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ECONOMIC AND MATHEMATICAL MODELS OF LOGISTICS CONTINUITY
UNDER CONDITIONS OF INSTABILITY

The increasing instability of economic environments has significantly
intensified the vulnerability of logistics systems and highlighted the
importance of ensuring logistics continuity under constrained conditions. This
article aims to substantiate the role of economic and mathematical modeling
as a theoretical tool for analyzing logistics continuity in situations
characterized by uncertainty, limited resources, and infrastructural
constraints. The study focuses on the conceptualization of logistics continuity
not as an optimal outcome, but as a feasible system state determined by
economic and capacity limitations. The research applies a theoretical
economic and mathematical approach to represent logistics systems as
constrained flow networks, where continuity is ensured through minimum
flow requirements and feasibility conditions. The proposed framework
formalizes the relationships between logistics costs, system capacities, and
continuity thresholds, allowing for the identification of feasible operating
regions under conditions of instability. The results demonstrate that
maintaining logistics continuity may require accepting higher logistics costs;
however, such costs are economically justified due to the prevention of
systemic disruptions and long-term economic losses. The findings emphasize
that economic and mathematical modelling supports continuity-oriented
logistics decision-making by enabling the prioritization of critical flows and
rational allocation of limited resources. The study contributes to the
development of theoretical foundations for logistics management under
instability and provides a basis for further research on adaptive and resilient
logistics systems.
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Formulation of the problem. In the modern global economy,
logistics systems play a critical role in ensuring the continuity of
production, distribution, and consumption processes. The growing
complexity of supply chains, combined with increasing exposure to
extreme disruptions such as economic crises, infrastructure failures, and
large-scale systemic shocks, has significantly heightened the
vulnerability of logistics networks. Disruptions in logistics flows can lead
to supply shortages, rising operational costs, production delays, and a
decline in economic stability at both microeconomic and macroeconomic
levels.

The problem is further exacerbated by the high level of uncertainty
and resource constraints that characterize extreme disruption
conditions. Traditional logistics management approaches, which are
primarily designed for stable operating environments, often prove
insufficient when confronted with sudden and severe disturbances. As a
result, ensuring logistics continuity under extreme disruptions has
become a pressing challenge for economic systems, requiring the
development of adaptive, resilient, and analytically grounded decision-
making tools. In this context, the lack of formalized approaches capable
of quantitatively assessing logistics system performance and continuity
under extreme conditions represents a significant scientific and practical
problem. This situation raises critical questions regarding the
applicability of economic and mathematical models for evaluating
logistics resilience, optimizing resource allocation, and minimizing
losses caused by systemic disruptions.

Analysis of recent research and publications. The issue of logistics
continuity under disruptive conditions has attracted growing scholarly
attention in recent years, reflecting its increasing relevance in logistics,
supply chain management, and applied economics. Researchers have
explored various dimensions of this problem, including supply chain
resilience, risk management, and adaptive logistics strategies [1; 2]. A
significant body of research focuses on the concept of logistics and
supply chain resilience. Scholars emphasize the ability of logistics
systems to absorb shocks, adapt to changing conditions, and recover
from disruptions. Studies highlight the role of flexibility, redundancy, and
diversification in maintaining logistics continuity under adverse
conditions. Authors such as Christopher and Peck underline the
importance of resilience-oriented logistics design as a response to
systemic uncertainty [3].
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Another research stream addresses the application of economic
and mathematical models in logistics management. Researchers
propose optimization models, network flow models, and scenario-based
approaches to analyse logistics system performance under constraints.
These models are used to minimize costs, optimize transportation routes,
and allocate limited resources efficiently during disruptions [4; 5].
Quantitative modelling enables a more accurate assessment of logistics
risks and supports evidence-based decision-making. Recent publications
also examine scenario analysis and stress-testing methods as tools for
evaluating logistics continuity under extreme conditions. Scholars argue
that scenario-based modelling allows for the comparison of alternative
logistics strategies and the identification of critical vulnerabilities within
supply chains [6]. However, despite these advances, existing studies
often focus on specific disruption types or isolated logistics elements,
lacking a comprehensive economic-mathematical framework for
ensuring logistics continuity under extreme systemic shocks. Overall, the
literature indicates a growing recognition of the importance of
guantitative modelling in logistics continuity research, while also
revealing gaps related to the integration of economic and mathematical
approaches in complex and highly uncertain environments.

Formulating the article goals. The goal of this article is to develop
and analyse economic and mathematical models aimed at ensuring
logistics continuity under extreme disruptions. The study seeks to
formalize logistics system behaviour under conditions of uncertainty and
resource constraints, assess the impact of disruptive factors on logistics
performance, and propose modelling approaches that support the
optimization and resilience of logistics systems. The results are intended
to contribute to the improvement of analytical tools for logistics
management and to support decision-making processes in conditions of
systemic instability.

Economic and mathematical modelling constitutes an essential
analytical instrument for studying logistics systems under conditions of
instability, where traditional deterministic planning approaches lose
their effectiveness. Instability in logistics is manifested through
unpredictable changes in demand, disruptions of transport and
infrastructure networks, limited availability of resources, and heightened
operational risks. In such an environment, logistics systems require not
only operational flexibility but also analytically grounded mechanisms for
maintaining continuity and economic sustainability.
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A defining feature of economic and mathematical modelling in
unstable logistics environments is its capacity to structure complex
economic relationships in a formalized manner. Logistics systems can be
represented as interconnected networks of flows, costs, capacities, and
constraints, enabling the identification of systemic dependencies and
vulnerabilities. This formalization is particularly important under
instability, where even minor disruptions may generate disproportionate
economic consequences across supply chains.

Another important characteristic of economic and mathematical
modelling in logistics is its emphasis on constraint-oriented analysis.
Under unstable conditions, logistics decision-making is limited by
reduced transport capacities, constrained inventories, time delays, and
financial restrictions. Unlike classical optimization models that assume
relatively stable parameters, models designed for instability explicitly
incorporate constraints as central elements. This allows for the
assessment of feasible logistics configurations rather than purely
optimal ones, which is more consistent with real-world conditions of
systemic stress.

In conditions of instability, economic and mathematical modelling
shifts its analytical focus from efficiency maximization toward continuity
preservation and system resilience. The objective of logistics
management evolves from minimizing costs to ensuring acceptable
levels of system functioning under adverse conditions. Modelling tools
thus serve to evaluate trade-offs between cost increases and the
preservation of logistics flows, supporting economically rational
decision-making in volatile environments.

A further feature of economic and mathematical modelling in
logistics under instability is its suitability for generalized and scenario-
based analysis. Theoretical models enable the examination of different
instability scenarios—ranging from moderate disruptions to severe
systemic shocks—without reliance on detailed empirical datasets. This
abstraction is particularly valuable when reliable data are unavailable or
rapidly changing, allowing for the development of adaptive strategies and
contingency planning frameworks.

From a practical standpoint, the application of economic and
mathematical modelling enhances strategic logistics planning and risk
management. By identifying critical logistics links, bottlenecks, and
resource constraints, such models support informed decision-making
aimed at sustaining logistics continuity. Consequently, economic and
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mathematical modelling contributes to strengthening the adaptive
capacity of logistics systems and improving their ability to function under
prolonged instability.

Table

Specific Features of Economic and Mathematical Modelling in Logistics
under Conditions of Instability

Aspect of modelling

Characteristics under
stable conditions

Characteristics under
conditions of instability

Planning horizon

Long-term, predictable

Short- to medium-
term, adaptive

Primary objective

Cost minimization and
efficiency

Continuity preservation
and resilience

Role of constraints

Secondary, often flexible

Central and binding

Treatment of uncertainty

Limited, often ignored

High, explicitly
considered

Data requirements

Detailed and stable
datasets

Generalized or
scenario-based data

Model outcomes

Optimal solutions

Feasible and robust
solutions

Practical application

Operational optimization

Strategic planning and

risk management

Logistics continuity under conditions of instability can be formally
represented through an economic and mathematical framework based
on constrained system functioning. In unstable environments, logistics
systems operate under limited resources, reduced infrastructure
capacity, and increased uncertainty, which necessitates a formalized
representation of trade-offs between costs and continuity requirements.
In this context, economic and mathematical modelling provides a
structured analytical basis for capturing the interactions between
resource limitations, system capacities, and minimum continuity
thresholds. Such a framework enables the abstraction of logistics system
behaviours from specific operational details and allows for the
generalization of continuity conditions applicable to various forms of
instability. As a result, logistics continuity can be examined not only as an
operational objective but also as an economically conditioned system
property determined by quantitative constraints and strategic priorities.

Let the logistics system be represented as a network of logistics
flows. The volume of logistics flow is denoted as x;, where i=1,2,....,n
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represents individual logistics channels or routes. The total logistics cost
of system functioning under instability can be expressed as:

n
C = E Cixi,
i=1

where c¢; denotes unit logistics costs associated with the i-th flow. Under
conditions of instability, unit costs tend to increase due to capacity
constraints, longer routes, and elevated risk levels.

Logistics continuity is ensured if the system satisfies minimum flow
requirements necessary for maintaining economic functioning. This
condition can be represented as:

n

zxi = Qmin ’

i=1
where Q,,;» 1S the minimum aggregate logistics volume required to
preserve continuity of economic processes.

At the same time, logistics systems under instability are subject to
resource and capacity constraints, which can be formalized as:

Xi < Kl' ,
where K; represents the maximum feasible capacity of the i-th logistics
channel under unstable conditions.

An important result of the theoretical analysis is the identification
of the feasibility region of logistics continuity. Unlike classical
optimization models that aim to determine a single optimal solution,
instability-oriented modelling focuses on identifying a set of feasible
solutions that ensure continuity while respecting system constraints:

F= {x nowun .

l|Zi=1x12Qmm,osxisKi
This feasible region reflects the adaptive potential of the logistics
system and defines the boundaries within which logistics continuity can

be maintained despite adverse conditions.

From an economic perspective, the results indicate that maintaining
logistics continuity may require accepting higher total logistics costs.
This trade-off can be expressed through the continuity—cost relationship:

dC
C= (Qmin),_>0;
Qmin
which implies that higher continuity requirements are associated with
increased logistics expenditures. However, such cost increases are
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economically justified, as they prevent systemic disruptions and larger
macroeconomic losses.

Thus, the economic and mathematical representation developed in
this study confirms that logistics continuity under instability is
determined not by cost optimality, but by the ability of the system to
operate within feasible boundaries defined by continuity constraints,
capacity limitations, and resource availability. The obtained theoretical
results allow for a generalized interpretation of logistics continuity as an
economically constrained equilibrium rather than an optimal state. Under
conditions of instability, logistics systems do not strive for cost
minimization in the classical sense; instead, they aim to remain within a
feasible operating zone that ensures the minimum acceptable level of
logistics performance. This shifts the analytical focus toward identifying
stability thresholds beyond which logistics continuity can no longer be
maintained.

The analysis confirms that logistics continuity is strongly dependent
on the structural configuration of logistics flows and the degree of
flexibility embedded in the system. Systems characterized by diversified
routes, reserve capacities, and adaptable resource allocation
mechanisms demonstrate a wider feasibility region and greater
tolerance to instability. Conversely, highly centralized and rigid logistics
structures exhibit a narrow feasibility space, making them more
vulnerable to extreme disruptions.

From an economic perspective, the results emphasize that the
preservation of logistics continuity generates long-term economic
benefits that outweigh the short-term increase in logistics costs. While
higher continuity requirements lead to increased expenditures, the
avoidance of systemic breakdowns, supply shortages, and production
interruptions significantly reduces aggregate economic losses. Thus,
continuity-oriented logistics strategies should be considered
economically rational under conditions of persistent instability.

Theoretical modelling also highlights the role of prioritization in
logistics decision-making under unstable conditions. When resources
and capacities are limited, logistics continuity can be achieved by
prioritizing critical flows that support essential economic functions.
Economic and mathematical representations provide a structured basis
for defining such priorities and for evaluating their economic implications
in a consistent manner.
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Finally, the results indicate that economic and mathematical
modelling serves not only as an analytical tool but also as a conceptual
framework for understanding logistics behaviour under instability. By
formalizing relationships between costs, capacities, and continuity
constraints, modelling supports the development of adaptive logistics
strategies and enhances the strategic resilience of economic systems.

Conclusion. The study demonstrates that economic and
mathematical modelling provides an effective theoretical framework for
analysing logistics continuity under conditions of instability. In contrast
to traditional logistics approaches focused on cost optimization,
continuity-oriented modelling emphasizes the importance of maintaining
feasible system functioning within constrained economic and
infrastructural environments. This shift in analytical perspective allows
logistics continuity to be interpreted as an economically conditioned
equilibrium rather than an optimal state. The results confirm that
logistics systems operating under instability are primarily limited by
resource availability, infrastructure capacity, and minimum continuity
requirements. Economic and mathematical representations enable the
formalization of these constraints and support the identification of
feasible operating regions within which logistics systems can sustain
essential flows. Such an approach contributes to a deeper understanding
of system resilience and adaptive potential in volatile conditions. It is
established that ensuring logistics continuity may require accepting
higher logistics costs; however, these costs are economically justified by
the prevention of systemic disruptions, supply shortages, and broader
macroeconomic losses. Continuity-oriented logistics strategies therefore
represent a rational response to persistent instability, balancing short-
term expenditures against long-term economic stability. The findings
highlight the practical value of economic and mathematical modelling as
a decision-support tool for logistics planning and risk management. By
enabling the prioritization of critical flows and the rational allocation of
limited resources, modelling enhances the capacity of logistics systems
to operate under uncertainty. The results of this study can serve as a
theoretical basis for further research aimed at developing adaptive
logistics strategies and improving the resilience of economic systems
facing extreme disruptions.
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'HauioHanbHuii yHiBepcUTeT BOAHOIo rocrnofapcTaa Ta npupoaoKopUcTyBaHHS, M. PisHe
2[lybeHcbKa ¢inis BULLOro HaB4YabHOro 3aKknaay «BiakpuTuit yHiBepcuTeT po3suTKy
noanHu «Ykpaina», M. [ly6Ho

EKOHOMIKO-MATEMATWU4YHI MOAEJI 3ABE3MNEYEHHA
BE3MNEPEPBHOCTI JIOTICTUKU B YMOBAX HECTABIJIbHOCTI

3pocTaHHA PpiBHA EKOHOMIYHOI HecTabinbHOCTI B Cy4aCHMX YMOBax
CYTTEBO MiABULLYE BPa3/IUBICTb JIOFCTUMHUX CUCTEM i aKTyanidye npobnemy
3ab6e3neyeHHa 6Ge3nepepBHOCTI JIOFICTUMHUX TMNpoOUECIB 32 HaABHOCTI
pPecypcHuX, iHPPACTPYKTYPHUX Ta EKOHOMiYHUX ob6MexkeHb. [lopylueHHs
GYHKLIOHYBaHHSA NOriCTUKM HEraTMBHO BMJIMBA€E Ha CTiMKIiCTb MiANPUEMCTB,
perioHiB i HaUWiOHaNbHUX  EKOHOMiK, 3yMOB/IOIOYM  HeobXiAHiICTb
NnepeocMUCNEHHA TpPagUMUIMHUX NiaXo4iB [0 YNpaBiliHHA NOFICTUMHUMU
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cucteMamu. MeTolo cTaTTi € 06rpyHTYBaHHA PoOJli EKOHOMIKO-MaTEMAaTUYHOro
MOAEJIIOBAaHHA fIK TEOPEeTUYHOro IiHCTPYMEHTYy aHanizy 06e3nepepBHOCTI
NOriCTUKN B YMOBaX HeCTabiNIbHOCTI, WO XapaKTepu3yrTbCA BUCOKUM pPiBHEM
HEeBU3HAYEHOCTi, OOMEXEeHIiCTI0 pecypciB Ta 3HMXKEHHAM MNPONYCKHOI
CMPOMOXHOCTI JIOriCTUYHOI iHPpacTPYKTYpuU. Y AocnigxeHHi 6esnepepBHicTb
NOriCTUKN PO3rNAfAETbCA HEe AAK ONTUMAJIbHUWA pe3ynbTaT PYHKUIOHYBaHHSA
CUCTEMU, & SIK AOCAXHMW AONYCTUMUM CTaH, cPpopMOBaHMM nNia BNJANBOM
€KOHOMIYHMUX i MOTY)XHICHMX oO6Me)eHb. Y Me)ax TeopeTU4YHOro niaxomy
NOriCTUMHY CUCTEMY MOAAHO Yy BUrNsAAi Mepexi MNOTOKIB 3 06MeXeHow
NPONYCKHOK CMPOMOJXKHICTIO, ANA AKOoI 6e3nepepBHicTb 3abe3nevyetbcs
BMKOHAaHHAM MiHIMaNbHUX BUMOr A0 o06cAriB  NOriCTUMHMX NOTOKIB.
3anponoHoBaHa €KOHOMiKO-MaTeMaTU4yHa iHTepnpeTauia DO3BONIAIE
dopmanisyBatu B3aEMO3B'SI3KM MiXK JIOFICTUMHUMM BUTpPaTaMu, HAABHUMM
pecypcaMm Ta NOpPOroBMMM 3Ha4€HHSAMMU Ge3nepepBHOCTI, @ TAKOXK BU3HAYUTH
obnacte ponycTMMuUX piweHb ¢YHKUIOHYBAaHHA CUCTEMM B YyMOBaXxX
HecTabinbHocTi. Pe3ynbTatm pocnimkeHHA cBig4YaTtb, WO 3ab6e3ne4yeHHs
6e3nepepBHOCTi JNIOFICTUKM 3a3BM4aM CYNPOBOAXKYETbCA  3POCTAHHAM
CYKYNMHUX JIOFICTUMHMX BUTPAT, OAHAK TaKi BUTPATU € EKOHOMIYHO
BMNpPaBAaHMMU 3 oOrnsay Ha 3anobiraHHA cucteMHuM 3608M, gediuuty
NOCTa4YaHHA Ta AOBroCTPOKOBMM MAaKPOEKOHOMIYHMM BTpaTaM. 3aCTOCYBaHHSA
€KOHOMIKO-MaTeMaTU4Horo MoOAesIlOBaHHA cnpusie 06r'pyHTOBaHIN
npioputesauii KpUTUYHUX NOFICTUMHUX NOTOKIB i paulioHanbHOMY po3noainy
ob6MexeHux pecypciB. llpakTUYHa LiHHICTb OTPMMaHUX pe3yNbTaTiB NONArac y
MOXXJINBOCTi TX BUKOPUCTAHHA B CTpPaTeriyHOMy MJIaHYBaHHi JNIOFiCTUKM Ta
ynpasfiiHHi pU3sMKaMyM B YMOBax HeCTabiflbHOro eKOHOMIYHOro cepepoBULLA.
HDocnipkeHHa ¢opMye TeopeTuyHe NIArPYHTA ANSA MOAANBLUOrO PO3BUTKY
afanTUBHUX i CTIMKUX NOTFICTUYHUX CUCTEM.
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