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The article substantiates a comprehensive mechanism for managing the economic security
of Ukrainian metallurgical enterprises based on a contour-index model adapted to
conditions of wartime instability, energy constraints, logistical disruptions, digital threats,
and increasing regulatory and carbon pressure from the European Union. The relevance
of the study stems from the fact that the partial recovery of production in the industry is
not accompanied by a proportional recovery of innovation, technological, and market
resilience, and therefore cannot be considered a sufficient indicator of an adequate level
of economic security. The aim of the article is to develop an adaptive mechanism that
integrates monitoring, integral assessment, selection of a portfolio of managerial decisions,
and control of their effectiveness within a unified system. Economic security of a
metallurgical enterprise is proposed to be interpreted as the capacity to sustain continuity
of value creation, fulfil contractual obligations, and maintain controllability of production
processes under external disturbances without loss of financial stability, human resource
capacity, and access to markets. An index of adaptive economic security is developed,
combining financial, production, energy, innovation, digital, and regulatory parameters
normalised on a unified scale. An optimisation framework for selecting a portfolio of
managerial actions is proposed, aimed at minimising expected losses and costs under
existing budgetary, human resource, and technological constraints. The role of a competence
centre is substantiated as an organisational regulator of adaptability, providing analytical,
coordination, educational, and communication support to the management cycle. The
practical significance of the results lies in the possibility of applying the proposed
mechanism to prioritise decisions related to energy autonomy, cyber resilience, logistics
diversification, equipment modernisation, and low-carbon investments. The scientific
novelty consists in combining the contour approach, index-based assessment, and portfolio
decision logic within a single management system of economic security oriented towards
reducing future losses and maintaining the long-term competitiveness of metallurgical
enterprises.
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Introduction and formulation of the problem
Metallurgy remains a core industrial pillar: in

2024, the iron and steel sector accounted for 7.2% of
Ukraine’s gross domestic product (including related

value chains), more than 15% of merchandise exports,
invested approximately USD 650 million, and
contributed nearly USD 0.9 billion in tax
revenues [1].
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Statistical evidence confirms the structural nature
of losses. Steel production declined from 21.366 million
tonnes in 2021 to 6.263 million tonnes in 2022,
representing a decrease of approximately 70.7%, and
recovered only to 7.575 million tonnes in 2024, which
remains significantly below pre-war levels [2].

A critical bottleneck in economic security has
been the decline in innovation and modernisation
capacity. According to estimates by GMK Center,
innovation expenditure in metallurgy amounted to
USD 1.3 million in 2024 compared to USD
69.7 million in 2020, while the share of innovation-active
enterprises in the sector was only 9.8% in 2024 [3].

This asymmetry generates the risk of “recovery
without development”, where production indicators
partially improve, yet the technological and energy
base does not modernise at a sufficient pace, thereby
reducing competitiveness and increasing operational
risks and cost intensity.

Regulatory pressure on the export contour is
intensifying due to the European Union’s Carbon
Border Adjustment Mechanism, applied in its
transitional phase since 1 October 2023 and entering
its definitive phase on 1 January 2026 [4].

For iron and steel, this regime entails reporting
requirements on embedded emissions during the
transitional period and the gradual introduction of
financial obligations thereafter. Analytical materials
from the Low Carbon Ukraine programme indicate
that in 2023, 79% of Ukraine’s iron and steel exports
fell under the CBAM framework (compared to 40%
in 2021), reinforcing the dependence of enterprise
economic security on the carbon intensity of products
and the structure of export markets [5].

The research problem lies in the absence of an
economic security mechanism that is simultaneously
measurable, adaptive, and capable of managing a
portfolio of decisions within the triangle of “wartime
resilience–decarbonisation compliance–digital
resilience”.

In applied economics and management, enterprise
economic security is most often conceptualised as a
multidimensional system encompassing financial,
human resource, informational, and technical-
technological components.

The strength of this approach lies in the
completeness of the “security map”, while its
limitation consists in the difficulty of integrating these
components into a unified decision-making model,
particularly under high-frequency risk conditions.

For example, Yu. Ohrenych and co-authors
propose a mechanism with defined subject, object,
principles, functions, and instruments, as well as
response strategies depending on the states of “danger–

risk–threat–security” [6]. However, this concept lacks
a formalised linkage between indicators and the
budgetary logic of managerial actions, which is critical
for capital-intensive metallurgy under resource
constraints.

In parallel, a scientific discourse is evolving on
organisational resilience and risk management as
complementary practices. Studies by V. Zadoia and
T. Charkina confirm that a comprehensive
understanding of resilience requires simultaneous
consideration of operational and relational dimensions,
as well as their contribution to “survival” and
“sustainability” [7].

For metallurgical enterprises, this implies that
security cannot be reduced to financial ratios alone,
but must include the network reliability of suppliers,
energy partners, logistics operators, and communities.

Systematic reviews of supply chains indicate that
digital solutions enhance resilience primarily through
increased transparency and response speed, although
the effectiveness of different technological “packages”
varies. For metallurgy, this is particularly relevant, as
digital control contours in production and logistics
simultaneously reduce operational risks while
expanding the cyber threat surface, which must be
incorporated into the economic security mechanism
as a distinct dimension.

Additionally, contemporary studies in risk
management demonstrate the relevance of combining
traditional risk assessment (probability and impact)
with the evaluation of resilience in terms of recovery
capacity and resource reconfiguration [8; 9].

Such integration is productive for the development
of economic security mechanisms, as it allows
consideration not only of risk prevention but also of
the system’s ability to maintain functionality under
disruption and constraints.

Specialised studies on Ukraine indicate that the
future competitiveness of industrial sectors increasingly
depends on spatial reconfiguration of production, access
to low-carbon energy, the use of green hydrogen, and
significant investments in supply chain restructuring
[10]. This implies that decarbonisation can no longer
be treated as external to enterprise economic security.
For metallurgy, it is directly linked to market access,
capital availability, and stable sales channels.

The research gap lies in the fact that existing
approaches either provide detailed descriptions of
economic security components without integrating
them into a unified management system, or analyse
resilience and risk management outside the regulatory
pressure of CBAM, or treat decarbonisation solely as
a techno-economic issue. As a result, enterprises
obtain useful risk characteristics but lack a tool that
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determines when intervention is required, where
limited resources should be allocated, and which set
of actions will yield the greatest effect.

Purpose of the article
The purpose of the article is to develop a

comprehensive contour-index mechanism for the
adaptive management of the economic security of a
metallurgical enterprise, combining monitoring,
integral assessment, the selection of a portfolio of
managerial decisions, and control over their
effectiveness under conditions of wartime, energy,
logistical, digital, and regulatory-carbon risks, while
also ensuring the integration of decarbonisation
compliance and digital resilience into a unified managed
system for sustaining long-term development and
competitiveness.

Presentation of the main material
Ó Within the scope of the study, the economic

security of a metallurgical enterprise is understood as
the ability to maintain continuity of value creation,
fulfil contractual obligations, and preserve the
controllability of production processes under the
influence of external factors without losing financial
stability, workforce capacity, or access to sales markets.
Such an interpretation corresponds more closely to
the actual operating conditions of an industrial
enterprise than a narrow reduction of security solely
to financial indicators.

This approach makes it possible to move from
describing individual threats to constructing an
integrated mechanism for managing economic security.

In practical terms, this mechanism operates as a
closed cycle. First, the enterprise identifies risk signals,
then carries out monitoring and early warning, after
which it assesses its condition, selects a package of
actions, implements it, and verifies the result. This
makes it possible not to wait until a problem turns
into an actual loss, but to respond at a stage when the
situation can still be corrected.

For metallurgy, this cycle encompasses at least
three major contours. The first relates to wartime,
energy, and logistical resilience. The second is
associated with decarbonisation compliance and the
preservation of positions in export markets. The third
covers digital resilience, including cyber protection,
data protection, and the reliability of information
systems. A problem arising in any one of these contours
quickly spills over into the others; therefore, considering
them separately is no longer sufficient.

The quantitative core of the model is the
enterprise’s adaptive economic security index:

(1)

where lt  denotes the integral level of economic security
at time t;
xi,t – the normalised value of the i-th indicator;

 – the weight of the indicator;
m – the number of parameters.

The set of parameters should reasonably include
financial, production, energy, innovation, digital, and
regulatory dimensions.

For example, the following indicators may be
considered: profitability, downtime duration, the share
of backup energy supply, the level of digitalisation of
critical processes, carbon intensity of products, supply
reliability, the share of exports to markets with
stringent emissions requirements, as well as indicators
of innovation activity.

Two rules are applied for normalising the
indicators. If an increase in the indicator improves
the level of security, the following formula is used:

        (2)

If an increase in the indicator deteriorates the
level of security, an alternative formula is applied:

        (3)

where zi,t is the actual value of the indicator;
max(zi) are min(zi) the boundary benchmarks
established based on historical data series, regulatory
standards, or industry benchmarks.

This approach makes it possible to transform
heterogeneous indicators into a unified scale from 0
to 1 and render them suitable for joint analysis.

The weights  should be determined using a
combined approach. One part of the weights should
be based on expert assessment, taking into account
the specific features of the enterprise. The other part
should reflect the intensity of external pressures-wartime
risks, energy instability, carbon regulation, scarcity of
investment resources, and digital threats.

As a result, the model does not remain abstract
but can be calibrated to the actual operating conditions
of the enterprise.

The index itself is not an end in its own right.
It serves as a tool for selecting a portfolio of actions
that minimises expected losses under existing resource
constraints. In formalised terms, this can be expressed
as follows:

          (4)

where A denotes the portfolio of managerial actions;
Zt is the vector of external threats;
L(Zt, A) represents the expected losses resulting from
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disruptions to production, financial, or market stability;
C(A) is the cost of implementing the selected portfolio;
 Ω  is the set of feasible decisions subject to budgetary,
human resource, and technological constraints.

In applied terms, this means that backup energy
supply, cyber protection, logistics diversification,
equipment modernisation, and low-carbon investments
can be considered within a single comparative
framework. Management is therefore presented not

with a simple list of desirable actions, but with a set
of alternatives characterised by different costs and
varying effects in reducing future losses.

Industry data for 2021-2024 reveal a contradictory
picture. On the one hand, in 2024 steel production
in Ukraine increased to 8.1 million tonnes compared
to previous years; on the other hand, this result remains
significantly below the 21.9 million tonnes recorded
in 2021 [2] (Fig. 1).

Fig. 1. Waterfall chart of steel production in Ukraine (2021-2024)

Source: compiled by the author based on [2]

Based on these data, it may be concluded that
the recovery of physical output cannot automatically
be equated with the recovery of economic security.
An enterprise may increase production while remaining
vulnerable because of high energy intensity, weak
modernisation, fragile logistics, or the risk of losing
export markets.

No less illustrative are the parameters of
innovation activity. Expenditure on innovation in
metallurgy declined from USD 69.7 million in 2020
to USD 1.3 million in 2024, that is, by approximately
98.1%. This indicates not merely a reduction in
investment, but the effective emergence of a
technological gap that constrains the long-term
modernisation of the industry. This is further
corroborated by the fact that the share of innovation-
active enterprises in metallurgy amounted to only
9.8% in 2024 [3].

At such a level, it is difficult to speak of the
widespread diffusion of new technologies, digital
solutions, or modern organisational practices. Put
differently, the revival of production has occurred more
rapidly than the restoration of development capacity.

Alongside production, innovation, and market
imbalances, another critical contour of vulnerability is
taking shape, namely the regulatory-carbon dimension.
Its significance for Ukrainian metallurgy has intensified
sharply owing to the extension of the CBAM mechanism
to iron and steel and the transition to its definitive
operational regime from January 1, 2026 [4].

As a result, the competitiveness of enterprises is
increasingly determined not only by output volumes,
production costs, or export logistics, but also by their
ability to document embedded emissions, the structure
of energy consumption, and compliance with the
environmental requirements of the European market.

The situation is further exacerbated by the sector’s
high export exposure. According to Low Carbon
Ukraine, in 2023, 79% of Ukrainian iron and steel
exports were subject to carbon border adjustment
measures [5]. It is therefore appropriate to summarise
the principal changes that shaped the condition of
Ukraine’s metallurgy in 2021–2024 and to distinguish
those factors that directly transform the requirements
imposed on enterprise economic security management
systems (Table).
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Table 1 summarises the key parameters of the
transformation of Ukraine’s metallurgy in 2021–2024
and allows several fundamental trends to be identified:
a sharp production shock in 2022, the absence of a
full-scale recovery in 2023, partial revival in 2024,
the contraction of systemic innovation activity, and
the persistence of a high dependence of the sector on
external sales markets.

Under such conditions, traditional financial
controlling no longer provides sufficient managerial
sensitivity, as it primarily captures the consequences
of the crisis but does not enable the timely integration
of production, logistical, export, technological, and
investment risks into the decision-making process.

As a result, there arises a need for a model that
integrates the assessment of economic security with
specific managerial responses and risk-oriented
intervention tools.

The proposed approach envisages the
incorporation of decarbonisation compliance into the
internal parameters of the economic security
mechanism, since under CBAM conditions it directly
affects costs, access to the EU market, and the long-
term competitiveness of a metallurgical enterprise.

In this context, the economic security mechanism
of a metallurgical enterprise is understood as a holistic

system of interrelated processes of monitoring,
assessment, decision selection, and control, aimed at
neutralising threats and ensuring sustainable
development under conditions of multiple risks.

Risks of different types, resilience indicators,
and response costs are integrated into a single
optimisation framework for the formation of a portfolio
of managerial actions, thereby implementing the
principles of multi-criteria decision-making and the
integration of managerial decisions.

The analysis of industry data confirms that an
increase in production volumes alone is not a sufficient
indicator of an adequate level of economic security if
the innovation, digital, and regulatory dimensions
remain weak.

This conclusion follows from the systemic nature
of economic security: the economic security of an
enterprise is not formed as a simple sum of isolated
indicators, but as an emergent result of the interaction
of all functional domains.

The effective functioning of the “monitoring–
assessment–decision selection–control” loop depends
on the development of the enterprise’s internal capacity
to collect, interpret data, and promptly transform them
into managerial actions.

Table
Summary of the principal changes in Ukraine’s metallurgy in 2021–2024

Source: generalised by the author based on [11–12]

Indicator 2021 2022 2023 2024 Analytical conclusion 

Steel 
production, 

million tonnes 
21.9 6.3 6.2 8.1 

In 2022, a sharp production shock occurred; 
in 2023, the industry remained in a phase of 

depressed reproduction; in 2024, only a 
partial recovery was recorded 

Steel production 
index relative to 

2021, % 
100.0 29.4 29.0 35.5 

Even in 2024, steel output amounted to only 
slightly more than one-third of the pre-war 

level 

Annual rate of 
change in steel 
production, % 

– –70.6 –1.6 +22.6 

Following the collapse of 2022, no tangible 
recovery occurred in 2023; the positive 

dynamics of 2024 do not compensate for 
previous losses 

Innovation 
expenditure of 
enterprises in 

the sector 

Baseline 
pre-war 

level 

Sharp 
decline 

Minimisati
on 

Localised 
recovery 

in selected 
areas 

Innovation activity lost its systemic 
character and was displaced by short-term 

survival priorities 

Dependence on 
external sales 

markets 
High 

Critically 
high 

Critically 
high 

High 

The resilience of the industry is substantially 
determined by external market conditions, 
logistics, trade restrictions, and access to 

export channels 

Dominant type 
of managerial 

response 

Develop
ment and 
modernis

ation 

Anti-crisis 
survival 

Maintenan
ce of 

operationa
l capacity 

Partial 
recovery 

and 
adaptation 

Traditional financial control does not capture 
the full range of production, logistics, 

market, and innovation risks 
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The proposed mechanism is presented as a
contour-index adaptive system in which external
disturbances are transformed into data flows for
monitoring, then into an integral assessment of the
state of economic security, after which they transition
into the domain of managerial decision-making and

subsequent control verification (Fig. 2).
Importantly, all stages of the cycle operate not

in isolation but within a multi-contour managerial
environment encompassing innovation, digital,
regulatory, production, financial, energy, and market
contours.

Fig. 2. Comprehensive contour-index mechanism for the adaptive management of the economic security of

a metallurgical enterprise

Source: developed by the author
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In this context, the establishment of a competence
centre integrating analytical, coordination, educational,
and communication functions contributes to aligning
production, financial, energy, digital, and market
decisions within a metallurgical enterprise. Such a
centre serves as the organisational embodiment of the
principle of adaptability, ensuring a rapid response to
changes in the external environment and internal
coherence between strategic and operational decisions.

The developed model transforms economic
security into a manageable system with clearly defined
measurable indicators and a structured sequence of
actions.

The central element of the assessment contour
is the security index (SI), which aggregates the
influence of key enterprise performance parameters
and enables the translation of heterogeneous
environmental signals into a comparable managerial
format. Its purpose lies not only in capturing the
current state but also in identifying critical deviations
between system contours that form the basis for
selecting priority managerial actions.

Wartime, energy, logistical, digital, and
regulatory-carbon risks are integrated into a unified
assessment framework directly linked to the formation
of a portfolio of managerial decisions. This approach
implements the principle of proactivity, as it focuses
not only on the current state but also on preventing
potential losses through comprehensive risk
management.

Data for 2020-2024 indicate that the partial
recovery of steel production volumes in 2024 has not
eliminated the fundamental vulnerabilities of the sector.
The significant reduction in innovation expenditure,
the low share of innovation-active enterprises, and
the intensification of regulatory pressure on export
activities point to deeper structural constraints on
development.

Such a toolkit enables enterprises to allocate
limited resources rationally among measures for
protecting physical infrastructure, ensuring energy
autonomy, strengthening cyber resilience, and
implementing low-carbon modernisation. This, in
turn, creates a basis for shifting from fragmented
responses to isolated threats towards the systematic
management of potential losses in the long term, in
accordance with the principles of building dynamic
capabilities under conditions of high uncertainty.

At the same time, the principles of multi-criteria
decision-making, integration, systemicity, and
adaptability apply to the mechanism as a whole, from
the selection of input data and the construction of
indicators to the evaluation of alternatives, the

implementation of managerial decisions, and the
adjustment of subsequent actions.

Promising directions for further research include
the detailed specification of the model at the level of
individual enterprises, with an expanded indicator base
incorporating quarterly financial, energy, logistical,
and digital metrics.

Particular interest lies in developing an index of
regulatory compliance cost for exports to the European
Union, based on actual embedded emissions, the
structure of energy consumption, and the costs
associated with CBAM compliance. Such development
would further implement the principle of
comprehensiveness by integrating macro- and
microeconomic dimensions of economic security.

Conclusion
The proposed approach provides grounds to assert

that, under current conditions, the economic security
of a metallurgical enterprise should be understood not
as a set of isolated protective measures, but as a regime
of managed adaptation to an environment characterised
simultaneously by wartime, energy, market, digital,
and regulatory-carbon constraints.

The scientific contribution of the study lies in
substantiating a management structure that transforms
heterogeneous risk signals into an ordered system of
managerial choice and ensures the alignment of short-
term resilience with the long-term capacity of the
enterprise for renewal.

In contrast to approaches where security is defined
primarily through isolated indicators or ex post loss
assessments, the developed mechanism is oriented
towards maintaining enterprise controllability under
conditions of instability, resource scarcity, and
increasing requirements for export compliance.

The practical significance of the results lies in
the fact that the proposed mechanism establishes a
methodological basis for prioritising managerial actions
according to their contribution to reducing future losses,
preserving market presence, and maintaining the
functional integrity of the enterprise.

Such an approach is particularly relevant for
Ukrainian metallurgy, where the partial recovery of
production does not eliminate accumulated
technological, institutional, and regulatory gaps.

Therefore, enhancing economic security in the
sector should be associated not with the expansion of
individual protective instruments, but with the
formation of a comprehensive system of decisions
capable of synchronising the investment, energy,
digital, and decarbonisation trajectories of enterprise
development.
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ÊÎÌÏËÅÊÑÍÈÉ ÌÅÕÀÍ²ÇÌ ÓÏÐÀÂË²ÍÍß
ÅÊÎÍÎÌ²×ÍÎÞ ÁÅÇÏÅÊÎÞ ÌÅÒÀËÓÐÃ²ÉÍÈÕ
Ï²ÄÏÐÈªÌÑÒÂ ÓÊÐÀ¯ÍÈ ÍÀ ÎÑÍÎÂ² ÊÎÍÒÓÐÍÎ-
²ÍÄÅÊÑÍÎ¯ ÌÎÄÅË²

Àáðàæàí ². À.

Ó ñòàòò³ îá´ðóíòîâàíî êîìïëåêñíèé ìåõàí³çì óïðàâ-
ë³ííÿ åêîíîì³÷íîþ áåçïåêîþ ìåòàëóðã³éíèõ ï³äïðèºìñòâ
Óêðà¿íè íà îñíîâ³ êîíòóðíî-³íäåêñíî¿ ìîäåë³, àäàïòîâàíî¿
äî óìîâ âîºííî¿ íåñòàá³ëüíîñò³, åíåðãåòè÷íèõ îáìåæåíü, ëî-
ã³ñòè÷íèõ ðîçðèâ³â, öèôðîâèõ çàãðîç ³ ïîñèëåííÿ ðåãóëÿòîð-
íî-âóãëåöåâîãî òèñêó ç áîêó ªâðîïåéñüêîãî Ñîþçó. Àêòóàëüí³ñòü
äîñë³äæåííÿ çóìîâëåíà òèì, ùî ÷àñòêîâå â³äíîâëåííÿ âè-
ðîáíèöòâà â ãàëóç³ íå ñóïðîâîäæóºòüñÿ ïðîïîðö³éíèì â³äíîâ-
ëåííÿì ³ííîâàö³éíî¿, òåõíîëîã³÷íî¿ òà ðèíêîâî¿ ñò³éêîñò³, à
îòæå íå ìîæå ðîçãëÿäàòèñÿ ÿê äîñòàòíÿ îçíàêà íàëåæíî-
ãî ð³âíÿ åêîíîì³÷íî¿ áåçïåêè. Ìåòîþ ñòàòò³ º ðîçðîáëåííÿ
àäàïòèâíîãî ìåõàí³çìó, ÿêèé ïîºäíóº ìîí³òîðèíã, ³íòåãðàëü-
íå îö³íþâàííÿ, âèá³ð ïîðòôåëÿ óïðàâë³íñüêèõ ð³øåíü ³ êîíò-
ðîëü ¿õ ðåçóëüòàòèâíîñò³ â ºäèí³é ñèñòåì³. Åêîíîì³÷íó áåç-
ïåêó ìåòàëóðã³éíîãî ï³äïðèºìñòâà çàïðîïîíîâàíî òðàêòó-
âàòè ÿê çäàòí³ñòü ï³äòðèìóâàòè áåçïåðåðâí³ñòü ñòâîðåííÿ
âàðòîñò³, âèêîíàííÿ êîíòðàêòíèõ çîáîâ’ÿçàíü ³ êåðîâàí³ñòü
âèðîáíè÷èõ ïðîöåñ³â ï³ä ä³ºþ çîâí³øí³õ çáóðåíü áåç âòðàòè
ô³íàíñîâî¿ ñò³éêîñò³, êàäðîâî¿ ñïðîìîæíîñò³ òà äîñòóïó
äî ðèíê³â çáóòó. Ðîçðîáëåíî ³íäåêñ àäàïòèâíî¿ åêîíîì³÷íî¿
áåçïåêè, ùî ïîºäíóº ô³íàíñîâ³, âèðîáíè÷³, åíåðãåòè÷í³, ³ííî-
âàö³éí³, öèôðîâ³ òà ðåãóëÿòîðí³ ïàðàìåòðè, íîðìîâàí³ íà
ºäèí³é øêàë³. Çàïðîïîíîâàíî îïòèì³çàö³éíó ïîñòàíîâêó âè-
áîðó ïîðòôåëÿ óïðàâë³íñüêèõ ä³é, îð³ºíòîâàíó íà ì³í³ì³çàö³þ
î÷³êóâàíèõ âòðàò ³ âèòðàò çà íàÿâíèõ áþäæåòíèõ, êàäðî-
âèõ ³ òåõíîëîã³÷íèõ îáìåæåíü. Îá´ðóíòîâàíî ðîëü  êîìïåòåíò-
í³ñíîãî öåíòðó, ÿê îðãàí³çàö³éíîãî ðåãóëÿòîðà àäàïòèâíîñò³,
ùî çàáåçïå÷óº àíàë³òè÷íó, êîîðäèíàö³éíó, îñâ³òíþ òà êî-
ìóí³êàö³éíó ï³äòðèìêó óïðàâë³íñüêîãî öèêëó. Ïðàêòè÷íå çíà-
÷åííÿ ðåçóëüòàò³â ïîëÿãàº ó ìîæëèâîñò³ âèêîðèñòàííÿ çàï-
ðîïîíîâàíîãî ìåõàí³çìó äëÿ ïð³îðèòåçàö³¿ ð³øåíü ùîäî åíåð-
ãåòè÷íî¿ àâòîíîì³¿, ê³áåðñò³éêîñò³, äèâåðñèô³êàö³¿ ëîã³ñòè-
êè, ìîäåðí³çàö³¿ îáëàäíàííÿ òà íèçüêîâóãëåöåâèõ ³íâåñòèö³é.
Íàóêîâà íîâèçíà ïîëÿãàº â ïîºäíàíí³ êîíòóðíîãî ï³äõîäó,
³íäåêñíîãî îö³íþâàííÿ òà ïîðòôåëüíî¿ ëîã³êè âèáîðó ð³øåíü
ó ìåæàõ ºäèíî¿ êåðîâàíî¿ ñèñòåìè åêîíîì³÷íî¿ áåçïåêè,
îð³ºíòîâàíî¿ íà çíèæåííÿ ìàéáóòí³õ âòðàò ³ ï³äòðèìàííÿ
äîâãîñòðîêîâî¿ êîíêóðåíòîñïðîìîæíîñò³ ìåòàëóðã³éíèõ
ï³äïðèºìñòâ.

Êëþ÷îâ³ ñëîâà: ïðîìèñëîâ³ñòü, åêîíîì³÷íà áåçïåêà,
àäàïòèâíå óïðàâë³ííÿ, êîíòóðíî-³íäåêñíèé ìåõàí³çì,
³íòåãðàëüíå îö³íþâàííÿ, öèôðîâà ñò³éê³ñòü, äåêàðáîí³çàö³ÿ,
ðåãóëÿòîðíî-âóãëåöåâ³ ðèçèêè, ñò³éêèé ðîçâèòîê.
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The article substantiates a comprehensive mechanism for
managing the economic security of Ukrainian metallurgical
enterprises based on a contour-index model adapted to conditions
of wartime instability, energy constraints, logistical disruptions,
digital threats, and increasing regulatory and carbon pressure from
the European Union. The relevance of the study stems from the
fact that the partial recovery of production in the industry is not
accompanied by a proportional recovery of innovation,
technological, and market resilience, and therefore cannot be
considered a sufficient indicator of an adequate level of economic
security. The aim of the article is to develop an adaptive mechanism
that integrates monitoring, integral assessment, selection of a portfolio
of managerial decisions, and control of their effectiveness within a
unified system. Economic security of a metallurgical enterprise is
proposed to be interpreted as the capacity to sustain continuity of
value creation, fulfil contractual obligations, and maintain
controllability of production processes under external disturbances
without loss of financial stability, human resource capacity, and
access to markets. An index of adaptive economic security is
developed, combining financial, production, energy, innovation,
digital, and regulatory parameters normalised on a unified scale.
An optimisation framework for selecting a portfolio of managerial
actions is proposed, aimed at minimising expected losses and costs
under existing budgetary, human resource, and technological
constraints. The role of a competence centre is substantiated as an
organisational regulator of adaptability, providing. The practical
significance of the results lies in the possibility of applying the
proposed mechanism to prioritise decisions related to energy
autonomy, cyber resilience, logistics diversification, equipment
modernisation, and low-carbon investments. The scientific novelty
consists in combining the contour approach, index-based assessment,
and portfolio decision logic within a single management system of
economic security oriented towards reducing future losses and
maintaining the long-term competitiveness of metallurgical
enterprises.

Keywords: industry, economic security, adaptive
management, contour-index mechanism, integral assessment,
digital resilience, decarbonisation, regulatory-carbon risks,
sustainable development.
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