAETBCS 3HAYHA YyBara ONTMMi3alil BUTpaT Ta edeKTMBHOCTI
JIOTICTUYHMX KaHaJIiB, IpOTe MexaHi3MM ajanTarii IuX KaHaliB [O palTOBUX
JeCTPYKTVBHVX BIUIMBIB 4acTO PO3IVIANAIOTECS Uepes3 HPU3My CTaTUYHWMX MOJeJIeV:, aKi
He BPaxOBYIOTb MUTTEBY 3MiHY 30BHIIITHIX YMHHUKIB [5].

OcHoBHa mpobsiemMa OUITBINIOCTI  BITUM3HAHMX [DKepesl IIOJiATae y IXHbOMY
BUPaKEHOMY pPeaKTMBHOMY XapakTepi, /e PpW3MK-MeHEIDKMEHT CIIPUMAETHCS
IepeBakHO $IK Halip iHCTPYMeHTIB IS JIiKBifallil HaC/IKIB IOiN, III0 BXe CTasIucs,
IK-OT CTpaxyBaHHs BaHTaXiB, dopmyBaHHs (HIiHAHCOBUX pe3epBiB Ha MOKPUTTS
30uTKiB 200 cKjIagHe IOpUAMYHE OIpallfoBaHHS IIpeTeH3in micist akTy IICyBaHHS
MarHa [6]. Xoua IIi 3axoaM € MeTOOAMYHO OOIPYHTOBAaHMMM Ta HeOOXiTHMMM It
¢iHaHCOBOI CTIVIKOCTi, BOHM (PaKTUYHO He BUPIIIYyIOTh 'OJIOBHOTO 3aBJaHHs Cy4acHOTO
JIOTICTMYHOTO orepaTopa, 1o mmparHe 110 Mmopaeini 4PL — a came 3anobiranas 300sM 111e
110 Ix pi3MYHOro MPOSIBY B JIAHIIOTY ITOCTadaHH4 [2]. 3apyOiXHM T0CBi/, Ta aKTyaIbHi
TEHJIeHIIil PO3BUTKY TEXHOJIOTIUHMX CTapTalliB akleHTYIOTh yBary Ha IJIOOasIbHIN
mmdposizanil gk KIouoBoMmy akTopi crivkocti OisHecy [4]. BmposamxeHH:
koHrlermiin lIoT, Big Data Ta 0610k4erH-TEXHOJIOTIN [103BOJIMJIO 3HAYHO ITiABUIIATH
IIPO30piCcTh OIlepalliil, IIpoTe aHajli3 MisUIPHOCTI OaraTbox oOrepaTopiB IIOKa3ye
HasIBHICTh «iH(OPMAIIiIHOTO IIapajloKCy», KOJIM KOMIIaHil HaKOIMYyIOTh BeIde3Hi
MacuBYM JIaHMX IIPO PyX BaHTaXiB, cTaH OOJIaHAHHS Ta 3OBHIIIHI YMOBW, ajle IpU
IIbOMY He MalOTh aJleKBaTHVX aJITOPUTMIB JJId IXHBOI iIHTeJIeKTya/IbHOI IHTepIpeTarlii B
pexmnmMi peasibHOro gacy [2].

HasiBHicTp cyuacHMX [gaTuMkiB BiOpallii, HaxwiIy 4YM TeMIlepaTypyu YacTo
3QJIMIIAEThCS JIMIIIe IHCTPYMEHTOM IIacMBHOI'O MOHITOPMHIY, depe3 110 iHdopMallis
PO KPWUTWUYHE IIOIIKO/DKEHHS IOPOTrOBapTiCHOIO IIPOMMCIOBOrO  OOJIaJfHaHHS
Ha/IXOOWTh OIlepaTopy JIMIlle B MOMEHT iHINAEHTy abo BXe Micias NpuOyTTS BaHTaXy
II0 OTpMMYyBada, II0 POOWUTH OlepaTnBHe BTPYYaHHS Ta 3MiHY MapIIPyTy (PaKTMYIHO
HeMmoxIMBuMM [2]. OcoOimBOro 3HaueHHs KPUTWYHUN aHali3 HayKOBMX IIOIJISIB
HaOyBae y KOHTeKCTi yIpaBliHHA pU3MKaMy IIpM TPaHCIOPTyBaHHI TeXHIYHO
CKJIagHMX 3acobiB, OCKUIBKM crHenudika Takmx OO’€KTIB BuMarae He IIPOCTO
BifIcTeXXeHHd reorpadidHmnx KoopayuHar, a 1 IMOOKOro po3yMiHHS (pi3MKO-TexXHIYHMX
IapameTpis 30epexenocTi [2]. Bonn gacTo irHOpy1oTbCS B €eKOHOMIUHO Opi€HTOBaHVIX
IDKepersiax, e PU3MK po3ITIgIacThcs SIK CyTo diHaHcoBa KaTeropis 30urkis [10], Tomi sk
IJIS IIPOMMCIIOBOTO CEKTOPY PM3MK — Iie HacamIleper, 3arpo3a HOPYIIeHHs IIUTiCHOCTI
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IFDKeHepHOI CuUcTeMM, e €eKOHOMIiuHI BTpaTu € JIMIIe BTOPVHHVMM HaCIiJIKOM
TeXHIYHOro 30070 [2].

BiTunsnana HaykoBa JymMKa OCTaHHIMM pOKaMy IT0Yajla aKTMBHO HOCIIIDKyBaTH
BIUIMB 1HHOBAIiMHMX Oi3Hec-MoJieyler Ta CTapTall-eKOCHCTeM Ha TpaHCOpMaIlito
JIOTICTUKW, IO JO3BOJISIE BHOCUTYU B TaJIy3b METOAM THYUYKOI'O YIIpaBIiHHS Ta Baslifialil
rinotes [11]. ITpoTe xpuTUYHMIT TIOIJIAL Ha 11i JIKepeJla BUSBIISE, 0 BOHU ITepeBaskHO
30cepekeHl Ha KOMEPIIVIHIV CTOPOHI 3allyCKy HOBMX CepBICiB, 3aJMIlIaroum I103a
yBaroxo NUTaHH:A HaOiIHOCTI Ta MaTeMaTU4YHOI TOYHOCTI ajIfOPUTMIiB, IO JIeXaTb B
OCHOBI TpeAMKTMBHOI aHamiTHKM [4]. Yepes Ile BMHMKaAE CyTTeBa MeTOOMYHA
OporajimHa MDK BisyaJbHO IIpuBabimmBolo  Oi3Hec-MOAEIUII0O Ta  peaylbHOIO
MaTeMaTVMYHOIO MOJIe/UII0 IPOTHO3YBaHHS PU3MKY B YMOBax BMCOKOI HeBM3HA4eHOCTI
[7]. TlepeBaxxHa OUIBLIICTH ICHYIOUMX METOAMK OLIHKM PW3MKIB 0a3yioTbcsd Ha
CTaTUCTUYHOMY aHasli3i MUHYJIVX IlepiofliB abo Ha cy0’eKTMBHIX eKCIIePTHMX OLiHKaX
[6]. B ymoBax reomnoyiTM4HOi HeCTaOUIPHOCTI, B fAKMX (QYHKIIOHy€ YKpaiHCbKa
JIOTiCTVKa, BOHM IlepecTaloTh Oy Ty HaJillHMMI IIPOrHO3aMy MaliOyTHBOTO, 110 BMarae
pimydoi BigMOBM  Bif, 3acTapiUmMx IIAXOMAIB Ha KOPWUCTb  iHTeJIeKTyaJIbHMX
caMOHaBYaJIbHMX CUCTeM [2].

KOHIIEITIIIST CTPATEITI «SAFE-SUPPLY» SIK IHHOBAIIIMHOI CTAPTAII-
IHILTATVBW B CETMEHTI RMaa$S

11 po3B'si3aHHS 11i€l Ipo0sIeMI IIPOIIOHYEThCS BIIPOBA/I)KeHHs iHTeJIeKTyaJIbHOI
crparterii «Safe-Supply», sika 6a3yeTbcs Ha Tlepexozii 10 MOfIelTi «yIIpaB/IiHHS pU3UKaMU
gaK cepsicy» (RMaaS) [2]. Konremnmis crapramy B Mexax crpaterii «Safe-Supply»
PO3IIISIAETECS He IIPOCTO sIK Oi3Hec-iHiIliaTmBa, a SK TMMYacoBa OpraHisaliisi, IIo
repebyBae B aKTMBHOMY IIONIyKy TIIOBTOpPIOBaHOI Ta IIpMOYyTKOBOi bi3Hec-moperti
IPOEKTY JIAHIfora IIOCTayaHHS B yMOBaX eKCTpeMaJIbHOI HeBu3HadeHOCTi [8].
I'osroBHOIO 11IHHICHOIO IIPOIIO3MIIIEI0 CTpaTerii € rapaHTyBaHHs Oesmeky Ta ¢isyaHOT
IUTICHOCTI ITPOMMC/IOBMX aKTWBIB 3aMOBHMKa 4Yepe3 CTBOPeHHs «iH(OpMalliliHOro
IIMTa» 32 paxyHOK HOBITHIiX TexXHosIorin [2].

dyHIaMeHTaJIBHIM eJIeMeHTOM crpareril  «Safe-Supply» € BuKopwmcTaHHS
iHcrpyMeHTapito OSINT-possinku (Open Source Intelligence) mist dopmysanH:
NpeOVKTMBHOI MOAeNi IIOBeNiHKM B JIaHIorax ImocTadaHHs [2]. Ha sinMiny Bin
cTaHgapTHux MetoniB MoniTopuHry, OSINT mossossge arperysatm [aHi 3 TwUCSIY
BIIKPUTHUX JKepesl — Bifl IM@POBUX MeJlia TPaH3UTHUX KpalH [0 CyITyTHUKOBMX
3HIMKIB Uepr Ha MWTHMX IIOCTaX Ta aHali3y COIliaJIbHMX MepeX Ul BUABJIEHHS
MOTEHIIIVIHMX CTpaVKiB IIPalliBHUKIB TpaHCIOPTHOI iHdpacTpykTypu [2]. Lle mo3sorise
JIOTiCTUYHOMY OIlepaTOpPy BUSBIISITU «BYy3JIM Bpas3JIMBOCTI» Ille Ha eTalli IUTaHyBaHHA [2].

Crpareris nepenbadae, 1110 HaAIiMHICTH ITOCTaBKM Oijlbllle He € BUIIAIKOBUM
dakTOpoM, a cTae KepoBaHMM pe3yJIbTaTOM iHTeJIeKTyaJIbHOIO aHali3y cepeloBMIIla
[2]. Opyruit cTpaTeriuHmi BeKTOp 30CepelKeHWUlI Ha IIPOrHO3YIOYOMY HiBeIOBaHHI
3aTpUMOK [2]. BuKopwucToByoun ajlropuTMI IITYyYHOTO iHTEeJIeKTY, CUCTeMa I03BOJIL€
MOJIeJIIoBaTV TUCAYl CIleHapiiB IPOXOKeHHs MapIIpyTy, oOMparodm TOWM, IO Mae
HaVIMeHIIMI KoedillieHT puU3MKYy IIpM 3aflaHUX HapameTpax mBuakocti [2]. Tperim
KOMIIOHEHTOM € TeXHOJIOTUHMI KOHTposIb iticHOCTi (IoT-Shield), e xoxxHa ogmaMIS
IOPOrOBAPTICHOTO IIPOMMCIIOBOTO OOJIafHAHHS IHTETPYEThCS B €OMHY LMQPPOBY
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Mepexy 3a JonoMororo akTuBHMX loT-maTumkiB 11 MOHITOPMHTY Qi3MUYHOrO CTaHy
BaHTaXy B peaJIbHOMY 4aci (ymapu, Haxwin, Bosioricts) [2]. KitieHT oTpumMye moctyr 1o
«111POBOro ABiVTHMKa» IIOCTaBKM, III0 yCyBa€ iHopMallitHy acuMeTpito [2].

AJITOPUTMIBALLA IMPEAVKTVUBHOI'O YIIPABJIIHHSI TA
MATEMATWUYHE MOJEJTFOBAHHSI PU3VKIB

B ocnHoBi aHasiiTMuHOrO g1pa crparerii «Safe-Supply» nokiageHo MaTeMaTUYHWU
arapar po3paxyHKY KOMIIIEKCHOTO iHIeKCY JIOTiCTUYHOro pusuky (Rfotal) B peasrbHOMY
vaci. Ha BimMiHy Bif cTaTMYHMX MaTpullb «iMOBipHiCTb-HACIIIKV», 3aIllpOIIOHOBaHa
AVHaMiYHa MOJIeJIb BPaXOBY€ 4YacOBY 3aJIOKHICTh Ta B3a€MO3B'SI30K MK Pi3HUMU
dakTopamm 3arpos.

3araJIbHUM iHTerpaJIbHUV MOKa3sHWK PW3MKY 11 KOHKPeTHOIO MapuUIpyTy Ta
TUILY IIPOMMCIIOBOrO 00JIa/lHaHHA BU3HAYaEThCA 3a POPMYJIOIO:

Rtotal (t)=i=1) nwi-Pi(t)-Ii,

ne:

- Wi — BaroBuy KoedillieHT i-ro ¢paKTopa pU3MKy (BU3Ha4Ya€ThC METOLOM aHaIi3y
iepapxiit Ha ocHOBI icropraHMx gaHux Big Data), mpraomy ) i=1nwi=1;

- Pi(t) — puHaMiuHa IMOBIpHICTh HacCTaHH4 IHIWEHTY i-IrO TUITy B MOMEHT 4acy f,
dKa Oe3lepepBHO KOPUTYETbCS Ha OCHOBI ImoTouHoro noroky paHmx OSINT Ta
TesteMerpii IoT;

- Ii — mokasHMK BIUIMBY (TSDKKOCTI HaCIIJKiB) iHITMAeHTYy Ha piHAHCOBUI Ta
onepallifiHMY CTaH JIaHIfora IIocTadaHHs (BUpa’ka€TbCd y BiTHOCHMX OogMHMUIIAX Bimg 0
no1).

Hduaamiuna viMmosipHicTe Pi(f) it pusuKiB 3aTpMMOK Ha KOpAoHax abo
TPaH3UTHMX By3JlaX pPO3paxOBY€TbCSL 3a JOIOMOIO MoAmdiKoBaHOI Moferi
MapKoBCBKMX ITpOI1eCiB:

dtdPi(t)=—Ai-Pi(t)+ui-(1-Pi(t)),

oe A — IHTEeHCMBHICTP BUHMKHEHHS HeCTPYKTMBHMX (aKTOpiB (HaIpuUKIIal,
JacToTa YTBOPEeHHs 3aTOpiB 3a JaHUMM CyIIyTHMKOBOIO MOHITOPMHIY), a Mi —
IHTEeHCUBHICTb BiJHOBJIEHHSI HOPMAaJIbHOIO IIPOITyCKHOIO PeXMMY TpaHCIOPTHOIO
By3JIa.

s omiHKM pu3MKy (Ii3MUHOrO MHOUIKOKeHHS HIpelusiiHOro oOJIaJHaHHS
BHACJIZIOK MexaHiuHMX KOJIMBaHb IIiJl 4Yac TPaHCIOPTYBaHHS BUKOPUCTOBYETHCS
dyHKIIis HaninTHOCTI, 1110 Oa3yeThcst Ha po3noaiti BenOyria:

Pdamage(G)=1-exp(—(nG)p),

ne:
- G — awmmiryga BiOpaminHoro HasaHTaXxeHHs abo ymapy (G-force), 1o
dikcyernes loT-maTumkom;
- 1 — MacITa0HMII IIapaMeTp, IO BiAIIOBiIae TPaHWYHO [OIYCTVIMOMY

TeXHIYHOMY HaBaHTaXeHHIO [IId HJAHOro Kilacy oOsjagHaHHS 3riIHO 3 IHacloOpTOM
3aBO/y-BUPOOHIKA;
- p — mapamerp dopmu, 110 BigoOpakae HaKOIMYeHHS MiKpOIIOIIKOIKeHb
(yToMy MaTepiasly KOHCTPYKIIil BepcTaTta) IPOTATrOM yChOI'O Yacy TPaHCIIOPTYBaHHS.
3acrocyBaHHSI ILMIX a@JITOPUTMIB IO03BOJIZ€ CUCTEMi aBTOMATUYHO TeHepyBaTu
nonepeKyBaabHUL curHai (Alert) ms 4PL-oneparopa, Kom iHTerpajIbHM HOKa3HUK
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Rtotal(t) mepesurrtye KpuTuuHMUiZ Hopir Oesmexkm Rcrit=0,65, mo € Tpurepom s
HeravHOro 3alyCKy aJIbTepHaTVBHOIO ClLIeHapilo JOCTaBKI.

OITEPALIIVIHUU ITNTAH ITPOEKTY TA APXITEKTYPA
IHTEJTEKTYAJIbBHOI CUCTEMUY MOHITOPUHTY

OmneparlivtHnit IlaH HPOEKTY BUOYHAOBYEThCS SIK Oe3lepepBHUM LUKIL, 110 Oepe
CBill TOYaTOK i3 a3 DIMOOKOro IIPeBeHTMBHOIO PU3MK-ayAUTy JIOTiCTUYHOL
ekocucremMu KiaieHTa [2]. HactymHumMm eramoMm € ¢pasa OMHAMIYHOTO HPOEKTyBaHHS
iHguBinyanpHOro OesmeuHoro JioricrmuHoro kopumopy [2]. Hami cmimye cramis
TeXHOJIOTIYHOr0 HaslamTyBaHHs (Setup), ska mepenbavae disuuny iHcrayramio loT-
KOHTpoJIepiB Oe3nocepeqHbO Ha KOpIyC abo BcepedyuHy IIaKyBaHHS ITPOMMCIIOBOTrO
obOjlamHaHHA 19 BUMIipIOBaHHs BiOpaiinHux HapaHTaxeHb (G-force), mokasHUKIB
BOJIOTOCTI Ta TeMIlepaTypw, 3 iHTerpariiero gaHmx y xmapHy 1wiatdopmy [2]. OcHoBHa
dasa nosrsirae y mpeAMKTMBHOMY MOHITOPUHTY Ta aKTVMBHI AycIeTYepur3allii B peXxnmi
24/7 [2]. 3aBepulyeTbcsl ONIEpaLiVHMUI IIMKJI CTaji€l0 IIOBHOTO aHATITUYHOTO
KOMIDIA€HCY, KOJIM 3aMOBHVIK OTPUMY€E «IIM(POBUI ITaclIOPT» IIOCTABKM 3 ITOBHOIO
icropiero Termemerpii [2]. Taka mexommoswilis [03BOJsiE eEKTMBHO IepeBipsiTu
iHHOBAIIiVIHi TilTOTe31 Ha KOXXHOMY eTarli XUTTE€BOro IUKiTy rmociayru [11].

ApxiTekTypHO iHTeslekTyasibHa cucreMa «Safe-Supply» ckiIamaeTbcss 3 TPBOX
B3a€MOIIOB'sI3aHMX PiBHIB (MOYJIiB):

Monyss 360py gpauux (Data Acquisition Layer)

Bxmtouae anaparny vactuny (loT-Tpekepu 3 aBToHOMHMM XMBjieHHSIM A0 90 [IHiB,
OCHAIlleHI  aKceJlepoMeTpaMy,  TipOCKOIlamy,  JaTuyMKaMy  pPO3KpWUTTd  Ta
reortosuiiionyBaHs 3a TexHosorismm GPS/GLONASS/Galileo) Ta mporpamhi
napceput it OSINT (aBTomMaTHuHM 30ip HOBMHHMX CTPiUOK, TIOBiTOMJIEHb MUTHMII],
MeTeOpOJIOTiUHMX 3BefleHb) [2].

Mopny s iHTes1ekTyasTbHOI 00p00KM Ta aHasni3y (Data Processing & Al Layer)

PosMilleHny y xMapHin iH@pacTpyKTypi, fle 3a JOIIOMOIOI0 HepoMepeXeBUX
Mozesient BiOyBa€eTbcsi PUIbTpallisi LIyMiB TejleMeTpil, po3Ili3HaBaHHA aHOMAaJLN y
MOBeIiHII TPaHCIOPTHMX 3acO0iB Ta po3paxXyHOK AVHAMIUHMX MapKOBCBKIX MOfesIen i
BeVIOyIUTIBCBKMX (DYHKIIIVI TIOMIKOIKEHb.

IaTepdericamit monyb (User Experience Layer)

[Ipencrasienuit iHTepakTMBHOIO Kaproio (Dashboard) mis pucneruepa 4PL-
IpoBariiepa Ta MOOUTBHVM JIOZAaTKOM I 3aMoBHMKa [2]. Ha kaprti BimoOpakaeTncs
«uMdpoBUIt ABIVIHMK» BaHTaXy, IIOTOYHMI BEKTOP PYXY, a TaKOX KOJIipHa iHIMKallid
PiBHS PU3MKY KOXXHOI AUISHKNM MapILIPYTY (3eJleHul — Oe3l1edHo, )KOBTHU — IifIBUIIleHa
yBara, 4epBOHUI — KpUTMYHA 3arpo3a).

PIHAHCOBO-EKOHOMIYHE OBIPYHTYBAHH: TA MOJEJIb
MOHETMU3ALII CUCTEMMU [J151 4PL-OITEPATOPIB

@diHaHCOBa XUTTE3IATHICTb IIPOEKTY 3a0e311euyeThes BIIPOBa/)KeHHAM YHIKaIbHOL
ribpmaHoi TpupiBHeBOI Mopeli MOHeTHM3allil, $Ka Opi€HTOBaHa Ha CTBOpPEeHH:
iHTeJIeKTyaJIbHOI LIIHHOCTI Ta HOALT pU3MKiB i3 xiienToM [7]. Ilepmmit piBenr — Setup
Fee — Bucrymae sK pasoBuil IUIaTDK 3a MiJKIIOYEHHs, 110 HOKpMBAE BUTpaTV Ha
IIPOBeeHHs IIePBUHHOIO ayauTy, IHAMBIAyaJIbHy KacTOMIi3allilo IIPOrpaMHMX IIUIIO3iB
Ta 1iaroTosKy loT-o6imannanns [2]. Jpyrumi pisers — Success Fee (Kowmicist 3a ycrix) —
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PO3paxoOBYEeThCs SIK ITpeMiajlbHa BUHAropopa, sKy KIIE€HT CIUIadye JIMIIe 3a yYMOBU
ineastbHOrO mOoTpMMaHHs Bcix HiytboBux KPI Oesmexkm (Tounmit wac mpubytrs ETA,
BiZICYyTHICTh MeXaHiuHVX BIUIMBIB) [2]. TpeTint piBeHb IIpercTaBIeHNUIT MOIEUIIO SaaS-
HepeAIUIaTH, IO BiIKpMBa€ 3aMOBHMKY IIOMICSYHMI IOCTYII 10 KaOiHeTy aHaIiTUKMU
PV3UKIB, 1e BiH MOXe caMOCTIiVIHO MOJIeJIIoBaTi CBOI MayOyTHiI MiXKHapOIHI KOHTPaKTI
Ha ocHoOBi Big Data [2]. BrpoBamkeHHSI TakKoi CTPYKTYpM HOXOHIB € KPUTUYHUM
dakTopoMm 1 POpMyBaHHS CydacHUX afallTMBHMX Oi3Hec-Mopesiell iHHOBALIiTIHVIX
MiAIPUEMCTB, $Ki 37aTHI 3a0e3ledyBaTyt CTaJIM PO3BUTOK Yepe3 ITPOIO3MUILIIIO
BVICOKOTEXHOJIOTIUHVIX PillleHb 3aMiCTh CTaHIAPTHMX ITOCePeTHNUIIBKIIX ITOCIYT [9].

ExoHOMiuHe  OOIpyHTyBaHHSI  BIIPOBa/pKeHHSI  CuUCTeMMu  OasyeTbcd  Ha
BUKOPVCTaHHI Moferti «asset-light», sika mepenbavae MiHiMmizaliio BIacHMX izvaHMIX
aKTVBIB Ha KOPWUCTh HMUQPPOBMX KOMIIETeHIIiV Ta BUKOPVICTaHH: iCHYI0UO]1 oIlepallirtHo1
iHdpacTpyKTypu $IK IOJroHy [ig MaciutaOysanHsA [9]. Lle mosBossie 3ocepenmTit
CTpaTeriuHe yHpablIliHHA (DiHAaHCOBMMM pecypcaMiy Ha PO3poOlli iHTeIeKTyaIbHOTO
danapa, MiHIMI3yBaT Cy0'eKTMBHUI BIUIMB JIIOACBKOrO dpakTopa Ta YCIHIIITHO IOAO0JIaTH
TOUKy Oe330mTKoBOCTi [3]. diHaHCOBUII IUIaH MPOEKTY BKIIOYAE PO3TOPHYTI CIleHapii
XeKyBaHHSI PW3MKiB, IO 3a0esredye cTabUIbHY IIPOTHO30BaHY peHTalesIbHICTh
inBectrmiv (ROI) na piBai 38-42% piuamx [3]. 3arapHUIT TepMiH OKYIIHOCTI IIPOEKTY,
BpaxoByIO4M IIpeMiajlbHy HAaIl[iHKy 3a iHTeJleKTyaJIbHy CKJIaJ OBy, IPOTHO3YETHCS B
Mexax 14 Micslis, 110 MiOTBepIKy€e BMUCOKY iHBECTUIIIVIHY HpMBaOIMBICTH 0OpaHOL
cTparTeril Ta rapaHTye KOMIIaHil IO3MIIi0 Oe33arepedyHoro TeXHOJIOTiYHOro Jjigepa y
HilIl IIPefVKTVBHOIO YIIPaBIiHHS JIOTICTMYHMUMYU PU3MKaMV IIPOMMCIIOBOIO CEKTOPY
[2].

I HaouHOCTI IpeAcTaBMMoO cTpyKTypy KanitaibHUx (CAPEX) Ta onepartiviamx
(OPEX) BuTpat iHHOBALiTTHOTO IPOEKTY y (popMi MOPIBHSUTPHOT TaOIIALIi:

Tabauys 1
Crpyxkrypa KanitaapHux (CAPEX) Ta oneparintanx (OPEX)
BUTpAaT iHHOBAIIiVIHOI'O IIPOEKTY
CraTTs BUTpar Twun ITnroma Bara CrpsmysaHHs (piHaHCOBUX pecypciB
BUTpAT B OromxeTi, %
R&D ta | CAPEX 45 Creopenns npepykrusHux HII-aaropurMis,
pospobxka I13 apxitextypm 0a3 gaHux Big Data Ta xIieHTCBKIIX
intepderici Dashboard.
3akymieinsa  loT- | CAPEX 20 dopmyBaHHSI 000POTHOTO (POHITY aKTMBHUX
oOJIaTHaHHS JlaTYVKiB, KOHTpOJIepiB TejieMeTpii Ta
aKcejlepoMeTpiB BMCOKOI TOYHOCTI.
XmapHa OPEX 15 Openna cepsepraux noryxHocrent (AWS/ Azure) ms
iHdpacTpyKTYypa OOpOOKM TOTOKOBMX MAHUX Y PeXMMi peaTbHOTrO
Jacy.
MapkeTHr  Ta OPEX 12 ITpocysanns KoHIlenii RMaaS Ha mmpoMuciioBoMy
HIpOJIaKi puHKy, B2B-xakaToHw, 3a1yd4eHHs AKiCHUX
4PL-napTHepiB.
Onepaninxe OPEX 8 Orara npani anamitukis, OSINT-irmkeHepis Ta
yIIpaBJIiHHS HnigTprMKa Oe3lepepBHOI CITy>KOM AucIIeTYepu3ariii
24/7.

167



Modern Conditions of Development of Science,
Education and Production in the World - 2026

IIPAKTVYHA PEAJII3BALI, AHTUPU3VKOBI 3AXOOM TA ONLIHKA
EPEKTMBHOCTI BITPOBA/IDKEHH I

BcraHoBiieHo, 110 mpgaMuy  eKOHOMiuHUM — edeKT  Bif  BIpPOBa/KeHHS
iHTeJIeKTyaJIbHOI crcTeMM (POPMY€EThC Ha IepeTVHi 3HVDKeHHs OllepalliiHX 30UTKiB
Ta 3amoliraHHs MPOCTOSIM BUpPOOHMUMX JIiHIM 3aMoBHMKa Ha 30-35% [2]. Oxpim
npsMoro ¢iHaHcoBOro edekTy, po3pobseHO0 KOMIUIEKC aHTUMPU3MKOBUX 3aXOfliB, III0
BKJTIOYA€E CTBOPeHHs (POHIIY OIIepaTUBHOIO pearyBaHH: Ta bararopiBHeBoro «Iiany b»
[2]. Lenm myaH 103BOJIE CHUCTeMi B aBTOMATMYHOMY PeXMMi IIepepaxoByBaTu
MapHIpyTV Ta 3MiHIOBaTV MOJJIbHICTh TPaHCIOPTYBaHH:A y pasi BUABICHHS 4Yepes
OSINT-kaHaM 03HaK HAOIVDKeHHS KPU3K (CTpaviKy, 3aKpUTTsS. KOPAOHIB, Heroza) [2].

BaxxyimByM mogaTKoOBMM acIlieKTOM € iHTerparis 3 iHHOBalliTHVMMM CTPaxXOBUMM
HNpoAyKTaMI: HaJlaHHs CTpaxoBMKaM O0'€KTMBHMX JTaHMX TeJleMeTpil B pealLHOMY 4Yaci
JIO3BOJISIE 3HUM3UTHU CTpaxoBi Tapudu a1 3aMoBHMKa Ha 15-20% uepe3 pagukasbHe
3MeHIIIeHHs iHdopMaminHoi acuMeTpil Ta pmsuKy maxparicrsa [10]. Taxum gmHOM,
iHHOBamiviHa Oi3Hec-Moperb, IOOymOBaHa Ha THYYKOMY aHasli3i JaHWX Ta
MPOaKTVBHOMY YIIpaBJIiHHI 3arpo3amy, € JKUTTE3JATHOIO Ta BUCOKOpPeHTabeIbHOIO
HaBiTh y Iepiogy MI00aIbHMX Kpu3, 3abe3reuyrouM BUCOKY 4KiCTh cepBicy Ta
HOBIOCTPOKOBY KOHKYPEeHTOCIIPOMOXKHICTh JIOTICTMYHOTO orepaTopa [9].

[IpakTiune BrpoBagkeHHsd cucreMut RMaaS y misuipHicTs BiTumsHAHMX 4PL-
oreparopiB JI03BOJIsIE TPaHCPOPMyBaTH JIOTICTUYHMI JIAHIIOT IIOCTaYaHHs i3 JpKeperia
IOCTIVIHOTO CTpecy Ta HeBU3HAauyeHOCTi Ha CTaOUIbHUM iHXXKeHepHO-eKOHOMiuHMIA
KOHBe€p. 3HVDKeHHsI piBHA PU3MKIB IIO3UTMBHO IIO3HAYAETHCS Ha JJOBIOCTPOKOBMX
MMapTHEPCHKIX BITHOCMHAX MiX Cy0'eKTaMI rocriofapioBaHHs, MiIBUIIY€ iHBeCTUIIIIHY
NpUBaOIMBICTE  YKPAlHCBKMX BUPOOHMYMX IIAIPMEMCTB Ta 3abe3medye IXHIO
iHTerpariito [0 €BpOIIeVICbKOI IIPOMMCIOBOI MepexXi Ha HpaBax HaJiMHUX Ta
IepeabadyBaHNX ITapTHePiB [2].

BVMCHOBKMA

1. OOrpyHTOBaHO, III0O B yMOBax Cy4YacHOI TIeOIOJITMYHOI Ta eKOHOMiuHOI
TypOy/IeHTHOCTI yIpaBIiHHS pU3MKaMliI B MDKHAPONHI IIPOMMCIOBIV JIOTiCTWII
noTpedye pagMKaJIbHOTO IIepexody Bim TpaauIiHMX peaKTMBHMX MOfeIer o
IPOaKTUBHOIO IIPeAVKTUBHOIO PU3UK-MeHeI)KMeHTY Ha OCHOBI 11 POBIIX TeXHOJIOTIN
[2].

2. Poskpwuro crenmdiky sorictukn nmpommciosoro oonagHaHHA (Project Cargo
Management), sika XapaKTepu3yeTbcsi BMCOKOIO BapTiCTIO aKTWMBIB, OIVHWYHUM
XapaKTepOM BUPOOHMIITBA, CKIIQAHVMI MUTHVMY IPOLeypaMy Ta eKCTpeMaIbHVIMU
BarorabapuTHMMM I[apaMeTpaMy, III0O BMMAara€ iHAMBIIyaJIbHOTO IIPOEKTYBaHH:
JIOTICTVYMHMX KOpUAOPIB [2, 9].

3. 3amporoHOBaHO iHHOBaliHYy cTpaTerio «Safe-Supply» y Mexax KOHIIeMIIil
«yHOpaB/IiHHA pusuKaMu sk cepsicy» (RMaaS), 110 moenHye iHCTpyMeHTW IITYYHOIO
intestekTy, OSINT-possigkm Bigkputnx mxepet ta IoT-moniTOpMHrY disndHOro craHy
BaHTaXy B peaJIbHOMY 4aci [2].

4. PoszpobieHo MaTeMaTMYHWII  allapaT  [OMHaMi4YHOIO  pO3paxXyHKY
iHTerpaJIbHOTO 1HAEKCY PW3MKY 3 BUKOPWUCTAaHHAM MapKOBCBKMX IIpoIleciB Ta
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posnonisty BeriOysuia, mo [o3Bosisie aBTOMaTM3yBaTy IIpoLieC NPUIHSTTS pillleHb Ta
MiHiMi3yBaTV BIUIMB JIIOICBKOTO pakTopa [2].

5. [loBemeHO BUCOKY €KOHOMIUHY e(eKTVBHICTb 3aIlIpOIIOHOBAaHOI MOfIe]Ii «asset-
light» nya 4PL-onepaTopis, sika 3abe3neuye 3HVDKEHH: OIepallillHIX BTpaT Ta IIPOCTOIB
3amMoBHMKIB Ha 30-35%, 3MeHIeHHs cTpaxoBux Tapudis Ha 15-20% Ta rapaHrye
peHTabesbHicTh iHBecTHLIiN (ROI) Ha piBHi 38-42% mpu TepMiHi OKYITHOCTI IIPOEKTY 110
14 micaris [2, 3, 10].
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1.13. Public Debt of Ukraine and Financial Instruments for its
Management Under Wartime Conditions

Effective public debt management is one of the key prerequisites for a country’s
financial stability, the balance of the state budget, and the sustainability of
macroeconomic development. For Ukraine, particularly amid prolonged external
challenges and military hostilities after 2022, the issue of debt burden has become
especially urgent.

Russia’s full-scale invasion of Ukraine continues to deliver a devastating blow to
the national economy, causing large-scale destruction of infrastructure, significant
losses in industry and agriculture, and a deterioration of conditions for business and
investment. The war has triggered a rapid increase in expenditures on defence and
social programmes, which has led to a substantial budget deficit. The existence of a
state budget deficit requires the search for sources of financing that will help balance
the budget and reduce the level of deficit in the country. According to the Budget Code
of Ukraine, the main sources of budget financing are defined as follows: funds from
domestic and external borrowings, proceeds from the privatization of state property,
the return of budget funds from deposits, proceeds from the sale of securities, and the
free balance of budget funds. Under current conditions, the main source of deficit
financing is borrowing both within the country and abroad.

The current economic situation in Ukraine is characterized not only by the threat
of a growing debt burden, but also by its potential impact on long-term stability. Debt
growth may limit opportunities for investment in key sectors, slow the pace of
economic recovery, and adversely affect the country’s international creditworthiness. In
the context of armed conflict, these challenges are of particular importance, since
economic resilience is one of the foundations for successfully overcoming the
consequences of war.

The growth of debt obligations places significant pressure on the government’s
capacity for financial manoeuvre. A continuous increase in public debt may lead to a
downgrade of the country’s credit rating, which, in turn, will complicate access to
international financial markets. It will also increase the cost of new borrowing, as
investors will require higher interest rates to compensate for the risks associated with
the debt burden. Such changes may negatively affect the country’s financial stability
and economic development, as well as create additional problems for the state budget,
especially in circumstances that require the financing of social programmes and critical
infrastructure [1].

To assess the state of Ukraine’s finances in the context of public debt, it is
appropriate to analyse the dynamics of external and domestic public debt and the debt-
to-GDP ratio for 2015-2025 (Fig. 1). Over the 11 periods analysed, total public debt
increased 5.7 times; comparing the amount of public debt in 2025 with the pre-war year
of 2021, the growth rate of total debt was 3,4 times. Ukraine’s public debt demonstrates
constant dynamics with an upward trend, which is associated both with current
expenditures on defence and humanitarian needs and with the need to fulfil obligations
to external donors. At the same time, the increase in public debt is accompanied by a
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rise in the budget deficit, which creates additional risks for the country’s fiscal
sustainability: the budget deficit in 2025 increased 36,3 times compared with 2015 and
8,3 times compared with the pre-war year of 2021.
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Figure 1 - Public debt indicators of Ukraine during 2015-2025 [2, 3]

It is known that Ukraine’s public debt is divided into domestic and external debt.
Domestic debt is formed through the placement of domestic government bonds
(OVDPs) within the country, whereas external debt is formed through loans from
international financial organizations, the issuance of Eurobonds, and loans from foreign
governments and commercial banks. During the period under analysis, external
borrowings dominate the debt structure. Their predominance became a necessary
condition for maintaining the country’s solvency, covering the state budget deficit,
implementing socially significant programmes, and restoring economic infrastructure.
The share of external borrowings was the lowest in 2019 (58,01%) and the highest in
2025 (77,5%). Beginning in 2022, the share of domestic borrowings began to decline
steadily, which gives grounds to state that, despite the nominal increase in OVDP
volumes, their role in covering the overall needs of the state decreased significantly
against the background of large-scale external inflows.

This increase in the share of external debt illustrates the transition to a financing
model based on extensive macro-financial support from international institutions and
partner countries. In fact, by the end of the period under analysis, three quarters of the
country’s entire debt portfolio consisted of direct foreign borrowings. Although this to
some extent reduces pressure on the domestic financial market, such a structure greatly
increases the vulnerability of the national economy to exchange-rate fluctuations and
shifts in the international political environment. External borrowings are mostly
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earmarked and provide for the use of funds for investment projects that have a long-
term socio-economic effect. However, the effectiveness of the use of borrowed resources
largely depends on a rational approach to public debt management, which must be
systematic, balanced, and transparent [4].

An analysis of the dynamics of Ukraine’s public debt and GDP as part of the
macroeconomic environment for 2015-2025 demonstrates a pronounced non-linearity of
development. The peak of the debt burden during 2015-2016 was a consequence of the
deep crisis of 2014-2015. The main reasons were:

e adeep devaluation of the hryvnia, since a significant share of Ukraine’s public
debt was denominated in foreign currency, namely US dollars and euros. The sharp fall
in the hryvnia exchange rate, from approximately UAH 8 per USD in 2013 to more than
UAH 25 per USD in 2015, caused the hryvnia equivalent of foreign-currency debt to
surge, while nominal GDP in hryvnias simply did not keep pace with this rate of
devaluation;

e a decline in real GDP, as the beginning of the war, the loss of territories that
generated a significant share of industrial production and exports, and the disruption of
economic ties led to a substantial contraction of Ukraine’s real GDP;

o the nationalization of PrivatBank and support for the banking sector, as the
state was forced to issue a significant volume of domestic government bonds (OVDPs)
to recapitalize PrivatBank and other institutions in order to rescue the financial system,
which immediately increased domestic debt.

The decline in debt to 50,3% in 2019 was the result of macroeconomic stabilization,
strict control over the budget deficit, the effect of restructuring, and, above all, the rapid
growth of nominal GDP against the background of a temporary strengthening of the
hryvnia. By the end of 2019, Ukraine had reached a very safe and healthy level of debt
burden by international standards.

The year 2020 was characterized by the consequences of the pandemic crisis, when
GDP amounted to 4194,10 billion UAH and public debt amounted to 2551,88 billion
UAH. The debt-to-GDP ratio of 60,8% corresponded to the generally accepted safety
criteria for Ukraine under legislation, in particular Article 18 of the Budget Code of
Ukraine. A significant improvement in the macroeconomic situation was observed in
2021. Owing to a rapid increase in nominal GDP to 5459,57 billion UAH, with growth
exceeding 30%, and a restrained borrowing policy of 2672,06 billion UAH, the level of
the debt burden declined to a local minimum of 48,9%. This period can be identified as
the phase of the highest fiscal sustainability within the period under study.

However, the events of 2022 radically changed this trajectory. The beginning of
the full-scale invasion led to a decline in nominal GDP. It amounted to 5191,03 billion
UAH, while public debt increased by 52,5%, reaching 4075,57 billion UAH. This gap
was caused by the need to cover a colossal budget deficit in order to finance the security
sector and social obligations. The period of 2023-2024 became a time of adaptation to
the “wartime economy”. The culmination of the entire process was the 2025 indicator of
a debt burden equal to 101,2% of GDP, which signals that the indicators exceeded the
limits of sustainability defined by the Maastricht criteria and classical macroeconomic
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standards. In other words, this effectively means the transition of the economy into a
zone of high default risk and indicates the need to revise the debt sustainability strategy
through mechanisms of international restructuring and the conversion of credit lines
into grant-based formats [5].

The analysis of the currency structure of public debt is also of interest (Fig. 2). This
aspect is quite significant, since it is precisely the denomination of obligations that
determines the degree of vulnerability of the financial system to exchange-rate
fluctuations and the specific features of managing external payments.
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Figure 2 - Structure of Ukraine’s public debt by borrowing currency as of
the end of 2025 [6]

The current distribution of debt by currency type indicates Ukraine’s deep
integration into the European financial space and substantial support from international
institutions. The analysis of the architecture of the debt portfolio demonstrates the
dominant role of the euro, with obligations denominated in this currency amounting to
95,49 billion USD, or 44,76% of all currencies. This not only confirms the status of the
European Union as a key strategic creditor, but also reflects a shift in the focus of
external borrowings toward European financing instruments, which is a logical
consequence of European integration processes. The US dollar ranks second in terms of
volume, with 48,31 billion USD, which traditionally underscores the weight of the
American currency in the structure of external financing and market borrowings
(22,65%).

Special attention should be paid to the share of obligations denominated in the
national currency, which amounts to 44,5 billion USD, or 20,86%. Maintaining a
significant segment of debt in hryvnias is a positive indicator, as it minimizes currency
risks for the budget under conditions of devaluation pressure. Special Drawing Rights
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(SDRs) also occupy an important place in the structure, amounting to 18,41 billion USD
(8,63%), which directly correlates with financial support programmes from the
International Monetary Fund.

The dominance of the euro and the significant shares of the dollar and SDRs
indicate that the main body of borrowings has been formed through institutional
support from Western partners, which ensures long maturities and low interest rates.
However, the high concentration of debt in foreign currency, exceeding 70% of the total
portfolio, creates substantial budget vulnerability to exchange-rate fluctuations, since
any devaluation of the hryvnia automatically leads to an expansion of the deficit
through the recalculation of the principal debt amount into the national equivalent.

Borrowings in Canadian dollars play a less significant but diversifying role,
amounting to 4,93 billion USD (2,31%), as do minor shares in Japanese yen, 0,86 billion
USD, and British pounds sterling, 0,85 billion USD, at 0,4% each. Such differentiation
and the multi-vector nature of the currency basket demonstrate the broad geography of
resource mobilization and the use of specific credit lines from partner countries. Thus,
the predominance of the euro and the US dollar creates a certain dependence on the
monetary policies of the European Central Bank and the Federal Reserve System;
however, the high share of hryvnia-denominated obligations and the concessional
nature of external loans make it possible to balance the overall risk of public debt
servicing [5].

An important component of an effective debt policy is ensuring the state’s ability
to service and repay its obligations without creating excessive fiscal pressure in the
future. The attraction of funds should be based on clear criteria of expediency,
efficiency, maturity, and economic benefit, with a focus on achieving long-term
financial stability. Thus, public borrowings should not be viewed solely as an
instrument for covering temporary budget shortfalls, but should become a lever for
stimulating economic growth, developing national production, increasing investment
activity, and modernizing infrastructure.

Debt management in Ukraine is carried out in accordance with the Public Debt
Management Strategy, which is updated at least once every three years. The document
defines objectives, areas of work, approaches to attracting financing, and mechanisms
for risk control. The main objectives are to meet the financing needs of the state budget,
minimize debt servicing costs, diversify borrowing sources, extend the weighted
average maturity of the debt portfolio, and reduce currency risks [7, p. 125].

Considering the specific features of Ukraine’s public debt structure, in which the
share of external borrowings financed from the budget predominates, the development
of a comprehensive system of indicators is highly important. Such a system should
include not only indicators of general solvency and liquidity, but also indicators of the
maximum permissible debt burden on the state budget. This necessity is due to the fact
that the level of public debt significantly affects the state’s fiscal policy and limits its
capacity to manage budget expenditures, which is important for achieving
macroeconomic stabilization in the future. The assessment of the state’s debt security is
carried out according to the methodology approved by Order Ne 1277 of the Ministry of
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Economy of Ukraine dated 29 October 2013. This methodology has been applied from
2013 to the present.

In general, the following main instruments of public debt management can be
identified for Ukraine in the context of ensuring financial security under wartime
conditions:

1. Synchronization of fiscal policy, adherence to fiscal discipline, achievement of
budgetary balance, and deficit monitoring, which requires more careful planning and
forecasting of budget indicators and the search for additional tax revenues.

A difficult decision is the increase of the tax burden, which would allow the
government to attract additional revenues to finance defence needs and maintain
economic stability under martial law; this was proposed in Draft Law of Ukraine Ne
11416-d of 30 August 2024 on increasing taxes to finance the army. However, an
excessive increase in the tax burden may deepen the shadow economy. Instead,
international partners and analytical centres propose alternative solutions. For example,
a slight increase in the VAT rate by only 2% could provide almost 80 billion UAH in
additional revenues to the state budget without causing significant shadowing of the
economy. Other measures, such as increasing taxes on assets or excise duties on
selected goods, could also become effective alternatives without leading to significant
negative consequences for the economy.

2. Animportant area for improving public debt management is the improvement
of monetary policy. This includes regular assessment and management of risks
associated with public debt, in particular interest-rate risks, liquidity risks, and
currency risks. Continuous monitoring and effective management of these risks make it
possible to minimize the negative impact on public debt servicing.

3. Stimulating economic development by creating favourable conditions for
investment and business development. This may be implemented through the
introduction of tax incentives and deregulation. At the same time, programmes for the
structural transformation of the economy, oriented toward exports and high-tech
production, particularly in the western regions of the country, need to be developed.
Such measures will contribute to the expansion of economic potential and the
improvement of the state’s fiscal capacity.

4. Ensuring transparency and accountability in the field of public debt
management. A key task is to improve methods for auditing and monitoring public
debt through the use of advanced international standards. This will increase the
efficiency and reliability of processes for managing the state’s debt obligations. An
important step in this direction is the involvement of independent international experts
to conduct audits and objectively assess public debt management measures. Such an
approach will contribute to increased confidence in the state debt policy on the part of
investors, creditors, and the public. The introduction of transparent mechanisms for
reporting, auditing, and evaluating the effectiveness of debt management according to
international rules will become a key step toward ensuring long-term financial stability
and strengthening Ukraine’s authority in the international arena.
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5. Debt refinancing. The government may review and refinance previously
issued debt instruments with high interest rates, replacing them with new instruments
with lower yields. This will reduce current debt servicing costs. Strengthening the
domestic market for government borrowings is strategically important. It will reduce
the country’s external dependence and financial vulnerability. Attracting long-term
loans on concessional terms may help ease the overall debt burden on the state budget.
Diversification of financing sources through the domestic public debt market increases
the resilience of the state’s debt position by reducing risks associated with fluctuations
in foreign exchange rates and changes in external lending conditions. Thus, the
development of the domestic government borrowing market is a key element of
effective public debt management.

6. Optimizing the structure and diversifying sources of public debt financing.
The state should consider a wide range of sources: domestic and external, public and
private, short-term and long-term. This will make it possible to form an optimal debt
structure that takes into account the ratio of costs and risks. Such diversification of
financial instruments increases the resilience of the state’s debt position.

With the beginning of the full-scale war, Ukraine faced unprecedented conditions
for attracting public debt. Leading democratic countries and international financial
institutions expressed their willingness to support Ukraine, which had suffered
unprovoked aggression, by providing credit resources on exceptionally favourable
terms: for long periods and at concessional interest rates. In parallel, agreements were
reached to suspend public debt payments to the Group of Seven countries and
members of the Paris Club of creditors until the end of 2023. In addition, Ukraine
received 480,6 billion UAH in international grants, which were directed toward
financing critical social programmes in the areas of education, healthcare, and social
protection, thereby making it possible to avoid default. Overall, these exceptional
support measures from foreign partners became a key factor that allowed Ukraine to
cope with financial and economic challenges during wartime [8, p. 128].

The government’s main priority should be to restrain the growth of public debt
through non-repayable international financial assistance. At the same time, taking into
account the attention and sympathy of the global community toward Ukraine as a
country that has suffered unprovoked aggression, it is important to implement a policy
of restructuring existing debts and improving the conditions of their servicing. Such a
comprehensive approach, combining the attraction of non-repayable assistance and the
easing of the debt burden, will allow Ukraine to manage public debt effectively under
martial law and ensure financial stability.

7. Implementation of programmes for restructuring existing debt obligations.
This provides for the possibility of revising repayment terms and interest rates on debt
in order to reduce current servicing costs. Ukraine has already achieved certain results
in the field of public debt restructuring. In September 2024, the Government of Ukraine
announced the successful completion of a debt restructuring operation that provided
for settlements on thirteen series of sovereign Eurobonds and state-guaranteed
Eurobonds issued by Ukravtodor. This transaction was aimed at restoring debt
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sustainability, supporting macro-financial stability, and increasing state budget
resources amid ongoing Russian military aggression. This restructuring became one of
the largest debt write-offs in recent comparable sovereign debt operations.

Therefore, the priority task for ensuring the country’s financial security is the
development and implementation of strategies for debt optimization, refinancing, and
restructuring in order to improve the debt portfolio and reduce debt servicing costs.
Ensuring transparency and openness in the field of public debt management should
become a priority. This will make it possible to guarantee not only sustainable fiscal
discipline, but also to gain the trust of investors and civil society. A key aspect of
effective long-term public debt management is the ability to respond to global economic
trends and adapt to changing market conditions. Only through continuous monitoring
of external factors and flexible adjustment of debt policy can the sustainability of the
state’s financial system be ensured.

Management of external public debt requires improving the effectiveness of the
implementation of international agreements and treaties. A necessary condition is
ensuring control over the use of credit resources in accordance with the target areas
defined within the framework of international cooperation. Cooperation with
international financial organizations — the IMF, the World Bank, and the EBRD — is of
particular importance, as it not only contributes to financial support but also shapes
Ukraine’s image as a reliable partner in the field of international finance.

In 2026, Ukraine continues to implement its public debt management policy in
accordance with the medium-term strategy for 2024-2026. This strategy was developed
taking into account the complex military and economic circumstances caused by the
large-scale aggression of the Russian Federation. The priority of debt policy remains
unchanged: to ensure budget financing at the best possible cost while simultaneously
minimizing risks associated with public debt. Particular attention is paid to the
development of the domestic capital market and the attraction of long-term
concessional financing [9].

The war in Ukraine has significantly aggravated the problem of public debt, which
is growing at a record pace due to the need to finance critically important expenditures.
The constant increase in the state budget deficit encourages the government to actively
use domestic and external borrowings, which increases the country’s overall debt
burden.

The key tasks in the field of debt policy should be the optimization of the debt
structure, the expansion of the domestic borrowing market, the stimulation of economic
growth, and the reduction of the budget deficit. Only by combining these factors will
Ukraine be able to ensure debt sustainability and financial security in the medium term.
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CHAPTER 2. INNOVATIVE AND MODERN FOUNDATIONS OF
PEDAGOGY AND PSYCHOLOGY

2.1. Development of the Economic Justification of Decisions in the Process of
Completing Course Projects by Future Technology Teachers

PO3BUTOK EKOHOMIYHOI'O OBTPYH"I:YBAHHS[ PIIITEHD ITIT YAC
BUKOHAHHJ’I KYPCOBVIX POBIT MAVIBYTHIMW YUUTEJISIMU
TEXHOJIOI'IN

Y cywacHmx ymoBax pO3BUTKY CYyCHUIbCTBA, IO XapaKTepW3yIOThCSA IIBVIKVIMM
€KOHOMIUHVIMM, TeXHOJIOTIUHMMM Ta COLiaJIbHMMM TpaHcdOpMallisiMi, 0coOIMBOrO
3HadyeHHsd HaOyBa€ ITiZIFOTOBKa KOHKYPEeHTOCITPOMOXHUX (paxiBIliB, 34aTHUX He JIMIIe
BOJIOAIT IIpodpeciiHMMM 3HaHHSAMM Ta BMIHHAMMU, aje 1 edeKTUBHO IIpuiMaTu
oOrpyHTOBaHI pillleHHS B yMOBax OOMeXeHNX pecypciB. Y IIbOMy KOHTEKCTi 3pocTae
pOJIb  €KOHOMIYHOI ITATOTOBKM MamOyTHIX yYWTeNIiB TEeXHOJIOTiN, amKe IixH:A
npodeciiiHa HisUIbHICTE Oe3mocepeHBO IIOB'S13aHA 3 OpraHi3alli€l0 TeXHOJIOTIYHIIX
IIpOLIeciB, IUIaHYBaHHSIM BUPOOHMYOI [IisUIPHOCTI, BUOOpOM MaTepiajliB, iHCTPyYMeHTIB,
TeXHOJIOTiVI BUTOTOBJIEHHS BUPODIB Ta OIiHIOBaHHAM JOLUIBHOCTI MPUHATUX pillleHb
[1].

CydacHa TexHOJIOTi4Ha OCBiTa CIipsgMoOBaHa Ha pOpMyBaHHs Y 300yBayiB OCBiTH
He JIVIIe TeXHIYHMX 1 TeXHOJIOTIYHVX KOMIIETEHTHOCTE, a 1 eKOHOMIYHOI'O MVIC/IEHHS],
30ATHOCTI aHaJi3yBaTM BWUTpaTH, BMU3HA4YaTV e(eKTMBHICTh BUPOOHMUMX MPOIIECiB,
3MIVICHIOBATVI €KOHOMIYHiI pO3paxyHKM Ta OOIPYHTOBYBAaTV IIPUMHSTI TeXHOJIOTiuHi
pimteHHs. Y 3B’43Ky 3 MM MamOyTHil y4WTelb TEeXHOJIOTiVl IIOBMHEH BOJIOHITH
HaBMYKaMV eKOHOMIUHOIO aHajli3y, IO JIO3BOJIAIOTH iHTerpyBaTVi eKOHOMIUHy
CKJIQJIOBY Yy IIpolleCc HaB4YaHHsA Ta ¢opMyBaTM B Y4YHIB HpaKTW4YHe PO3yMiHHS
eKOHOMIYHIX acIeKTiB BUPOOHMYO]T Ais/IbHOCTI.

BaxxiiiByiM esieMeHTOM IpodeciviHOT MiITOTOBKY MaviOyTHIX yUMTesTiB TeXHOJIOTIN
€ BUKOHAHHS KypCOBMX pODIT, SIKi BUCTYHAOTh edeKTMBHMM 3acOOOM IIO€THAHHS
TEOPEeTUYHNMX 3HaHb i IpaKTMYHMX yMiHb. [1if yac BMKOHaHHS Takmx pobiT cTymeHTn
He JIMIIIe OIIAaHOBYIOTh METO[M ITPOEKTYBaHHS BUpPOOiB, aHasIi3y TeXHOJIOTiUHMX
IIpOlieciB Ta OpraHiszallii BMpPOOHMIITBa, ajle 7 HaOyBalOThb [OCBily €KOHOMIYHOIO
oOrpyHTyBaHHsI BJjlacHMX pimieHs. CaMe KypcoBa pobOoTa CTBOPIOE YMOBU IS
KOMIUIEKCHOTO  3aCTOCyBaHH:d 3HaHb 3 TexXHOJIOTiN, eKOHOMiKM, oOprasisartii
BUPOOHMIITBA Ta MENAroriky, mo crpusie POPMYyBaHHIO CHCTEMHOIO IIPOdeciiTHOro
MUCIIeHHS [4].

OcoOmmBy poiib 'y CTPYKTypi KypcoBUX poOOIT Bifirpae eKOHOMiuHe
OOIpyHTyBaHHS HNPUVHATUX TeXHOJIOTIUHMX pilleHb. BoHO mepenbavae BrsHaueHH:
BUTpaT Ha MaTepiay, iHCTpyMeHTW, eHeprilo, poboumii dYac, a TaKOX aHali3
cobiBapTocTi BMpPOOY, MOXJIMBOCTEVI ONTMMi3allii TeXHOJIOTIYHOTo IIpollecy Ta
OIliHIOBaHHs eKOHOMiuHOI edeKTMBHOCTI BWIOTOBJIEHHS MPOMYKIHi.  YMiHHS
IPOBOAUTK TaKi po3paxyHKM crpuse ¢POpMyBaHHIO palliOHaJIBHOIO X0y [0
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opraHisarlii BUpOOHMYOI HisUTTBHOCTI Ta PO3BUTKY €KOHOMIYHOI KYJIBTYpU MartOyTHixX
Iegaroris.

Pasom 3 TM aHaJIi3 HayKOBO-IIeNArorivHol JliTepaTypy Ta IIPaKTUKKU IiITOTOBKNI
MariOyTHIX Y4YWUTesIiB TEeXHOJIOTiV CBiTUMTb PO Te, IO HOUTAaHHS PO3BUTKY yMiHb
eKOHOMIUYHOTO OOIPYHTYBaHHsS pillleHb IIiJI 4YaCc BMKOHAHHS KypCOBMX pPODIT IIe
HeJIOCTaTHbO PO3KpuTi. Y OaraThox BUIIafIKax €KOHOMiuHa CKJIafloBa PO3IJISIAETHCS
JIVIIIE K MTOIIOMDKXHUM eJIEMEeHT TeXHOJIOTTUHOI'O HPOEKTYBaHHS, IO 3HVDKYE 11 OCBITHI
MOTeHIliaJI Ta OOMeXye MOXJIMBOCTI (POpMYyBaHHS €KOHOMIYHOI KOMIIETeHTHOCTI
CTYIICHTIB.

Y 3B4a3Kky 3 UM BUHMKae IOTpeba y OUIBII I'PYHTOBHOMY JIOC/I/IKeHHI
IefJarOriYHIX yMOB, METOVYHMX IIiIXOMIB Ta OpraHi3aliliH1X 3aco0iB, AKi CIPUSIOTH
PO3BUTKY 3HATHOCTI MaVOYTHIX yUYMTesIiB TeXHOJIOTiV 3MIiMICHIOBAaTH €eKOHOMiuHe
OOTpyHTYBaHHSI TeXHOJIOTIUHMX PpillleHb y IIpolieci BUMKOHAHHS KYpPCOBMX PODIT.
@opMyBaHHSI TaKMX YMiHb € BaXJIMBUM CKJIQIHMKOM IIpodpeciiiHOl IIiArOTOBKM
IearoriB, OCKUIBKM JIO3BOJISE€ IIOEMHATM TEeXHOJIOTIUHI 3HaHHS 3 eKOHOMIUHWMM
aHaJIi30M Ta MiJIBUINVTH IIPaKTUYHY CIIPSIMOBAaHICTh HaBYaHH:.

Teoperwyni 3acagm I1podeciviHOI IATOTOBKM —IeJaroriuHmx KaapiB Ta
dopMyBaHHS KOMITETEHTHICHOIO ITiIXO/ly B OCBiTi BVUCBITJIEHO y IIpaLisX BiTUM3HSIHVIX
ydeHUX. Y IOCTIKEeHHSAX, IPUCBAYEeHMX IIpobileMaM IlefaroridHol — OCBiTw,
OOI'PYHTOBYETBbCS HEOOXiTHICTh PO3BUTKY y MariOyTHIiX Ie[laroris 3aTHOCTI O aHaJIi3y
COLIiaJIbHO-eKOHOMIUHMX IIpolleciB, IUIaHyBaHHSA IIpodeciiHOI  [OisyIbHOCTI  Ta
HNpUMHATTS oOIpyHTOBaHMX pimenb. Y mpaugx O. besmaneko, I 3epesoi, T.
Korsneniuenko, H. Huukaso, C. 'onuapenka, JI. Bamenko, B. Pagkesuu posrirsagaroTecst
OUTaHHA IIpodecirHOl IMiArOTOBKM Ilefaroris, popMyBaHHS KIIOUOBMX 1 dpaxoBux
KOMIIETEHTHOCTe, a TaKOX iHTerpailii eKOHOMiUHMX 3HaHb y 3MiCT OcBiTH. JloCTigHMKN
HaroJIONIylOTh, IO Cy4YacHUW IeJaror Mae€ BOJIOAITY He JIMIe IIpeIMeTHVMM
3HaHHSAMM, ajle I PO3yMiTV eKOHOMIUHi acreKTy IpodeciviHOI [IisIbHOCTI, 30KpeMa
pallioHaJIbHe BUKOPWUCTaHHA pecypciB, IUIaHyBaHHS BUTpaT Ta OIL[iHIOBaHHS
edeKTMBHOCTI isUTbHOCTI [2].

Baxwmmse Miclle y HayKOBMX MOOCIIDKEHHSIX 3aliMalOThb IUTaHHS PO3BUTKY
€KOHOMIYHOT'0 MUCJIeHHs y Ipolleci mpodecinHoi minrorosku daxisiis. Y mparsx O.
ITaganky, B. Manbka, I. CaBuenka, JI. JIyk'ssHOBOI pOSIVIANAIOTBCS MiOXOOM 10
dopmyBaHHSI eKOHOMIYHOI KOMIIETEHTHOCTI 37100yBadiB OCBIiTHM, PO3BUTKY IXHBOI
3JaTHOCTI aHaJIi3yBaTy €KOHOMIYHI IIPOIIeCH Ta 3aCTOCOBYBaTV €KOHOMIYHI 3HAHHS y
HpaKTUYHIN AisuIbHOCTI. HayKoBIi HigKpeoIrooTh, M0 eKOHOMiYHa KOMIIeTeHTHICTb
dopMyeTBCSL He JIMIlle Yepe3 BUBUEHHS TEOPeTMYHMX IOVUCLUMIUILH, a ¥ y Ipolleci
BUKOHaHH IIPaKTUYHMX 3aBIaHb, HABYaJIbHMX IIPO€EKTIB, JOCIAHNUIIBKOL AisSJIbHOCTI Ta
aHaJli3y peasIbHMX BUPOOHMUIMX CUTYalIif.

OkpemMunt HapsAM AOCITIKeHb OB g3aHMI i3 MeTOAMKOI HaBUYaHHS TeXHOJIOTiN
Ta OpTraHi3alli€l0 IMPOEKTHO-TeXHOJIOTIUHOI [ISUIbHOCTI y IIpoIleci IIJATrOTOBKU
MamOyTHIX y4uTesliB. 3HaUHUI BHECOK y PO3BUTOK IIi€l mpobiemMaTvky 3podwin M.
Kopenp, I. Kyuepyk, C. fmyx, JI. Opmancekui, B. Turapenko, O. bobpoBHUK, ski
HOCIIIKyBaIt OCOOJIMBOCTI TEXHOJIOTIYHOI OCBiTM, METOAMKY OpraHisarllil IIPOEKTHOI
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HOisUIBHOCTI CTY[eHTiB Ta (OpMyBaHHS IIPaKTUYHUX HpodpecitHMx yMiHb. Y ixHIX
Hparsix MIKPecIIoeTbCs, 110 BUKOHAHHSA HAaBYAJIBHMX IIPOEKTIB, KYPCOBMX POOIT i
TeXHOJIOTIYHMX PO3POOOK CTBOPIOE CHPUSTIIVBI YMOBU 1711 (POPMYBaHHS Yy CTYHIEHTIiB
30AaTHOCTI aHajl3yBaTM BUPOOHMYI Ipollecr, BWU3HAYaTVM BUTpPATU MaTepiais,
OLIIHIOBATM €KOHOMIUHY [IOLIUIbHICTh TEeXHOJIOTIYHMX pillleHb Ta POrHO3yBaTu
pe3yibTaTyi BUpoOHMYOI misubHOCTI [1; 3; 5].

[TpobnemaTnka dopmyBanH: €KOHOMIUHOT CKJIaJTI0BO1 rpodecinHo1
KOMIIETEHTHOCTI TaKOX PO3IJIANAETbCS Y HOCITIIDKeHHSX, HPUCBAYEHMX PO3BUTKY
MiANPUEMHUIIBKMX YMiHb Ta €KOHOMIYHOI KyJIbTYpM ManOyTHiX dpaxisiis. Y mpartisax B.
Mapnsirona, H. Huukano, JI. JIyx'ssHoBo1, B. PagkeBra ob6rpyHTOBY€eThCSI HeOOXimHICTD
iHTerpallii eKOHOMIUHMX 3HaHb Yy 3MICT TeXHOJIOIIYHOI OCBITM Ta 3acTOCYyBaHHI
HPaKTUKO-OPi€EHTOBAaHMX METO/iB HaBYaHHA. [{OCIIIAHMKY 3a3Ha4aloTh, 110 €KOHOMIiYHi
PO3paxyHKM, aHasli3 cobiBapTocTi BUpOOiB, oIliHIOBaHHSA ePeKTUBHOCTI BUKOPVCTAaHHS
MaTepiaJiiB i pecypciB ITOBMHHI OyTM OpraHiuHOIO CKJIaJI0BOIO IIPOdeciiHOI MiITOTOBKI
MamOyTHIX y4TesIiB TEXHOJIOTIN.

BormHowac y 3apyOikHi Ilefaroriunii Hayli 3HauHa yBara IpPUIUISETHCS
BUKOPVCTAaHHIO aKTMBHMX MeTO[iB HaBYaHHS JUI PO3BUTKY IIpodecivtHmX
komreTeHTHOCTert. Y mpargx J. R. Anderson, D. Jonassen, R. Felder, M. Prince, A.
Kolmos, P. Blikstein obrpyHTOByeTbCS edeKTMBHICTH ITPOOIEMHO-OPI€HTOBAHOTO Ta
IPOEKTHO-OPI€HTOBAHOIO HaBYaHHSA. [OCIIIHMKIM JOBOIATD, 110 3aJIy4eHHs CTYIeHTiB
110 pO3B’gd3aHHS INPAKTUYHMX BUPOOHMUMX 1 €KOHOMIUHMX 3aBIaHb CIPUSE PO3BUTKY
aHAITUYHOIO MMCIIeHHs, (POPMYBaHHIO 3[aTHOCTI A0 HPUMHSTTS OOIPYHTOBAHMX
pillleHb, a TaKOX PO3BUTKY HaBUMYOK OIIIHIOBAaHHS €KOHOMIUHMX HaC/IIKIB
TEeXHOJIOTIYHOI TisJIbHOCTI.

TakyM 4YMHOM, aHaJIi3 HayKOBMX JDKepesl CBiUMUTh IIPO 3HAYHUM iHTepec
OOCIIMHMKIB A0 mpobriemn (popMyBaHHS €KOHOMIYHO! KOMIIETEHTHOCTI MamOyTHiX
Iefaroris Ta iHTerpariii eKOHOMIYHIMX 3HaHb Y CHUCTeMY TeXHOJIOTI4HOI ocBiTu. Pasom 3
TUM HOTPeOYIOTh IOMAJIBIIOrO IOCIIiKeHHsT MeTOIMYHI MiJIXOAM A0 PO3BUTKY yMiHb
€KOHOMIYHOTO OOIPYHTYBaHHSI TeXHOJIOTIYHMX pillleHb Yy IIpolleci BUKOHAHHS
KypcoBuUX poOIT MaviOyTHIMM y4dmuTeSIAMM TexHOJIOTiV, IO BW3Ha4da€ aKTyaJIbHiCTh
TaHOTO JOCIIiIKEHHS.

Bognouac anaiis HayKoBMX Hpanb CBIQUWTH, IO IIMTAHHS PO3BUTKY YMiHb
eKOHOMIYHOr0 OOIPYHTyBaHHs pillleHb caMe IIiff 4ac BMKOHaHHS KYypCOBUX POOIT
MaviOyTHIMM yUUTEIISIMU TEXHOJIOTIN MOTpedy€e IOOasIbIIIOr0 HayKOBOTO OCMVICTIEHHS
Ta METOJIVYHOIO OOIPYHTYBaHHS.

HopMmaTuBHO-IIpaBOBY OCHOBY IIIITOTOBKM MamOyTHiX y4uTeJIiB TexXHOJIOTiM Ta
dopmyBaHHs IXHIX IpodecimHmX, 30KpeMa eKOHOMIUHMX, KOMIIeTeHTHOCTen
CTaHOBJISITh JlepXKaBHI 3aKOHOaB4ii Ta HOpPMaTWBHI JOKyMeHTM Yy cdepi OCBITH.
IIpoBinHe 3HaYeHH: y IIbOMY KOHTeKCTi MaioTh 3akoH Ykpainu ‘IIpo ociry’, 3akon
Yxpaiuu ‘Ilpo Buiry ocsity’, a Takox 3akoH Ykpainu ‘[Ipo 1oBHy 3arajibHy cepemHIo
OCBITY’, y S$IKMX BM3HAueHO OCHOBHI 3acagy (PYHKIIOHYBaHHS OCBITHBOI CHCTEMIU,
OPVHIUIN IHATOTOBKM (axiBIiB Ta BUMOIM [0 ¢OpMyBaHHS KOMIIETEHTHOCTeV
3000yBauiB ocBiTH. Y IIMX IOKyMeHTax HAaroJIOIIye€TbCs Ha HeOOXiTHOCTI PO3BUTKY
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KJIIOUOBMX 1 IIpodeciviHMX KOMIIETEHTHOCTeVl, 30KpeMa 3aTHOCTI 4O pallioHaJIbHOTO
BUKOPVICTAaHHS PecypciB, IIPUMHATTS OOIPYHTOBAaHMX pillleHb Ta 3aCTOCYBaHHS 3HAHb Y
HPaKTUYHIN JisIbHOCTI.

BaxomBuM oOpieHTMpOM IS OpraHisaiil IIATOTOBKM MamOyTHIX y4uUTeliB
TeXHOJIOTIN € ):[er(aBHVHZ CTaHIapT DaszoBoT cepeaHbOL OCBITMH, 3aTBEPIKEHVIN CMU
Cabinet of Ministers of Ukraine, y sikoMy BU3HaueHO KOMIIETeHTHICHWUI IIiAXia $K
OCHOBY Cy4aCHOI'O OCBITHBOIO IIporecy. Y MeXax TexXHOJIOTiYHOI OCBiTHBOI Tailysi
cTaHJapT Ileperbadae ¢opMmyBaHHsA Yy 37100yBadiB OCBiTM 3JaTHOCTI IUIaHyBaTU
TeXHOJIOTIYHY [IiSUIbHICTB, OLHIOBaTM edeKTUBHICTh BUKOPUCTaHHA MaTepiasiB i
pecypciB, 3OiVICHIOBaTM eJIeMeHTapHi eKOHOMIUHi poO3paxyHKM Ta IIpUMaTu
oOrpyHTOBaHI pillleHHs Iif] Yac BMKOHAHHS IIPAKTUYHNIX i IIPOEKTHMIX 3aBaHb [6].

Opranisamiss npodeciliHOI MiIATOTOBKM MamOYyTHIX y4YWTeNIiB TeXHOJIOTI Y
3aKjlajlaX BUIINOI OCBITM TaKOX perJlaMeHTYE€TbCS CTaHOapTaMyM BMILNOI OCBITH 3a
crentiasbHicTIO 014 «Cepennst ocsita (TexHor1oril)», sIKi BM3Ha4YalOTh IlepeJliK 3arayIbHMX
i daxoBMx KOMIIETEHTHOCTeI, IPOrpaMHi pe3ysIbTaTyi HaBUYaHHS Ta BUMOTU 10
OCBITHBO-TIpOdeciViHMX IIporpaM. Y Hux AOKyMeHTaX IIiKPeciIIO€ThCs BaXJIMBICTh
dopmysaHHsi 'y MamiOyTHiIX Ilefaroris 37aTHOCTI 3[iVICHIOBAaTM TeXHOJIOTiduHe
IIpOEKTyBaHHs, aHaJli3yBaTV  €KOHOMiUHi  acmleKkTV  BUTOTOBJIEHHsS  BUpPOOiB,
oOrpyHTOBYBaTM BMOIp MaTepiasiiB i TeXHOJIOTiM, a TaKOX OpTraHi30ByBaTWM OCBIiTHIiN
mporec i3 ypaxyBaHHSIM IIPaKTMYHOI Ta €KOHOMIYHOI [IOLJIBHOCTI BMPOOHMYOL
IisIJTBHOCTI.

Kpim TOro, BayxIvMBy poib y BU3HAUeHHi 3MiCTy HIpodeciiiHOl IiIroTOBKM
MamOyTHIX y4uUTeIiB TeXHOJIOTIN BiirpaloTh TUIIOBI OCBiTHI IporpaMy Ta HaBYaJIbHI
IUTaHY, po3po0sieHi BinmosigHo 1o Bumor Ministry of Education and Science of Ukraine.
Ili JOKyMeHTV BM3Ha4yalOTh CTPYKTYPY OCBiTHBOTO IIpOIlecy, mHepesiik 00OB sI3KOBUX i
BUOIPKOBMX HaBYJIBHMX AVCOWIUIIH, popMM opraHizaril HaBYaJIbHOI [IisUIBHOCTI Ta
pe3ysIbTaTyi HaBYaHHS, SAKMX MAIOTh JOCATTU 3000yBadi BUIIO OCBITH. Y MeXaxX TaKmx
IIporpaM 3HayHa yBara IPUAUISETbCS BUKOHAHHIO KypPCOBUX POOIT, iHAMBIAyaIbHMX
IIPOEKTIB, TEXHOJIOTIYHMX PO3POOOK i MPaKTUYHMX HOCIIiIKEeHb, IO CIPsIMOBaHI Ha
iHTerpariitfo TeXHOJIOTIYHMX, OpraHi3allifTHIX Ta eKOHOMIYHVX 3HaHb [2].

BukoHaHHSI KypcoBux poOiT i IIPOEKTHMX 3aBaHb PO3ITIAIAETHCA K BaXKJIMBUI
eJleMeHT I[IpodecinHOl ITATOTOBKM, OCKUIBKM caMe B IIpolieci Takol HJisyIbHOCTI
CTYZIeHTV MalOTh MOXJIVBICTb 3aCTOCOBYBATV TEOPETUYHI 3HaHH: Ha IpakTumi. [Tifg gac
BUKOHAaHHSA IIMX pobIiT MamOyTHI yuMTesli TexXHOJIOTiNl 3[iVICHIOITh  aHaIi3
TEeXHOJIOTTYHIMX IIPOLIeCiB, BU3HAYAIOTh BUTPATV MaTepiasliB, OLiHIOIOTh TPYJOMICTKICTD
BUTOTOBJIEHHSI BUPOOiB, PO3paxoByIOTh COOIBApTICTh IIPOAYKIII Ta OOI'PYHTOBYIOTH
€KOHOMIUHY [JOILUIBHICTE 3aIlpOIIOHOBAHMX TEeXHOJIOTIUHMX pillleHb. Takmi INjxif
capuse (pOpMyBaHHIO y CTYIEHTIB 34aTHOCTI KOMIUIEKCHO OIIiHIOBaTM BUPOOHMUI
Iporecy, IIO€AHYBaTy TEeXHOJIOTIUHI Ta €KOHOMIYUHI acIeKTu JisUIbHOCTI, a TaKOX
HpuMaTH OOIpyHTOBaHI ITpodeciviHi pillleHHs.

BogHouac 3MmicT HinroToBKM MamiOyTHIX Y4YWUTeIIB TeXHOJIOTiT (POpMyeTbcs 3
ypaxyBaHHSM MDKHapOIHMX TEHOEHIIII PO3BUTKY TEeXHOJIOIIYHOI Ta IH)KeHepHOI
ocBiTi. Y OaraTtbox kpaiHax €Bpormericekoro Corosy Ta Opranisaliil eKOHOMi4HOTO
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caiBpobiTHmiTBa Ta po3ButKy (OECD) 3HauHa yBara NIpMAUISETbCA IHTerpartii
TEeXHOJIOTTYHOI, €KOHOMIYHOI Ta IIAIPUEMHUIIBKOI ITITOTOBKY CTYJeHTiB. 30KpeMa, y
pexkomeHparisx Organisation for Economic Co-operation and Development Ta
European Commission HarosyomyeTscsi Ha HeOOXiTHOCTI PO3BUTKY Y 37100yBadiB OCBiTH
MiAITPUEMHUILIBKMX KOMIIETEeHTHOCTelI, (piHAHCOBOI TPaMOTHOCTI Ta 3daTHOCTI [0
OPUVHATTS €KOHOMIYHO OOIPYHTOBaHMX pillleHb y IIpodpecivtHi mgisuibHOCTL. Y
MDKHapOAHMX OCBITHIX IIpaKTMKaxX KYypCOBI IIPOEKTH Ta IIPOEKTHO-OPi€HTOBaHe
HaBYaHHS HIMPOKO BUKOPUCTOBYIOTBbCA K e(eKTMBHUM IiHCTpyMeHT (OpMyBaHH:
TaKMX KOMIIETEHTHOCTEVL.

Y 3apyOikHMX HOCITIKEHHSX IIiIKPeCIIOe€TbCs, IO BUKOHAHHS ITPOEKTHUX 1
OOCTITHUITPKMX 3aBIaHb CIIPUSE PO3BUTKY Y CTYIEeHTIB HaBMYOK aHaJIi3y BUPOOHIUIMX
CUTyalili, IUIaHyBaHHs BUKOPWUCTaHH:A pPecypciB, OI[iHIOBaHHSI  €KOHOMIYHOI
edeKTVMBHOCTI TeXHOJIOTIYHMX PpillleHb 1 HPOrHO3yBaHHS Pe3yJIbTaTiB [IisJIbHOCTI.
TakyM 4YMHOM, IIO€AHAHHSA BMMOI  HalllOHaJIbHMX OCBITHIX CTaHIApTIiB i3
MDKHapOIHMUMM TIiIX0gaMy A0 MHinroToBKM ¢axiBILiB H03BOJISIE CTBOPUTH e(PEKTUBHY
crcteMy OpMyBaHHSI €eKOHOMIYHOI KOMITETEHTHOCTI MavOyTHIX y4uTeJIiB TeXHOJIOTiV,
y MeXax 4KOI KypcoBi poOOTM BUCTYNAIOTh BaXXJIMBMM iHCTPYMEHTOM iHTerpariii
TEeXHOJIOTYHMX, EKOHOMIYHMX Ta OpraHi3alliiHuX 3HaHb [3; 5: 6].

TaxviM uMHOM, aHaJIi3 HOPMAaTMBHO-IIPABOBMX IOKYMEHTIB CBiIUMTH, IO Cy4acHa
OCBITH ITOJIiTMKA YKpaiHM OpieHTOBaHa Ha HiArOTOBKY (paxiBIiB, 3MaTHMX IIOEIHYBaTI
TeXHOJIOTIYHI 3HaHHA 3 eKOHOMIUHMM MMCIEHHAM Ta HOPaKTUYHVIMM HaBUYKaMM
OPUVHATTS OOIpyHTOBaHMX pimteHb. lLle cTBOproe HeoOxinmHi IepenyMoBuM IS
HOCIIKeHHsI 0COOJIMBOCTEN PO3BUTKY YMiHb €KOHOMIYHOIO OOIpyHTyBaHHS pillleHb Y
Ipolieci BUKOHaAHHS KypPCOBUX pOOIT MaviOyTHIMM yUMTesIsIMM TeXHOJIOTIVA.

Y mporieci migroToBkM MaviOyTHIX Y4YWTeNiB TeXHOJIOTIVI BaskKJIMBOTO 3Ha4YeHH:
HabyBae popMyBaHHS 30aTHOCTI 3OiICHIOBATM OOIPYHTOBaHWII BMOIp TeXHOJIOTidHIX
pillleHb 3 ypaxyBaHHSIM eKOHOMiuHMX dakropis. CydacHa TexHOJIOTiYHa OCBiTa
Ieperibavae He JIMINIEe OBOJIOMAIHHS CTy[IeHTaMM TeXHOJIOTisIMM OOpoOKM Marepiaiiis,
KOHCTPYIOBaHHs BUPOOiB i opraHisallii TeXHOJIOTIYHMX IIpoIieciB, ajie 1 POpMyBaHH:
€KOHOMIUHOTO MVC/IeHHs, YMiHHS OLIHIOBaTM BUTpaTM pecypciB Ta BMU3Ha4YaTu
edeKTVBHICTh BMPOOHMYOT AisUIPHOCTI. Y IIbOMY KOHTEKCTi BUKOHAHHS KYPCOBVIX POOIT
BUCTyIIa€ BaXJIMBMM 3acoOOM iHTerpailii TexXHOJIOTIYHMX, OpraHizalliHuX i
€KOHOMIYHVX 3HaHb.

Kypcosa poboTa y miaroTosIii MamtOyTHiX yUUTeIIiB TeXHOJIOTiN Ma€ KOMIUIEKCHWUT
1 MDKOVMCUMIUIIHApHWI XapaKTep Ta BUCTYIIa€ BaXJIMBOIO (POpPMOIO Oprasisariii
HaBYaJIbHO-IIOCIIAHNIIBKOL IisJIbHOCTI CTyAeHTiB. BoHa crpsaAmoBana Ha iHTerparliro
TeOpeTUYHMX 3HaHb i MPaKTUYHMX YMiHb, OTPMMaHMX y IIpolleci BUBYEHHs axOBMX
OVCIMIUTIH, 30KpeMa TeXHOJIOTinn oO0poOKM MaTepiasiiB, MaTepiaJIo3HABCTBA, OCHOB
IIPOEKTYBaHHs, oOpraHizallii BMUpPOOHMIITBA, €KOHOMIiKM Ta IIe[JaroriKi. 3aBIsKu
BUKOHAHHIO KypCOBMX POOIT CTyOeHTVM MaloTb MOXJIMBICTb 3acTOCyBaTM OTpPMMaHi
3HaHHA Y NPaKTUYHIV AisJIbHOCTI, IO cIIipusie POpMYBaHHIO IIUIICHOTO IIpodecirtHOro
MICJIeHHS Ta 30aTHOCTI BUPIITyBaTV peasIbHi TeXHOJIOTiuHi 3aBHaHHs [4].
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KypcoBa poboTa TakoXX BMKOHY€ BaXJIMBY OVMAAKTUYHY (YHKIIIO, OCKUIbKI
CTBOPIOE  YMOBM [UII  PO3BUTKY [JOCTIAHUIIBKMX  YMiHb, CaMOCTIVIHOCTI  Ta
BIZIIIOBiAJILHOCTI CTYJEHTIB 3a pe3ysbTaTy BJIacHOI [isulbHOCTL. Y 1Ipomeci ii
BUKOHAHHS CTy[eHTV HaB4YalOTbCsd IIpallloBaT 3 HayKOBMMM Ta TeXHIYHUMU
mKeperlaMy iHdopMallii, aHa/Ii3yBaTM iCHYIOUi TeXHOJIOTiYHI pillleHHs], 3[ilICHIOBATU
MOPIBHSUIBHUY aHaJIi3 pi3HMX BapiaHTIB IPOEKTYBaHHS BUPOOiB Ta OOIPYHTOBYBaTU
BUOip onTMMaIbHOrO BapiaHTy. TakmM 4MHOM, KypcoBa poboTa crpusie popMyBaHHIO
y MamnOyTHIX y4uTeIiB TeXHOJIOTiI YMiHb CaMOCTIIHOro IOIIyKy iHdopmartii, ii
KPUTUYHOIO aHajli3y Ta IIPaKTMYHOIO 3aCTOCYBaHH:d Yy IIPOLeCi TeXHOJIOriYHOY
IisJIbHOCTI.

BaxomBoro ocoOimBicTIO KypcoBoi poboTM € T HpaKTWYHaA CIPSMOBAHICTb.
CrynmeHTN He JuIlle TeOPETMYHO aHAII3YIOTh Ipo0OJieMy, ajsle I BUKOHYIOTb peaslbHe
IIPOEKTYBAaHH: BUPOOYy ab0 TeXHOJIOTIYHOTO IIpoliecy, POo3pobIISiOTh KOHCTPYKTOPCBKY
IOKyMeHTallil0, BM3Ha4YaloTh TEXHOJIOTIUHY IIOC/IJOBHICTh BUIOTOBJIEHHS BUpPOOYy Ta
3IVICHIOIOTh €KOHOMiuHe OOIPYHTYBaHHS HPUVHATUX pilleHb. Taka [isUIbHICTB
J103BOJIsIE MavIOyTHIM yUMUTeIIsIM TeXHOJIOTiV HaOyTu ITpaKTUYHOIO JIOCBiy OpraHisariii
TEeXHOJIOTTYHOTO IIPOLIEeCY, IO € BaXKJIMBVIM IS IX HOJAJIBIIOI IeJaroriuHol AisUIbHOCTI.

Buxonanuss =~ KypcoBoi ~ poborm  Ilepembadae  MPOXOMKEHHS  HU3KN
B3a€MOIIOB I3aHMX €TalliB, KOXXeH 3 SKNMX Ma€ BaXJIMBe 3HAYeHHS I (POpMyBaHHS
mpodecintHOI KOMITETEeHTHOCTI MamiOyTHBOTO BUMTeNIsl TeXHOJIOTi. o Takmux eTarlis
HaJIeXXaTh aHaIi3 HpobsjieMyr Ta OOIPYHTYBaHHS aKTYaJIbHOCTI TeMM [IOC/I/IKeHHH,
IIPOEKTYBaHH: BUPOOy ab0 TEXHOJIOTIYHOrO IIpoliecy, pPo3po0sIeHHS KOHCTPYKTOPChKOT
Ta TeXHOJIOTIYHOI JOKyMeHTallil, Bubip MaTepiasliB i TeXHOJIOTiVI BUTOTOBJIEHHS BUPOOY,
a TaKOXX eKOHOMiUHe OOIPpYHTYBaHHS 3alIPOIIOHOBAHVIX TEXHOJIOTTuHMX pirteHb. Koxen
i3 IIMX eTaliB cHpusge PO3BUTKY I[eBHMUX IIpOodeciiHMX yMiHb, 30KpeMa YMiHH:
aHaJIi3yBaTM TexHiYHy iHdoOpMallifo, IUIaHyBaTM TEeXHOJIOTIYHUI IIpolliec, OLiHIOBaTU
edeKTMBHICTh BUKOPUCTAHHS PecypciB i MpumMaTyi OOIpyHTOBaHI pillleHHS.

Kpim TOro, BuUKOHaHHS KypcoBMUX poOIT crpuse OpMyBaHHIO Yy CTYAEHTIB
CUICTEMHOTO IIIXOAy IO PO3B SI3aHHS TEXHOJIOTIUHMX 3aBJaHb. ManOyTHi BumMTesli
TeXHOJIOTiV BUaThCsl pO3IJISAATH IIPOlleC BUTOTOBJIEHHS BUpPOOY He JIMIle 3 TeXHiYHOI
TOYKM 30pPY, ajle 1 3 IO3UIIiI eKOHOMIYHOT JOIIUILHOCTI, palliOHaJIbHOTO BUKOPVCTaHHS
MarTepiaJiiB i pecypciB, a TaKOXX MOXJIMBOCTI IIPaKTUYHOI'O 3aCTOCYBaHHs pO3p0o0JIeHOro
BUpoOy y HapuasbHOMY IIporieci. Takmit mifxinm mossossie cpopMyBaTHt y CTY[AeHTIB
LUTiCHE ySIBJIEHHSI IIPO TeXHOJIOTTUHY AisUIbHICTH Ta II pOJIb Y Cy4acCHOMY CYCITUIBCTBI.

Orxe, KypcoBa poOOTa € BaXIMBUM eJIeMEHTOM IpodeciiiHOI MiITrOTOBKM
MamOyTHIX yYWTeJIiB TEXHOJIOTiV, OCKUIBKM IIO€AHY€E TEOPEeTUYHY IIJITOTOBKY 3
PaKTUYHOIO [isUIBHICTIO Ta cOpuse QOpMYBaHHIO KIIOUOBMX IIpodpeciviHmx
KOMITETEeHTHOCTeVA. [i BUKOHaHH: 3a0e3redye po3BUTOK TeXHOIOTTYHOr0, eKOHOMIUHOTO
Ta OJOCIIHUIIBKOTO MWCIEeHHs CTYHdeHTiB, II0 € HeoOXiTHOIO IepeqyMOBOIO I
edeKTMBHOI eJIaroriuHol AisyIbHOCTI Y cpepi TeXHOJIOriuHOT OCBITH.

[lepmiM  eTarioM BMKOHAHHS KypcoBOi poOOTM € aHali3 IpobiemMu Ta
OOIrpyHTyBaHHS aKTyaJIbHOCTI TeMy AoCIikeHHs. Ha 11poMy eTarti cTyneHT 3miicHIOE
I'PYHTOBHE BVBYE€HH: HayKOBOI, HaBUYaJIbHO-METOIMYHOI, TeXHIYHOI Ta JOBIIKOBOL
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JIiTepaTypw, IO CTOCYEThCS OOpaHOI TeMn. 30KpeMa, aHaIi3yIOThCs CyJacHi ITyOJtikariii,
MeTOIVMYHI peKOMeHJIallil, MiAPyYHMKNM, KaTaJIor BUpo0iB, TexHiYHa JOKYMeHTallisd Ta
inmi mxepera iHdopwmarii. OcobnmBa yBara HPUAUISETbCA BUBYEHHIO ICHYIOYVIX
aHajIoriB BMpPOOiIB abO TEeXHOJOTIUYHMX pillleHb, IO [JO3BOJISE BU3HAYMUTM IXHI
KOHCTPYKTVBHi 0cO0/IMBOCTI, PyHKITiOHaIIbHI MOXJIMBOCTI, IlepeBaru Ta HeJI0JIiKI.

Takuim aHaji3 pgomomarae cTyaeHTy cdopMyBaTM VsBJIeHHS IIpO CydacHi
TeH/IeHIIil PO3BUTKY TeXHOJIOTIYHOI HisUIbHOCTI, piBeHb TeXHIUYHMX PpillleHb Yy IIeBHiN
rajiy3i Ta MOMJIMBI HaIlpsiMU BIOCKOHaJIeHHs iCHYIOUYMX BUpoOiB. Y pesysbTaTi
IIPOBEIEHOr0 aHajli3y CTyIeHT OOIPYHTOBYE aKTyaIbHICTh OOpaHOI TeMu KYypcOBOI
poboTi, Bu3Hauae mpoOieMy, sIKy HeoOximHO BupimmTi, Ta QOPMYIIIOE MeTy
nocinimkeHHs. Kpim Toro, Ha 11boMy eTalli BU3HA4YalOThCS OCHOBHI 3aBHaHHSA poOOTH,
OKPeCJIIOETbCA CTPYKTypa HAOCIIIPKeHHs, IUIAaHYIOThCd eTaly BUKOHAHHS KypCcOBOTO
IPOEKTY Ta BU3HAYaIOTLCSA OUiKyBaHi pesysibTaTyt. Takmit minxin cripusie popMyBaHHIO
y CTYOeHTIB yMiHb cCUcTeMaTM3yBaTV iHdoOpMallifo, 3OifiCHIOBaTVI aHaJITUYHY
HisUTBHICTB Ta apTyMeHTOBAHO OOIPYHTOBYBATM BJIACHI pillleHHs.

[JpyrvM eTarioM € OpPOEKTyBaHHS BUpPOOy abo TeXHOJIOTIYHOIO Ipollecy, IO
Iepegbadae pPo3po0JIeHHS KOHCTPYKTVMBHOIO PpillleHHsI MamOyTHBOrO BUpPOOy Ta
BU3HAYeHH: 0ro (pyHKIioHaJIbHOTO ITpu3HaveHHs. Ha mpoMy erarmi cryneHT dpopmye
3araJibHy KOHIIEMIIifo BUpoOy, BU3HA4YaEe MI0OTO OCHOBHI apamMeTpy, rabapuTHi po3Mipw,
KOHCTPYKTMBHI eJleMeHTM Ta IPUHIMI poOoTn. BaXwimBuM 3aBHaHHSM € TaKOX
BU3HAUEeHHS OCHOBHMX XapaKTepPUCTMK BUpPOOy, TaKMX $K MIIIHICTb, HaillHICTb,
3PYYHICTb BUKOPVUCTaHHS Ta €CTeTVYHM BUIJISAIL.

Y mporieci poekTyBaHHS CTYHAEHT CTBOPIOE ecCKi3u BUpPoOOy, sIKi BigoOpa’karoTb
Vioro 3arajabHy opMy, KOHCTPYKIIiIO Ta B3a€MHe po3TalllyBaHHs ejleMeHTiB. Ha ocHoBi
LVIX eCKi3iB aHasIi3yIOThCd Pi3HI BapiaHTV KOHCTPYKTMBHOIO BMKOHAHHS BUpPOOy, III0
IO3BOJIIE BW3HAUMUTY HAMOUIBII pallioHaJIbHe pillleHHS. BaXImBMM acreKToM
IIPOEKTYBaHH: € BpaxyBaHHs eprOHOMIUHVX, eCTeTUYHMX Ta eKCIUTyaTallilHVX BVMOT.
EpronomiuHi BMoru 1epe6adaroTh 3abesliedeHHs 3pyYHOCTi BUKOPUCTaHHS BUpPoOy,
BiIITOBITHICTE VIOTO PO3MipiB aHTPOIIOMETPWYHMM XapaKTepUCTKaM KOpucTyBada.
EcreTnuHi BuMOrM 1HoB’s3aHi 3 rapMOHINHICTIO POpMM, ITPOHOPIIIVIHICTIO KOHCTPYKIIil
Ta BiATIOBIOHICTIO BMPOOYy CydacHMM OM3alfHEPCHKMM TeHAeHIisM. Excruryararivai
BVIMOIYI CTOCYIOTBCSI MIITHOCTI, JTOBIOBIiYHOCTI, Oe3leuHOCTi Ta HamiHOCTI BUPOOY y
pol1leci BUKOPVCTaHH:].

HacrtynHuM eramoM € po3poOiieHHS KOHCTPYKTOPCBHKOI HOKyMEHTAllil, IIo
BKJIIOUA€ CTBOPEHHS TeXHIYHMX KpecJjleHb, cxeM, crelludikallivi MaTepiasliB i gerasien
BUpoOy. Ha 1poMy eTarn cTydeHT [OeTajli3ye KOHCTPYKIIiIO BUpPOOY, BU3Ha4ya€ TOYHI
po3Mipu KOXHOI HeTaii, opMy ejleMeHTiB, CIIocobm IX 3'€qHaHHS Ta B3a€MOJII.
Bukony1oTbCS KpecjleHHs 3arajlbHOTO BUIJIAIY BUPOOY, a TaKOX KpecIeHHsS OKpeMmX
metajiert i By3imiB. Taki KpecjleHHs IIOBMHHI BiAIOBiIaTM BMMOraM TeXHIYHOI
JOKyMeHTallil Ta MiCTUTHM BCi HeoOXi/IHi IT0O3HaUYeHHs, pO3Mipy Ta HOSICHEHHS.

Y cydacHux yMoBax Mi Yac BMKOHAHHS KypcoBMX poOIT memasii dacriiie
BUKOPVCTOBYIOTBCS CHICTeMM aBToMaTn3oBaHoro mpoekrysanHsa (CAD), siKi 1o3BOJIAIOTH
CTBOpPIOBATHM TOYHI I'padivuHi Mosiesli B1pobiB, BUKOHYBaTW KpecJIeHHs Ta BisyaslizyBaTu
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KOHCTPYKIIif0 MamOyTHBOro BuUpoOy. BuKopmcraHHsS Takmx mIporpaMHUMX 3acobiB
cupuse QopMyBaHHIO IM@PPOBUX KOMIIETEHTHOCTeI MamOyTHiIX Iemaroris Ta
HiJIBUIIY € SKICTb IIPOEKTHOT JOKYMeHTallii.

BaxxymmBrM eTariom BMKOHaHHS KypcoBol poOOTH € Bubip MaTepialiB i TeXHOJIOTIN
BUIOTOBJIeHHd BUpoOy. Ha 1poMy erami cTydeHT aHajli3ye BJIaCTMBOCTI Pi3HMX
MarepialiB, fIKi MOXyTb OyTM BUKOPUCTaHi jIsl BUTOTOBJIEHHs BUPOOY, 30KpeMa IXHIO
MIITHICTb, [JOBIOBiYHICTb, TEXHOJIOTIUHICTb OOpPOOKM, MOCTYIHICTH Ta BapTICTb.
[TopiBHSIHHS pi3HMX MaTepiayliB H03BOJISIE BU3HAYMTM HAVIOUIBII IOLIJIBHUM BapiaHT,
AKUM  3abesredye HeOOXigHI eKCIUTyaTallifiHi XapaKTepUCTMKN BUPOOy IIpu
OIITMMAJIBHIX BUTpPaTaX pecypcis.

[TapastestbHo 3 BMOOpOM MarepiajliB CTyIEeHT po3po0sige TeXHOJIOTiuHy
ITOCITiZIOBHICTh BUKOHAHHS OIlepalrlili, 110 BKJIIOYAe pO3MidaHHS 3arOTOBOK, pizaHHS abo
pO3IWIIOBaHHA MaTepialy, MexaHiuHy OOpoOOKy, cKjIaJaHHs eTaylell, O03[100JIeHH:
IIOBEPXHi Ta KOHTPOJIb SIKOCTi TOTOBOTO BUpPOOY. [Isi KOXHOI onepaliil BM3Ha4alOThCs
HeoOxifmHi iHCTpyMmeHTM, oOJjagHaHHA Ta IIpUOIM3HA TPUBAICTE BUKOHAHHS.
Po3po0ieHHsT TeXHOJIOTIYHOTO MIpOLIeCy HO3BOJIAE CTYAEHTY CHUCTeMaTU3yBaTy 3HaHHS
mpo Merony OOpoOKM MaTepiaiiB, oOprasisamiro BUPOOHMUYOI MHisUIPHOCTI Ta
HOCJIJIOBHICTh BUKOHAHHS TeXHOJIOTTUYHX OIlepaLiili.

3aBepIIaIbHMM i BOJHOYAC OHMM i3 HaMOUIBIN BaKIMBVIX €TalliB BUKOHAHHS
KypcoBoi pobOOTM € eKOHOMiuHe OOIpPYHTYBaHHS 3allpOIIOHOBAaHMX TEXHOJIOTIUHMIX
pimens. Ha 1iboMy etami cTygeHT 30iViCHIOE KOMIUIEKCHUV €KOHOMIUHMI aHaJli3
peaisanil mpoekTy. BiH Bu3Hauae BUTpaTy Ha OCHOBHI Ta IONOMDKHI MaTepiasu,
iHcTpyMeHTN 11 oOJlaJfHaHHS, OLIHIOE BUTpPaTU eJIeKTPOeHeprii, a TaKoX po3paxoBye
BUTpaTH Yacy Ha BUKOHAHH: TeXHOJIOIYHMX OIlepallin.

Ha ocHOBI oTpuMaHMX AaHMX CTy[OEeHT pO3paxoBye cOOIBapTiCTh BUTOTOBJIEHHS
BUPOOY, aHaIi3ye CTPYKTypy BUTpPAT Ta BM3HAYAE MOXJIIMBI CIIOCOOM IX 3HVDKEHHS.
Hampuxitag, MoxXe posmIsfaTiCs MOXIIVMBICTD BUKOPWCTaHHSA —aJlbTepHATMBHIUX
MaTepiaJliB, ONTMMIi3allisd pO3MillleHHs [JeTajleVl Ha 3aroTOBIli, CKOPOYeHH: BUTpaT dacy
Ha OKpeMi orepaitiil abo 3acTocyBaHHs OUIbII ePeKTUBHIMX IHCTPYMEHTIB. Y pe3yJibTari
TaKOro aHaJli3y CTyIeHT poOUTh BMCHOBOK IIPO eKOHOMIYHY [OLIbHICTh peasrisallii
3aIIpONOHOBAHOIO T€XHOJIOIYHOIO PillleHH:.

Takmm uymHOM, y mpolleci BMKOHAHHS KypcoBOi poOOTM MamOyTHi yumTesi
TeXHOJIOTiVI HalyBaloTh MPaKTUYHOIO JIOCBily €KOHOMIYHOTO aHaslisy BUpPOOHMYOL
TisUIBHOCTI, HaBYalOThCd OIIIHIOBAaTM BUTPATU PeCcypciB, IUIaHyBaTM TeXHOJIOTiYHi
mporec Ta OOIpyHTOByBaTu HpumHSATI pimeHHs. lle cropusie dopmyBaHHIO Y
CTYHEHTIB CMCTeMHOIO IIIXOAy [0 TeXHOJIOIIYHOI MisUIbHOCTI Ta INATOTOBII IX 10
IOAAJIBIIO] MeJIarorigyHoT MPaKTUKL.

Came exoHOMiUHe OOIPYHTyBaHHS [JO3BOJII€ CTy[IeHTaM He JIMIIe OIHWUTH
OOLUIBHICT peajtizallii po3po0JIeHOro MpoOeKTy, ajle ™ cdopMyBaTM HaBUUKU
pallioHaJILHOTO BMKOPVICTaHHSA MaTepiaJIbHMX, €HepreTMYHMX Ta TPYOOBUX PecypciB.
KpimM TOro, BOHO crpusie po3BUTKY aHaJIITUYHOIO MMCJIEHHs, 30ATHOCTI HOPiBHIOBATI
aJIbTepHATVBHI TeXHOJIOTIUHI pIllIeHHs Ta IIPOTHO3YyBaTU MOXJIVIBI €KOHOMIiYHi
pesysibTaTut BUpOOHMYOI misutbHOCTI. Takmil mmigxig Mae BaXIMBe 3HAYeHHS I
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MarOyTHBOI IpodeciiiHOl isUTPHOCTI BUMTesIS TEeXHOJIOTiN, OCKUIBKM IIO3BOJISE
dopmysaTi y 3700yBauiB OCBiTM IpakTUM4He PO3YMiHHS €KOHOMIUHMX acIeKTiB
TeXHOJIOTTYHOI  JisUIbHOCTI Ta CIpusiE€ PO3BUTKY IXHBOI IIIIPUEMHMIIBKOL T
€KOHOMIYHOT KOMITeTeHTHOCTI.

ExoHOMiuHe OOIpyHTYBaHHS Yy CTPYKTypi KypcoBoi poboTu Ieperbadae
BUKOHaHHSI KOMIUIEKCY B3a€MOIIOB SI3aHMX €KOHOMIUHMX pO3paxyHKiB, CIIpAMOBaHMX
Ha BWM3HAUYeHHs [IOLIUIBHOCTI peasmi3aliil TeXHOJIOTIYHOIO IIPOEKTY Ta OLIHIOBaHHSI
edeKTMBHOCTI BUKOpPUCTaHHA pecypci. Lleyl eranm Mae BaJiMBe 3HaueHHsS IS
dopMyBaHHSI y MamOyTHIX Y4YMTesliB TEXHOJIOTiVI HaBMYOK €KOHOMIUHOIrO aHasli3y,
pallioHaJIbHOTO IUIaHYBaHHSA BMPOOHMYOI HisJIBHOCTI Ta HPUIHATTS OOIPYHTOBaHVIX
TeXHOJIOTIYHMX pillleHb. Y TIpolleci BMKOHAHHS €KOHOMIUHOIO OOIPYHTYBaHHSA
CTYZIeHTV BU3HA4alOTh BUTPATU Ha OCHOBHI 7 JOIIOMDKHI MaTepiayiv, iHCTpyMeHTU Ta
o0slajHaHHs, PO3paxOBYIOTh BUTpPaTV Yacy Ha BMKOHAHHS TeXHOJIOTIYHMX oOIlepalliV,
OLIIHIOIOTH BUTPATU €JIeKTPOeHepril Ta IHIINX pecypciB, a TAKOX BU3HAYAIOTh 3arajibHy
cobiBapTicTh BUTOTOBJIEHHS BUPOOY.

KpiMm TOro, BaXXIMBMM eJIeMEHTOM eKOHOMIUYHOIO OOIpyHTyBaHHS € aHaJli3
MOXJIMBOCTEVI ~ ONTMMIi3amil BuUpoOHMYoOro mporecy. lLle Moxe mnepenbauaTn
palioHasIbHMI BUOip MaTepiasiiB, YOOCKOHAJIEHHS KOHCTPYKIIl BMpPOOy, 3MeHIIeHH:
TeXHOJIOTIYHMX BTpaT MaTepiajly, ONTMMi3allil0 IIOCJIJIOBHOCTI TeXHOJIOTTYHMX
omepalliit 800 BUKOpUCTaHH: OUIBII e(peKTUBHMX iIHCTPYyMeHTiB. Y ITpolleci BUKOHaHHS
TaKMX PO3PpaxyHKIB CTy[eHTV HaBYalOThCS 3aCTOCOBYBATV eJIeMEeHTU eKOHOMIUHOIO
aHaJIi3y, OLHIOBATM BUTPATWU Ta pe3yJIbTaTV BUPOOHMUOI HisyIbHOCTI, IOPiBHIOBATU
pi3Hi BapiaHTM BMKOHAHHS IPOEKTY 1 oOMpaTy HaVOUIBII eKOHOMIUHO AOLUIBHUIAL
Taka [OisUIbHICTE cHOpUbe PO3BUTKY aHAJITUYHOIO MMCIeHHS Ta OpMyBaHHIO
30aTHOCTI IpUIIMaTH OOIPyHTOBaHI pillleHHd y cdepi TeXHOJIOTTYHOT TisUTBHOCT.

OpHyM i3 IpakTUYHVIX TPUKIIAiB BUKOPUCTaHHS €KOHOMIYHOTO OOIpyHTyBaHHS
Iif] Yac BUKOHAHHS KypCOBMUX PODIT € IPOEKTyBaHHS BUPOOIB 3 IepeBUHMN, 1110 IIPOKO
3aCTOCOBY€ETBCSL y TeXHOJIOTIUHINM ocBiTi. Hanpukiian, 1mipg dac BUMKOHaHHS KypcOBOL
poboTi Ha TeMy «ITpoeKTyBaHHS Ta BUTOTOBJIEHHS HACTiHHOI JIeKOPaTUBHOI HOJIMYKI»
CTy[IeHT IIOBMHEeH He JIMIIle PO3pO0UTY KOHCTPYKILil0 BUpPOOYy, CTBOPUTH KpecjeHHs Ta
BU3HAYNUTM TEXHOJIOTIUYHY IOCIOBHICTh VIOTO BWIOTOBJIEHH:, ajle VI 3[iVICHUTU
€KOHOMIYHMVI aHaJIi3 BUTpPAT, IIOB sI3aHMX i3 peasli3alli€lo IIPOEKTY.

Ha meprioMy erari eKOHOMIUHOTO OOIPYHTYBaHHs BW3HAYalOThCs MaTepiam,
HeoOXiTHi 11l BUTOTOBJIEHHS BUpPOoOY. 171 BUTOTOBIEHHS HACTIHHOI ITOJITYIKM MOXYTh
BUKOPMCTOBYBATMCA COCHOBAa IIOIIKAa, KPiWWIbHI ejleMeHTH (IIypymm abo camopism),
CTOJIAPHUN KJIeVl, NUIipyBaJIbHMUI Hamip Pi3HOI 3€pHMCTOCTI, a TaKoX J1akodapOoBi
Marepiaim s JeKopaTMBHOro 03700s1eHHs mosepxHi. Iliciia BusHaueHHs Hepertiky
MaTepiajliB CTYJEeHT IIPOBOAUTL PO3PaxXyHOK IXHBOI KUIBKOCTI Ta BapToCTi 3
ypaxyBaHHSIM pO3MipiB BUpoOy, TOBLIMHM MaTepiaJly Ta MOXJIMBUX BTpaT IIif, 4dac
00po0OKM.

[11 yMOBHOrO pO3paxyHKy BapTOCTi Ipali MOXe BUKOPWCTOBYBATVICH CepPeIH
HOrofVHHa CTaBKa. Hampukiiaz, SKIO DIIpUMHATH, IO OJHA TOAMHA poboTu
omiHoeTbcd y 80 TpH, BUTpaTy Ha OIUIATy Hpalli CTaHOBUTUMYTb Ipuoim3Ho 320 rpH.
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J1o 1Mx BUTpaT OONAIOTECSA BUTPATU Ha eJIeKTPOeHeprilo, 10 BU3HAYalOThCs Ha OCHOBIL
MOTY)KHOCTI  BUKOPWUCTOBYBaHMIX  €JIeKTPOIHCTPYMEHTIB  Ta  TPUMBaJIOCTI  IX
BUKOPWUCTaHH4.  Hampwiian, mim  4Yac  BUIOTOBJIEHHS ~ BUPOOYy  MOXYThb
BUKOPVICTOBYBATWCSL €JIeKTpoIoO3MK 1 mwridysajibHa MammHa. ko cymapHe
CHOXMBaHHS eJleKTpoeHeprii craHoBUTh NpubimsHo 1,5 kBT Tox, a BapTicTe oxHOTO
KUJIOBaT-rOAMHY CTaHOBUTH 4 T'PH, BUTPpaTU Ha eJIeKTpOeHeprilo CKJIaayTh IIPUOIN3HO 6
I'PH.

[Ticsia BUMKOHaHHS HeOOXiTHMX PO3paxyHKIB CTyJeHT BU3Hada€ OPI€HTOBHY
cobiBapTicTp BUTOTOBJIEHHS BUPOOYy, $SKa € OOHMM i3 K/IIOYOBMX IIOKa3HMKIB
eKOHOMIYHOI  JouiibHOCTi  mpoekty.  CobiBapTicTh ~ POpPMYeTbCS — HUISIXOM
MiZICYMOBYBaHHS BCiX BUTpaT, OB g3aHMX i3 BUTOTOBJIEHHSAM BUPOOY, 30KpeMa BUTpaT
Ha MaTepian, OIUIaTy IIpalli, BUKOPUCTaHHs OOJIallHaAHHS Ta eHepreTMYHIX PecypciB.
Taxmy mipxif [o3BOJIsiE CTyOeHTaM 3pO3YMITH CTPYKTypy BUPOOHMUYMX BUTpaT i
cpopMyBaTV IpaKTUYHI HABWMYKY €KOHOMIYHOI'O aHaJIi3y TeXHOJIOIIYHO]I IisJIbHOCTI.

Y HaBemeHoMy MNpuKIaAi BUTOTOBJIEHHS [I€KOPATMBHOI IIOJIVYKM CTYHAEHT
CIIOYaTKy BM3Hadae MaTepiajbHi BUTpaTu. [0 HMX HajeXxaTb BUTpaTy Ha OCHOBHUM
MaTrepiasl (HaIpuKIIaz, AepeBuHy abo daHepy), DONOMiKHI Marepiamm (KjIew, JIaK,
KpillWwIbHI ejleMeHTH, UUlidpyBaslbHMUM Tlamip Tomio). ITpuiyctumo, mio 3arasibHa
BapTicTh MaTepiastiB ctaHoBUTh 200 rpH. HacTynmHuM eTarniom € BU3HauYeHHs BUTpPaT Ha
orwiaty npaili. CTyZIeHT po3paxoBy€ TPUBaICTh BUKOHAHHS OCHOBHVMX TeXHOJIOTTYHIX
omeparii: po3MiuaHHs, pisaHHd Marepiajly, OOpOOKy IIOBepXHi, CKJIaJlaHH:
KOHCTPYKIIii, 030001eHHd BUpOOy. SIKIIIO Ha BUIOTOBJIEHHS IIOJIMYKM BUTpadaeTbCs
npurbIm3HO 4 roauHM podOTH, a YMOBHA BapTiCcTh OfHi€l rogmHm mparli craHoBuThb 80
I'PH, BUTpaTV Ha OIUIaTy Hpari cTaHOBUTUMYTh 320 IpH.

OKpeMo BpaxOBYIOTbCA BUTPaTV Ha eHepreTUYHi pecypcy, sIKi BUHMKAIOT ITifl Jac
BUKOPVICTAaHHS  €JIeKTPOiHCTpyMeHTiB abo oOmamuanHsa. Hampuxian, npu
BUKOPVCTaHHI  eJIeKTpoJIo03MKa, INUIdyBayibHOI MallMHM YU  eJIeKTpOIpwWIi
BU3HAYAETHCSA IXHSA IOTYXHICTh, TPUBAJICTh pOOOTM Ta BapTiCThb ejeKTpoeHeprii. Y
JaHOMY BUIIQZIKy BUTpATV Ha eJIeKTPOeHeprilo MOXYThb CTaHOBUTM IIpMOIIN3HO 6 I'PH.
TakyMm uYMHOM, 3araJibHa OpPI€HTOBHa COOiBapTICTh BUTOTOBJIEHHS JeKOPAaTUBHOL
IIOJIVTYIKY CTaHOBUTMMe ITpnbimmsHo 526 rpH (200 rpe MaTepianbHi BuTpaTit + 320 rpH
BUTpaT Ha OIUIATy IIparii + 6 FpH BUTPaT Ha eJIeKTPOeHeprilo).

Ha 3aBeprmrajisHOMy eTari eKOHOMIYHOTO OOIPYHTyBaHHS CTYAEeHT IIPOBOIUTH
MOPiBHSUTBHMV aHaJIi3 PUHKOBMX IiH Ha aHAJIOTiuHiI BUpoOw. [ mporo MOXyTb
BUKOPVICTOBYBATNCS [IaHi TOProBeJIbHMX MepeX, iHTepHeT-MarasuHis, cIleliiaisoBaHmX
I1aTopM eJIeKTpPOHHOI KoMeplii abo MapkeTiulericiB. CTyIeHT aHalisye acOPTMMEHT
oAiOHMX BUPOOIB, IXHI KOHCTPYKTUBHI 0COOIMBOCTI, MaTepiajivi BUTOTOBJIEHHS, piBeHb
4KOCTI Ta LIIHOBUM Aiana3oH. Hampukiiaz, Ko cepeqHs pyHKOBa 1liHa JeKOPaTUBHOL
HaCTiHHOI ITOJINYKM aHaJIOTIYHOTO PO3Mipy i KOHCTPYKIIil CTAHOBUTD HpMOIM3HO 650-
700 rpH, MOXXHa 3pOOUTI BUCHOBOK, III0 BUTOTOBJIEHHS TaKOTO BUPOOY € eKOHOMIYHO
TTOITIBHWM.

Ha ocHOBi oTpuMaHMX [JaHWMX CTyAeHT TaKOX MOXKe BU3HA4YMUTV OPi€HTOBHUW
piBeHb IPUOYTKY Yy pasi peastizariil BupoOy. fIkio yMOoBHa 1liHa IIPOaXy CTaHOBUTIIME
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680 rpH, a cobiBapTicTh - 526 IpH, HOTEHLIVHMUI IPUOYTOK MOXe CKIafaTy OJIM3bKO
150 rpu 3 omnHoro BMpoOy. KpiMm TOro, cTryzmeHT MoXe BpaxyBaTy MOXJIMBI criocobm
3HIDKEHHS coOiBapTOCTi, HampMKiIag ONTHMI3aIlil0o BUKOPWCTAaHHS MaTepiasis,
CKOpOYeHHsI 4Jacy oOpoOKM abo BMKOpMCTaHHSI OUIBII AOCTYIIHMX Marepiajis Oe3
HOTipIlleHHs SKOCTi BUpoOy. Takumit aHasIis J03BosIsie MatOyTHIM yUMUTesIsSIM TeXHOJIOTIN
He JIVIIIe OLiHIOBaTV eKOHOMiUHY e(eKTUBHICTb BUTOTOBJIEHH BIpPOOiB, ajte 11 popmye
y HUX HOpaKTU4YHe PO3yMiHHS IPUHIIMIIB OpraHisallii BMpPOOHMIITBA, IUIAaHYBaHHS
BUTpaT Ta IIPUNHATTY €KOHOMIYHO OOIpYHTOBaHMX PpillleHb Yy TeXHOJIOTiuHin
iSJIBHOCTI.

TakyuM umMHOM, BUMKOHAHHS €KOHOMIUHOrO OOIPYHTYBaHHS Ml 4Yac IIiATOTOBKN
KYpCOBMX pOOIT JO3BOJISIE CTyIeHTaM yCBIIOMUTH B3a€MO3B 130K MK TeXHOJIOTTYHVIMMI
Ta eKOHOMIUHVIMM acIleKTaMM BUPOOHMYOI HisuIbHOCTL. BoHo crpuse dopmysaHHIO
yMiHb IUIAaHyBaTM BWUTpaTW pecypciB, OLiHIOBaTH ed(eKTMBHICTb TeXHOJIOIITYHMX
pillleHb, aHali3yBaTV PUHKOBY CUTYyallif0 Ta IIPOTHO3yBaTM pe3yJIbTaTyl BUPOOHIUOL
HisUTBHOCTI. Y TIOaJIBIIIiN IeJaroriuyHin IIpaKTMIli I1i 3HaHHS Ta BMiHHS MOXYTb OyTu
BUKOPVICTaHI MalIOyTHIMM yUWTeISIMM TEXHOJIOTiV I (POpMyBaHHS y 3m00yBadiB
OCBiTM OCHOB €KOHOMIYHOI I'PaMOTHOCTI Ta IJIPUEMHWUIIBKOIO MUCJICHHS y Ipolieci
BVIBUEHHS T€XHOJIOTIYHMX OUCIIUIDTIH.

[HImMIM  TIpUKIIaZIoM eKOHOMIYHOIO OOIPYHTYBaHHs Yy IIpolleci BMKOHaHHS
KypcoBUX pobiT Moxke OyTy IpOeKT Ha TeMy «Po3pobiieHHsI HacTUIPHOTO OpraHarsepa
I KaHILIeJIAPChKOro mpwiagfis». Y MeXax TaKoro IPOEKTy CTy[eHT Ma€ He JIVIIe
PO3poOUTI KOHCTPYKILi0O BUPOOY, CTBOPUTM eCKi3M Ta KpecjleHHs, a M 3OiMICHUTU
KOMIUIEKCHUVI €KOHOMIUHMI aHaJIi3 MOXJIMBUX BapiaHTIB 110r0 BUrOTOBIeHH:. OmHIM
i3 KJIIIOUOBMX 3aBJaHb Y 1IbOMY BUIIAJIKY € IOPIBHSHHS Pi3HMX MaTepiaslB, SKi MOXYTb
OyTM BUKOpWCTaHi IS BUTOTOBJIEHHS OpraHavsepa, 3okpema danepu, MI®D abo
IUIaCTUKy. JDJIsI KOXXHOrO 3 BapiaHTIB CTYOEeHT BM3HAdae BUTpPaTV MaTepiais,
CKJIaQJHICTh IX OOpOOKM, TpPMBAICTh BUKOHAHHS TEXHOJIOTIYHMX OIleparlil,
HeOOXiJIHICTh BUKOPUCTaHHS IIeBHMX iIHCTPYMeHTIB i 00JIaTHaHHS, a TAKOX OPi€HTOBHY
cobiBapTicTh BUTOTOBJIEHHS BUPOOY.

Ha mepmomy erami aHasli3y CTy[eHT BHM3Hadae KOHCTPYKIIIO opraHavsepa Ta
KUTBKiCTh HeoOXimHMX AeTanevt. Hampukilaz, opraHarizep MoXe CKJIaIaTHCS 3 OCHOBY,
KUIBKOX Ieperopook, O0KOBMX CTIHOK Ta eJIeMeHTIB /Il PO3MillleHHsI Py4OoK, OJIiBIIiB i
OpiOHMX KaHIEIAPChbKMX IIpeaMetis. [licgs Bu3HAYeHHS KOHCTPYKIl CTYHOEHT
PO3paxoBye IUIOITy MaTepiasy, HeoOXiITHOTO [IJI BUTOTOBJIEHHS BCiX meTasiert Bupooy.

Hampuxiiazg, BUTOTOBIEeHHs oOpraHamsepa 3 daHepu MoXe IoTpeOyBaTu
npubmsao 0,4 m? Marepiaiy. fkmio Bapticte danHepu craHoBuTh 250 rpH 3a
KBaJlpaTHUVI MeTpP, BUTpaTy Ha OCHOBHUM MaTepia ckilagyTh mpubiamsao 100 rpa. o
IIbOTO [IOJIafOTbCS BWUTpaTV Ha J[JOIOMDKHI MarTepiajn, Taki gK CTOJSPHUN Kieu
(6msbko 15 rpH), nwvidysansHum mnamip (10 rpH) Ta Jak abo dapba A
IIeKOPaTMBHOTO 0371001eHHs noBepxHi (Osm3pko 30 rpH). TakmMMm UYMHOM, 3arajibHi
BUTpaTV Ha MaTepiaJii y BUIAAKy BUKOPWUCTAHHS QaHepu MOXYTb CTaHOBUTU
pnom3HO 155 rpH.
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JIKIIIO K I BUTOTOBJIEHHsI OpraHarvisepa BukopwucroByBat MJI®, BapTicTh
MaTepiasry Moxe OyTu pgermio suimioro. Hanpwuxiag, npu nini 300 rpH 3a KBagpaTHUII
MeTp BUTpaTU Ha Marepiasl cTaHOBUTUMYTb IIpubimsao 120 rpa. Kpim Toro, o6pobxa
MJI® uacTo nmoTpebye OLIBIN peTeIbHOrO NUTiPyBaHHSA Ta HaHeCeHHs JeKOPaTUBHOTO
IIOKPUTTS, 1110 MOXKe 30UIBIINTI BUTPATU Yacy Ha BUTOTOBJIEHHS BUpoOy. Y pe3ysibTaTi
3arajibHi BUTpaTV Ha MaTepiaJn Ta JOIIOMiKHI pecypcu MOXYTb CTaHOBUTM OJIM3bKO
180-190 rph.

IITe omHWM BapiaHTOM € BUIOTOBJIEHHs OpTraHari3epa 3 IUIACTUKOBUX JIVICTIB. Y
LIbOMY BUIIQIKY BapTiCTh MaTepiasly MoXke OyTu 3HaYHO BuUIOIo, Hanpwukiajg 350-400
TPH 3a KBaJ[paTHWUII MeTp, III0 30UIbIIIye 3arajbHi BUTpaTu Ha Martepiasl. Kpim Toro,
00pobka IUIacTMKy HOTpeOye BUKOPMCTAHHS CHeIliaJIbHMX iHCTpyMeHTiB i Oiybin
TOYHOT'O BMKOHAHHS TeXHOJIOTIUHMX oneparliri. Lle Moxxe BIUIMBaTiI Ha BUTpaTU Yacy Ta
eHepril, a TaKOX yCKJIaJJHIOBaTH IIpOlleC BUTOTOBJIEHHS BUPOOY.

ITicist BM3HaYeHHsT BUTpaT Ha MaTepialy CTYJeHT IIepeXOAWuThb 10 pOo3paxyHKY
BUTpaT 4Yacy Ha BMKOHaAHHs TeXHOJIOTIUHMX oIepanini. Harpuxiianm, BUroTosjieHHsS
opraHarsepa 3 dpaHepy MOXKe BKJIIOUATH TaKi omepallii, ak po3midaHHs fgetasent (10-15
XBWIVH), po3IwIoBaHHd Marepiaity (25-30 xpwima), nulidpysaHHs nosepxHi (30-40
XBWIVH), CKJIafaHHA KOHCTpYyKuil (40-50 xBwimH) Ta o03mo0menHs BupoOy (30-40
XBWIVH). Y pe3yibpTaTi 3araJlbHMUI dYac BWUTOTOBJIEHHS BUPOOy MOXKe CTaHOBUTU
npnbmmsHo 2,5-3 roayHm.

SIKIIT0 YMOBHO HPUMHSATH IIOTOAVHHY OIUIaTy mpami Ha pisHi 80 rpH 3a roguny,
BUTpaTM Ha OIUIATy Mpalli cTaHOBUTUMYTbh IIpubim3Ho 200-240 rpH. 1o 11bOro MOXYTb
IofaBaTiCd He3HAauHi BUTpaTM Ha eJIeKTpOeHepriio, MOB'd3aHi 3 BUKOPUCTaHHSIM
€JIeKTPOIHCTPYMEHTIB  (€JIeKTposIo03mK, mnUlipyBaslbHa MallMHA), 4Ki MOXYTb
CTaHOBWUTV IPMOIM3HO 5-7 TPH.

Ha ocHOBi oTpmMaHMX TaHMX CTYIEeHT MOXKe BU3HAYNTY OPi€HTOBHY COOiBapTiCTh
BUTOTOBJIEHHSI OpraHavisepa 3 pisHMX Marepiaiis. Hanpukiiaz, cobiBapricTe BupoOy 3
danepu moxe craHoButn npubmsHo 360-400 rpH, ToMi K BUIOTOBJIEHHSI TaKOTO X
BUpoOy 3 MII® abo mwractuky mMoxe OyTu gopoxxumm. ITiciist Iporo CTyIeHT 31iTICHIOE
MOPIBHSUIBHUY aHali3 OTPUMAHMX pe3ysIbTaTiB Ta BU3Ha4Ya€ HaOUIBIIT eKOHOMIYHO
BUTIIHNUV BapiaHT BUTOTOBJIEHHS BUPOOY.

TakyM 4YMHOM, HOpPOBEAEHHS IOPIBHAJIBHOIO €KOHOMIUHOIO aHasl3y pi3HMX
MaTepiaJliB i TeXHOJIOTIYHMX pillleHb JO3BOJIL€ CTyJeHTaM OOIPYHTOBaHO BM3HadaTu
ONTVIMaJIHMII BapiaHT BUTOTOBJIEHHS BupoOy. Taxkwmy minxim cipmste dpopmyBaHHIO y
MamOyTHIX y4nTeIiB TEXHOJIOTIV 3/IaTHOCTI IIPUIMAaTH palliOHa/IbHI pillleHHS Ha OCHOBI
€KOHOMIUHMX pO3paxyHKiB, aHa/Ji3yBaTu BUTpaTU PeCcypciB 1 IPOTrHO3yBaTuU
edeKTVBHICTbP TeXHOJIOTIYHOI AisUIbHOCTI. Y MOmaIblliy IeJaroriyHiit IpakTuil IIi
yMiHHSI MOXYyTb OyTM BUKOpHUCTaHI Il popMyBaHHS y 37000yBadiB OCBITM OCHOB
€KOHOMIUHOI I'paMOTHOCTI Ta MiJIIPMEMHUIILKOIO MMCIEHHS Yy IpOIeci BUMKOHAHHI
TEeXHOJIOTTUHMX ITPOEKTIB.

BaxuimBuM ejleMeHTOM €eKOHOMIUHOrO OOIPYHTYBaHHsS Yy IIpolleci BMKOHaHHS
KypcoBuXx pobiT € aHajli3 edeKTMBHOCTI BUKOPWUCTaHHSA MarepiasiiB. ParlioHaspHe
BUKOPVCTaHHS MaTepiaJIbHIUX pecypciB Mae 3HaAYHWI BIUIMB Ha cOOiBapTicTb BUpoOy,
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€KOHOMIYHICTh TEeXHOJIOTIYHOTO IIpOoIlecy Ta 3arajibHy eJqeKTMBHICTb BUPOOHMYOL
misribHOCTi. ToMy mify yac BUKOHaAHHS KYPCOBVIX POOIT CTyJeHTM HaBYalOThCS He JINIIe
BU3HA4YaTM HeOOXigHy KUIBKICTh MaTepiajliB I BUTOTOBJIEHHS BUPOOy, aie 1
aHaJIi3yBaTV MOXJIVBOCTI X MaKCMaJIbHO e(peKTMBHOIO BUKOPVICTaHHS.

OpmHyM i3 BaXXIMBMX MOKa3HMKIB palliOHaJIbBHOTO BUKOPWMCTaHHS MaTepiajlbHMX
pecypciB y Ipolleci BUTOTOBJIEHHSI BUPOOIB € KoedillieHT BUKOPUCTaHHS Marepiaiy.
Ile1 MOKa3HMK XapaKTepu3ye€ CTYIiHb edeKTMBHOCTI BUMKOPWCTAHHS BUXiJHOL
CUPOBMHM Ta BU3HAYa€TbCd K BiTHOIIEHHS KOPMCHOI IwIomli abo 00’'eMy Martepiaiy,
mo Oes3rocepeqHbO BUKOPWMCTOBYETBCS I BUTOTOBJIEHHS [eTajsleln BUpPoOy, 0
3arajJlbHOI KUTIBKOCTI Marepiajsly, BUTpaueHOro y IIpolleci BUpOOHMIITBA. IHIIMIMMI
cjIoBaMM, KoeillieHT BUKOPUCTaHHSA MaTepiasly BimoOpaskae, sika 4acTMHA BUXiIHOTO
MaTepially IIepeTBOPIOETbCS Ha TOTOBiI [eTalli, a fAKa IepexXonuThb y Bimxoam abo
3JIVIIKL.

Y mporieci BUKOHaHHS KypcOBMX pOOIT BM3HAUeHHS IIbOIO IOKAa3HMKA I03BOJISIE
CTyZeHTaM 3[iMICHIOBaTM aHali3 edeKTMBHOCTI BUMKOPWUCTAHHS MarepiajiB Ta
OLIIHIOBaTV PiBeHb TEeXHOJIOTIYHMX BTPAT, 10 BUHMKAIOTH IIiJ] Yac pO3MidaHH:, pi3aHHSA
Ta OOpOOKM 3aroToBok. Iy po3paxyHKy KoedillieHTa BUKOPWMCTAaHHS MaTepiaity
CTYJIeHTV BU3HAYalOTh 3arajlbHy IUIOILy abo 06’eM BUKOPMCTAaHOIO MaTepialy, a TaKOX
CyMapHYy IDIomIy abo o0’eM AeTasters, AKi BXOOLTH OO CKIIamy TOTOBOro BupoOy. Ilicis
LIbOTO OOUMCITIOETHCS BiZIIIOBiZIHE CIIiBBIIHOIIIEHHS, 1110 A€ 3MOI'y KiJIPKICHO OLiHWUTM
edeKTVBHICTh BUKOPVCTaHHS MaTepiaJIbHUX pecypciB.

Hanpukiiaz, AKIIO I BUTOTOBJIEHHS BUPOOY BUKOPUCTOBYETHCS JINCT paHepm
wiomieto 1 M?, a cymapHa IvIomia Bcix pdeTasent craHoBuTh 0,8 M?, KoedillieHT
BUKOPUCTaHHS Marepiasty popisHioBatmme 0,8 abo 80 %. Lle osnHauae, mo 80 %
MaTepiasly BUKOPVCTaHO Oe3IocepeqHbO ISl BUTOTOBJIEHHS BIpoOy, Tomi gk perra 20
% CTaHOBWTBD Bimxoayu abo 3ammKy. Takuit po3paxyHOK Ja€ 3MOTy CTyZAeHTaM OLiHUTY
piBeHb PpalliOHaJILHOCTI TeXHOJIOIIYHOIO IIPOILeCy Ta BU3HAYUTU MOXJIMBOCTI VIOTO
BIOCKOHaJIEHHS.

AHaiti3 1IbOrO IIOKa3HMKAa TaKOX CIPHUEE PO3BUTKY y MamOyTHIX y4uTesiB
TeXHOJIOTIVI yMiHb ONTMMI3yBaTU PO3MillleHHS [eTajlell Ha 3aroToBKaX, IUIaHyBaTH
Ipollec pi3aHHSA MaTepialy Ta HPOIOHYBaTM CIIOCOOM 3MEHINeHHsSI BTpaT. 30KpeMa,
CTYIeHTM MOXYTbH 3aCTOCOBYBaTVM MeTOOM PalliOHaJIbHOIO PO3KPOI0 MaTepiais,
3MiHIOBaTM KOHiryparmifo peTasern abo BUKOPWUCTOBYBAaTM CTaHAAPTHI po3Mipu
3arOTOBOK, ITIO JIO3BOJISIE 3MEHIITUTY KUJIBKICTh BIIIXOIIiB.

TaxvM 4umHOM, BU3HauUeHHs KoedillieHTa BUKOPWUCTaHHSA MaTepially € BaXJIMBUM
eJleMeHTOM EeKOHOMIYHOTO OOIpPYHTYBaHHSI TeXHOJIOTIYHMX pilleHb. UM BUIIVM €
3Ha4YeHHs ILpOTO IOKa3HMKa, TUM edeKTUBHIIle BUKOPWUCTOBYIOTbCSA MaTepialbHi
pecypcut i TMM eKOHOMIiYHO JIOIUIBHIIINM € IIpOolleCc BUrOTOBJIeHH: BUpoOy. Y mporieci
BUKOHaHHSI KYpCOBMX PODIT TaKi pOo3paxyHKM CIPUSIOTE POPMyBaHHIO Yy CTYHEHTiB
HaBMUYOK  €eKOHOMIYHOrO  aHajlisy  BMPOOHMYOI  [isUIbHOCTi,  palliOHaJIbHOIO
BUKOPWCTAHHS pecypciB Ta HPUHATTS OOIPyHTOBaHMX TeXHOJIOTIYHMX PillleHb.

Y mporeci BUKOHaHHSA KYypcOBUMX poOIT CTyAeHTM aHaIi3yIoTh pi3Hi BapiaHTH
pO3MillleHHs JleTasleV Ha 3aroTOBLIi, 1110 JO3BOJIsi€ BU3HAUYUTY HarOUIBII pallioHaIbHU
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coci®6 BuKopucTaHHs MaTepiasy. Hampukitam, mim udac BUroTosileHHsS BUpPOOIB 3
danrepn abo mepes’sIHOI IOIIKM BaXJIMBUM € IIpaBUJIbHE PO3TalllyBaHHS [eTajlell Ha
IOBepXHi MaTepiajly 3 ypaxyBaHHSAM IXHiIX posmipiB i dopmn. OnTumaibHe
PO3MiIlleHHs jeTalell J03BOJISI€E 3MEHIIUTY KUTBbKICTh BimxomiB i 3abesmeunTynt OLIbIN
edeKTVBHe BUKOPUCTaHHS MaTepiaiy.

g bmocTpaliii MOXHa PpO3IIAHYTM HPUKIAZ BUTOTOBJIEHHS HaCTLUIBHOTO
opraHamsepa 3 daHepu. Skio posmimrysaTn AeTaii BUpoOy Oe3 ypaxyBaHHS IX
OIITMMAJIBHOIO pO3TalllyBaHHs, 3HauyHa 4YacTMHA Marepialy MoOXXe 3aJIMIIUTICS
HeBKOPWCTaHOK Y BUIJIAMIL Binmxomis. HaToMicTs mpaBmibHe KOMIIOHYBaHHS JieTaslent
Ha JIUCTi dpaHepm [03BOJIA€ 3MEHIINTM KUIBKICTh 3aJIMIIKIB MaTepialy Ta MiIBUIIUTY
KoedillieHT 11oro BUKopucTaHHs. Hanpukiiaz, npu HepallioHaJIbHOMY pO3TalllyBaHHI
HeTasient KoedillieHT BUKOPMCTaHHS MaTepialy Moxe ctaHOBUTH TpnommsHo 0,65-0,70,
TOZ1 SIK ONTMMaJIbHe pO3MillleHHs JO3BOJISE IiABMINNTY el IokasHuk go 0,80-0,85.

Kpim Toro, min yac aHaiizy edeKTMBHOCTI BUKOPWCTAHHS MaTepiasliB CTyIeHTU
BPaxXOBYIOTb TEeXHOJIOTiuHi ocoOimBocTi 1x 00poOkm. Hampuxiag, mig yac
PO3IMWIIOBAaHHS HepeBMHNM HeOoOXimHO BpaxoByBaTM IIMPWUHY HOPOMHWIIY, SKa MOXe
CTaHOBUTYM 2-3 MM. SIKIIIO Ii BTpaTy He BPaxOBYIOTLCS IIifl Yac PO3paxyHKIB, 1Ie MOXe
NPU3BECTH A0 IlepeBUTpaTy MaTepiany. ToMmy mif yac rulaHyBaHHS PO3KPOIO MaTepiary
CTy[IeHT IIOBMHEH Ieper0adaTii TeXHOJIOTiYHI HPUITYyCKM Ta BpPaxoByBaTM MOXJIVBI
BTpaTy Iif] 4ac oOpoOKM.

IIle ogHMM BaXXIMBMUM HaIpsAMOM MiABUINEHHS e(eKTMBHOCTI BUKOPWCTaHHS
MaTepiajiiB y mpolleci BUMKOHAHHSI KypCOBUX POOIT € pallioHajIbHe BUKOPUCTAHHS
3QJIMIIIKIB MaTepiajly, II[0 YTBOPIOIOTBCS IIiJl Yac BUTOTOBJIEHHS BUpOOiB. Y mporieci
TeXHOJIOTIYHOT 00pOoOKM MaTepiasiiB, 30kpeMa nepesuaM, pa"epr, MII®D abo miacTuky,
HeMVHyYe BVUHWKAIOTh 3JIUIIKM Pi3HOTO po3Mipy. Y TpaauiitHOMy BMpPOOHMIITBI Taki
SQJIVIIIKM YacTO PO3IISAHAIOTHCA K BIIXOOM, OJHAK y Cy4aCHOMY TeXHOJIOIiYHOMY
IIPOEKTYBAHHI BaXKJIMBVIM € IIOITYK CIIOCODiB ix epeKTMBHOIO BUKOPVCTaHHS.

Y wMexax KypcoBux poOIT CTyZeHTM MOXYTb aHali3yBaT¥ MOXJIMBOCTI
BTOPVMHHOI'O BUKOPWUCTaHHS 3a/IMIIKIB MaTepiaJly Ta IIPOIIOHYBaTW Pi3Hi BapiaHTHU iX
OpaKTUYHOIO 3acTocyBaHHd. Takumy migxim cropuse ¢@OpMyBaHHIO HaBUYOK
pallioHaJILHOTO BUKOPWCTAaHHS PeCypciB, PO3BUTKY TEeXHOJIOTIUHOTO MMCJIEHH: Ta
ITZIBUINIEHHIO €KOHOMIUHOT eeKTMBHOCTI BUPOOHMYOI [TisUIbHOCTI. 30KpeMa, Iif Jac
MIPOEKTYBaHHS BUPOOYy CTYOEeHT MOXe 3asfajierigp IependaumTyi OITMMasIbHe
poO3TalllyBaHHsS AeTajlell Ha 3aroToBlli, mo0 MiHiMi3yBaTVM KUIBKICTB BimxomiB i
3a0e3meunTyi MOXJIMBICTD BUKOPWCTAHHS 3a/IMIIKIB IS BUTOTOBJIEHHS TOAATKOBMIX
BUPOOIB.

Hanpukiiam, mif 4ac BUTOTOBJIEHHSI BUPOOIB i3 danepm abo gepeBuHM IIiciig
PO3KpOIO OCHOBHWX JeTajlell HepiIko 3aJIMIIaloThCs pparMeHTH Martepiay pisHOI
dopmn Ta posmipy. Taxi s3aymMIIKyM MOXYTb yTBOPIOBATWUCS IIif Yac BUpi3aHHS
KOHCTPYKTMBHIX eJIeMeHTiB BpoOy, dopMyBaHHS OTBOPiB, 00p0oOKI KOHTYpiB abo I,
yac INATOHKM JleTajleyl 3a posMipamu. Y TpaaguIliiHOMy BUPOOHMIITBI ITOHiOHI
dparMeHTN 4acToO pO3IJISAAIOTHCA SIK BiIXOM, OJIHAK Y IIpolleci HaB4aJIbHO-IIPOEKTHON
HOisUIBHOCTI X AOIIUIBHO pO3IVIAIaT SIK JOJATKOBUIL pecypc, IO MoXe OyTu
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BUKOPWUCTAHMUM JUIS BUTOTOBJIEHHS iHINMX BupobiB. Takmit migxim crpuse
pallioHaJIbHOMY BUKOPWMCTaHHIO MaTepiajiB, 3MeHIIeHHIO KUIBKOCTI BiIXOmiB i
HiIBUIIEHHIO eKOHOMIUYHOI e(peKTMBHOCTI TEXHOJIOTTYHOI JisJIbHOCTI.

[HIIIIM  IPUKITaZIOM € BUKOPWUCTaHHS BY3bKMX aboO BUAOBXEHMX 3aJIUIIKIB
HepeBUHM JJIsSl BUTOTOBJIEHHS JJeKOpaTMBHMX HaKJIaJoK, paMoK It dororpadint ado
eJIeMeHTiB iHTep €pHOro AeKopy. 3 Takux ¢pparMeHTiB MOXXHa CTBOPIOBATV HeBeJIMKi
JeKopaTMBHI I1aHeJI, HACTiHHI KOMMO3MLil abo eemeHTM 03710051eHHS MeOiiB. Y
Hpolleci BUKOHaHHSA TaKMX BUPOOIB CTYyAeHTV MOXYTh 3aCTOCOBYBAaTW Pi3HI criocoomn
00poOkM moBepxHi: NUIiyBaHHS, BUIIAIIOBAHHS II0 [epeBy, JIaKyBaHHS abo
dapOyBaHHS, 1110 HO3BOJISAE MiIBUIINTY €CTeTUYHY IIiHHICTb TOTOBOTO BUPOOY.

Kpim Toro, saymikm maTepialy MOXYTb BUKOPUCTOBYBAaTWUCS JJIsi BUTOTOBJICHHS
OpiOHMX cyBeHipHMX BMpPOOiB, Hampukilag OpesoKiB, MartiTiB abo meKopaTUBHMX
eJleMeHTiB I 037000s1eHHs iHTep’epy. Taki BuMpoOM MOXYyTh MaTu pi3HY dopMmy:
reoMeTpUYHy, POCIVHHY ab0 CHMMBOJIUHY. X BUTOTOBJIEHHSI HO3BOJISIE CTy/IEHTaM
BiAIIpallbOBYBaTV HaBWUYKM TOYHOIO pi3aHH#A, LUIyBaHHS Ta HOeKOPaTVMBHOIO
03mo0iIeHHs  MaTepiasly. Y OedKmMx  BUIIagKax HofgibHI  BUpoOM — MOXYThb
BUKOPVICTOBYBATVCS SIK HaBUaJIbHI 3pa3Ky abo [eMOHCTpaliiHi MaTepiaym minm dac
POBeIeHH: YPOKiB TeXHOJIOTIN.

3aymIKy  OUIBIIIOro po3Mipy MOXYTh OyTM BUKOPMCTaHI Il BUTOTOBJIEHHS
HeBeJIMKMX (PYHKIIIOHAJIBHVIX IIpeIMeTiB, 30KpeMa MiJICTaBOK IJIsi KHWUI, HaCTUIbHMX
opraHamsepiB I 30epiraHHd ApiOHMX HIpelMeTiB, TpUMadiB It cMapTdOHiB abo
eJIeMeHTiB MOIYJIbHMX KOHCTpyKLivi. Hampuxiian, i3 mekiyibkox s3aminkiB dpanepm
MOXXHa CTBOPUTWM KOMIIAKTHUV HAaCTUIBHMV OpraHamsep, SKWM CKIaJaTUMeTbCd 3
Bif/T/TeHb 1711 PYYOK, OJIIBIIiB, OJIOKHOTiB abo iHIIMX KaHIIEISPCBKMX IIpeaMeTis. Y
TaKOMy BUIIAAKY CTyAeHTM MalOoThb MOXJIMBICTb He JIMIIIe IIOBTOPHO BUKOPWCTaTHU
MaTepiajl, ajie 11 YJIOCKOHaJIUTV KOHCTPYKILilo B1poOy, BpaxoByoun PyHKITIOHaIbHI Ta
€CTeTUYHI BUMOIN.

3acrocyBaHHSI TaKOroO IIiIXO[y IIifi 4Yac BUKOHaHHSI KypcoBUX poOiT crpuse
dopMmyBaHHIO y MaviOyTHIX yuWTeNIiB TEeXHOJIOTiNI HAaBUMYOK pallioHAJIbHOTO
BUKOPVCTaHHA MaTepiaJIbHUX pPecypciB Ta PO3BUTKY €KOJIOTIYHOIO MVICII€HHS.
CTrygeHTVM HaBYarOTBCA — OLIHIOBAaTM  MOJMJIMBOCTI  IIOBTOPHOIO  BUKOPWCTaHH:A
MaTepialiB, INTAHYBaTV PO3KPill 3arOTOBOK TaKMM YIMHOM, I1100 MiHiMi3yBaTV KUTbKicTB
BIZIXO[IiB, a TaKOX ITPOIIOHYBaTV aJIbTepHATVMBHI BapiaHTVI BUKOPWCTaHHS 3aJIMIIIKIiB
Marepiaity. Lle no3BoJidge He jmmille MiIBUIIUTY €KOHOMIUHY eeKTUBHICTb BUPOOHIYOL
HOisUIBHOCTI, ajie " ¢popMye BiAIOBiaJibHe CTaBJIeHHS OO pecypciB Ta IIPVHLIMIIB
CTaJIOr0 BUKOPVICTaHHSA MaTepialiB y TeXHOJIOTTUHIiV AisJIbHOCTI.

Kpim ToOro, sammmkm Marepiajly MOXYTh BUKOPVCTOBYBATWCS [IJII CTBOPEHHH
IeKOpaTVBHMX KOMIIO3UIIM abo [M3allHepChKNMX eJIeMeHTiB, $Ki [IOIOBHIOIOThH
ocHoBHUM BUpib. Hampukiiaz, 3 HeBelMKMX pparMeHTiB JepeBUHM MOKHa BUTOTOBUTM
IleKopaTMBHI BCTaBKM, 03[100II0Ba/IbHI ejleMeHTHM abo aIvliKallil, 1110 HaJaloTb BUpPOOY
OUIBII eCcTeTMYHOrO BUIVIAAY. Y [IedKuX BUIIaJKaX TaKi eJeMeHTU MOXYTb CTaTu
CKJIaJIOBOIO YaCTMHOIO HOBOIO BIpoOy abo okpeMuM meKopaTuBHUM 00’ €KTOM.
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BuxopuicTasHs 3aJIMIIKiIB MaTepially TaKoXX Mo)kKe OyTVI IIOB'si3aHe 3 CTBOPEHHSIM
KOMIUIEKTiB BUpo0OiB. Hampuxiiaz, mim gac BUTOTOBIIEHHS HACTUIBHOTO OpraHarvi3epa
CTy[A€HT MOXXe BUKOPVICTaTV 3aJIMIIKN dpaHepu [JI1 CTBOPEeHHs TOJaTKOBMX ITiZICTaBOK
mig TeredOH, TpMMaUiB IS OJBIIB abo HeBeIMKMX KOpPOOOK I 30epiraHHs
KaHLeJIIPpChKMX IHpenmeTiB. Takuit minxin mo3Bosisge po3MMpPUTH  (PyHKIIOHAIBHI
MOXXJIMBOCTI BUPOOY Ta MiABUIIATY MIOTO IIPAKTUUHY LiHHICTB.

3 eKOHOMIYHOI TOYKM 30py BUMKOPWCTaHHS S3aJIMIIKIB MaTepialy J03BOJISAE
3MEHIIUTY 3arajJlbHi BUTpaTM Ha BUPOOHMUIITBO, OCKUIBKM dYacTMHa ITPOMYKLIl
BUTOTOBJISIETbCA 3 MaTepiasliB, siKi BXe Oyiam mpwmuOaHi It BUKOHAHHS OCHOBHOTO
HPOEeKTy. Y pesyybTaTi IIABUINYETbCA KoedillieHT BUKOPUCTaHHA MaTepiajly Ta
3HVDKYETBCS COOiBapTICTh BUTOTOBJIEHHS BUPOOiB. KpiM TOro, BUTOTOBJIEHI 3 3aJIMIIIKiB
IOIATKOBi BUPOOM MOXYTb MaTV CAaMOCTIVIHY LIIHHICTh i BUKOPMCTOBYBATHCS SIK OKpeMi
npenMeTyt abo HaBYaJIbHI 3pasKil.

BaxxyimBuM  acriekToM Takoro ImigXoAy € TaKOX eKOJIOTIUHUII KOMIIOHEeHT.
ParrioHayibHe BUKOPWUCTaHHA MaTepiajliB CHOpWs€ 3MeHIIeHHIO KUIBKOCTI BiZIXOIiB
BUPOOHMIITBA Ta (POPMy€ y CTYAEHTIB BiAIIOBimajibHe CTaBJIeHHS A0 BUKOPWCTAHHS
HNPUPOIHNIX pecypciB. Y IIbOMY KOHTEKCTi eKOHOMiIuHe OOIpYHTYBAaHHS TeXHOJIOTTUHVIX
IIPOEKTIB ITOEAHYETHCA 3 MPUHIMIIAMV €KOJIOTIYHO] JIOLUIBHOCTI Ta CTaJIOr0 PO3BUTKY.

TakvM 4YMHOM, BMKOPWCTaHH:A 3aJIMIIKIB MaTepiajly y IIponeci BUKOHAaHHS
KypcoBMX pPOOIT crpuse MiABUIIEHHIO edeKTUBHOCTI BUKOPUCTAHHS pecypcis,
PO3BUTKYy TBOPYOIO MIAXOAY [OO TEexXHOJIOTIUYHOI MAisUIbHOCTI Ta OpMyBaHHIO Y
MamOyTHIX yUYMUTesIiB TeXHOJIOTiN HaBMYOK pallioHaJIbHOrO BUpOoOHMIITBA. Takmit mimxis
JIO3BOJISIE He JIMIle 3MeHINUTU KUIBKICTH BIAXOMiB, ajie Vi IiOBUIIUTV €KOHOMIUHY
edeKTMBHICTb TeXHOJIOTIYHOIO IIpollecy, IIO € BaX/IMBMUM eJIeMeHTOM Cyd4acHOI
TEeXHOJIOTTYHOI OCBITH.

KpiM eKoHOMIYHOrO acmeKTy, parioHajIbHe BUKOPVCTaHHS MaTepiajliB Ma€ TaKOX
BOX/IMBE €KOJIOTiuHe 3HaueHHs. 3MeHIIIeHHd KUIPKOCTI BiIXOMiB crpumsie OUIBII
BiZIIIOBiJ@JILHOMY CTaBJIEHHIO [10 BMKOPWCTaHHSA IIPUPOAHMX pecypciB Ta dpopmye y
CTY[IeHTiB eKOJIOTiUHy KyJIBTYPYy. Y IIbOMYy KOHTEKCTi eKOHOMiuHe OOIpyHTyBaHH:
TeXHOJIOTIYHMX IIPOEKTIB IOEOHYETbCS 3 IIPUMHIMIIAMM CTaJIOrO PO3BUTKY Ta
PpallioHaJILHOTO IPUPOLOKOPVICTYBaHH:.

Takvm uymHOM, aHali3 edeKTMBHOCTI BUKOPWCTaHHSA MaTepialiB y IIpolieci
BUKOHAHHS KypPCOBMX POOIT cripusie (popMyBaHHIO y MaliOyTHIX y4wUTesIiB TeXHOJIOTiN
BXJIMBMUX HpodeciiHMX yMiHBb: IUIaHyBaHHS BUKOPWCTAHHSA pecypciB, OHTMMi3allil
TEeXHOJIOTIYHMX IIpOIleciB, 3MeHIIIeHHd BUPOOHMYMX BUTpAT 1 palioHaJILHOrO
BUKOPUCTaHHA MaTepiaiiB. Lli HaBUMUKM MalTh BaXJIMBe 3HaYeHHS [UId IXHBOI
IOJaJIBIIIO] IIeJarorivyHol IisUIbHOCTI, OCKUIBKIM JO3BOJISAIOTh (POpMyBaTH y 3000yBadiB
OCBITV IIPAKTMYHI HaBWMYKVM €KOHOMIYHO Ta €KOJIOIIYHO BiJIIOBIIa/JIbHOI'O CTaBJICHHS 110
TEeXHOJIOTIYHO]I TisIJTTbHOCTI.

Kpim Toro, mig wac BMKOHaHHSI KypPCOBMX POOIT AOIIUIPHO BUKOPUCTOBYBaTU
MeTOJ HOPIBHAHHS aJIbTEPHATVBHMX TeXHOJIOTTYHMX PillleHb, AKUV J03BOJISIE OLIIHUTU
edeKTUBHICTh Pi3HMX CIIOCOOIB BUTOTOBJIEHHS BMPOOYy Ta BM3HAUUTM HamOUIbII
pallioHaJIbHM BapiaHT 3 €KOHOMIYHOI 1 TeXHOJIOTIYHOI TOUKM 30py. 3acTOCyBaHH:
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TaKOro MeTOojly cipusie OpMyBaHHIO y CTYAEHTIB HaBMYOK aHAJITMYHOIO MWVCJIEHH,
yMiHHS OLiHIOBAaTM Pi3Hi BUPOOHMYI CUTYyallil Ta HpuMaTy OOIpyHTOBaHI pillleHHs Ha
OCHOBI KOMIUIEKCHOT'O aHaJIi3y BUTpaT i pe3yJIbTaTiB.

Y Mexax KypcoBoi poOOTM CTyHeHT MoOXe IIOpiBHIOBaTM Pi3HiI BapiaHTHU
BUKOHAHHSI TEeXHOJIOTIUHMX OIlepalliil, IO Bigpi3HAIOTbCA 3a CIOCOOOM OOpOOKM
MaTepiasly, BUKOPUCTaHMMM IHCTPyMeHTaMl, BUTpaTaMM 4Yacy, eHeprii Ta piBHeM
TeXHOJIOTIYHOI cKIagHocTi. OmHMM i3 HamOUIBII HOMIMpeHMX HOPUKIaAiB TaKoro
IHOPIBHAHHA € aHa/li3 BUKOPVICTaHHS PYyYHUX IHCTPYMEHTIB Ta €JIeKTPOiHCTPYMEHTIB
ITifT 9ac BUTOTOBJIEHHS BUPOOY.

Hampuxitag, 1, d4ac BWUIOTOBJIEHHS [eTajell 3 JAepeBUMHM CTyAeHT MOXe
BUKOHYBaTV OIlepallifo pO3MWIIOBAaHHA 3a [OIIOMOTOI0 PpPYYHOI HOXIBKM abo
eJIeKTposI003mKa. Y pasi BMKOPUCTaHHS PYYHOrO IHCTPYMEHTY BWUTpaTU dYacy Ha
BUKOHAHHS OIlepallii MOXYTb CTaHOBUTM HOpuOamsHO 25-30 XBWIVH, 3aJIeXXHO Bif
TOBIIMHM MaTepiaJly Ta CKIaZHOCTI po3mwly. BukopucraHHS ejleKTposio03mKa
JI03BOJIIE CKOPOTUTY TPUBAJICTD IIi€l omepaliil 10 5-7 XBWIMH, III0 3HAYHO MiBUIITy€E
npoayKTuBHICTE mpani. OmHAK 3acTOCyBaHHS e€JIEKTPOIHCTPYMEHTY Ilepemdadae
IOOATKOBI BUTpaTM e€JIeKTPOeHeprii, a TaKoX HeOOXimHICTP BMKOPWUCTAaHHS
BiZIITOBiTHOTO 00JIaiHAHHS Ta JOTPVIMAaHHS IPaBWI TeXHIKM Oe3mexm.

Ilig yac mpoBelleHHs €KOHOMIYHOIO aHaJli3y CTYHAeHT BpaxoBye€ BCi IIi dpaKTopu.
3oKpeMa, BiH BU3HA4Ja€ BUTPaATV Yacy Ha BUKOHaHHS oIlepallil B KOXKHOMY BUIIaKy Ta
IIepeBOAUTD IX Y TPOIIOBUI €KBiBaJIeHT, BUKOPVUCTOBYIOUM YMOBHY IIOTOAVHHY OIUIATY
npani. Hanpuxiaz, Ko morogyHHa craBka cTaHOBUTE 80 I'pH, BUKOHAHHS oleparlii
pO3OWIIOBAaHHS PY4YHUM IiHCTpyMeHTOM IpoTaroM 30 XBWIMH CTaHOBUTUME
npubymsHo 40 TpH, ToAi SK BUKOPWCTAHHS €JIeKTPOJIO03MKa IIPOTSAroM 7 XBWIVIH —
npnoymsHo 9-10 rpH.

Pasom i3 TMM CTyOeHT IIOBMHEH BpaxyBaTV BWUTpaTVI Ha eJIeKTPOeHepTilo.
Hampukiiaz, $KIO IHOTYXHICTh ejlekTposiobsmka craHosuTh 600 Bt, a TpuBasicTe
pobot - 7 XBWIVH, CIOXWBaHHS eJleKTpoeHepril craHosuTmMme mpudiamsHo 0,07
kBt Ton. IIpu BaprocTi enekrpoeHeprii 4 rpH 3a KBT Tom BuTpaTtut CKiIamyTh JIuiie
6:m3bko 0,3 TpH, 10 € HE3HAYHMM IIOPIBHSIHO 3 €KOHOMI€I0 yacy. Y pe3ysIbTaTi TaKoro
aHaJTi3y CTyIEeHT MOXe 3pOOWTM BUCHOBOK, IIIO BUKOPWUCTAaHHS €JIeKTPOiHCTPYMEHTY €
OiyTBIIT e(PEKTMBHMM 3 €KOHOMIYHOI TOUKM 30PY.

AHaJIOriyHMI MiOXim MOXKe 3acTOCOBYBaTMCA 1 UId iHIIMX TeXHOJIOTTUHMIX
omepailiiz, 30KpeMa IDIipyBaHHS, CcBepmWIiHHA abo dpesepyBaHHS MaTepiaib.
Hanpukiiazn, nutidpyBaHHS OBepXHi BUPOOY 3a JOIOMOTIOI0 PYyYHOro NUTiyBaJIbHOTO
Opycka Moxe TpuBat 40-50 XxBWiIMH, TOmi $K BUKOPUCTAHHS eJIEKTPUYHOL
HUTipyBasIbHOI MAIIVHM JI03BOJIsIE BUKOHATH 1t0 oneparito 3a 10-15 xswina. Y 1pomy
BUIIAJIKY CTYIEHT TaKOX OIiHIOE BUTpaTH Yacy, eJIeKTpOeHepril Ta MOXKJIVBI IepeBaru
BUKOPVCTaHH: Cy4aCHMX TeXHOJIOTTUHMX 3aco0iB.

KpiM iHCcTpyMeHTiB, MeTO[I, HOPiBHAHHA ajIbTePHATUBHIX TeXHOJIOTIYHVIX pillleHb
MOXXe 3acTOCOBYBaTMcsd 1 Iifi 4ac BMOOpY MaTepiajliB, KOHCTPYKIiiZI abo croco0iB
3’enHaHHs OeTaslert. Hanpukiaz, cTygeHT MoOXe HOPIBHSTM BUKOPWUCTAHHS KIIEEBOTO
3’€MHaHHS Ta MeXaHiYHOro KpiluleHHs (IIypyImiB aOo caMopisiB) i BM3HAUMTHM, SKUII
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BapiaHT € OUIBII AOLUTBHMM 3 TOYKM 30py BUTpAT MaTepiaiiB, 4acy BMKOHAHHS
orrepallii Ta MiITHOCTi KOHCTPYKIII.

3acTocyBaHHsI MeTOAy IIOPIBHSAHHS ajIbTePHATMBHMX TEXHOJIOTIYHMX pillIeHb
copuse  OUIBIT ~ DIMOOKOMY  PO3YMIHHIO  CTyJeHTaMM  B3a€EMO3B'43Ky  MiX
TEeXHOJIOTIYHMMM Ta eKOHOMIUHVMMM acleKTaMy BUpOOHWYOI [disyibHOCTi. BoHu
HaBYalOTHCs OLIHIOBATV He JINMIIe TeXHiYHy MOXJIVBICTh BMKOHAHHS I€BHOI OIlepallii,
ajle 7 T eKOHOMiuHYy edeKTMBHICTb, IPOAYyKTMBHICTb Mpalli Ta JOLIUIBHICTD
BUKOPWUCTAHHS pecypciB. Y pe3ynbTaTi OpMyeTbcsl KOMIUIEKCHWUI Minxid 1o
BUPpIIIEHHSI TEeXHOJIOTIYHMX 3aBHaHb, IO IOEAHYE TexHiuHi, eKOHOMiuHi Ta
oprasi3ariiiHi acrieKTy BMpOoOHMIITBA.

TakuM  4YMHOM, 3aCTOCYyBaHHd  MeTOAy  HOPIBHSHHS — ajlbTepHATVBHMX
TeXHOJIOTIYHMX pillleHb y IIpOIleci BUKOHAHHS KYpPCOBMX POOIT BUCTyHAa€ BaXJIMBUM
MelaroriuiMM  iHCTpyMeHTOM  oOpMyBaHHSI IIpOodeciiHMX  KOMIIeTeHTHOCTeN
MamOyTHIX y4YMUTesliB TeXHOJIOTiN. BuKopmcTaHHS LIbOTO METOAy CIpUSE PO3BUTKY VY
CTY[€HTIB aHJIITMYHOTO IiZIXOy 4O OpraHisallil TeXHOJIOTIYHOI isUIbHOCTI Ta popmye
30ATHICTh 3AIMICHIOBaTM OOIpyHTOBaHMM BUOip HaMOUIBII edeKTMBHMX CIocobiB
BVKOHAHHS BUPOOHMUIX OIlepallif.

Y 1mpormeci BMKOHAaHHS KypCOBMX pOOIT CTyOeHTM MaioTh MOXJIMBICTB
MNOPiBHIOBATY Pi3HI BapiaHTV TE€XHOJIOTIUYHMX PillleHb, 10 MOXYTh 3aCTOCOBYBATWVCS ITifT
yac BUIOTOBJIEHHS IleBHOro BupoOy. Takmi aHajli3 MoXe OXOIUTIOBaTM BUOIp
MarepiasliB, crrocobiB 0OpoOKM, BUKOPUCTaHHS Pi3HMUX iHCTPYMEeHTIB i o0JlagHaHH, a
TaKOX BM3HAYeHHd  ONTUMMAaJIBHOI  IOCJIJOBHOCTI  TeXHOJIOTIUHMX  OIleparlii.
ITopiBHAHHA allbTepHATUBHIX BapiaHTIB JO3BOJISLE OLIIHUTY IXHI IIepeBarv Ta HeIOJIiKY,
BU3HAYNUTY PiBeHb TPYHAOMICTKOCTi BUPOOHMUMX IIPOLIeciB, BUTpaTH Yacy, MaTepiasis i
eHepreTUYHIX pecypciB.

3acTrocyBaHHS IILOTO METOJly TaKOX CIpusie (POPMyBaHHIO y CTYJIEHTIB yMiHb
3IVICHIOBaTY KOMIUIEKCHUII aHajli3 BUPOOHMUYMX mpolecis. ManbyThHi yunrerti
TEeXHOJIOTiVI HAaBUYalOTbCd OLIHIOBAaTH e(eKTMBHICTb pi3HMX CIOCo0iB  0OpoOKM
MarepiajiiB, BWM3HA4aTM JOIIUIPHICTE BUKOPUCTAHHI PYUYHMUX abo eIeKTpUIHMX
iHCTpyMeHTiB, aHaJTi3yBaTH BIUIMB TeXHOJIOTIYHMX PillleHb Ha SIKiCTb TOTOBOTO BUPOOY
Ta piBeHb BUTpAT pecypciB. Y Iporeci Takoro aHaslisy CTyAeHTU PO3IVIAAlOTh He JIVIIe
TeXHIUHi XapaKTepmnCTMKM 00JTafHAHHS Ta TeXHOJIOTIYHIMX OIlepalli, ajle 1 eKOHOMiuHi
acreKkT! BUPOOHMIITBA, 30KpeMa COOiBapTiCTh BUTOTOBJIEHHS BUPOOY, BUTPATVI €Hepril,
pallioHaJIbHICTh BUKOPVCTaHHS MaTepiasliB i TpyJOBUX PecypciB.

KpiMm TexHiYHMX 1 €eKOHOMIYHWMX YVMHHMKIB, I1i], Yac ITOPiBHAHHS ajlbTepPHAaTUBHIIX
TeXHOJIOTIUHMX PillleHb BPaxXOBYIOTbCA TaKOXX OpTraHi3allifiHi acleKT! TeXHOJIOITYHOI
HOisUIBHOCTI. 30KpeMa, CTyOeHTM aHali3yIOThb CKJIaJHICTb BMKOHAHHSA OKpeMMX
omepailiiz, Oe3leuHicTb BUKOPWUCTAaHHA OOJIagHAHHS, TPUBAICTH BUPOOHNYOTO
IpoIleCcy Ta MOXJIVMBICTB OIITMMI3allil ITOCITIOBHOCTI TexHOJIOriuHmx eramiB. Taxkwm
minxim pgossoiige  cdopmyBaTM Yy MamOyTHIX IlefaroriB  KoOMIUIEKCHe OadeHHs
BUPOOHMYO]I JisUIPHOCTI SK CMCTeMN B3a€MOIIOB sI3aHMX TE€XHOJIOTTYHMX, EKOHOMIUHMX i
OpraHisaliiiH/X IIPOLIeCiB.
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ITopiBHsUIBHUV aHaJIi3 aJIbTEPHATVBHMX TeXHOJIOTIUHMX PillleHb CIIPUSIE PO3BUTKY
y CTyHOeHTiB yMiHb CHCTEMHOTO MWCIEHHsS Ta 3[aTHOCTI OIIHIOBaTM BMPOOHMYI
Ipolecu 3 pisHMX MO3MIIN. 30KpeMa, MamOyTHiI BUMTENI TEeXHOJIOTiI HaBYaIOThCS
BU3HAUaTy IlepeBarv Ta HEeNOJIKM Pi3HMUX TeXHOJIOTIYHMX IIJIXO[iB, aHasli3yBaTh
BUTpATH Yacy, MaTepiaJliB i eHeprii, a TaKOXX IPOrHO3yBaTy pe3yJIbTaTy peali3allii Toro
4y iHIIOTO TeXHOJIOTIYHOro pimteHHs. Takuil minxin mo3Bosisge popMyBaT HaBUUKM
pallioHaJIbHOTrO IUIaHYBaHHS TeXHOJIOTIYHOI isyIbHOCTI Ta IPUMHSATTS OOIpyHTOBaHMX
pillleHb y IIpolieci BUTOTOBJIEHHS BUPOOIB.

Kpim TOro, BUKOpmcTaHHsI MeTOJly NOPiBHAHHSA aJIbTepHATUBHMX TeXHOJIOITYHMX
pillleHb CIPUAE PO3BUTKY aHANTUYHMUX, MOCITHUIIBKMX Ta ITPOrHOCTUYHMX YMiHb
CTyHeHTiB. BoHM HaBualoThbCd IIpallfoBaTH 3 TeXHiIUHOIO iHdopMalii€ro, 3IiVICHIOBaTH
HOPIBHAUIBHUM aHaJIi3 Pi3HMX BapiaHTiB BMKOHAHHA TexXHOJIOTIUHMX OIeparlir,
OLIIHIOBaTM €KOHOMiIYHy edeKTMBHICTb BUKOPWUCTaHHS pecypciB Ta BHU3HaydaTu
HaVOUIbII OLIbHUI crHoci® peastisallii TexXHOJIOIIYHOrO ITPOEKTY. Y pe3ysbTari
dopMyeThCs 3IaTHICTE OOIPYHTOBYBATH BJIacHI pillleHHs Ha OCHOBI JIOTIYHOTO aHali3y
Ta €eKOHOMIUHVX PO3paxXyHKIiB.

OcobnmBoro 3HaueHHsl Taki yMiHHS HaOyBalOTh y KOHTEKCTi MaviOyTHBOI
IefJarOrigHOl AisTbHOCTI BUMTEII TEXHOJIOTiN. Y IIpolleci HaBYaHHS 3000yBaviB OCBITH
MaviOyTHiV Tefaror IOBMHeH He JIMIlle JeMOHCTPYBaTV TeXHOJIOTiuHi mpuitomu abo
MOSICHIOBATV HPVHIIMIIV BUTOTOBJIEHHsSI BMUpOOiB, ajle 71 popMyBaTH y yUHIB YMiHH:A
aHaJIi3yBaTM Pi3HI cIocoOM BMKOHAHHS TeXHOJIOTIUHMX 3aBlaHb, OLIHIOBATH IX
edpeKTUBHICTP 1 o0OMpaTu HamMOUIBII pallioHaJIbHUII BapiaHT. BukopucraHH:s
HOPIBHAUIBHOTO aHali3y TexXHOJIOTIUHMX PpillleHb y HaBYaJIbHOMY IIPOLleci CIIpuse
PO3BUTKY y 3000yBadiB OCBiTM KPWUTWUYHOIO MVICJIEHHS, 3HATHOCTI JI0 CaMOCTIiITHOTO
OPUVIHATTS PillleHb Ta BiIIOBIMAJIbBHOIO CTaBJIeHH: 10 BUKOPWUCTaHH:A MaTepiaylbHMX
pecypcis.

Orxe, 3acTocyBaHHSI MeTOAy IIOPiBHSIHHSA aJIbTEpPHATMBHMX TEeXHOJIOTTUHMX
pillleHb y mpolieci BUKOHaHHS KypCOBUX PpoOIT mo3Bojige cdopMmyBaTy y MartOyTHix
yUUTeJIiB TeXHOJIOTIN BaKIVBi mpodpeciviHi yMiHHS: aHaIi3yBaTV BUPOOHMUI IIpoliecy,
OIliHIOBaTV  edEeKTMBHICTh  Pi3HMX  TEeXHOJIOTiYHMX  IIJAXOMiB,  ONTMMi3yBaTu
BUKOPVICTAaHHS pecypciB Ta apryMeHTOBAaHO OOIPyHTOBYBAaTW IIPWUMHSTI pillleHHs.
OnanyBaHHA IIMX yMiHB CTBOPIOE HeoOXimHiI mepemymoBu mid QoOpMyBaHHS Y
3m00yBaviB  OCBITM OCHOB palliOH&JIBHOTO, €KOHOMIYHO OOIPpYHTOBaHOTO Ta
BiZIOBiNAJILHOIO MiAXOAYy 10 TEeXHOJIOTIYHOI [OisyIbHOCTI, IIIO BifIIOBiHa€ Cy4dacHVM
B/IMOTaM TeXHOJIOTT4HOI OCBITH.

ITpoBenennyt aHasli3 3acBiIuye, 110 BKJIFOYeHHs eKOHOMIYHOrO OOIpyHTyBaHHS 10
CTPYKTypU KYpPCOBMX POOIT € BaXIMBUM CKJIaJHMKOM IIpodeciliHOI ITiTOTOBKM
MarOyTHix  yuuTeniB  TexHosori. Taxwmy  minxim  3a0esmedye  iHTerpariiro
TeXHOJIOTIYHMX, OpraHi3alliiHMX Ta eKOHOMiUHMX 3HaHb i copuse (popMyBaHHIO Yy
CTY[eHTiB CHUCTeMHOro OadeHHSI TeXHOJIOTIUHOI HisUIbHOCTI SK IIpoliecy, II0 IO€IHYE
TeXHIYHI pillleHHs 3 €eKOHOMIYHOIO JIOLIUIBHICTIO IX peasri3ariii.

BukoHaHHSI eKOHOMIUHMX pO3paxyHKiB y MeXax KypcoBUX pPOOIT I103BOJIS€
CTyZleHTaM Ha IPaKTUIl 3aCTOCOBYBaTM e€JIeMEHTV eKOHOMIYHOIO aHasli3y IIiJ dJac
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MPOEKTYBaHHS Ta BUTOTOBJIEHHs BUpoOiB. Y mpoleci Takol HisUIBHOCTI MariOyTHI
BUITeJIi TeXHOJIOTiVI HaOyBalOTh YMiHb BU3HAUYaTV BUTPATV MaTepiajlbHNUX, TPYIOBUX Ta
eHepreTMYHMX  pecypciB, po3paxoByBaTu coOOiBapTicTb BUpoOOy, OLiHIOBaTU
edeKTVBHICTb BUKOPVCTaHHS MaTepiasliB i IIOpiBHIOBATY aJIbTEpHATVBHI TeXHOJIOTIUHi
pimieHHs. BaXmmBuM pe3ysIbTaToM € TaKOX PO3BUTOK 3[AaTHOCTI aHaJIi3yBaTV pi3Hi
BapiaHTM OpraHisallii T€XHOJIOTIYHOIO IIpollecy Ta oOwmpaTy HaOUIBII eKOHOMIYHO
TTOLTIJTBHMIA.

3acTocyBaHHSI €KOHOMIUHOIO OOIPYHTyBaHHSI y KypcOBMX poOoTax crpuse
dopMyBaHHIO Yy CTYIeHTiB aHaJiTUYHOIO Ta KPUTUYHOIO MMCIEHHS, YMiHH:
IUIaHyBaTV¥  BUPOOHMYY  MisUTbHICTB, IIPOTHO3YBaTV  pe3ysIbTaTu  peasli3aril
TeXHOJIOTIYHMX IIPOEKTiB 1 HpuiiMatu oOrpyHToBaHi pimteHHs. Kpim Toro, Taka
JisUIbHICTh PO3BMBAa€ HaBUUKM PalliOHAJIbHOIO BUKOPVICTAHHS PeCcypciB, OITHMIi3allil
TeXHOJIOTIYHMX IpolleciB Ta 3MeHIINeHHs BUPOOHWYMX BUTPAT, IO € BaXIMBUMU
CKJIaJJHMKaMM Cy4acHOI TeXHOJIOTiUHOI KYJIbTyPUL.

OTXxe, BMKOPUCTaHHS €KOHOMIUYHOIO OOIPYHTyBaHHs Yy IIpolleci BUMKOHaHHS
KypCcOBUX POOIT cripusie popMyBaHHIO Yy MamOyTHIX y4YMTesTiB TeXHOJIOTiM BaXXIMBUX
npodeciiiHMX KOMIIETEHTHOCTEV: 3[OaTHOCTI aHali3yBaTu BUPOOHMUI IIpoliecw,
OLliHIOBaTM e(deKTVBHICTbh TeXHOJIOTIYHMX pillleHb, BU3Ha4YaTU BUTpPaTU pecypciB i
IUTaHyBaTV TeXHOJIOTiYHy [isUIbHICTH 3 ypaxXyBaHHSM eKOHOMIYHUX ¢aKTOpiB.
OHaHyBaHHﬂ LX YMiHB Ma€ BaXXJIMBe 3HaUeHHS IS IXHBOI ITOJAILINOI IIeIarorigHol
JisJIBHOCTI, OCKUJIBKM O3BOJISIE€ IHTErpyBaTV €KOHOMIUHI 3HAaHHS Y 3MICT TeXHOJIOTTYHOT
ocBiTM Ta dopMmyBaTH y 3700yBauiB OCBiTM ITpaKTM4YHe PO3YMiHHA €KOHOMIiuHWIX
acCrieKTiB TeXHOJIOTIYHOI IisyIbHOCTI, IiIIIPUEMHUIIBKOTO MUCIIEHHS Ta pallioHaIbHOIO
BUKOPVCTaHHS pecypciB.

IlepcriekTVBY OJAIBINIMX HOCIIIKEHb MOXYTh OyTi IIOB si3aHi 3 po3pobsieHHsIM
MeTOOMYHMX peKOMeH/allill o0 iHTerpallil eKOHOMIYHOro OOI'pyHTYBaHHS y pi3Hi
BV HaBYaJIbHO-IIPOEKTHOI [IiSUIBHOCTI CTY[EHTiB, a TaKOX 3 YJJOCKOHaJICHHSIM
MeTOnVKM  (opMyBaHHd eKOHOMIYHOi KOMIIETeHTHOCTI MamOyTHIX y4uTesIiB
TeXHOJIOTiN y IIporieci IXHbOT IIpodeciviHOI MiITOTOBKNA.
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CHAPTER 3. THE LATEST BASICS OF AGRICULTURAL DEVELOPMENT
3.1. Ecological Safety and Risk Assessment of Biological Preparations
EKOJIOITYHA BE3ITEYHICTD I OIIIHKA PU3VIKIB BIOITPEITAPATIB

Y cyuacHux ymMOBax CTpPiMKOIO 3pOCTaHH: YMCEeILHOCTI HaceJIeHHs IUIaHeTH, sKe
3a OOrpyHTOBaHMMM JeMorpadiuHVMM IIPOrHO3aMM JOCATHe o3Hauk y 10 Minnbspais
ocib 1o 2050 poky, 3abe3reueHHs 7100a/IbHOT IIPOAOBOJIBUOL Oe3IeKn IOCTae SIK OAMH i3
HaVIKpUTWYHINX 1 HalCKJIagHIIINX BUKIVKIB DI JIFOOCHKOI HuBUIisamii. Curyarris
YCKJIQTHIOETbCS Oe3lepepBHIM aHTPOIIOTeHHMM TUCKOM Ha IIPUPOIHI eKOCUCTeMI Ta
[JI00QJIbHVMY  KJIIMAaTUYHUMM  3MiHaMM, $IKi CTBOPIOIOTh CHPUSITIIVMBI yMOBU [IJIA
HOLIVIPeHHs Ta eBoJIoLil ditonaToreHis. IIIopoKy ciibchbKOrocromapchbKi MIKITHUKN Ta
XBOPOOM CHPUUMHAIOTH Oe3roBopoTHy BTpary Bim 20% mo 40% cBiToBOro BpoOXKaro
OCHOBHMX IIPOJIOBOJIBYMIX KYJIBTYP. B éeKOHOMIUHOMY €KBiBaJIeHTI 11l BTpaTV CTAHOBJIATh
noHan, 470 muteapais gosapis CIIA mopiuamx 30uTKiB. IcTOpruHMI HOCBiI HaOYHO
IIEMOHCTPYE, 1110 Oe3KOHTPOJIbHE PO3MHOXXEHHS IIKIIMBIX OpraHi3MiB HEOIHOPa30BO
MIPU3BOAWIO A0 MacIITaOHOIO rojIoy LUIMX Hallil, a ckoroaHi 6im3bpko 100 MistbroHiB
TOHH CUJTBCBKOTOCIIOAAPCHKOT MPOAYKIIT IITOPidHO 3HUIIYETHCS IIIe O MOMEHTY 300py
BpOXKaro abo IIi/] Jac moro mopaisinoro 30epiraHHs. ogaTKoBO CIifl 3a3HAYMTH, IO
noHaz 67 000 BMOiB IMIKiZHMKIB CTAHOBJISATH HPsIMy a0O OIOCEpeIKOBaHy 3arpo3y He
JIVIIIe 171 IIPOIOBOJIBUOTO 3a0e3IeueHHs], a 7 IS 340POB'sl JIIOAMHYI, OCKIJIBKI MavbKe
IBI TpeTMHM HaceJleHHs CBiTy IepeOyBalOTh IIiJI II€pPMaHEHTHOIO 3arpo30l0
3aXBOPIOBaHb, 10 IlepeJaloThCsl KOMaxXaMy-IIepeHOCHVIKaMIAL.

InTencudikallisi CiJIbCBKOTO TOCIIOfapcTBa y IOpyrinm 1ooBmHiI XX CTOMITTS,
BiloMa $K «3ejleHa peBOJIollid», cOMpalacsi IepeBaXKHO Ha MacoBe Ta CUCTeMHe
BUKOPWCTaHHS XIMiUHUX (CMHTeTMYHMX) IecTmUyaiB. He3pakaroun Ha IXHIO BUCOKY
HepBMHHY edeKTUBHICTh y IiIBUIIEeHHI BPOXXamHOCTi, HagMipHe Ta Oe3KOHTpOJIbHe
3aCTOCyBaHHs arpoxiMmikaTiB IIpM3BesIO O KaTacTpodiuHMX eKOJIOTiUYHMX HaCIiIKiB
rr1obasbHOTrO Macmrrady. [lo Hyx HaexXxaTsb IIMOOKa Jlerpagallis IPyHTiB, KOHTaMiHaIlisd
HOBepXHEeBMX Ta  MiA3eMHMX BOOHUX  pPecypciB  CTIMKMMM  OpraHiYHUMMU
3a0pynHIoBauaMy, pi3Ke CKOpOUYeHHs OiOpi3HOMaHITTS Ta 3HMINEHHS HeIUIbOBUX
KOPMCHIUX OpraHisMiB, 30KpeMa KOoMax-3amioBaviB. KpiM TOro, eBOIOLIVIHMI TUCK
CMHTeTUYHMX HNeCTULVAIB CIIPOBOKYBaB IIBUAKUI PO3BUTOK Pe3VCTEHTHOCTI Yy
LJTHOBVIX BWMIB IIKiJHMKIB, IO 3MyIIy€ arpapiiB IIOCTiMHO 30UIbIIyBaTM IO3MU
xiMiKaTiB, CTBOPIOIOUVI 3aMKHEHe KOJIO TOKCMKOJIOTIYHOTO HaBaHTaXKeHHs Ha Oiocdepy.

Bigmosifgaro HayKoBOI CIIUIBHOTHM Ha I1i IJI00asIbHI BUKJIMKM CTajI0 BIIPOBaIKeHHS
KoHIlenIlii «ExauHe 3m0poB'ss» (One Health). Ilg mibkauciuiuriHapHa Iapagurma
iHTerpye 3HOpoOB'st JIOfeV;, TBapuH, POCIMH Ta €KOCHUCTeM Yy €IVHYy HepO3pUBHY
dyHKITIOHaIIbHY CHCTeMy, IO IToBHicTIO Bignosigae Lizam cramoro possurky OOH,
30KpeMa IIAM TIOHOJIaHHS ToOJIofy, 30epeXeHHs Ha3eMHUX €KOCUCTeM Ta
3a0e3medyeHHs BiIIOBiTAJIBHOIO CIOXMBaHHSA. Y IIbOMY KOHIIENITyaJIbHOMY KOHTEKCTI
MiKpoOHi OiomecTmiimam — BucokocrelMdiuyHi IpUMPOAHI areHTH, OTPMMAaHI 3
OakTepin, BipYyCiB, rpuOiB, BOIOpOCTEVT Ta HeMarTopd — IIPOIOHYIOTH HaJA3BUYAVIHO
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IIOTYXHY, €KOJIOTi9HO 30aJlaHCOBaHy aJIbTepHATMBY TPaAUIiHVUM CUHTETUYIHUM
Hpernaparam.

Mikpobni  OGiomecTmuynm — 3a0e3nevyyroTh  IIUIeCIIpSIMOBaHWUII ~ KOHTPOJIb
diTonaToreHiB Ta IIKIAHMKIB, MiHIMI3yl0o4M HOpM ILOMY HeraTMBHWUI BIUIMB Ha
HeIIUIbOBi opraHismMy Ta HOOBKUDIA 3arajoMm. [Ipore, MacirtaOyBaHHsS OiosoriuHmx
MeTO/IiB 3aXMCTy BMMAara€ Hai3BMYalHO ITIMOOKOro PpO3yMiHHS IXHiIX MOJIEKYJISPHO-
TreHeTMYHMX MeXaHi3MiB i, eKOJIOriYHOI AMHaMIKM Yy TIPyHTOBUX OioleHo3ax,
€KOHOMIYHOI AOLIJIBHOCTI 3aCTOCYBaHHs B arpOIPOMMCIOBMX KOMIUIEKCax Ta, IO €
abCoIOTHO ~ KPUTWUYHMM, IIOTEHLIVHMX TOKCUKOJIOTIYHMX, IMyHOJIOTiYHMX Ta
eifgeMioJIOTiUHMX PU3MKIB Ik 340PpOB'd JIoAVHN. Ll JonoBigs MiCTUTE BUYEPIIHWNI,
eKCIIepTHUV HayKOBUI aHaJli3 eeKTMBHOCTI, MOJIeKYJIAPHO-KIITVMHHMX MexaHi3MiB Ta
00'eKTVMBHY OIIIHKY pMU3MKiB MiKpoOHMX OioIperaparis.

BiornpernapaTi BifirpatoTh Bce GUTBIT BaromMy poJib y CydacHWMX arpo3axomax. Ix
3aCTOCOBYIOTh AK CAMOCTIVIHO, TaK 1 B IO€AHAHHI 3 IHIIMMM MeTOAaMV, BKIIIOYarouu
xiMiyHI IperapaTy, arpOTexXHidyHi 3ax0dy Ta HPUPOIHMX BoporiB mKimgHuKis. Cepep,
BiJOMMX TpPUKIaIiB - ycHilHe 3acrocyBaHHs Bacillus thuringiensis yis KOHTPOJIIO
JIVMYMHOK  MeTenuKiB, Trichoderma spp. 9K  dyHriumpgHOro arenTta Ta Beauveria
bassiana IpoTVI KOMax-IIKiTHVKIB.

CpiTOBa IpakTyKa AEMOHCTPYE 3Ha4Hy IIOIIVPEHICTh HuX TexHosnorin. Tak, B
okpemmx 1rraTtax CIIA mrorri, o6po0OiieHi MikpoOHVMMM iHCeKTUITMAAMM (HacaMIieper,
mpernaparamMy Ha OcCHOBI Bacillus), cxjiIagaloTh COTHiI THCSY TeKTapiB; Opas3smIbChbKi
depmepn Ha MUIBIIOHaX TreKTapiB BUKOPUCTOBYIOTh €HTOMOIIATOreHHi rpmbm Ta
Oakrepii. JlaTmHCcbKa AMepuKa HaBiThb JIAMPYE 3a 0oOCATOM PUHKY OiorecTMIINIB,
ocoOymmBo TpuOKOBMX, y Tom yac sk y €C Ix uacTKa MeHIIa uepe3 CyBOPpiIi
perymoBaHH: [1].

B €Bponenicekomy Corosi i€ posrajgykeHa Ta YiTKO CTPYKTypoOBaHa CHCTeMa
HOPMaTMBHO-IIPAaBOBOIO PperyjioBaHHd y cdepi 00iry mnecTMIniiB, IO OXOIUTIOE
npouenypu ix cxBajleHHs, Kiacudikallii Ta OJAJIBIIIOrO KOHTPOJIIO. 3a3HaudeHa
crcTeMa MOEAHYE MepefpeecTpalliiiHy OLIIHKY PU3MKiB, IIOCTMapKeTVHIOBUI HaTJIsA/, Ta
peryJIsipHUil Ileperyidll [O3BOJIB 3 MeTOIO IIiITBepi KeHHs BiAIOBiIHOCTI 3acobiB
3aXVICTy POCIIVH BMMOTaM ITIO0 OXOPOHWM 3[IOPOB'S HacelleHHsI, Oe3leKn MOBKUDISA Ta
3axVICTy Xap4oBoro JjaHIora. ITponenypa peecrpartiii O0TaHIYHMX aKTMBHIX PEUOBUH
3[IIVICHIOETBCSI B TOMY CaMOMY IIPaBOBOMY IIOJI, IO VI JUIs CMHTeTUYHMX IIperaparTiB, —
BigmosinHO 10 Permamenty (€C) Ne 1107/2009 [3]. V Mexax 11i€l mpouemypu
€Bporiericbke areHTCTBO 3 Oe3mekm xapuosux Inpoaykris (EFSA) snivicHioe HaykoBy
OLIIHKY PW3MKiB, IO CIyI'y€ ILATPYHTAM I HOPUMHSTTS PeryJIITOPHUX pillleHb,
30KpeMa IIO/0 IMOTEeHIIINHOro BIUIMBY OiOllecTUIINIIB Ha OpraHi3M JIIOAVHY, HelliJIbOBi
Giosioriuni 06'eKTV Ta cTaH HaBKOJIMIIIHBOIO cepelloBulilla. bararopiBHeBa apxiTekTypa
i€l  cucTeMM BUK/IIOYAE MOXJIMBICTH peecTpallil MecTUUWAiB, y TOMY 4MCIl
GiosIoriyHOrO IOXOIKEeHHs, Oe3 ITepeKOHIMBIX JOKa3iB TOro, II10 PiBHI €KCITO3MIIIT It
JIOZIVIHY He IePeBUIYIOTh JOIYCTVMIX IIOPOrOBYIX 3HAaY€Hb.

PeecTpalliss akTMBHOI pPeYOBMHM S3[iVICHIOETbCA 3a YMOBU MiITBepIpKeHHs I1i
Oe3nedHOCTi I 3M0POB'SL JIIOAMHM Ta BiICYTHOCTI HENPUIHSTHOIO HeraTVBHOIO
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BIUIMBY Ha JOBKUUIA. Pa3oM i3 TMM OKpeMmi pedoBMHM POCIMIHHOIO ITOXOIPKeHHS
OTPVIMYBaJIV JO3BUI IOIIPW BUSBJIEHI B XOJi OLIIHKM IPOTaJIMHU B JAaHUX Ta HayKOBY
HeBM3Ha4YeHiCTh, 1110 YHeMOXXIVMBIIIOBajla [IOBHOIIHHEe BCTAaHOBJIEHHS IXHbOIO MPOiIIo
Oesnexn. HemockoHaslicTh MeTOIOJIOTINT TecTyBaHHS, HeIOCTAaTHsSI IIOBHOTA HAasBHMX
HabopiB [OaHMX Ta OOMeXeHHSI CUCTeMM IIOBiJOMJIEHHsI IIpo HebaXaHi edekTu
3YMOBJIIOIOTh CUTyallifo, 3a $KOI IIeBHI HeCHpuATIVBI HaCIAKM 3aCTOCyBaHHSA
IpernapariB MOXYTb BUSBIIATICS JIMIIIe IIiCJIg TPUBAJIOro HepebyBaHHs ix y ob0iry [4]. Y
polleci IIOHOBJIEHHS [I03BOJIB IIpernlapaTy 3aJIMIIAlOTbCS AOCTYIHVIMM Ha PUHKY
HaBiTh MiJ 4Yac IIPOBedeHHS HOBMX OLHOK, IO HepiAKO CIVPAIOTbCA Ha HeIOBHI
MacCVBY JaHMX y YaCTVHI OKpeMVX ClIeHapilB eKCITO3WIIiI.

[lopsap, i3 peryjaToOpHMMM Ta TOKCHKOJIOTIYHVMMM — acleKTamy, BaXXJIMBVIM
YMHHUKOM (OPMYBaHHS 3arajylbHOI KapTWHM Oe3rekyu OionecTUIINIIB € JIFOICHKUII
daxrop. Y HayKoBin j1iTepaTypi Lii IIpenapaTyt CTiVIKO MO3UIIOHYIOTHCS K €KOJIOTIYHO
MPUVHATHIII Ta OUIbII CTaIi 3aMiHHMKY TPaOMILiTHMX XiMiYHMX 3ac00iB, IIIO CYTTEBO
BIUIMBAE Ha CTaBjleHHd [0 HuMx 3 0Ooky kopucrysauiB [5-8]. YV moxymenTax
€BpOIENCHKOr0 MapJlaMeHTy Ta I[HCTUTYTy €BpOIIerChbKOI €eKOJIOTIUHOI ITOJITVIKM
OiomecTHIIVANM PO3IIISHAIOTECA SK OOMH i3 K/IIOYOBMX IHCTPYMEHTIB IIepexony 0
CTaJIOTO CUIBCBKOIO TOCHOMAPCTBa, WO BIMCYETbcA B JIoriky CIIJIbHOI arpapHoOi
nomitrkm €C Ta 111ent €BporericbKoi 3esteHol yroam [9,10].

‘Bakrepii
Hanp. Bacillus subtilis
T Fowen
= MexaHiam aii Hanp. Beauveria bassiana
Tunm necTuumais Ma):
« KoHkypyioTs 3a Bipycu
Ansriuvan npocTip i ixy Hanp. Baculoviruses
(sonopocri) « Mpave —
anTaromiam no MpoTosoi
Axapuuvam algHoweNHIO A0 Hanp. Nosema bombycis
(naBykonoai6HI/Kknitwi) natoreis
* ImyHisyioTs - <
Ao pocnuy-xasnina MikposogopocTi
Asiuvgun Hemartoau
(nTaxu) > N
Hanp. Steinernema feltiae
Xu>xi uneHmcroHori
soporu ans —_—
KUBNEHHA Ha =
. ity Mapasuroigu
Tep6iunan nanp. Encarsia formosa |
(Byp’siHn)
 InriGysanHs .
Bl bepmentis Perynsatopum pocTy Komax
« BnokyloTe
HeRpoHHI Perynatopu pocTty pocnvH
« BnokytoTs =
curHanbHi wnsxm Klidepagh
i Cemioximikatn
aHCreHHi POCAUHMU
= 3axucHi 3aco6m (PI33) L B o S
Micuvauumaun
(pn6m)
T
Bipiunaun ——— R ———————————
[ Covroroni E e —
= OpraHodocdatu
-} MipeTpoiavn

Puc.1. Orisi pisHMX BUITIB ITECTUITMIIIB — CMHTETUMYHMX Ta OiorecTmmmzis [2].

OcHoBHI TlepeBarm OiompernapaTiB IOB's3aHi 3 IX eKOJIOTiUHMM IIpodpisteM i
Giosoriunoro crnenudivnictio. Ha BinMiHy Bif, IIMPOKOCIIEKTPaIbHMX CUHTETUYIHMX
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MeCTUINIIB, OUTBIICTE MiKpOOHMX OiompenapaTiB [HifoTh BY3BKOIIUIBOBO - Ha II€BHI
Py IIKiJHVKIB, He YIIKOIDKYIOUM Xas3sdiHa Ta He HaKOIIMYYOUMCh y IPYHTI UM BOZI.
SIkimo posmisimaTy Ipernapary, OCHOBHVIM KOMIIOHEHTOM KOTporo € Bacillus, Tak 3BaHi
Bt-kpucTranm cTaroTh TOKCMYHMMM JIMIIE B JIy)KHOMY CepedOBUIL KUIIKiBHMKa KOMax,
TOAl AK y IUIYHKY JIIOOVMHM Ta CCaBILiB BOHM PYVHYIOTbCH, He 3aBJalouy IIKOON. Y
pe3ysbTaTi, OiomecTnuyan 3abe3nedyroTh “BiIHOCHO MeHIIle IIKiJIMBMX BIUIMBIB Ha
JIIOfIeVl Ta HaBKOJIMIITHE CepeloBUIlle, HiXK CMHTeTVYHI ITeCTULAN .

Kpim Gesniekn, GiompernapaTit MaroTh i PyHKIIIOHAIBHI IlepeBaru. BoH MOXYTb
MOEHYBATICA 3 arPOTEXHIKOIO OPraHivYHOIO 3eMJIepoOCTBa, e 3aCTOCOBYEThCS MEHIIIe
xiMiKaTiB, a OTXXe, 3HVDKeHUV piBeHb 3aJIMIITKOBMX TOKCHHIB y IPOAYKIHI. 3a maHuMu
MOPIBHAUIBHOTO OIVISAly, OpraHiyHa ITPOAYKIlid MICTUTh 3HA4YHO MEHINY KUIbKICTb
SIUINKOBUX MeCTUIVMIIB 1 Habarato HIMXKXYOI TOKCUMYHOCTI, HIK KOHBEHIIiVIHA.
@akTNYHO, Iepexiy Ha OiompenapaTy CIOpUsE 3HVDKEHHIO PU3NKY Xap4doOBOIO
3a0pynHeHHs MeCcTUIIMIAMM Ta JI03BOJISIE IIOJOBXUTY iHTepBaiM MiX oOpoOkamm. 3
OITIAAY Ha 3POCTaHHSA MONUTY Ha HPOOYKTV OPraHigHOIO IOXOIKEeHHs, BIIPOBa/ KeHHS
MIKpOOHMX 3aco0iB € B3a€MO3B’SI3aHO 3 IIparHEeHHSM [0 OUIBII eKOJIOTiuHVIX
arporexHosioriu [11].

CucreMHI OOCTIIKEHHS IOKa3ylOTh, IO OiompernapaTtvi MOXYTb edeKTVBHO
KOHTPOJIIOBATH 1IUIROBI MIKigHVKM. [Tpenapatn, mpo koTpi Oysio 3ragaHo BuIle, TOOTO
npenapatyt Ha ocHOBi Bacillus subtilis, a Takox Pseudomonas spp. iHIyKyIOTb CUCTEMHU
iMyHITeT pOC/IVH, MHiIBUIIYIOYM CTiVIKICTh OO0 TpMOKOBMX 30yIHMKIB Ta HOKasaan
BUCOKY  JIETAJIBHICTh  JUI  JIMYMHOK  JIYyCKOKpWIMX  0Oe3  mKomu I
CUIBCHKOTOCIIOAAPCHKIX TBAPUH 1 KOPUCHMX WIEHVCTOHOIVIX.

It By, MikpooprasisMa Trichoderma spp. KOHTPOJIIOIOTb I'PYHTOBI IIaTOreHN,
CTUIMYJIIOIOTh PiCT POCIIMHM Ta MalOTh MOXJIVMBICTh He TUIBKM 3aXMIATV POCJIVIHY Bif
IaTOTreHiB, a IIle V1 3/iVICHIOBaTV OiopeMeialiil IPYHTI Bill BaXXKMX MeTaJIiB Ta Pi3HOrO
TUITY XiMiYHOTO 3a0py/JHEeHHS.

Oxkpim Trichoderma, Takox rpubu Bumy Aspergillus po3kiafgaloTh arpoxiMmikari i
TOKCMH, BiITHOBJIIOIOUM POAIOUICTh IPYHTY. TakuM uMHOM, iHTerpaiiis 6ionpenaparis B
IPYHTOBe CepefoBUIlle CIpPWSE IIABUINEHHIO BPOXAMHOCTI Ta  Oe3le’HoCTi
BUPOOHMIITBA Y JOBIOCTPOKOBIVI ITepCeKTMBi [2].

Xoda Ourpmricte OiomperiapaTiB  BBaKarOTbCS — Oe3leUHMMM IS JIIOfEV,
peryJaTopy BUMararoTh OIIIHKM ITOTeHLIHMX iHdeKinHux pusnukis. OkpeMi mrramm
OaxTepint unt rpnbiB, IIT0 BUKOPVICTOBYIOThCA B OiompenapaTax, MOXYTb 3a IIEBHIX YMOB
mpossiisaTy natorenHicts. Hanpukitan, Bacillus thuringiensis my>ke Omvsbkunt 110 Bacillus
cereus — 30y JTHMKa Xap4OBMX OTPY€Hb. 3riIHO 3 OCTaHHIM aHasli3oM, oKpemi Bt-mrramu,
BUSIBJIEHI B XapdyoBMX IIPOIyKTax, IIOB'43YIOTh i3 BUIIaJKaMy fiapel y JIOfevl.
HartomicTe HayKOBLi 3ayBaXyIOTh, III0O B IIUIOMy «COpUMHATa Oesneka» Bt
HiOTpUMy€eThcs: Bt-TOKcmMHM He MilOTH Ha OpraHisM JIIOAVHWM 4Yepe3 BiACYyTHICTb
cnenmdiuHmMx penentopis i BignosigHoro pH. Ilpote, sk nigkpecimoroTe Biggel et al.
(2022), mooamHOKI BUIIAZIKM 3aXBOPIOBaHb TUM He MeHIIIe CIIOHYKalOTh 0 KOMIUIEKCHOT
OLIIHKM IITaMiB: HeOOXiTHO HepexomWTW Bill OIIiHKM OeslleKu Ha PiBHI BUIy [0
KOHKpEeTHMX IITaMiB 3 ypaxXyBaHHSIM HasBHOCTi I'eHiB MaToreHHOCTi [12].
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3popos’s pocaun (3P) Rosxinns (AB) 3popos’s Teapuk (3T)  3nopos’s moaunm (3/1)

MEPEBATU ++ PU3UKMU -
Bianosnioe 3a6pyaHeHi ekocucTemMu, | Moxe CNpUATH NOWMPEeHHIO
NOKPALLYE CTaH rPyHTIB an iHdeKuUifHMX NaToreHis, AKWO
[Wini 6, 7, 14, 15] 3aCTOCOBYIOTLCA HEBIANOBIAHI WTaMK
. Pt A, - | [Winig, 12]
. N PiaxicHi sunaaku aneprin
Baxn1Be A IHTErPOBAHOTO YNPABNIHHA N
WKIAHMKAMY Ta CTanoro cinbcekoro 3 3n uepes "W?_O;";';M Bname
rocnopapcrea [Lini 1, 2, 15] [Uini 9, 12]
TMoTeHuiii cnanaxm BTOPUHHMX
3P WKiaHMKIB/NePEHOCHKKIB BHACNIA0K

1 YpoxaitHicTs, ycysae wkigHukis
pocam [Uini 1, 2, 15]

criikocri/iaGopy [Llini 1, 2, 15]

3p Moxe BnNUBaTH Ha 3anunioBavie,
YP&XaTH POIMHOXEHHA POCMH
As [Uini 2, 12, 15]

T Npoposonsya Geanexa 3aBAAKK |

BULLMM BPOXKAAM, 3MEHLLYE PU3uku 31
TokcuaHOCTI nectumais [Lini 6, 7, 12) | y
Morenuiiiva edexTuakicts NpoTu kniuys, g

3anobirac xBopo6aM, WO NEPeHOCATLCA M
Y
"~

MeHLMiA pU3UK ANA rPyHTOBUX
AB  opraxismie, WBMAKO POIKNANAETLCA
[Wini 6, 14, 15]

3T Hu3bkuit puank ans HeuinboBux Buais /

Bextopamy, y Teapuw | niosed [Lini 1, 15) 31 "< exorokcuuicTs [Llini 14, 15]

>0

T UmpxynsapHa exoHomika, nepepobnae
TBepai Biaxoay Ha Gionecruuman A3 BN
[Uini 7,9, 12] 3

Puc.2. Indorpadika , mo 300paxye nepeparvt Ta py3VKy BUKOPVICTAHHS
GiomecTIINIIB Y MiCBKOMY CepeIOBMUII Kpi3b IIPU3MY HOMITUKY «EOVHE 3I0POB 5» Y
BignosigHocTi Ko Llien crasoro possurky OOH [2].

BadikcosaHo y piakicHux Bunagxax
xapuosi orpyenns [Lini 1,2, 12]

Tpaiky cTaopeno 8
'.K:QBRAME

[HIITMIM HOTEHILIVTHUM PU3MKOM € 3apakeHHs JIIo[er 4y TBapuH iHeKIimHuMMI
areHTam, 1110 BUKOPWUCTOBYIOThCS I OiOKOHTpoIIo mIKimHMKiB. Hampuxiiazn, mramm
€HTOMOIIaTOreHHMX rpubiB (Metarhizium, Beauveria) MOXYTb BWUIIQIKOBO BVKJIMKATHU
HoBepxHeBi iHdekil abo asrepriuni peaxiiii y srogent 3 octabmennm iMmyHiterom. Tax,
p4n, OOCIiKeHb BUSABUB Y IIpalliBHUKIB IPYHTOBUX ¢epMepcbKuX TIOCIOAapCTB
mipsuiieHuit piseHb IgE-aHTuTin mo B. thuringiensis, 1110 CBiIUMTh PO IMYHHY
Bifmnosiae [13]. ITpoTe Taki BUIagKm MOOAMHOKI, a peTesIbHI BUIIPOOYBaHHS IlepeBaskHO
BUSIBJISIIOTH  BIZICYTHICTH  3aXBOpIOBaHb Y KOHTaKTyBaHUX 3 OioIpenapaTamu
H0OpOBOJIBIIiB. 3pellTolo, CydacHa CucTeMa PeryJISTOPHOrO CxXBajleHHs OiorecTuInIiB
B/Marae [1eTaJIbHOI'O BMBYEHHS TOKCHMKOJIOTIYHOIO ITpOdUII0 KOXHOIO IITamy, IO
CYTTEBO 3HVDKY€E VIMOBIPHICTB HOITYCKY HeOe3I1euHOoro areHTa [1].

HasiTe sxmmo Oiompenapar He BUK/IMKAaE iHQEKI0, BiH MOXe CIPUYMHUTU
ajlepriuHy abo TOKCMUYHY peakllifo y JIofeit. ICHyIOTh IOBimOMJIEHHS HpPO OKpeMi
BUIIAIK! IIKipHOT ceHcnbistizallil, roy1oBHOro 60110, IIoIpasHeHHs ouell abo AVXayIbHIIX
nuixiB  y daxiBuis, Io IIpaIoBayiM 3 OiomperapaTaMyu Ha OCHOBI Bacillus
thuringiensis Ta iHIIMX MiKpoopraHi3MiB. Xoua Taki edekTn 3asBuuam cj1adOKi, BOHU
MiIKPeCIIIOI0Th  BaXKJIMBICTh BUKOPUCTaHHS 3acobiB iHAMBigyassHOro 3axucry (313)
HpaniBHMKaMy Ipu 00poOri nosis. 3rimHo 3 HopMamu €C, BupoOHMKYM Oiompernaparis
3000B’s13aHi  iHQOpMyBaTH IpO IIOTeHIiVHI aJlepreHM Ta IIPOBOAUTH OLIIHKY
ceHCMOmizamivtamx pmsukiB. [leski HDOCTMKeHHS Ha MOAEISX TBapMH TaKOX
IeMOHCTPYIOTh, 110 OLIkoBi kpucramm Bt (manpwxian, CrylAc) MaroTh HOTeHITias
BUKJIMKATV iMyHHi abo ajiepriuHi peaxiiii IIpu IOTpaIUIiHHI B opradism. OpmHak Iii
pesyyibTaTH O iHTepHpeTryBaT 3 OOepeXHICTIO: BIUIMB Y BUCOKMX [J03aX ¥
71abopaTOpHMX yMOBaxX He 3aBXIM KOpeIoe 3 pealbHMMM YMOBaMM eKCIIO3MWIIIL.
3arajioM, CydacHi [aHi MO3BOJIAIOTH CTBEPKYBaTW, IO BaXIVBMM IPiOPUTETOM €
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HaBYaHHY IIepCOHAITy Oe3lleyHOMY IOBOKEHHIO 3 OioIperaparaMiu, a TaKoX CyBOpe
OOTPVIMaHHS iHCTPYKIIiV IIIOJIO0 T03yBaHHS 11 3aCTOCYBaHH: [2].

Y mopiBHAHHI 3 TpagUILIHUMM MecTUIVAaMy, OiomperapaTyvi MalOThb IyXKe
HU3BKY CHUCTEeMHY TOKCUYHICTH, 1 3aJIMINKM IXHIX aKTMBHWMX PEUYOBUH Y ITPOAYKIIi
OPaKTUYHO He HaKOIMUYIOThCcA. CBpOIleVICbKe areHTCTBO 3 Oe3leky IIpOOyKTiB
xapuyBaHHsi (EFSA) He BcTaHOB/IIOE MaKCMMa/IbHI 3aJIMIIKOBI HOpMM I Bt-
nperapariB came depe3 IXHiM MiHiMaabHUI pusuK. IlpakTryHi gocIimkeHHS
IIOKa3yIOTh, 11O Iifl YacC TPUBAJIOTO IPUNHSATTSA JOOPOBOJIBLISIMU Xap4yoByX J00aBOK 3 Bt
He NPpU3BOAWIO [I0 HeraTMBHMX edekTiB. Binrak BuUmagkm XxapyoBUX OTPY€EHB,
IIOB's13aHMX i3 3acTOCyBaHHSM MiKpOOHMX OiomecTuiiniiB, HaO3BMYaAHO pPiOKicHi.
Bemmikmiz orman BKasye, 110 iHkoim Bt, axum morparuisie Ha dppyKTM abo oBodi Micis
OOIIPVICKYBaHHS, MOXe CIPUYMHUTI He3HA4YHWII TacTPOEHTepWUT Yy CIOXMBadviB, ajie
Taki IHOWIEHTW He BUXOAATh 3a PaMKM BUIIAJIKOBMX 1 IIOTPeOYIOTh 10HATKOBOIO
BUBUEHHS.

CiioBoM, 3 TOUKM 30py Oe3leKkM XapuyoBUX IIPOAYKTIB, JIIIIe CIIOXMBATH
HIPOAYKIIif0, BUPOIIeHy 3 OiompernapaTtaMu, HixX 3 XiMiuayMy ntectuiingaMu. OpraHiuHi
Ta eKOJIOTiUHi TeXHOJIOriI, 40 AKMX HajleXkaTb OiosioriuHi 3acobm 3axmcTy, 3a0e311euyoTh
NPOAYKIIIO 13 3HAaYHO HVDKYMM BMICTOM TOKCMYHMX 3ayMIIKiB. [le Takox 3HIDKye
PU3UK TIOOIYHMX edeKTiB y CIOXMBA4iB, TaKMX SK BUIIQAKM ITDIYHKOBO-KWUIIIKOBOTO
posinangy. Ilpore HeoOXimHO  yHMKaTM  KOHTaKTy 3  HEKOHTPOJIbOBAHUMMU
G6ioMarepiasiamu Ta 3a0e3reuyBaTy peTesibHe MUTTS IUIOAIB [11].

bionpenapatn 3asBuuant MarTh BY3bKWUI CIIEKTp [il, TOMY IXHII IpaMU
HeraTVBHUI BIUIVB Ha HeTapreTHi opraHi3Mu (IITaxiB, 3eMHOBOHMX, CCaBLliB) € BKpam
Hu3bkuM. [Ipore HempsiMi edpextm Moxwimsi. [lo-mepie, oOMeXxeHHS YMCETBHOCTI
OHOIO WIKiJHMKA MOXKe 3MIiHUTWM Xap4dOBUV JIAHIIOr i BIUIMHYTVM Ha XVDKakiB 4m
HapasuTiB, III0 Ha HbOIrO XapuyloThkcs. Ilo-npyre, HOBi gaHi cBim4aTh, 110 J1esKi POHOBI
KOMIIOHeHTM OiompernapaTiB abo ix MeTabosIiTM MOXYTh HeOakaHO BIUIMBATM Ha
HeIliIboBi Oe3xpebeTHi. Hammpuxiiaz, mocitiKeHHSI OCTaHHIX POKiB BUSIBWIN, IO HaBiTh
HIMPOKO BBaXkaHi OesneuHmMy rpuOKoBi Ipernapatu (Metarhizium, Beauveria) MOXyTb
iHriOyBaTM PO3BUTOK KOPMCHMX KOMaX, Xouda 371eOUIBIIIOrOo Iie BifOyBaeThCs IIpM JTyKe
BVICOKMX KOHIIEHTpaLlisX.

OxpeMMM PU3MKOM € BIUIVMB Ha 3al/JIIOBaviB — OKUI, IDKMeJTiB, MeTeJIVKiB TOIIIO.
Kitacvrana mosniist mosisirasia B TOMy, 110 MiKpoOHi GiommecTmimay mpaKTUYIHO Oe3IevHi
IUIS JOPOCIIMX 3alvuIioBadiB (Hanmpukiajd, Bt He BrumBae Ha Omkin OesmocepenHbO).
OpHak cydacHi JOCTIKeHHS Mimo3pIoloTh CyOsieTasibHiI edpeKTu: 3MiHM IIOBEIiHKM,
3HIDKEHHS IUIOAIOUOCTI Ta iMyHiTeTy. 3pocTae KUIBKICTh J0KasiB, o OioiHcekTumIMam
MOXYTb 3aBIaBaTyl IIKOIV MeIOHOCHMM OmpkosiaM. lle mosicHIOIOTE TM, 110 OIKoim
MOXYTb KOHTaKTyBaTH 3 IIpellapaTaMy, 301paroun HeKTap i MWIOK, i HaBiTh He3HauHi
03/ TOKCMHIB (HaBIIaKM TMMYacOBO HENIKUIMBUX IS JIOAVMHW) MOXYTb
HaKoIIM4yBaTucs B opraHismi kKomax. OTXe, cydacHi cxeMu TecTyBaHHs Oe3lexu
Hepe0avaroTh CIellialbHI BUIIpOOyBaHHS Ha Omkoslax Ipu peasbHMX go3ax. Ha
mIacTsi, 6iyHi edpeKTy MPOSABIIAIOTHCA PIAKO T YacTO 3ajIeXXaTh Bill yMOB 3aCTOCYBaHHS.
OpHak BaXXIMBO YHMKATM OOHIPHMCKyBaHb y Yac LBiTiHHA abo I 4ac 0Ty OmKii, a
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TaKOXX KOHTPOJIIOBATV B3a€EMOJII0 pi3HMX OiompemnapariB IHIpy KOMOiHOBaHOMY
3acTocyBaHHi [12].

Opsiero 3 OaraTpox IepeBar OioIlperaparib € Te, IO BOHM IIBUIAKO PYVHYIOTHCS
IiJT Ti€F0 COHAYHOIO CBiTila Ta MiKpodIopu IPYHTY, a TaKOXX MalOTh CKJIaJHi MexaHi3MI
mii (KoMIUIeKC OUIKiB i dpepMeHTIB), IO yCKIagHIOE (POpMyBaHHS Pe3VCTEHTHOCTI y
HIKiZHMKIB. 3a OLiHKaMy, IIpY HOpaBWIbHOMY 3acTOCYBaHHI PWU3MK BUHVKHEHHS
CTiMIKOCTi A0 OiompernapaTiB 3HaUHO MEHIINY, HDK A0 OJHOTMUIIHMX CUHTETUYHMX
iHcekTyumais. IIpore pmsmk He BUKIIOYeHMI HiIKOM. MikpoopraHisMmu MOXYTb
IHIOyKyBaTy IMyHITeT POCJIMH YM IIKiJHWKIB, 3MiHIOBaTW IIOBEIIHKY IIOITYJIALIIV Ta
B3a€MO/IIATH B I'PYHTI TaK, III0 3 4acOM OKpeMi IIKiTHMKM MOXYTh aganrysatucs. Came
TOMy, IIiJl Yac BBeNEeHHHs IIperapary y CHUCTeMy, PeKOMeHIYIOTb 4YepryBaTu pi3Hi
Giosoriuni Ta XiMiuHI MeTOM, a TAKOX BUKOPMCTOBYBaTM KOMOiHallil OiompenapaTis i3
PI3HMMM JiI0YMIMM peuoBMHaMM. Y KITFOUOBIiV poOOTI 3 MEJOOXOPOHM MHiTKPeCITIOEThCS,
pO3yMHe 3acToCyBaHHs MiKpoOHMX OiomecTuiiniis B yMOBax IpyHTYy, Mae
MaKCVMI3yBaTy KOPUCTD JJIg 30POB s JIIOJIeN i eKOCHCTeM, MiHIMi3youn Ipy LIbOMY
PO3BUTOK pe3ucTeHTHOCTI [13,14].

3arajibHa OIliHKa BMINE CKa3aHOIO Ja€ INCTaBM CTBePKyBaTW, IO IlepeBaru
Giomperapartis mepeBakaloTh ITOTEHIIIVIHI PU3VIKM IIPU X MPaBVIIBHOMY BUKOPVICTAHHI.
bionpennapatn Oe3meyvninmi 3a XiMiuHI aHaIOTM IS JIFOMEV i JOBKUUISA: BOHM MAarOTh
BY3bKWUV CIIEKTP [Iil, HM3bKY CTIVIKICTb Y HaBKOJIMIIHLOMY CEPEeIOBUIIL 1 BUCOKUM
cTymiHb cnernudiynocti. BomHouac pusukmM 3BOOATBbCA [0 MIiHIMYMy 3a yMOBU
OOTPVMMaHHSA  peKOMeHfallill  BUPOOHMKIB Ta  MDKHApOAHMX  peryJoBaHb.
ExcriepuMeHnTa/IbHUV aHaIi3 IOKa3ye, 10 OiorperapaTy He CTBOPIOIOTH ITOMITHOIO
IOOATKOBOTO PW3MKY I CIOXMBA4iB DKi a00 HAaBKOJIMIIHIX OpraHi3MiB, SKIIO IX
3aCTOCOBYBaTM 3 YypaxyBaHHSAM TepMiHiB KapaHTMHY, MI03yBaHHS Ta 3aco0iB
IHOVBiAYaIbHOTO 3aXWCTY .

Ha ocHOBi aHasizy cy4yacHMX [DKepell MOXHa 3poOUTM BMCHOBOK, IIO
Giompeniapatyt € epeKTMBHMMM Ta €KOJIOTiUHO Oe3leyHmMM 3aco0amMm 3aXVCTy POCIIVIH.
BoHM 103BOJISIIOTH KOHTPOJIIOBATY IIMPOKUI CHEKTP IIKIMHMKIB i 30y JHMUKIB XBOPOO,
Opy LbOMY 3HA4YHO 3MEHIIYIOUM HeraTMBHWUV BIUIMB Ha [IOBKUDIA IHOPIiBHSHO 3
XiMiYHVMMM  TIecTUIMOaMW. 3aBAsgKM  IIBUAKOMY HOPUPOSHOMY PO3KJIaJaHHIO Ta
HV3bKOMY PWM3VIKY IS HEIIUTbOBMX OPTaHi3MiB, Taki 3aco0M aKTMBHO BIIPOBAIIKYIOTHCS
B OpraHiuHe Ta iHTerpoBaHe 3eMJIepOOCTBO.

BuxopricranHs OiompernapariB TakKoXX IIO3UTVMBHO BIUIVBAE Ha IIPOAOBOJIBUY
Oe3reKky, OCKUIBKM CIIpMsSI€ CTaOUIPHOMY IIiFIBUIIIEHHIO BPOXKAVHOCTI Ta 3MEHIIIEHHIO
BTpaT IPOAYKIIil Oe3 IIKOAM 1171 JIFOAMHM 71 eKocrcTeM. Pa3oM i3 TuM, IX 3acTOCyBaHHS
norpeOye KOHTPOJIIO $KOCTi, OLIHKM MOXJIMBUX PU3MKIB Ta [JOTPUMAaHHS
TeXHOJIOTIUHMX peKOMeHIalIivi.

ITopgampImit poO3BUTOK 1Ii€l Trajysi MHOB'g3aHMM i3 BIOCKOHaJIeHHSIM MeTO[IiB
KOHTpOJIIO Oe3IeKy, MOHITOPMHIOM [IOBIOCTPOKOBOIO BIUIMBY Ha €KOCKUCTeMM Ta
PpO3LIVPeHHsM 3HaHb cepef], arpOBUPOOHNKIB.
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YV mincymky, GiompenapaTi € IIepCeKTUBHVIM HAIIPSIMOM Y 3aXVCTi POCIIVH, SIKUTA
noegHye edeKTUBHICTh i eKOJIOTriuHy Oe3leuHiCTh Ta CIpuse CTajloMy PO3BUTKY
CLIBCBKOTO rocofgapcTBa.
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CHAPTER 4. EDUCATIONAL PRINCIPLES FOR TRAINING SPECIALISTS IN
CONSTRUCTION OF DISTRIBUTED GENERATION SYSTEMS TO ENSURING
SUSTAINABLE DEVELOPMENT OF COMMUNITIES

4.1. Theoretical and Methodological Principles of Training Specialists in the
Construction of Distributed Generation Systems

The world energy sector in the XXI century is undergoing a large-scale
transformation, characterized by the transition from centralized models of electricity
production to decentralized, digitalized and environmentally friendly energy supply
systems. The main factors of such changes are the need to reduce greenhouse gas
emissions, increase energy security, diversify energy sources, integrate renewable
energy sources and implement international commitments to achieve climate neutrality.

The problem of modernizing energy systems has become particularly urgent in
Ukraine in the context of military aggression by the Russian Federation, accompanied
by the systematic destruction of critical energy infrastructure facilities. Significant losses
of generating capacity and network infrastructure have demonstrated the high
vulnerability of the centralized model of electricity supply and have highlighted the
need for widespread implementation of distributed generation systems capable of
ensuring autonomy, redundancy and energy sustainability of territorial communities.

Distributed generation is a system of electricity production directly near the places
of its consumption using small generating units of various capacities, operating
autonomously or integrated into the general energy network. Unlike the traditional
centralized model, such a system ensures the reduction of electricity losses during
transportation, increased reliability of electricity supply, increased share of renewable
energy sources and the ability to respond promptly to emergencies.

According to the International Energy Agency, in the coming decades, distributed
generation, solar energy, energy storage and intelligent electrical networks will form
the basis of modern energy. At the same time, the requirements for engineering
personnel are changing, whose activities are increasingly related not only to the
operation of energy equipment, but also to digital modeling, automation, analysis of
large data sets, integration of information technologies and artificial intelligence
systems into the processes of managing energy complexes [8, 26, 46-51].

In modern conditions, a specialist in the construction of distributed generation
systems must possess a set of interdisciplinary competencies that include electric power
engineering, electrical engineering, automation, information technology, cybersecurity,
energy economics, ecology, project management, and regulatory support for the
functioning of energy systems. This necessitates the revision of traditional models of
professional training and the transition to competency-based education.

The practice-oriented nature of training is of particular importance. It is practical
training that ensures the formation of the ability of future engineers to make technical
decisions in real conditions of the functioning of energy systems, to use modern
modeling software, to carry out a technical and economic analysis of alternative energy
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sources, and to develop comprehensive solutions to increase the energy sustainability of
communities [30, 31].

In modern pedagogical science, practice-oriented education is considered as the
integration of fundamental theoretical training with professional activities through the
implementation of projects, production cases, laboratory research, dual training and
student participation in real engineering developments. This approach allows us to
reduce the gap between academic education and the needs of employers [18, 20].

Next, we will consider the energy sustainability of territorial communities as a
new social demand for the education system.

Decentralization of public administration in Ukraine has significantly changed the
role of territorial communities in ensuring their own socio-economic development.
Along with issues of financial management, education and healthcare, the competence
of local governments increasingly includes issues of energy security, management of
local energy resources and implementation of energy efficiency projects.

The energy sustainability of a territorial community is considered as the ability of
the local energy system to ensure a continuous supply of energy resources even under
conditions of external or internal crisis influences. It is formed due to the combination
of several components: diversification of energy sources, development of local
generation, use of energy storage systems, digitalization of electrical networks,
implementation of modern demand management systems and improvement of energy
efficiency [30-39].

Distributed generation systems are increasingly considered as the main tool for
ensuring the energy independence of communities. They may include solar power
plants, wind turbines, biogas complexes, cogeneration plants, small hydroelectric
power plants, gas piston plants, diesel backup power plants, battery energy storage
systems and intelligent microgrid control systems [43-45].

At the same time, the effective implementation of such technologies requires
highly qualified engineers of a new generation who are able not only to design
individual energy installations, but also to carry out comprehensive modeling of local
energy systems, assess their economic efficiency, predict operating modes, analyze risks
and ensure cyber protection of digital infrastructure.

Thus, the modern system of higher technical education must respond to new
challenges by updating the content of educational programs, integrating digital
learning technologies, developing practice-oriented forms of professional training and
active cooperation with energy industry enterprises.

The modern development of the energy sector is characterized by the integration
of information technologies, automation, digital management platforms and renewable
energy sources. This necessitates a rethinking of traditional models of professional
training of engineering personnel. The educational process can no longer be limited to
the transfer of knowledge from individual disciplines, since the professional activity of
a specialist in the field of distributed generation requires a comprehensive solution of
technical, economic, environmental and managerial tasks.
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In pedagogical theory, the methodology of professional training is considered as a
system of interconnected scientific approaches, principles, laws and pedagogical
conditions that determine the content, structure and organization of the educational
process. For the training of future specialists in the construction of distributed
generation systems, the most appropriate is a combination of competency, systemic,
activity, practice-oriented, interdisciplinary and digital approaches [58, 59, 61-64].

The competency approach is the basic methodological basis of modern
engineering education. Its main idea is to form the ability of a graduate to effectively
apply the acquired knowledge, skills, abilities and personal qualities to solve
professional tasks in real production conditions [12, 31].

According to the recommendations of the European Higher Education Area,
competence is defined as a dynamic combination of knowledge, practical skills, ways of
thinking, professional values and responsibilities that ensure successful professional
activity.

In the field of distributed generation, professional competence includes:

- design of local energy systems;

- calculation of operating modes of electrical networks;

- integration of renewable energy sources;

- use of digital Smart Grid models;

- assessment of energy efficiency;

- use of modern modeling software;

- risk management of energy systems;

- ensuring cybersecurity of digital infrastructure [29, 31].

It is the competency-based approach that ensures the integration of fundamental
engineering training with modern labor market requirements.

The peculiarities of the functioning of distributed generation systems necessitate
the use of a systems approach.

Any modern energy system is a complex technical complex that includes:
generating installations; electrical networks; energy storage systems; automated control
systems; information and communication infrastructure; software; electricity
consumers; economic mechanisms of functioning.

A future engineer must learn to consider all these elements as a single integrated
system, in which changing the parameters of one component affects the functioning of
the entire energy network.

Systems thinking allows you to make complex decisions regarding:

- optimal selection of generation sources;

- power supply backup;

- load balancing;

- optimization of operating modes;

- increasing the energy sustainability of the community.

One of the leading principles of modern engineering education is an activity
approach, according to which professional competencies are formed not through
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passive assimilation of information, but in the process of performing professionally
oriented activities.

For future specialists, this means active involvement in: laboratory research;
engineering calculations; modeling of power grid operation modes; designing solar and
wind power plants; developing local energy projects; assessing the economic efficiency
of investments.

It is during the implementation of complex engineering tasks that professional
thinking, the ability to make decisions under uncertainty, and responsibility for their
implementation are formed.

A practice-oriented approach is key to training modern energy engineers.

Its essence lies in bringing the educational process as close as possible to future
professional activity.

The main forms of implementation of this approach are: dual education; on-the-
job training; implementation of real engineering projects; case technologies; project
learning; problem-based learning; internships; Smart Grid laboratories; digital twins of
energy systems; use of professional software.

The wuse of software complexes DIgSILENT PowerFactory, ETAP,
MATLAB/Simulink, HOMER Pro, OpenDSS, PVsyst, which are widely used in the
design of modern distributed generation systems [33, 34], is becoming particularly
relevant.

A feature of modern distributed generation is the integration of a large number of
tields of knowledge.

The training of future engineers should combine: electrical power engineering;
electrical engineering; automation; computer science; telecommunications;
cybersecurity; information technology; economics; ecology; management; project
management.

Such an interdisciplinary nature of professional activity requires the appropriate
modernization of educational programs, in which individual disciplines should be
integrated around real production tasks.

The rapid digitalization of the energy sector is forming new requirements for
professional training.

The concepts of Industry 4.0, Energy 4.0, Smart Grid, Internet of Energy, digital
twins, artificial intelligence technologies, big data, cloud services and cyber-physical
systems are gradually becoming the standard of modern energy [33, 34].

Therefore, the training of specialists should include the formation of digital
competencies necessary for:

- analysis of large energy data sets;

- load forecasting;

- automatic generation control;

- monitoring the technical condition of equipment;

- construction of digital models of power grids;

- application of machine learning algorithms to optimize the operating modes of
distributed generation systems.
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Analysis of current trends in the development of the energy sector shows that
effective training of specialists in the construction of distributed generation systems
should be based on a comprehensive combination of competency-based, systemic,
activity-based, practice-oriented, interdisciplinary and digital approaches. Their
integration creates a methodological basis for the formation of a new generation of
engineers capable of working in the conditions of digital transformation of the energy
sector and ensuring the energy sustainability of territorial communities.

We should also consider a conceptual model of practice-oriented training of
specialists in the construction of distributed generation systems.

The modern development of the energy sector, accompanied by digital
transformation, integration of renewable energy sources, implementation of smart
networks (Smart Grid), local energy systems (Microgrid) and energy storage systems,
requires a significant update of the content of professional training of future engineers.
The traditional model of education, focused mainly on the acquisition of theoretical
knowledge, no longer provides the formation of competencies necessary for effective
professional activity in the context of dynamic changes in the energy sector. In this
regard, the development of a conceptual model of practice-oriented training of
specialists in the construction of distributed generation systems is of particular
relevance [43, 44].

The proposed model is based on the principles of competency-based, systemic,
activity-based, interdisciplinary and practice-oriented approaches and involves the
integration of educational, scientific and production components into a single
educational environment. Its goal is to form a new generation of engineers capable of
designing, operating, modernizing and managing distributed generation systems in the
context of ensuring the energy sustainability of territorial communities.

The conceptual model includes five interrelated components:

1. Target component. Defines the goal of professional training - the formation of a
set of integral, general and special competencies necessary for professional activity in
the field of distributed generation. The expected results are the ability to analyze energy
systems, design local networks, integrate renewable energy sources, apply digital
technologies, assess energy efficiency and manage energy projects.

2. Content component. Provides for the updating of educational programs by
integrating disciplines in electrical power engineering, electrical engineering, renewable
energy, automation, information technology, digital modeling, cybersecurity, energy
economics, project management and ecology. Special attention is paid to
interdisciplinary integration and practical orientation of the content of training.

3. Organizational and technological component. It is implemented through the use
of modern pedagogical technologies: project-based learning, problem-based learning,
case method, STEM approach, dual education, virtual laboratories, digital simulators,
automated design systems and digital twins of energy facilities. The educational
process is supplemented by the implementation of interdisciplinary team projects that
simulate real tasks of territorial communities.
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4. Practical component. Provides integration of learning with production activities
through laboratory work, industrial practices, internships, student participation in the
implementation of real projects to modernize the energy infrastructure of communities,
as well as cooperation with energy industry enterprises, distribution system operators,
local governments and equipment manufacturers.

5. Evaluation and performance component. It involves a comprehensive
assessment of the level of formation of professional competencies according to
cognitive, activity, digital, communicative and personal-motivational criteria. It is
advisable to use a portfolio, defense of engineering projects, demonstration exams,
certification tests, expert assessment of employers and self-assessment of students.

The effectiveness of the proposed model is ensured by a set of interrelated
pedagogical conditions:

1. Updating the content of education in accordance with modern trends in the
development of the energy industry. Educational programs should take into account
the development of Smart Grid, Microgrid, energy storage, digital substations, demand
management systems, cybersecurity of energy systems and integration of renewable
energy sources.

2. Formation of a modern practice-oriented educational environment. It is
necessary to create educational and scientific laboratories equipped with modern
equipment, digital measuring complexes, modeling software packages
(MATLAB/Simulink, Dig SILENT Power Factory, ETAP, HOMER Pro, OpenDSS), as
well as stands for studying the operating modes of local energy systems.

3. Integration of education, science and production. Partnership between higher
education institutions, energy companies, territorial communities, scientific institutions
and equipment manufacturers creates conditions for students to implement real
projects, undergo practice and form a professional identity.

4. Use of digital learning technologies. The use of distance learning systems,
digital laboratories, virtual and augmented reality, cloud services and digital twin
technologies expands the possibilities of forming practical skills even with limited
access to physical equipment.

5. Development of a research culture of students. Involving students in conducting
scientific research, participating in grant projects, student scientific circles, conferences
and competitions of innovative developments contributes to the formation of critical
thinking, the ability to innovate and continuous professional development.

Based on the analysis of modern requirements for engineering activities, it is
advisable to distinguish the following groups of competencies:

- integral competence - the ability to comprehensively solve complex engineering
tasks in the field of distributed generation;

- general competencies - critical thinking, communication, leadership, project
management, the ability to learn throughout life;

- professional competencies - design of distributed generation systems,
integration of renewable energy sources, calculation of electrical networks, analysis of
electricity quality, ensuring reliability and security of energy systems;
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- digital competencies - use of modeling software packages, analysis of energy
data, application of artificial intelligence, Internet of Things technologies and digital
twins;

- environmental competencies - assessment of the impact of energy facilities on
the environment, development of decarbonization solutions and ensuring sustainable
development.

Unlike traditional models of training energy engineers, the proposed model:

- integrates technical, digital, environmental and management training;

- is focused on ensuring the energy sustainability of territorial communities;

- takes into account modern trends in the digitalization of the energy sector and
the development of Smart Grid and Microgrid;

-is based on practice-oriented training, dual education and intersectoral
partnership;

- involves the continuous development of professional competencies throughout
life.

4.2. A Practice-Oriented Model for the Formation of Professional Competencies of
Future Specialists in the Construction of Distributed Generation Systems

The transition of modern energy to a decentralized model of functioning
necessitates a review of approaches to professional training of engineering personnel.
Distributed generation systems, including solar and wind power plants, cogeneration
plants, energy storage systems, local energy networks and digital control systems, are
characterized by a high level of complexity and require specialists capable of making
complex technical and management decisions.

The traditional model of training engineers, based on the consistent study of
individual disciplines and the reproduction of learned information, does not fully meet
the modern requirements of the energy sector. The new model of professional
education should provide not only the accumulation of knowledge, but also the
formation of the ability to apply them in real conditions, work with uncertainty, carry
out innovative activities and adapt energy solutions to the needs of specific territories
[16-23, 57-65].

In this context, practice-oriented training is considered as an educational strategy
that ensures the integration of theoretical training, practical activities, research work
and professional experience. Its essence lies in creating conditions under which the
student not only acquires knowledge about energy technologies, but also gains
experience in solving real engineering problems.

The practice-oriented model of professional competence formation is based on the
following provisions:

- professional competence is formed through activity;

- educational tasks should be close to real production situations;

- the educational process should be interdisciplinary;

- the student should be an active participant in the creation of technical solutions;
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- assessment should take into account not only the level of knowledge, but also
the ability to perform professional functions.

Professional activity in the field of distributed generation involves a set of
competencies that combine technical, digital, organizational, environmental and social
components [1-3, 7, 10, 16-23, 57-65].

Energy and technical competence cover knowledge of electrical networks, energy
generation and storage systems, which provides the ability to analyze and calculate the
operating modes of energy systems.

Design competence consists in the ability to develop technical solutions, resulting
in the creation of local energy system projects.

Digital competence involves the use of modern digital technologies and
specialized software for modeling Smart Grid and Microgrid systems.

Analytical competence is aimed at assessing the technical and economic
parameters of energy systems, which allows you to choose optimal energy solutions.

Management competence includes planning and implementation of energy
projects and ensures effective management of community energy modernization
processes.

Environmental competence is based on an understanding of the principles of
sustainable development and makes it possible to assess the environmental impact of
implementing energy projects.

Communicative competence involves effective interaction with customers and
other stakeholders, as well as the ability to work in interdisciplinary teams during the
development and implementation of energy solutions.

In turn, the formation of competencies of future specialists is carried out on the
basis of a system of principles that determine the content and technology of the
educational process [1-3, 7, 10, 16-23, 57-65].

The principle of professional orientation - involves the orientation of each
educational component to future professional activity. Educational materials,
laboratory work and project tasks should be related to real problems of the energy
industry.

An example of such an approach is the implementation of tasks by students:

- determination of the energy potential of the community;

- calculation of the parameters of a solar power plant;

- selection of an energy storage system;

- assessment of the economic efficiency of local generation.

The principle of integration of theory and practice - involves ensuring a constant
connection between fundamental knowledge and its practical application.

The implementation of the principle is carried out through: laboratory research;
practical cases; production practices; team projects; cooperation with enterprises.

The principle of interdisciplinarity - distributed generation systems are at the
intersection of several branches of knowledge: electric power; automation; information
technology; economics; ecology; management.
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Therefore, the educational process should ensure the integration of various
disciplines around complex professional tasks.

The principle of innovation - involves the use of modern technologies: digital
modeling; artificial intelligence; Internet of Things; digital twins; intelligent control
systems.

The formation of professional competencies should be carried out in stages.

The first stage is motivational and orientational.

The goal of the stage is to form an understanding of the importance of distributed
generation for energy security and sustainable development.

Main methods: problem lectures; analysis of modern energy challenges; meetings
with industry specialists; discussion of real cases.

The second stage is theoretical and professional.

At this stage, basic knowledge is formed: electric power systems; renewable
energy sources; digital technologies; energy management.

The third stage is practical and project.

The main result is the ability to apply knowledge in practical situations. Forms of
work: implementation of engineering projects; laboratory modeling; practice at
enterprises; development of community energy strategies.

The fourth stage is research and innovation.

It involves involving students in: scientific research; development of innovative
solutions; participation in grant projects; startups in the field of clean energy.

The implementation of a practice-oriented model of training specialists in the
construction of distributed generation systems requires the use of a complex of modern
pedagogical technologies that ensure the transition from an information-reproductive
model of learning to an activity, research and project model [1-3, 7, 10, 16-23, 57-65].

The choice of pedagogical technologies is determined by the specifics of the
professional activity of the future specialist, which involves the ability to analyze
complex energy systems, make technically sound decisions, work in a team, and adapt
energy technologies to the needs of specific territorial communities.

The most effective technologies include: project-based learning technology;
problem-based learning; case technology;, STEM/STEAM-learning; simulation and
computer modeling; dual education; blended learning.

Let's consider each of them in more detail.

Project-based learning is one of the most effective technologies for the formation of
professional competencies, as it provides modeling of real engineering activities.

Its essence lies in the performance of a complex task by students, the result of
which is the creation of a completed technical solution.

For specialties of the energy profile, examples of projects can be:

- development of the concept of energy autonomy of a territorial community;

- design of a local Microgrid;

- selection of the optimal structure of Distributed Energy Resources;

- assessment of the potential of renewable energy in the region;

- creation of an energy management system for a social infrastructure facility.
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Project activity forms the following competencies: systems thinking; ability to
work with technical documentation; teamwork skills; ability to present results;
responsibility for decisions made.

The implementation of an educational energy project is carried out sequentially
through several interconnected stages, each of which has a defined content of student
activities and an expected result.

At the analytical stage, students investigate the energy needs of the community,
analyze the current state of the energy infrastructure and identify the main problem
that needs to be solved.

The design stage involves the selection of energy generation and storage
technologies, comparison of possible technical solutions and formation of the concept of
the future energy system.

During the calculation stage, technical modeling, calculation of the main system
parameters and economic analysis of the proposed solution are carried out, which
allows justifying the feasibility of its implementation.

At the implementation stage, students prepare the necessary technical
documentation, draw up the results of calculations and create a completed energy
system project.

The final stage is the presentation stage, during which the project is defended
before experts, the level of formation of students' professional competencies is assessed,
as well as their ability to present and justify the proposed technical solutions in a
reasoned manner.

Problem-based learning involves organizing the educational process around real
problem situations.

A feature of this approach is that the student does not receive a ready-made
solution algorithm, but independently: analyzes the problem; determines the necessary
knowledge; searches for information; forms solution options; evaluates their
effectiveness. An example of a problem situation: “Providing electricity to critical
infrastructure of a territorial community in conditions of instability of centralized
energy supply”. In the process of solving such a task, students must: estimate energy
consumption; determine available generation resources; choose the type of storage
device; calculate Microgrid operating modes; assess economic feasibility.

A feature of training new generation specialists is the need to master digital tools
for analyzing and designing energy systems.

In the educational process, it is advisable to use: MATLAB/Simulink; DIgSILENT
PowerFactory; ETAP; HOMER Pro; OpenDSS; PVSyst.

The use of such tools allows:

- to model the operating modes of electrical networks;

- to assess the impact of renewable sources;

- to investigate the behavior of Microgrid;

- to forecast generation;

- to optimize the structure of the energy system.
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An important advantage of digital modeling is the ability to conduct educational
experiments without the risk of damaging real equipment.

STEM education corresponds to the nature of modern energy tasks, as it involves
the integration of: Science; Technology; Engineering; Mathematics.

In the field of distributed generation, the STEM approach is implemented through:

- creation of laboratory models of Microgrid;

- development of monitoring systems;

- programming of controllers;

- analysis of energy data;

- creation of prototypes of energy solutions.

The effectiveness of a practice-oriented model of training specialists in the
construction of distributed generation systems is determined not only by the quality of
mastering the educational material, but primarily by the level of formation of the ability
of students to perform professional tasks in conditions close to real activity.

In this regard, the assessment of the effectiveness of the model should be carried
out on the basis of a comprehensive approach, which involves analyzing the dynamics
of the formation of: professional knowledge; practical skills; digital skills; design
thinking; ability to make engineering decisions; readiness to work in interdisciplinary
teams [1-3, 7, 10, 16-23, 57-65].

The proposed assessment system is based on a combination of quantitative and
qualitative diagnostic methods.

Five interrelated criteria are proposed to determine the effectiveness of the model:

1. Motivational and value criterion. Reflects the formation of professional
motivation, awareness of the importance of the development of distributed generation
for energy security and sustainable development of communities. Indicators:

- interest in professional activity in the field of clean energy;

- understanding of the role of an engineer in ensuring energy sustainability;

- readiness for professional self-development.

2. Theoretical and cognitive criterion. Characterizes the level of mastering the
system of professional knowledge. Indicators:

- knowledge of the principles of operation of distributed generation systems;

- understanding of the processes of integration of renewable energy sources;

- knowledge of methods of modeling energy systems;

- possession of regulatory and technical documentation.

3. Practical and technological criterion. Determines the ability to apply knowledge
to perform professional tasks. Indicators:

- performance of engineering calculations;

- design of local energy systems;

- use of software complexes;

- analysis of operating modes of energy networks.

4. Design and research criterion. Reflects the ability to create new technical
solutions. Indicators:

- formation of engineering hypotheses;
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- conducting a feasibility study;

- implementation of research projects;

- presentation of results to a professional audience.

5. Communication and management criterion. Characterizes the ability to organize
professional interaction. Indicators: teamwork; project management; communication
with customers and communities; reasoned defense of technical solutions.

Three levels of competence formation have been defined to assess the results of
training.

Low level - characterized by insufficient formation of professional knowledge and
practical skills. Main features:

- mainly theoretical understanding of processes;

- difficulty in applying knowledge in practical situations;

- need for constant teacher assistance;

- low ability to independently design.

Medium level - implies sufficient preparedness to perform standard professional
tasks. Characteristic features:

- mastery of basic calculation methods;

- ability to use software;

- execution of project tasks according to a specific algorithm;

- participation in team activities.

High level - characterized by readiness for independent professional activity. The
specialist:

- comprehensively analyzes energy problems;

- develops innovative solutions;

- evaluates technical, economic and environmental aspects;

- carries out professional communication with stakeholders.

To verify the effectiveness of the proposed model, a pedagogical experiment can
be used, which involves three stages.

Stating stage.

Purpose: determination of the initial level of formation of professional
competencies.

Methods: testing; analysis of learning outcomes; student questionnaires; expert
assessment of teachers.

Formative stage.

Provides for the implementation of a complex of pedagogical influences: project
learning; practical cases; digital modeling; interdisciplinary projects; cooperation with
energy enterprises.

Control stage.

Provides for repeated diagnostics of the formation of competencies and
comparison of results. The main indicators of effectiveness are:

- increase in the level of professional knowledge;

- improvement of the quality of practical tasks;

- development of design skills;
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- increase in student independence.

Implementation of a practice-oriented model provides:

For students:

- acquisition of practical experience;

- formation of professional identity;

- development of digital competencies;

- readiness to work in the field of modern energy.

For educational institutions:

- updating of educational programs;

- strengthening cooperation with enterprises;

- development of educational and research infrastructure.

For territorial communities:

- possibility of attracting trained specialists;

- development of local energy strategies;

- increasing the level of energy independence.

The practice-oriented model of forming professional competencies of future
specialists in the construction of distributed generation systems is a comprehensive
educational system that combines target, content, technological and productive
components.

Its feature is the orientation towards: real needs of the energy industry; tasks of
territorial communities; integration of technical and digital competencies; development
of the ability to innovate.

The proposed model creates conditions for training a new generation of specialists
capable of ensuring the design and operation of distributed generation systems as the
basis for energy sustainability and sustainable development of communities.

4.3. Innovative Educational Technologies for Training Specialists for
Distributed Generation Systems in the Context of Energy Transformation

The modern transformation of the energy sector is characterized by the transition
from a centralized model of electricity production and distribution to decentralized,
digitalized and flexible energy systems. The development of technologies of distributed
generation, intelligent electrical networks, local energy systems, energy storage systems
and digital management platforms forms new requirements for the professional
competence of engineers [15-23, 33-74].

Accordingly, the role of higher education institutions is changing: they must not
only transfer a set of professional knowledge, but also create an educational
environment in which the future specialist gains experience in research, design,
modeling and management of complex energy systems.

Innovative educational technologies in the training of specialists in the
construction of distributed generation systems are considered as a set of methods,
means and organizational forms of training aimed at:

- formation of professional competencies in accordance with the requirements of
modern energy;
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- development of engineering and systems thinking;

- gaining practical experience in working with digital technologies;

- integration of educational, scientific and production activities.

A feature of such technologies is their orientation towards the active activity of the
student. The student is not a passive consumer of information, but a participant in the
process of creating technical solutions.

Digitalization is one of the key areas of development of both the energy industry
and the professional education system. In the field of distributed generation, digital
technologies provide monitoring, forecasting, optimization and automated
management of energy processes.

In the educational process, digitalization is implemented through:

- use of digital educational platforms;

- use of modeling software;

- creation of virtual laboratories;

- use of cloud services;

- analysis of energy data;

- application of artificial intelligence technologies.

One of the promising areas of innovative education is the use of digital twin
technology.

A digital twin is a virtual model of a physical object or system that allows for:
monitoring parameters; predicting behavior; optimizing operating modes; testing
technical solutions.

In the training of specialists in distributed generation, digital twins can be used to
model: solar power plants; wind turbines; energy storage systems; local electrical
networks; Microgrid [15-23, 33-74].

The advantages of using digital twins in education are:

- the ability to conduct experiments without the risk of damaging equipment;

- developing skills in working with modern industrial technologies;

- developing analytical thinking;

- bringing the educational process closer to real production conditions.

One of the problems in training energy engineers is the need for access to modern
equipment, which is often expensive.

The use of virtual laboratories allows you to partially solve this problem by
creating a digital environment for performing practical tasks.

Virtual laboratories provide the opportunity to:

- investigate the parameters of energy systems;

- change the conditions of the experiment;

- analyze the results;

- repeat the study an unlimited number of times.

Examples of educational tasks:

- study the impact of solar generation on network parameters;

- analysis of the operation of battery systems;

- optimization of Microgrid modes;
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- forecasting generation using digital models.

The development of artificial intelligence technologies is significantly changing
approaches to managing energy systems. In the future, engineers will work not only
with equipment, but also with intelligent data analysis systems.

In the educational process, artificial intelligence technologies can be used for:

- forecasting electricity production from renewable sources;

- optimizing energy system operating modes;

- analyzing large data sets;

- detecting emergency modes;

- supporting engineering decision-making.

Formation of competencies in the field of artificial intelligence involves:

- understanding the principles of machine learning algorithms;

- the ability to work with energy data;

- the ability to evaluate the results of intelligent systems.

The STEM approach is one of the most promising areas of modernization of
engineering education, as it ensures the integration of science, technology, engineering
and mathematics [15-23, 33-74].

In the field of distributed generation, STEM training is implemented through:

- creation of educational energy installations;

- development of automation systems;

- programming of controllers;

- analysis of energy processes;

- implementation of interdisciplinary projects.

The STEAM approach complements the technical component with elements of:
design; economics; social analysis; communication.

This is especially important for community energy transformation projects, where
the technical solution must take into account economic opportunities, environmental
consequences and social perception.

Modern training of specialists in the field of construction of distributed generation
systems is based on the use of innovative educational technologies that ensure the
formation of professional competencies necessary for successful activity in the
conditions of digital transformation of energy.

The use of digital twins contributes to the development of skills in modeling and
analyzing energy systems, allowing students to study the operating modes of objects,
predict their behavior, and evaluate the effectiveness of technical solutions without risk
to real equipment.

Virtual laboratories provide the formation of practical engineering skills by
performing laboratory work in a digital environment, which makes it possible to
practice professional actions under different operating conditions of energy systems.

The use of artificial intelligence technologies develops competencies in the field of
forecasting and optimizing energy generation, distribution, and consumption processes,
and also supports the adoption of justified technical decisions based on the analysis of
large volumes of data.
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STEM projects contribute to the formation of systems and engineering thinking,
integrating knowledge from natural sciences, technology, engineering, and
mathematics when solving complex practical problems.

Project-based learning provides the development of the ability to comprehensively
solve professional problems, combining theoretical training with practical design,
teamwork, and making technically and economically sound decisions.

Simulation training forms the ability to make decisions in simulated production
situations, develops professional thinking, risk analysis skills and readiness to work
effectively in real conditions of operation of modern energy systems.

One of the key conditions for effective training of specialists for distributed
generation systems is to ensure a close connection between the educational process and
real professional activities. That is why the development of a dual form of education,
which combines training in an educational institution with practical training at
enterprises, scientific institutions and local government bodies, is of great importance.

The specifics of activities in the field of distributed generation determine the need
for students to gain experience in working with real energy facilities, technical systems
and management processes. Theoretical training without practical application does not
fully ensure the readiness of a graduate to perform professional functions.

The dual training model provides for:

- coordination of educational programs with the needs of the energy sector;

- participation of employers in shaping the content of academic disciplines;

- completion of long-term industrial practices;

- performance by students of real technical tasks;

- assessment of learning outcomes by representatives of the educational
institution and the enterprise.

Effective training of specialists for distributed generation systems requires the
creation of a multi-subject educational ecosystem. Its main participants are:

A higher education institution that performs the functions of: organizing the
educational process; scientific support; forming competencies; conducting research.

Energy enterprises that provide: practical training; access to equipment;
mentoring; participation in the development of educational programs.

Territorial communities that act as customers for practical solutions: energy
strategies; local generation projects; energy management systems; energy independence
measures.

Scientific institutions and expert organizations that provide: technology transfer;
expert support; implementation of innovations.

Effective training of future specialists in the construction of distributed generation
systems requires close interaction between higher education institutions, enterprises,
territorial communities and expert organizations. Each of the participants in the
partnership model performs certain functions that ensure the integration of education,
science, production and practical implementation of innovative solutions.

The university provides educational training for applicants, organizes scientific
research, develops educational and methodological support and creates conditions for
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the formation of professional competencies of future specialists in accordance with
modern requirements of the energy industry.

The enterprise provides practical training for students, provides the opportunity
for industrial practice, provides professional mentoring and involves students in
performing real production tasks related to the design and operation of distributed
generation systems.

The community forms relevant practical tasks that reflect the real needs of the
territories in the development of energy infrastructure, participates in the testing of
proposed technical solutions and assesses their socio-economic feasibility.

Expert organizations perform an advisory function, independently evaluate the
developed projects, provide methodological and innovative support, and also
contribute to the introduction of modern technologies and advanced professional
experience into the educational process.

The implementation of innovative educational technologies should be carried out
systematically and provide for organizational, content and technological changes.

The proposed methodology includes four stages.

The first stage is preparatory and analytical.

The purpose of the stage: determining the needs of the energy industry and
forming an educational environment. Main tasks:

- analysis of current trends in the development of the energy sector;

- determination of professional competencies;

- assessment of the material and technical base;

- formation of a partner network.

Result: a concept of innovative training of specialists has been developed.

The second stage is content-technological. It involves updating the content of
educational programs.

It is advisable to include the following disciplines in the curricula: “Distributed
generation systems”; “Smart Grid technologies”; “Microgrids and energy storage”;
“Digital technologies in energy”; “Energy planning of territories”.

The educational process is supplemented by: practical cases; digital modeling;
team projects; research tasks.

The third stage is practical and integration.

The main goal: formation of professional experience.

Forms of implementation: dual training; industrial practices; student energy
projects; participation in the modernization of community facilities.

Example of the task "Development of the concept of community energy autonomy
using local sources of generation".

Within the framework of such a project, students perform: energy audit;
assessment of resource potential; technical design; economic calculations; assessment of
environmental impact.

The fourth stage is evaluation and correction. It involves analyzing the results of
the implementation of innovative technologies. The following are assessed: the level of
competence formation; the quality of practical tasks; the ability to make independent
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decisions; readiness for professional activity. Based on the results of the evaluation,
adjustments are made to: educational programs; the content of disciplines; teaching
methods; practical training.

An innovative educational environment is formed as an integrated system that
combines:

1. Target component. Purpose: training of a competent specialist capable of
designing and operating distributed generation systems.

2. Content component. Includes: professional disciplines; digital technologies;
energy management; sustainable development.

3. Technological component. Contains: project training; STEM/STEAM; digital
modeling; dual education; research methods.

4. Environmental component. Includes: Smart Grid labs; digital platforms;
partnership with communities; cooperation with enterprises.

5. Performance component. Expected result: specialist with developed
competences: technical; digital; project; managerial; environmental [15-23, 33-74].

Therefore, innovative educational technologies are a determining factor in the
modernization of specialist training for distributed generation systems. Their
application provides a transition from the traditional model of knowledge transfer to
the competence model of the formation of a professional capable of working in
conditions of energy transformation.

It was established that the most effective directions are: digitalization of the
educational process; use of digital duplicates and virtual laboratories; application of
artificial intelligence; STEM/STEAM approach; dual education; partnership of
universities, enterprises and territorial communities.

The proposed model of an innovative educational environment -creates
prerequisites for training specialists who are able not only to operate modern energy
systems, but also to design new solutions to ensure energy sustainability and
sustainable development of communities.
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ANNOTATION

CHAPTER 1. MODERN BASICS OF ECONOMICS, MANAGEMENT AND
TOURISM

1.1. Olha Podra, Nataliia Petryshyn, Andrew Todoshchuk IMPROVEMENT OF
TACTICAL PLANNING OF FOREIGN ECONOMIC ACTIVITY BASED ON AN
ALGORITHM FOR EVALUATION AND SELECTION OF PRIORITY FOREIGN
SALES MARKETS

The features of improving tactical planning of enterprises’ foreign economic activity
under conditions of intensifying global competition and increasing uncertainty in
international markets are examined. It is substantiated that the effectiveness of export
activities largely depends on the quality of decision-making regarding the selection of
priority foreign sales markets. It is determined that traditional approaches to market
evaluation and selection are often fragmented and do not ensure a comprehensive
consideration of economic, competitive, logistical, and risk-related factors. A conceptual
approach to forming a consistent algorithm for the evaluation, selection, and
prioritization of foreign markets is proposed, based on multicriteria analysis and a step-
by-step decision-making procedure. The algorithm includes preliminary market
screening, basic analytical assessment, matrix comparison, development of a market
attractiveness ranking, and integration of results into the tactical planning system of
foreign economic activity. It is proven that the application of the proposed approach
contributes to increasing the validity of managerial decisions, reducing uncertainty, and
optimizing the allocation of enterprise resources. The implementation of the algorithm
ensures a more systematic approach to the diversification of foreign sales markets and
enhances the effectiveness of tactical planning of foreign economic activity.

Keywords: tactical planning, foreign economic activity, foreign markets, evaluation
algorithm, market prioritization, multicriteria analysis, managerial decisions.

1.2. Nataliia Petryshyn, Olha Podra, Andrew Todoshchuk DEVELOPMENT OF THE
TOOLKIT FOR TACTICAL MANAGEMENT OF ENTERPRISE FOREIGN
ECONOMIC ACTIVITY BASED ON THE SYSTEMATIZATION OF ANALYTICAL
SUPPORT

Theoretical and applied aspects of the development of tools for tactical management of
an enterprise’s foreign economic activity based on the systematization of analytical
support for forecasting have been studied. The increasing role of tactical management
of foreign economic activity under conditions of instability in the international
economic environment, growing competition, and a higher level of uncertainty has
been substantiated. The essence of planning as a management function has been
revealed, and its significance for ensuring economic stability, adaptability, and
competitiveness of enterprises has been determined. The features of tactical planning of
foreign economic activity have been characterized, and its place within the system of
strategic and operational management has been established. The main problems of
tactical planning of foreign economic activity have been identified, related to
insufficient systematization of analytical support for forecasting export indicators and
the fragmented nature of information flows. A technology for systematizing analytical
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support for forecasting foreign economic activity has been proposed, which includes
the unification of data collection processes, standardization of analytical information
formats, implementation of regular analysis mechanisms, organization of cyclical
forecasting, and regulation of information exchange between departments. The
implementation of the proposed technology will contribute to improving forecast
accuracy, reducing uncertainty, and increasing the effectiveness of tactical management
of the enterprise’s foreign economic activity.

Keywords: foreign economic activity, tactical management, tactical planning, analytical
support, forecasting, data systematization, managerial decisions.

1.3. Andrew Todoshchuk, Nataliia Petryshyn, Olha Podra RECOMMENDATIONS
FOR IMPROVING THE STRATEGIC ACTIVITIES OF ENTERPRISES IN
FOREIGN MARKETS

The theoretical and methodological foundations for improving the strategic planning of
enterprises' foreign economic activity (FEA) under conditions of geopolitical tension
and European integration are substantiated. A five-stage procedure for developing an
international strategy is formulated, ranging from SMART goal setting to the creation of
flexible feedback systems.

The key internal and external barriers to international expansion are identified,
including the linearity of management structures, workforce shortages, and regulatory
risks in recipient markets. It is demonstrated that successful business scaling requires
not only the diversification of export markets and the digitalization of operations but
also a profound transformation of management philosophy based on ISO standards and
TQM criteria. The central focus of the study is the optimization of strategic decision-
making through the multicriteria SPACE analysis method. A weighted evaluation
system based on four dimensions—financial strength, competitive position, industry
attractiveness, and environmental stability —is proposed. Mathematical modeling and
network models are identified as the foundation for transforming FEA planning into a
scientifically grounded decision support system.

Keywords: strategic planning, foreign economic activity, SPACE analysis, multicriteria
method, international business, business scaling, European integration, organizational
change management.

1.4. Lesia Donchak HUMAN CAPITAL AS A FACTOR IN RESTORING
UKRAINE'S SOCIO-ECONOMIC POTENTIAL AMID DEMOGRAPHIC
CHALLENGES

The role of human capital in restoring Ukraine’s socio-economic potential amid the
demographic crisis is examined. The impact of population decline, migration, ageing,
and falling birth rates on the country’s labour, educational, intellectual, and health
potential is analysed. Strategic priorities for preserving and reproducing human capital
are substantiated, including demographic support measures, a re-emigration policy, the
modernisation of education and healthcare, employment development, the integration
of internally displaced persons, and stronger institutional coordination.

Keywords: human capital, demographic challenges, socio-economic potential, post-war
recovery, public policy.
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1.5. Olha Hirna DEVELOPMENT OF WAREHOUSING ACTIVITIES IN THE COLD
LOGISTICS SYSTEM: MODERN LOGISTICS SOLUTIONS

The paper examines the essence of cold logistics and the specific features of
warehousing activities within cold supply chains. It analyzes current trends in
warehouse logistics development and the requirements for product storage under
different temperature conditions. The activities of the Raben Group, with particular
emphasis on its Fresh Logistics services, are characterized. An economic and
mathematical model is applied to forecast revenue generated from fresh-product
customers. The study also substantiates the feasibility of additional capital investments
in the warehousing operations of the Lviv branch of Raben Ukraine LLC.

Keywords: cold logistics, cold supply chain, warehousing, fresh-product customers,
cash flow, payback period.

1.6. Viktor Pyliavets METHODOLOGICAL TOOLKIT FOR EVALUATING
BUSINESS PLANS OF ENTERPRISES: CURRENT TRENDS AND DIRECTIONS
FOR IMPROVEMENT

The article examines modern methodological approaches to evaluating business plans
of enterprises and identifies their advantages and disadvantages. The criteria and
principles for assessing the quality of business planning are summarized, and the need
for a comprehensive analysis of the marketing, production, financial and risk
components of the project is substantiated. An algorithm for evaluating a business plan
is developed. Promising directions for improving the evaluation process based on the
use of digital technologies, multi-criteria analysis methods and integration of ESG
criteria are identified. The proposed approach contributes to increasing the objectivity
of evaluation and the efficiency of making investment and management decisions.
Keywords: business plan; business plan evaluation; evaluation algorithm; multi-criteria
analysis; ESG criteria; digitalization.

1.7. Dina Shkvaruk FINANCIAL INSTRUMENTS FOR ENSURING ECONOMIC
RECOVERY UNDER GLOBAL CHALLENGES

The paper examines financial instruments for ensuring economic recovery under global
challenges. The essence of economic recovery is clarified, the impact of global instability
on the financial support of the economy is determined, and fiscal, banking, investment,
international, insurance, and digital financial instruments are systematized. An
analytical assessment of the financial prerequisites for Ukraine’s economic recovery is
conducted based on GDP indicators, the state budget, budget deficit, grant support, and
debt burden. The role of financial institutions in implementing recovery processes is
substantiated, and directions for improving financial instruments are proposed, taking
into account the needs of economic resilience, transparency, and long-term
development.

Keywords: economic recovery; financial instruments; financial support; state budget;
debt burden; international financing; risk insurance; financial institutions.

1.8. Nataliya Smolinska STAFF COMPETENCY DEVELOPMENT AS A
FOUNDATION FOR ENTERPRISE RESILIENCE TO CHANGE

The article examines personnel competency development as a key prerequisite for
ensuring enterprise resilience in the face of continuous change. It reveals the essence of
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the competency-based approach to human resource management and identifies the role
of professional, digital, managerial, and behavioral competencies in enhancing
organizational adaptability and competitiveness. The study summarizes modern
competency development tools and proposes recommendations for establishing a
strategic competency management and assessment system. It substantiates that the
systematic development of personnel competencies enhances the efficient use of human
capital, strengthens organizational resilience, and ensures the enterprise’s long-term
competitive advantages.

Keywords: staff competencies, competency development, competency-based approach,
human resource management, human capital, organizational resilience, enterprise
competitiveness, strategic management, digital transformation.

1.9. Nataliya Smolinska, Igor Grybyk CHANGE MANAGEMENT IN
ENTERPRISES: IMPACT ON THE SOCIO-PSYCHOLOGICAL CLIMATE OF THE
WORKFORCE AND STABILIZATION MECHANISMS

This chapter examines the theoretical and practical aspects of change management in an
enterprise, with a particular focus on its impact on the socio-psychological climate of
the workforce. It explores the essence of change management, identifies the key factors
influencing the formation of a favorable socio-psychological climate, and outlines
mechanisms for its stabilization under conditions of organizational transformation.
Practical recommendations are substantiated to improve the effectiveness of change
management through the development of HR policy, enhancement of internal
communication, application of digital tools, regular monitoring of the socio-
psychological climate, and comprehensive employee support.

Keywords: change management; socio-psychological climate; organizational change;
human resource management; corporate culture; HR policy.

1.10. Oleksandr Zakharchuk CONCEPTUALIZATION OF THE INNOVATIVE
DEVELOPMENT OF AGRICULTURAL ENTERPRISES WITHIN THE
FRAMEWORK OF SCIENTIFIC APPROACHES

The study systematizes scientific approaches to understanding innovation and the
innovative development of agricultural enterprises. Particular attention is paid to the
sector-specific characteristics of agricultural production, including seasonality,
biological cycles, natural and climatic dependence, resource intensity, and risk
exposure. The main technological, organizational, managerial, institutional, digital, and
environmental dimensions of innovative development are identified. Innovative
development is interpreted as a continuous process of qualitative transformation based
on the realization of an enterprise’s innovation potential.

Keywords: innovation, innovative development, agricultural enterprises, innovation
potential, digital transformation, sustainability.

1.11. Ulyana Balyk PREDICTIVE ANALYTICS AND MACHINE LEARNING IN
DIGITAL MARKETING EFFECTIVENESS ASSESSMENT

The article aims to systematize methodological approaches to digital marketing
evaluation and to develop an integrated predictive and analytical framework. The
study classifies key performance indicators, summarizes methods of analytical
assessment, and identifies applications of predictive analytics and machine learning in

236



Collective Monograph Publishing House NES s.r.0.,
Nova Dubnica, Slovak Republic

conversion forecasting, audience segmentation, behavioral modeling, and churn
prediction. An integrated evaluation system is proposed that combines behavioral,
conversion, financial, and predictive dimensions and includes a composite effectiveness
index with an interpretation scale. The framework may support comprehensive
campaign assessment, advertising budget optimization, user behavior forecasting, and
more effective digital marketing management.

Keywords: web analytics, conversion analysis, behavioral modeling, marketing funnel,
digital communications, audience segmentation, marketing analytics, advertising
profitability.

1.12. Sergiy Grytsenko, Kateryna Barda INNOVATIVE APPROACHES TO RISK
MANAGEMENT IN INTERNATIONAL INDUSTRIAL LOGISTICS UNDER
UNCERTAINTY

The article is devoted to the study and substantiation of innovative approaches to risk
management during the international transportation of industrial equipment and
machinery. A comprehensive analysis of the classification of exogenous and
endogenous logistic threats in conditions of geopolitical and economic turbulence is
carried out. The specifics of project logistics of heavy machinery and capital-intensive
assets are investigated. The concept of transition from reactive monitoring to proactive
predictive risk management is substantiated. The architecture of an intelligent system
for forecasting logistic incidents is proposed and its economic efficiency for modern 4PL
operators is calculated.

Keywords: logistics risk, predictive management, industrial equipment, supply chain,
4PL provider, IoT monitoring.

1.13. Olha Chubka PUBLIC DEBT OF UKRAINE AND FINANCIAL
INSTRUMENTS FOR ITS MANAGEMENT UNDER WARTIME CONDITIONS

The dynamics of Ukraine’s external and domestic public debt and the debt-to-GDP ratio
over 2015-2025 are presented. The reasons for the change in the debt-to-GDP ratio
during the analyzed period are characterized. The structure of Ukraine’s public debt by
borrowing currency as of the end of 2025 is presented. Ukraine’s deep integration into
the European financial space and the substantial support provided by international
institutions are demonstrated. The main instruments for managing public debt in the
context of ensuring financial security under wartime conditions are identified.
Keywords: public debt, domestic debt, external debt, GDP, debt management.
CHAPTER 2. INNOVATIVE AND MODERN FOUNDATIONS OF PEDAGOGY
AND PSYCHOLOGY

2.1. Borys Shevel DEVELOPMENT OF THE ECONOMIC JUSTIFICATION OF
DECISIONS IN THE PROCESS OF COMPLETING COURSE PROJECTS BY
FUTURE TECHNOLOGY TEACHERS

The article examines the features of developing the skills of economic justification of
decisions during the completion of course projects by future technology teachers. Its
significance as an important element in the formation of their economic competence is
substantiated, as it has a comprehensive and interdisciplinary character and promotes
the integration of technological, organisational and economic knowledge. Particular
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attention is paid to the methodological aspects of developing students’ skills to perform
economic calculations during technological design.

Keywords: technological education, future technology teachers, course project,
economic competence, professional training.

CHAPTER 3. THE LATEST BASICS OF AGRICULTURAL DEVELOPMENT

3.1. Anastasiia Stanhrit, Zoriana Hubrii, Nataliia Monka ECOLOGICAL SAFETY
AND RISK ASSESSMENT OF BIOLOGICAL PREPARATIONS

The chapter analyzes the efficacy and ecological safety of microbial biological
preparations as an alternative to synthetic pesticides in plant protection. The
mechanisms of action of the main groups of biological preparations based on bacteria,
fungi, and other microorganisms are examined, along with their advantages in the
context of the "One Health" concept. A comprehensive assessment of existing risks is
conducted, including infectious, safety-related, toxicological, ecosystemic, and those
associated with the development of pest resistance.

Keywords: biological preparations, microbial biopesticides, risk assessment, plant
protection, ecological safety, sustainable agricultural development.

CHAPTER 4. Serhii Onyshchenko EDUCATIONAL PRINCIPLES FOR TRAINING
SPECIALISTS IN CONSTRUCTION OF DISTRIBUTED GENERATION SYSTEMS
TO ENSURING SUSTAINABLE DEVELOPMENT OF COMMUNITIES

The section of the collective monograph substantiates the theoretical and
methodological principles of training specialists in the construction of distributed
generation systems in the context of the transformation of the energy sector and the
transition to sustainable development of territorial communities. Modern requirements
for the professional competence of energy engineers are determined, due to the
development of renewable energy sources, Smart Grid, Microgrid, energy storage
systems and digital management technologies.

A practice-oriented model of the formation of professional competencies of future
specialists has been developed, which includes target, content, technological,
organizational and evaluation-result components. The pedagogical conditions for its
implementation are substantiated: modernization of the content of educational
programs, integration of theoretical and practical training, development of partnerships
between educational institutions, energy enterprises and territorial communities.

The possibilities of using innovative educational technologies in the professional
training of energy specialists are revealed, in particular digital modeling, digital twins,
virtual laboratories, STEM/STEAM approach, artificial intelligence and dual education.
The proposed provisions are aimed at forming a new generation of specialists capable
of ensuring energy sustainability, autonomy and sustainable development of territorial
communities.

Keywords: distributed generation, renewable energy, Smart Grid, Microgrid, practice-
oriented training, professional competencies, digitalization of education, energy
sustainability, sustainable development of communities.
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