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Abstract. This article examines the theoretical and practical aspects
of entropy-oriented development of the agricultural trade logistics
system in Ukraine in the context of an unpredictable external
environment. The relevance of the study stems from the growing level
of uncertainty, heightened geopolitical risks, infrastructure
constraints and large-scale global economic transformations, which
directly affect the efficiency of the agricultural sector and supply
chain logistics. In particular, the constant instability of international
trade routes, climate variability and the consequences of military
actions significantly complicate the functioning of logistics systems
and require fundamentally new approaches to management. The aim
of the study is to substantiate the impact of entropic processes on the
agricultural trade logistics system and to identify key directions for its
adaptive transformation @ under  current conditions. The
methodological framework is based on a systems approach, which
allows the logistics system to be viewed as a complex dynamic
structure, as well as on economic and mathematical modelling,
analysis and synthesis, and statistical and comparative methods. The
results obtained indicate that the agricultural trade logistics system
in Ukraine operates under conditions of increased entropy,
manifested in the destabilisation of commodity flows, rising costs, the
transformation of transport routes and an increase in logistical risks.
Particular attention is paid to the system’s adaptive capacity, which is
expressed in the expansion of multimodal transport solutions and the
diversification of export destinations. The study justifies the feasibility
of implementing anti-entropy mechanisms, in particular market
diversification, the development of multimodal transport,
infrastructure modernisation, and the introduction of digital
technologies, notably artificial intelligence. The scientific novelty lies
in the development of a conceptual model of the entropic development
of the logistics system, taking into account transcendental
influencing factors. The practical significance of the results lies in
their applicability to the development of effective agri-logistics
management strategies, enhancing the resilience of logistics
processes, and strengthening Ukraine’s competitive position in the
global agricultural market.
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Introduction

The current development of Ukraine’s agricultural sector is taking place against a
backdrop of a highly dynamic external environment, growing global competition,
instability in logistics chains, and increasing uncertainty caused by geopolitical,
economic, and technological factors. Under such conditions, the agricultural trade
logistics system is transforming the influence of entropic processes, manifested in
increased chaos in flows, disruption of link stability between system elements, and a
decline in the effectiveness of management decisions. Of particular relevance is the
study of the entropic development of logistics systems in conditions of so-called
environmental transcendence, understood as the system moving beyond the
boundaries of traditional operational models due to the influence of complex, weakly
formalized, and difficult-to-predict factors. Such factors include the digitalization of
the economy, the introduction of artificial intelligence, changes in international trade
patterns, and risks associated with military actions and global crises. The agri-trading
logistics system, as a complex open system, is characterized by a significant number
of interrelated elements (production, storage, transport, export operations) operating
under conditions of constant uncertainty. The increase in entropy within such a
system necessitates the development of new approaches to its organization and
management that ensure adaptability, resilience, and operational efficiency.

Traditional logistics management methods are insufficient for processing large
volumes of data, forecasting complex scenarios, and optimizing decisions in real
time. This, in turn, necessitates the use of innovative tools, in particular neural
network technologies, which allow for the modeling of nonlinear processes, account
for the multi-factorial nature of the environment, and reduce uncertainty. At the same
time, the scientific literature has not sufficiently addressed integrating the entropy
approach with neural network models for managing agri-trading logistics systems,
nor has it provided a rationale for the mechanisms of their practical implementation in
the face of transcendent challenges. This necessitates further research in this area.

Consequently, the problem lies in the need to develop theoretical and
methodological foundations and applied tools for managing the entropic development
of the agricultural trading logistics system in Ukraine, based on modern neural
network technologies in an unpredictable external environment.

Literature Review

Contemporary research into agricultural trading logistics systems is shaped by the
intersection of management theories, the economics of the agricultural sector, logistics,
and concepts relating to entropy and complex systems. In the context of growing
uncertainty and global transformations, the entropic approach to analyzing logistics
processes is becoming increasingly relevant. Studies of the agribusiness sector in
Ukraine highlight the need to improve the effectiveness of management decisions in
logistics processes (Andreichenko & Zhurylo, 2025; Kyryliuk & Liutyi, 2023).

Considerable attention has been paid to the development of infrastructure and
financial support for agribusinesses, which forms the basis for the stable functioning
of logistics systems (Andriushchenko et al., 2019). At the same time, strategic
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management of the agricultural sector is based on analyzing value chains and
integrating logistics processes (Hutorov et al., 2018). In the context of military risks
and instability, research into changes in transport and logistics routes and cost
structures has become significantly more relevant (Kotenko et al., 2021; Kulakova et
al., 2023). Entropy, as an economic category, is regarded as a measure of uncertainty,
disorganization, and chaos within a system. In logistics systems, it is associated with
disruptions to flows, imbalances, and increased risks (Durowoju et al., 2012; Burg,
2023). Research shows that an increase in entropy is a characteristic feature of crisis
and transformation periods, particularly in the context of hybrid threats and an
unstable institutional environment (Bilokon, 2025).

In this context, the entropic approach enables an assessment of the level of
disorganization in logistics systems and the identification of directions for their
adaptation. Contemporary research points to the growing role of globalization and
glocalization processes in shaping economic systems (Robertson, 1994; Peck &
Theodore, 1995), leading to the emergence of transcendent development factors that
go beyond the scope of traditional economic models.

The conditions of transcendence manifest through a combination of technological
innovations, digitalization, military risks, and global crises, which significantly affect
agri-trading logistics systems (Ilchenko, 2025; Korol, 2025). Innovative development
in the agricultural sector is increasingly linked to the application of mathematical
modeling, big data analysis, and artificial intelligence (Atamanyuk et al., 2023),
which enables greater forecasting accuracy and greater effectiveness of logistics
solutions. The integration of logistics processes and the use of modern analytical tools
have a positive impact on the productivity and resilience of systems (Mackelprang et
al., 2014). Neural network approaches are becoming the basis for adaptive
management of complex systems under conditions of high uncertainty. An important
area of research is ensuring food security and the sustainable development of the
agricultural sector (Burkovska et al., 2021; Karimzada, 2020), which involves
optimizing logistics processes and reducing supply chain losses.

Sustainable development is also linked to diversifying activities and implementing
innovative management models (Denysiuk et al., 2022). Furthermore, research into
marketing strategies highlights the need to integrate Ukrainian agricultural producers
into global markets (Belkin et al., 2025). Contemporary research highlights the role of
stakeholders, the institutional environment, and social responsibility in shaping
sustainable economic systems (Kima et al., 2018; Goldsby et al., 2018). The
conditions of glocalization require new approaches to business management, focused
on responsible consumption and sustainable production (Tepliuk et al., 2023).

An analysis of scientific sources leads to the conclusion that: the agricultural trade
logistics system is a complex open system operating under conditions of high
uncertainty; the entropy approach is an effective tool for analysing destabilising
processes in logistics; the transcendence of the environment necessitates a transition
to new management models; innovation, digitalisation and neural network
technologies play a key role in ensuring the sustainability of systems; the

https://doi.org/10.33111/sedu.2026.58.110.121



https://sedu.kneu.edu.ua/
https://doi.org/10.33111/sedu.2026.58.110.121

Poszeumoxk cexmopig i canyseii ekoHoMiKU 113
Development of Economic Sectors and Industries

development of integrated management models combining entropic and intelligent
approaches remains a priority.

Thus, there is a need for further research to develop conceptual and applied
mechanisms for managing the entropic development of agri-trading logistics systems
in the face of transcendental challenges.

Methodology

The study is based on general scientific and specialized research methods that
enable a comprehensive analysis of the entropic development of the agricultural
trading logistics system in Ukraine. In particular, a systems approach has been
applied to treat the logistics system as a complex, open, dynamic structure operating
under conditions of uncertainty and transcendent influences. Methods of analysis and
synthesis were used to generalize theoretical propositions on entropy, logistics, and
the agricultural market, and to identify key factors destabilizing logistics flows. The
comparative method enabled the assessment of current trends in agri-trading
development in Ukraine in the context of global transformations, as well as the
identification of the peculiarities of the logistics system's functioning in crisis
conditions.

The research was based on scientific publications by domestic and international
authors, analytical reports from international and national organizations, and
statistical data on the functioning of the agricultural sector and the logistics
infrastructure. To substantiate the applied aspects, methods of economic and
mathematical modeling, as well as elements of neural network analysis, were used,
which enable the investigation of non-linear processes and the prediction of system
behavior under conditions of increasing entropy. The chosen methodological
approach integrates the concept of entropy with modern digital analytics tools,
enabling the development of an adaptive, robust model for managing the agri-trading
logistics system in a transcendent environment.

Identification of previously unresolved aspects of the overall problem. Despite
active interest in the topic of glocalization development and stakeholder cooperation
within regional ecosystems to support relocating businesses, some aspects remain
‘insufficiently explored’. For example, there is a need for a deep understanding of the
specific mechanisms of interaction among government bodies, business communities,
civil society organizations, and the academic sector within regional ecosystems.

Results

The study found that Ukraine’s agricultural trade logistics system is undergoing a
profound transformation driven by entropic processes arising from a combination of
internal and external factors. Key sources of entropy include military and political
instability, disruptions to traditional logistics routes, changes in the structure of global
supply and demand, rising transport costs, and climate risks.

An analysis of the structure and dynamics of Ukraine’s grain exports shows that,
despite high levels of uncertainty, the agricultural sector remains export-oriented and
plays a systemic role in the country’s economy. At the same time, logistics processes
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are becoming increasingly chaotic, as evidenced by shifts in transport channels,
longer delivery times, and higher logistics costs. Particular attention is paid to the
study of structural shifts in agri-trading logistics. In the pre-war period, sea transport
dominated, whereas in 2022-2025, there was a significant shift towards multimodal
routes, including rail and road transport. This demonstrates the system’s adaptability
but also indicates an increase in entropy due to the growing complexity of logistics
chains.

Table 1. Impact of Entropy Factors on the Logistics System of Agritrading in
Ukraine

Specific L. Entropy . o
Factor group manifestation Impact on logistics level Anti-entropy direction
Geopolitical Military actions, Disruption of High Development of
port blockade routes, increased alternative transport
costs routes
Infrastructural | Insufficient port and | Transportation Medium Investment in logistics
storage capacities delays infrastructure
Economic Price fluctuations, Decreased Medium Market diversification
currency risks profitability
Climatic Changes in crop Instability of supply | High Implementation of
yields flows innovative
agrotechnologies
Technological | Low level of Inefficient Medium Implementation of Al
digitalization management and neural network
processes systems

Source: compiled by the author

Further analysis has shown that one of the key manifestations of entropy is price
disparity. Ukrainian products are sold at lower prices than those of global market
leaders, which is linked to logistical risks and costs. Economic and mathematical
modeling confirmed that the price of grain depends primarily on global supply and
demand factors, whilst domestic logistical parameters have an indirect influence. It
has been established that the agri-trading logistics system operates in a state of
‘dynamic equilibrium’, where adaptive mechanisms offset entropic processes. These
mechanisms include:

— diversification of export destinations;

— development of multimodal transport;

— the use of digital technologies;

— integration into global logistics networks.

Thus, the system demonstrates a capacity for self-organization in conditions of
transcendence, that is, going beyond the boundaries of traditional models of
operation.
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Figure 1. Conceptual model of the entropic development of the agricultural trading
logistics system
Source: compiled by the author.

The proposed conceptual framework for the entropic development of the
agricultural trading logistics system in Ukraine under conditions of transcendence
reflects the multi-level dynamics of interaction between the external environment, the
system’s internal processes, and management mechanisms. Its structure is based on
the logic of transition from destabilizing factors to the formation of an adaptive and
sustainable logistics model.

At the top level of the diagram lies a transcendental external environment
characterized by high uncertainty, non-linear processes, and factors beyond the scope
of traditional economic models. Such factors include geopolitical conflicts, global
market transformations, climate change, and technological breakthroughs. Their
combined effect creates an environment in which the logistics system cannot operate
according to standard algorithms but must adapt to constantly changing parameters.
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The second level of the diagram is represented by entropic influence, a generalized
category of destabilization. Entropy in this context manifests as increasing chaos in
logistics flows, disruption of structural links between system elements, reduced
operational predictability, and increased risk levels. In the context of agri-trading, this
specifically means instability in exports, changes in supply routes, price volatility,
and rising logistics costs.

The third level comprises the agri-trading logistics system itself, including
transport, warehousing, trading, and information subsystems. It is at this stage that the
external environment's influences are translated into concrete economic outcomes.
Disruptions to stability manifest as transport delays, infrastructure overload,
inefficient resource use, and reduced product competitiveness.

The next stage is the destabilization phase, a direct consequence of the
accumulation of entropic effects. In this phase, the system loses its optimal
operational structure, operating costs rise, response speed to changes decreases, and
the quality of management decisions deteriorates. For Ukraine, this manifests as the
loss of some logistics routes, port blockages, and reduced efficiency in export
operations.

A key element of the scheme is anti-entropy mechanisms, which serve a
compensatory function and aim to restore the system’s equilibrium. These include:

— diversification of sales markets and logistics routes;

— the development of multimodal transport;

— the modernization of transport and warehousing infrastructure;

— the introduction of digital technologies, including artificial intelligence and
neural network systems;

— the improvement of risk management systems.

Appropriate tools enable reducing the impact of entropic factors and increasing the
system’s flexibility. At the final stage, the adaptation and sustainable development of
the logistics system take shape through the effective implementation of anti-entropic
measures. Adaptation manifests itself in the system’s ability to quickly restructure in
response to environmental changes whilst maintaining functionality and economic
efficiency. In the long term, this ensures the sustainable development of agri-trading,
enhances Ukraine’s competitiveness in the global market, and facilitates integration
into global logistics networks.

Thus, the proposed scheme reflects the cyclical nature of the interaction between
entropy and anti-entropy, where innovation, managerial decisions, and a strategic
vision for the development of the logistics system play a key role. Its practical
significance lies in its potential use as a conceptual framework for developing
effective models for managing agri-logistics in conditions of transcendental
uncertainty

Discussion
The findings of this study confirm that the development of the agricultural trade
logistics system in Ukraine is taking place against a backdrop of significantly
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intensified entropic processes, both natural and artificial in origin. A comparison with
contemporary scientific approaches leads to the conclusion that entropy acts not only
as a destabilizing factor but also as a catalyst for structural change in logistics
systems.

In particular, the research findings are consistent with the position of most authors
who view entropy as a tool for assessing disruptions in supply chains. In the context
of Ukrainian agri-trading, this manifests itself in changes to logistics routes and the
structure of exports. At the same time, unlike classical models, which assume entropy
has an exclusively negative impact, this study demonstrates its dualistic nature:
alongside destruction, it also stimulates adaptive processes and innovative change.
The analysis has shown that the transcendence of the environment, manifested
through uncontrollable external influences (war, global crises, climate change),
significantly complicates traditional approaches to logistics management, which
confirms the need to transition from linear management models to non-linear,
adaptive, and digitalized systems, a point also emphasized in the research.

At the same time, the results obtained indicate certain limitations. In particular, the
economic-mathematical models showed a relatively low coefficient of determination,
which indicates the complexity of accounting for all factors influencing pricing and
the functioning of logistics systems. This confirms the thesis regarding the
multidimensionality of entropic processes and the need to expand the research toolkit
further, particularly through the use of neural network models and big data analysis.
An important aspect of the discussion is the effectiveness of anti-entropy
mechanisms. The study found that traditional tools (infrastructure development,
market diversification) remain relevant, but their effectiveness increases significantly
when digital technologies are integrated, confirming the current trend towards
intelligent logistics systems.

Thus, the question of the optimal combination of classical and innovative
approaches to logistics management in conditions of entropy remains a matter of
debate. Further research should focus on developing hybrid models that combine
economic, mathematical, and neural network methods of analysis.

Conclusions

As a result of this study, theoretical, methodological, and practical principles have
been formulated regarding the entropic development of the agricultural trading
logistics system in Ukraine under conditions of transcendence. It has been established
that the modern agricultural trading logistics system is characterized by a high level
of entropy, manifested in increased uncertainty, destabilized logistics flows, and
heightened risks. The main sources of entropy are geopolitical, economic,
infrastructural, climatic, and technological factors. It has been demonstrated that the
transcendence of the external environment shapes a new reality for logistics systems,
in which traditional management approaches lose their effectiveness. Under these
conditions, Ukraine’s logistics system demonstrates an ability to adapt through
changes in transport routes, the development of multimodal transport, and the
diversification of export destinations.
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It is substantiated that a reduction in the entropy of the logistics system is possible
through the implementation of a set of anti-entropy measures, including:

— modernization of transport and warehouse infrastructure;

— diversification of logistics routes and sales markets;

— introduction of digital technologies and artificial intelligence systems;

— the development of flexible management and risk management models.

The practical significance of the results lies in the possibility of using the proposed
conceptual model to formulate strategies for the development of agri-trading, improve
the efficiency of logistics processes, and enhance Ukraine’s competitiveness in global
agricultural markets. Prospects for further research include the increased use of neural
network technologies for forecasting the behavior of logistics systems, assessing
entropy processes, and developing intelligent decision-support systems in agri-trading.
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AHoTamifa. Y cTaTTi HOCAIIKEHO TEOPETHYHI Ta IIPUKAAHI aclleKTH €HTPO-
MiHHOTO PO3BUTKY AOTICTHUYHOI CHCTEMHU arpoTpedauHry B YKpaiHi B ymoBax
TPAHCIEHAEHTHOCTI 30BHINIHBOI'O CEPENOBUINA. AKTYAABHICTH TEMHU 3yMOB-
A€Ha 3POCTAaHHAM PiBHS HEBHU3HAYEHOCTI, IIOCHAEHHAM TI'€OIIOAITHYHUX PH-
3UKiB, IHQPACTPYKTYPHHUMH OOMEKEHHSIMHU Ta MacIITaOHUMH IAOOAABHUMU
€KOHOMIYHUMH TpaHcdOopMaLisaMHy, sKi 0e3rocepeqHbo BIIAUBAIOTE Ha ede-
KTHUBHICTE (PYHKIIIOHYBaHHS arpapHOro CEKTOPY Ta AOTICTHYHUX AAHITIOTIB
rIocTadyaHHda. MeToI0 MOCAIIKEHHS € OOIPYHTYBAHHS BIIAMBY €HTPOIIMHHX
IIPOIIeCiB Ha AOTICTHYHY CHUCTEMY arpoTPEeUINHTY Ta BU3HAYEHHS KAIOYOBUX
HapsaMiB Ii afanTUBHOI TpaHcdopMallil B cydacHUX ymoBax. MeTozmoaoriy-
Hy OCHOBY CTAHOBASTBH CUCTEMHUHU ITiIXiM, III0 O3BOASIE PO3TASIATH AOTiC-
TUYHY CHCTEMY SK CKAAQIHYy OAUHAMIYHYy CTPYKTYpPY, & TaKOXK METOOAH €KOHO-
MiKO-MaTeMaTHYHOTO MOJEAIOBAHHS, aHaAily 1 CHHTe3y, CTaTHUCTHYHI Ta
HOPiBHSAABHI MeToau. Y pPe3yAbTaTi BCTAHOBAEHO, IO AOTICTHYHA CHUCTeMAa
arpoTpeduHTy YKpaiHu (pyHKIIIOHye B yMOBax ITiABHUINEHOI €HTPOILii, sKa
IPOSIBASIETBCS Y AecTabiaizallii ToBapHUX IIOTOKIB, 3pOCTAaHHI BUTpPAT, TPaH-
ccpopMaliii TPaHCHOPTHUX MAaPIIPYTIB i MiABUILEHHI AOTICTUYHUX PHU3HKIB. Y
MOCAIMKEeHHI OOIPYHTOBAaHO [OINABHICTH 3aCTOCYBaHHS AHTHEHTPOIIIMHUX
MeXaHi3MiB, cepe/] SKUX KAIOYOBUMH € AuBepcudikalliss puHKIB 30yTy, po3-
BUTOK MYABTHMOJAABHUX IIepeBe3eHb, MOIEpHizallisa iHQPacTpyKTypH Ta
BIPOBAIZKEHHS TU(PPOBUX TEXHOAOTIH, BKAIOYAIOYH iHCTPYMEHTH HITYIHOIO
inTeaekTy. HaykoBa HOBH3HaA Ioadrae y (pOpMyBaHHI KOHIIEIITyaAbHOI MO-
OeAl eHTPOIIHHOr0 PO3BUTKY AOTICTHYHOI CHCTEMH 3 ypaXyBaHHAM TPaHC-
HEeHAEHTHUX (PAKTOPIiB BIAWBY. [IpakTW4yHAa I[HHICTE PE3yAbTATIB [OCAi-
[OKEHHS IIOAITAE y MOXKAWBOCTI IX BHKOPHCTAHHS [JAd PO3POOKU
e(peKTUBHUX CTpAaTeridl yIIpaBAIHHA arpoAOTiCTHKOIO, HMiIBUIIIEHHS CTiHKOCTI
AOTICTUYHHUX IIPOLIECIiB Ta 3MillHEHHA KOHKYPEHTHHUX IMO3UIiH YKpaiHu Ha
CBITOBOMY arpapHOMYy PHHKY.

KArO40Bi cAOBaA: arpoTpediJUHT, AOTICTUYHA CHUCTEMA, EHTPOIIisI, TPAHCIIEH-
OEHTHICTb, arpapHHM CEKTOpP, MYyABTHMOJAABLHI IIepeBe3eHHs, LH(ppoBi3a-
111, KOHKYPEHTOCIIPOMOXKHICTb.
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