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INTRODUCTION

We are happy to invite you to get acquainted with the first issue of the new scientific and
practical publication "Intellectualization of Logistics and Supply Chain Management".

We strongly believe that the launch of this magazine indicates the objective need to
rethink a wide range of issues related to the development of theory and practice in logistics and
supply chain management, awareness of the need to unite the scientific community and logistics
practitioners, dissemination of modern knowledge and best practices forinnovative development
of the logistics services market.

The first issue of the magazine is published at a difficult time. The global coronavirus
pandemic and the deep economic crisis have significantly worsened business activity in the world.
Currently, global supply chains are collapsing, international trade is declining, and competition
between global and regional logistics operators is intensifying. The most common thesis is that
the world will never be the same again. Industry experts predict the emergence of new, more
flexible and adaptive supply chain management strategies and approaches to logistics business
process management. The trend towards collaborations, cooperation and unification of services
is emerging, comprehensive proposals for clients are being developed. There is increasing talk
about the need to build bimodal supply chains, which involves the development of different
decision-making scenarios: the traditional approach - cost-effective efficiency, low risk, high
predictability; a new approach "second mode" - rapid recognition of opportunities, adaptability,
willingness to solve unexpected problems and look for new opportunities.

Radical transformations of the global and national markets for logistics services require
appropriate scientific support. Logistics science has a special role to play in this process. Initiating
the emergence of a new journal, we decided to focus on its coverage of problematic aspects of
the formation and development of logistics systems at the micro, mezo and macro levels, supply
chain management, digitization of logistics, methods and tools for optimizing processes in
logistics and supply chains, sociopsychology relations and network interaction of enterprises
using cloud technologies, artificial intelligence, e-learning, neural business process management
systems, etc.

Therefore, we invite scientists, researchers and business representatives, as well as our
colleagues from abroad, to cooperate and present the results of scientific research, to discus and
debate on them, to work together to develop the scientific theory of logistics and promote mutual
intellectual enrichment.

We hope that the new scientific publication will become a theoretical guide for young
researchers and representatives of other fields.

HRYHORAK Mariia
Chief Editor

This work is licensed under a Creative Commons Attribution 4.0 International License
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MANAGING SUSTAINABLE INTEGRATED LOGISTICS SYSTEMS:
USING INTELLIGENT TECHNOLOGIES IN CONDITIONS OF HIGH
UNCERTAINTY

Olena Harazha, Dmytro Shevchuk. «<Managing sustainable integrated logistics systems: using
intelligent technologies in conditions of high uncertainty». The article analyzes the management of
sustainable integrated logistics systems based on the use of intelligent technologies in conditions of high
uncertainty.

Problem Statement. The modern management process of logistics systems is provided by artificial
intelligence, machine learning, forecasting and optimization systems, which opens up wide opportunities for
rapid adoption of management decisions that are as flexible and adaptive as possible to changes in the external
environment in conditions of uncertainty. A number of problems arise, such as uncertainty and variability of the
external environment; inconsistency of transport, warehouse, information and financial subsystems in the
process of unification on a single management plane; lack of multifactoriality and dynamism in existing
classical optimization models; inconsistency with environmental standards, optimization of resource potential
and social needs of adjacent territories; low rates of restructuring and adjustment to new conditions.

Purpose. The goal of our work is to theoretically substantiate and develop methodological tools for
managing sustainable integrated logistics systems through the implementation of intelligent technologies,
which will ensure their sustainability, environmental efficiency, and adaptability in conditions of high risk and
market uncertainty.

This work is licensed under a Creative Commons Attribution 4.0 International License
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Materials and methods. The disclosure of the goal was carried out on the basis of integrated and adaptive
methodological approaches with a set of methods of comparative and structural analysis, scenario and risk
analysis methods, synthesis. The information base of the study consisted of statistical reports of international
agencies, consulting reviews, reports of logistics operators, global risk data, scientific works of domestic and
foreign scientists.

Results. According to the results of the study, it was found that the management of sustainable integrated
logistics systems is a modern direction of management that introduces the provisions of sustainable
development (ecological, social and economic norms) into traditional logistics efficiency. It was found that
cognitive analytics involves the use of artificial intelligence as an element of predictive management to calculate
correlations between indirect factors of influence on the logistics system (the influence of climatic conditions,
changes in demand). It was proven that the management of sustainable logistics systems based on intelligent
technologies reveals a number of shortcomings, including the quality of collected data, vulnerability to
cyberattacks, and significant financial costs. It was found that the effectiveness of the implementation of
intelligent technologies in the management of sustainable integrated logistics systems should solve the main
tasks: increasing the profitability of logistics activities, reducing the environmental burden on the environment,
creating operational stability in conditions of uncertainty. It is substantiated that a sustainable integrated
logistics system is formed on the basis of "patterns”, which are structural models with a set of principles and
norms. The concept of the "Trio of Sustainability" is characterized, which involves the combination of economy,
ecology and society.

Conclusions. The key provisions of the transformation from traditional logistics systems to sustainable
integrated logistics systems in conditions of high uncertainty are possible based on the use of modern intelligent
technologies and intelligent management based on the transparency of the provision of transport services and
partnership and constructive relations.

Keywords: concept, pattern, transport, system, cyberattack, logistics, management, uncertainty,
efficiency

OneHa lapaxa, [Jmumpo Lllesuyk. «YnpaeniHHA cmanumu iHmezpoeaHumMu Jo2icmuyHUMU
cucmemMamu: 6UKOPUCMAHHA iHMeJieKmyasibHUX mexHoJ102ili 8 yMO68ax 6UCOKOI HegeusHa4yeHocmi». ¥
cmammi- aHAi3yeMeoCa yNpasiiHHA CMAaumMu iHmMe2posaHumMu J102iCMUYHUMU cucmemamu Hd OCHOBI
B8UKOPUCMAHHA iHMeneKmyanbHUX mexHos02iti 8 yMO8ax 8UCOKOI HEBU3HAYEHOCM.

Mpobnemamuka. CyyacHul ynpasniHCbKUU npouyec Jio2icmuyHUMU cucmemamu 3abesnedyemecs
WMy4yHUM [HMeAeKmMoM, MAWUHHUM HABYAHHAM, cUCmemMamu Nnpo2HO3y8AHHA md onmumizayil, wo
8iOKpUBAE WUPOKI MOXIUBOCMI 018 WBUOKO20 NPUUHAMMSA yNpasiiHCbKUX pilleHb, AKi MAKCUMASIbHO 2HYYKi
ma adanmugHi 00 3MiH 308HilUHbO20 Cepedo8UULA 8 yMOBAX HeBU3HAYeHOCMI. 3'A8/IAeMbCA HU3KA npobriem
makux, AK Hesu3Ha4yeHicms Ma MiHAUBICMb 308HIiWHBLO20 CepedoBULd; HEY3200KeHiCmb MPAHCNOPMHUX,
CKNIa0CbKUX, iHpopmayitiHux ¢piHaHcosux nidcucmem 8 npouyeci 06'eOHAaHHA HA EQUHIU NAIOUWUHHI ynpasiHHA;
8iocymHicmob 6a2amogakmopHocmi ma OUHAMIYHOCMI 8 ICHYIOHUX KIACUYHUX MOOesIAX onmumi3ayii;
HegiONOoBIOHICMb eKoJI02iYHUM CmAaHOapmam, onMmuMi3ayii pecypcHozo nomeHyiany md coyianbHUM
nompebam npuse2ux mepumopid; HU3bKi memnu nepeby0osu ma HanAawWmMyg8aHHs nio Ho8i ymosu.

Mema. Memoto Hawoi pobomu € meopemuyHe 06rpyHMy8aHHA mad po3pobkd MemoOUYHO20
iHcmpymeHmapito 0na ynpasniHHA CMAnumMu iHMe2po8aHUMU JI02ICMUYHUMU CUCMeMamu  WIIAXOM
8NPOBAOXKEHHSA iIHMeeKmMyasbHUX MexHo0zil, Wo 00380/1UMb 3abe3neyumu ixHI0 Cmilikicmo, eKon02iuHy
ehekmusHiCMb ma adanmusHICMb 8 yMOBAX 8UCOKO20 PiBHA pU3UKY MaA pUHKOBOI HE8U3HAYEeHOCM.

Mamepianu t memoou. Po3kpumms memu npo8edeHo HA OCHO8I iHMez2pos8aHo20 ma adanmusHo20
Memo0o0s102i4HUX nioxodie i3 CyKynHicmio Memodie NopiBHAIbHO20 MA CMPYKMYpPHO20 AHAsI3y, Memoois

This work is licensed under a Creative Commons Attribution 4.0 International License
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cueHapiie ma aHanizy pusukis, cuHmesy. IHgpopmauitiHa 6a3a 00CiOKeHHA CKIAdanaca i3 cmamucmuyHux
38imig MiXkHapOOHUX azeHMCM8, 02/180i8 KOHCATIMUH2Y, 38imMi8 J102iCMUYHUX onepamopis, aHux 27106a/1bHUX
pu3ukis, Haykosi npayi 8iM4Yu3HAHUX i 3dKOPOOHHUX 84EHUX.

Pesynemamu. 3a pe3ynemamamu OOC/TiOXeHHA 8CMAHOB/IEHO, WO YNPassiHHA cmanumu
iHMe2poBAHUMU JI02ICMUYHUMU CUCMEMAaMu — ye Cy4acHul Hanpsam MeHeOXMeHMmMY, W0 8nposaoXKye 8
mpaouyiliHy n02iCMuUYHy epeKkmusHiCMb NOJIOXEHHA CMaAno20 po3sUMKY (ekosioziyHi, coyianeHi ma
eKOHOMIYHI Hopmu). BussneHo, wo KozHimusHa aHanimuka nepedba4yae BUKOPUCMAHHA WMYYHO20
iHmenekmy AK enemeHmMy npeOUKMUBHO20 KepyB8aHHA O/ PO3PAXYHKY KOpenAyilHuUX 38'A3Kie Mix
HenpAMUMU (hakmopamu 8naugy HA A02iCMUYHY cucmemy (8nsU8 KAiMamuy4Hux ymos, 3MiHa nonumy).
JosedeHo, w0 ynpaeniHHa cmanumu J02iCMUYHUMU cucmemamu Ha 6asi iHmenekmyaabHUX mexHoso2il
8UKpUBAE pAO0 HeOOJliKi8, ceped AKUX AKICMb 3i6paHuUX 0aHux, 8pasziusicme 00 Kibepamak, 3Ha4Hi iHaHcosi
sumpamu. BuseneHo, wjo egpekmusHicms 8npo8adKeHHs iHMeNeKMyaabHUX MexHOs02il 8 ynpassliHHA
CManumu iHmezposaHuMuU J102iCMUYHUMU CUCMEMAMU MAarms 8UPILIUMU OCHOBHI 3a80AHHA: 3PDOCMAHHA
peHmabesnbHOCMI 7102icMUYHOI Oif/IbHOCMI, 3MeHWeHHA eKO0J1I02iYH020 HABAHMAXEHHA HA HABKOIUWHE
cepedoguuie, cmgopeHHA onepayitiHoi cmiltikocmi 8 ymosax HegusHa4deHocmi. O6rpyHmosaHo, wo cmasnia
iHme2posaHa no2icmuyHa cucmema popmyemsCa Ha OCHOBI «namepHia», AKi yA8A0Mb cO600 CMPYKMYpHi
modeni 3 CyKynHicmioo npuHyunie ma Hopm.. Oxapakmepu3oedHO KOHUenuito «Tpio cmanocmi», wo
nepedbayae NOEOHAHHA eKOHOMIKU, eKoJs102ii ma couyiymy.

BucHogKu. Knio4osumu nosioxeHHAMU mpdHcgopmauii 8i0 mpaduuiltiHux go2icmudHux cucmem 00
cmanux iHMezposaHux s102iCMUYHUX CUCMEM 8 YMOBAX 8UCOKOI HEBU3HAYEeHOCMi MOXJ/IUBUU HA OCHOSI
BUKOPUCMAHHA CYy4ACHUX iHMeAeKmydaabHUX mexHOos102it ma iHmesnekmyasabH020 YyNpasesliHHA HA OCHOBI
mpaxHcnapeHmMHoCmMi HaA0aHHA MPAHCNOPMHUX NOC/TY2 MA NAPMHePCbKO-KOHCMPYKMUBHUX 8iOHOCUH.

Knwuoei cnoea: xoHuenuis, natepH, TPaHCMOPT, cUcTeMa, KibepaTaka, JIOTICTMKA, YNpaBiHHA,
HEBW3HaYeHICTb, epeKTMBHICTb

Introduction. Transport and logistics
systems develop and operate under the
influence of uncertainty in the external
environment due to political conflicts, closure
of some routes and the need to adapt to
changing market situations. Therefore, the
main role is assigned to the management of
logistics systems that provide constancy to
information, monetary and material flows.
Existing approaches to the creation of
logistics activities show low results because
they do not cover sustainability and
integration into the modern market
environment. The modern management
process of logistics systems is provided by
artificial intelligence, machine learning,
forecasting and optimization systems, which
opens up wide opportunities for rapid
adoption of management decisions that are
as flexible and adaptive as possible to
changes in the external environment in

conditions of uncertainty. At the same time,
sustainable development aims to form a
balance between the economic, social and
environmental aspects of logistics activities.
Therefore, global supply chains, which consist
of a set of logistics systems, must take into
account all aspects of activity in conditions of
uncertainty of the external environment,
which is characterized by a set of risks:
increased costs, supply chain disruptions,

non-compliance with environmental
standards,  violation of  partnership
agreements. Obviously, a number of

problems arise, such as uncertainty and
variability of the external environment;
inconsistency of transport, warehouse,
information and financial subsystems in the
process of unification on a single
management plane; lack of multifactoriality
and dynamism in existing classical
optimization models; inconsistency with

This work is licensed under a Creative Commons Attribution 4.0 International License
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environmental standards, optimization of
resource potential and social needs of
adjacent territories; low rates of restructuring
and adjustment to new conditions. Modern
tools in the form of intelligent technologies
are suitable for solving these problems,
among which a significant place is given to
artificial intelligence and machine learning,
decision support systems, digital twins of
logistics  processes, automation and
robotization. Therefore, the main problem is
focused on the creation and application of
effective  mechanisms for  managing
sustainable integrated logistics systems that
can operate in conditions of high uncertainty,
based on the organization of new
management concepts taking into account
the principles of sustainable development;
the introduction of intelligent technologies
into all logistics links; the development of
adaptive models that are instantly rebuilt
when the external environment changes;
compliance with economic, social and
environmental aspects. To successfully solve
this problem, there is a need to find new ways
to form and manage logistics processes in
order to maintain the competitiveness of
enterprises, economic  stability = and
compliance with the norms of sustainable
development.

Analysis of recent research and
publications. Puska, A, Dragi¢, R, Prdi¢, N.,
Cosi¢, D., Novakovi¢ Bozi¢, N, & Stili¢, A.
highlight that the choice of digital
technologies for last-mile urban logistics is
critical to ensuring sustainable development.
They emphasize that the high level of
uncertainty in the external environment
requires adaptive solutions, intelligent
systems allow to optimize routes and reduce
environmental impact. Forecasting
algorithms help to avoid supply disruptions
and increase system reliability. Sustainable
development is only possible through the
integration of digital technologies into all
logistics processes [1].

Hryhorak, M., Pichugina, M., & Chuprina,
M. prove that the integration of intelligent

7-18
v.36 (2026)
https://smart-scm.org

transport and logistics systems is a key factor
in the efficiency of modern supply chains.
They emphasize the importance of
combining information and material flows in
a single environment. The use of artificial
intelligence ensures a rapid response to
changing  market conditions.  Digital
management  platforms increase the
resilience of logistics systems and reduce
risks. Sustainable development is possible
only through the comprehensive integration
of technologies into all levels of logistics [2].

Lyall Cresswell looks at smart logistics
providers who are building integrated
systems specifically in the face of trade
uncertainty. This allows them to remain
competitive in global markets. Intelligent
technologies help them adapt quickly to
changes in demand and supply. Process
automation reduces risks and costs,
increasing efficiency. Integrated systems are
becoming the foundation of long-term
business sustainability [3].

lvanov, D., Dolgui, A., & Sokolov, B.
substantiate digital twins of supply chains
that allow managing the effects of chain
failures. They show that real-time scenario
modeling reduces risks and increases system
resilience. Simulations help make informed
management decisions. Intelligent
technologies minimize the consequences of
crisis situations. This creates the basis for
more flexible and sustainable logistics
management [4].

Christopher, M., & Holweg, M. emphasize
that supply chains in the era of turbulence
require  new management strategies.
Integration of subsystems is critical to reduce
risks and ensure stability. They emphasize the
importance of flexibility and adaptability of
logistics systems. Traditional management
methods do not meet modern challenges.
The use of intelligent technologies is a
necessary  condition  for  sustainable
development [5].

Buyukozkan, G., & Goger, F. substantiate
digital supply chains, which form the basis for
future research in logistics. They emphasize

This work is licensed under a Creative Commons Attribution 4.0 International License
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the integration of different subsystems into a
single digital environment. Big data plays a
key role in forecasting and optimization.
Sustainable development is only possible
through the digitalization of logistics
processes. Intelligent technologies are the
driving force behind the transformation of
modern systems [6].

Queiroz, M., Ivanov, D., Dolgui, A., & Fosso
Wamba, S. examined epidemic outbreaks that
showed the vulnerability of global supply
chains. They suggest the creation of resilient
risk management systems. Intelligent
technologies help to quickly adapt to crisis
conditions. Scenario modeling minimizes
supply disruptions. Sustainable development
requires taking into account unpredictable
factors in logistics processes [71].

Sarkis, J. proved that the pandemic has
become an important lesson for the
sustainable development of supply chains.
Logistics systems must be adaptive and
flexible. Intelligent technologies ensure rapid
response to environmental changes.
Sustainable development includes social and
environmental aspects. Logistics must
integrate innovative solutions to increase
resilience [8].

Wang, Y., Gunasekaran, A., Ngai, E.W.T., &
Papadopoulos, T. calculated big data, which
opens up new opportunities for logistics.
They allow you to forecast demand and
optimize the use of resources. Analytics
reduces the level of uncertainty in decision-
making. Intelligent systems increase the
efficiency of  process  management.
Sustainable development is possible through
the use of data in strategic planning [9].

Kamble, S., Gunasekaran, A., & Gawankar,
S. investigated the combination of Industry
4.0 and lean practices, which increases the
efficiency of organizations. Digitalization of
production ensures stability in a changing
environment. Intelligent  technologies
become the basis of  sustainable
development. Logistics systems gain new
opportunities for integration and adaptation.
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This creates competitive advantages for
enterprises in the global economy [10].

However, the  management  of
sustainable logistics systems using intelligent
technologies in  conditions of high
uncertainty requires strengthening and
deepening of research, taking into account
the achievements of scientists of domestic
and foreign scientific schools, which shows
the relevance of the topic under study. The
main ways of managing sustainable logistics
systems are: scenario modeling based on
artificial intelligence, dynamic inventory
management, creation of digital ecosystems
and "digital twins", decarbonization and
"green" route optimization, autonomization
and adaptive robotics, blockchain
technologies to ensure transparency and
trust.

Purpose of the article is a theoretical
justification and development of
methodological  tools for  managing
sustainable integrated logistics systems
through the implementation of intelligent
technologies, which will ensure their
sustainability, environmental efficiency and
adaptability in conditions of high risk and
market uncertainty.

Presentation of the main research
material. The modern development of
economic processes aptly implements
digitalization, promotes the globalization of
trade and partnership relations, supports
competitiveness at different levels of
territorial and industry distribution. Along
with this, significant transformations of
existing logistics systems are taking place in
the context of digital transformation through
the introduction of artificial intelligence,
database analytics, and the Internet of Things.
Thus, traditional logistics models based on
linear efficiency in conditions of global
uncertainty have shown their vulnerability to
crisis moments. At the same time, modern
high uncertainty is due to a significant
number of nonlinear situations and low
accuracy of forecast data, which requires the
use of the latest methods inherent in
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sustainable integrated logistics systems.
Obviously, such integration is based not only
on the coordination of departments, but also
includes the formation of a single information
space in which each node of the adaptive
network link acts as a separate participant in
the supply chain. Sustainability should take
into account the environmental and social
aspects of logistics activities, which positively
affect viability in the long term. Management
of sustainable integrated logistics systems is a
modern direction of management that
introduces the provisions of sustainable
development (environmental, social and
economic norms) into traditional logistics
efficiency. Based on this, it can be argued that
management as a form of art that directs the
movement of resources and goods in a
direction that is profitable for business,
environmentally safe for the environment and
socially beneficial for society. Environmental
sustainability involves minimal carbon
emissions through the use of electric vehicles,
optimization of transportation routes, the use
of "green" packaging, waste recycling, and
maintenance of reverse logistics, which
involves the return and recycling of goods.
The principles of economic sustainability
involve reducing costs through energy
efficiency, increasing resilience to crisis
events, and planning for the long term. The
principles of social sustainability involve
occupational safety, ensuring labor standards,
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and comprehensive support for local
communities. In 2026, logistics management
will face the main problem of “how to deliver
goods as quickly as possible” with new
challenges related to global carbon
regulation, environmental requirements for
consumer brands, and the use of digital
technologies. The basis for managing
sustainable integrated logistics systems is
intelligent technologies that are capable of
processing large amounts of data in real time.
Thus, cognitive analytics involves the use of
artificial intelligence to calculate correlations
between indirect factors influencing the
logistics system (the impact of climate
conditions, changes in demand), which
translates into predictive management. At the
same time, the Internet of Things and sensors
help the system independently monitor
deviations from the route and search for new
routes. Along with this, digital twins are a
modern lever for uncertainty management.
They allow you to create a multifaceted digital
copy of the logistics system and perform
various manipulations with it, which test the
chain’s resistance to various crisis scenarios,
such as power outages to the suspension of
international traffic. Therefore, the use of
intelligent technologies solves the main
problem of modern logistics, which connects
efficiency with environmental friendliness
(Table 1).

Table 1 — Sustainable logistics management mechanism

driver activities

Aspect Role of intelligent technologies Impact on sustainability
Ecological Reducing empty mileage and carbon emissions | Reduction of carbon dioxide emissions by
15-20%
Social Application of the concept of "unmanned Creating comfortable working conditions

warehouse" due to high risks and monitoring of

and reducing traumatic events

Administrative

passage of goods

Transparency of reporting and monitoring of the | Development of partnership relations and

attractiveness of investors

Source: summatrized by the author.

Logistics system management under
conditions of high uncertainty has a cyclical

form and is capable of self-learning. It consists
of the following cycles:
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1. Observation involves the
accumulation of data on the state of the
external and internal environment;

2. The check involves the use of artificial
intelligence to determine deviations from the
set course (delay, onset of crisis);

3. Development of various situations
based on a digital twin, which is able to
calculate 3-5 ways to avoid a crisis situation;

4. Adaptation and selection of the
optimal option ensure a balance between
profitability and compliance with
sustainability standards, which include the
length of the route with minimal fuel
consumption.

Managing sustainable logistics
systems based on intelligent technologies
exposes a number of shortcomings, including
the quality of collected data, vulnerability to
cyberattacks, and significant financial costs.
Therefore, to ensure the flexibility of the
company and maintain its reliability with a
small environmental impact on the
environment, intelligent management is
used, which allows for the formation of

7-18
v.36 (2026)
https://smart-scm.org

sustainable integrated logistics systems in
conditions of uncertainty.

The economic effect of the use of
artificial intelligence and big data processing
has become the norm and standard for the
formation and functioning of sustainable
integrated logistics systems. The main areas
of improvement are market size, cost
reduction, and inventory  reduction.
According to analysts, the global market for
artificial intelligence in logistics in 2024 was
estimated at $17.96 billion, and according to
forecasts, it will grow to $26.35 billion by the
end of 2025 (CAGR ~44%) [11]. The
introduction of intelligent systems in logistics
companies has  significantly  reduced
operating costs by 15-30% by optimizing
routes and using resource potential [12]. The
use of predictive analytics minimizes safety
stocks by 15-35%, while there is no shortage
[13]. Operational efficiency and quality of
service have a big difference when managing
“traditional” and “intelligent” logistics
systems (Table 2).

Table 3 - Differences between traditional and intelligent methods of managing logistics

systems

Indicator Intelligent methods, % ;Lig:::?,k
Timeliness of delivery 95 75
Accuracy of order fulfillment 98 85
Deviation from forecasted demand decreases by 30 high
Defect level in warehouses -5 -20
Delivery time decreases by 22% standard

Source: [12, 14-15].

For green logistics, the use of
intelligent technologies creates the best way
to manage decisions to reduce carbon
emissions by about 1.39 - 1.65 trillion dollars.
Machine learning provides opportunities for
route optimization variations for large carriers
to reduce fuel use by 12%, which makes it
possible to reduce costs by millions of dollars.
Elimination of empty runs with the right
logistics decisions based on intelligent
management reduces carbon emissions by
10-15% [12, 14-15]. During 2024-2025,

uncertainty and risk factors were justified by
the increase in supply chain disruptions due
to strikes, climatic weather, fires at enterprises
and other emergencies by 38% compared to
previous years. At the same time, consumers
experienced an increase in transport prices by
0.6% due to global conflicts. Therefore, in
2024, the management of intelligent
sustainable integrated logistics systems
required 47% more investment in
cybersecurity than traditional logistics
systems to protect data from hacker attacks.
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Apparently, 90% of logistics company
managers feel a lack of qualified personnel
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digital technologies for routing and supply
chain calculations (Table 3).

who are able to use artificial intelligence and

Table 3 - The market for intelligent technologies in the management of sustainable logistics
systems

. Market size 2023, Forecast 2026, CEITIDENTE
b billion dollars billion dollars OTUE Tty
rate (CAGR), %
Artificial Intelligence 6,53 20,12 445
Internet of Things 45,20 90,80 6,1
Digital Twins 10,10 35,50 36,9
Blockchain in Supply Chains 5,20 18,40 52,3

Source: [16-20].

The effectiveness of the implementation
of intelligent technologies in the
management of sustainable integrated
logistics systems should solve the main tasks:
increasing the profitability of logistics

activities, reducing the environmental burden
on the environment, creating operational
stability in conditions of uncertainty (Table 4).

Table 4 — The effectiveness of implementing intelligent technologies in the management of
integrated sustainable logistics systems

. Traditional Intelligent T
Indicator o o Impact on sustainability
management, % management, %
Demand forecast 65-70 85-95 Eliminating overproduction and
accuracy recycling waste
Inventory holding costs Baseline Less than -15/-30 Optimizing warehouse utilization
Transportation costs Baseline Less than -10/-20 Reducing carbon emissions
Response time to a 24-48 hrs. More than 2 hours Resilience to crisis
broken link

Source: compiled based on [12-15].

A special role in intelligent technologies
is occupied by artificial intelligence and big
data, which transform the structure of
logistics costs based on automation and self-
learning. Intelligent  management of
sustainable integrated logistics systems aims
to transition to "green" logistics and reduce
carbon emissions. In conditions of uncertainty
and market volatility, the presence of many
risks, rapid restoration of the system based on
digital twins and cognitive flexibility is
necessary. The introduction of intelligent
technologies into management is a modern
method  of transforming  traditional
management methods. Artificial intelligence
is able to calculate thousands of options in

seconds. Observation of natural risks allows
for predictive analytics and forecasting (Table
5).

The use of intelligent technologies
creates a “perfect storm” in which the
environment becomes aggressive along with
the growth of social responsibility and

environmental  expediency. Positioning
intelligent technologies as a single
mechanism  that combines  business

partnership relations with environmental
requirements and standards. Therefore, the
modern view of a sustainable integrated
logistics system involves the combination of
environmental factors with social needs.
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Table 5 — Factors driving the application of intelligent technologies in the management of

integrated sustainable logistics systems

Risk Number of cases qu§es,
2024/2021, % billion
Conflicts and Sanctions +42 1200
Climate Change +28 320
Hacker Attacks and +60 450
Logistical Disruptions
Fuel Price Volatility +35 n/d

Source: [12-15].

At the same time, a sustainable
integrated logistics system is formed on the
basis of “patterns”, which are structural
models with a set of principles and norms. The
concept of the “Sustainability Trio” involves
the combination of economy, ecology and
society. Thanks to this concept, costs for
profitable routes are reduced and resource
potential is rationally used. At the same time,
carbon emissions are reduced, “green”
transport is introduced, and ecological
packaging is used. The social aspect provides
a partnership based on transparency and
trust, financial assistance to local territorial
communities, safety and labor protection. The
formation of a single platform for managing
sustainable logistics systems involves
combining warehouses, transport, and
purchasing from suppliers with information
and process integration. Thus, information
integration focuses on the collection of data
in cloud platforms in real time about all
participants in the supply chain (from the
courier to the supplier of materials). At the
same time, process integration aims to
coordinate deliveries to eliminate downtime
of the transport fleet and prevent empty runs
on designed routes. Let's consider two
modern patterns. The Circularity pattern
operates on the basis of a closed loop, the
components of which are reverse logistics
and resource recovery. Reverse logistics
processes the return of goods and their repair,
manages the process of recycling waste and
residues, organizes the return of containers.
Resource recovery is based on the use of

packaging materials, appropriate containers,
and the use of pallets of different sizes. The
“Smartness” pattern introduces smart
technologies into logistics such as: artificial
intelligence and big databases, the Internet of
Things, alternative fuels. Thanks to intelligent
technologies, it is possible to predict the
demand for products, thereby preventing
overproduction of products and loss of
resources. Modern warehouses have a large
number of goods that are controlled by
sensors and save energy resources, ensuring
cost reduction. The use of alternative fuels
such as biofuels, electric motors, hydrogen
provide green logistics with modern methods
of reducing carbon emissions into the
atmosphere and prevent environmental
pollution and the greenhouse effect of
climate change.

Conclusions. The transition from
traditional logistics systems to sustainable
integrated logistics systems in conditions of
high uncertainty is possible based on the use
of modern intelligent technologies and
intelligent management based on the
transparency of the provision of transport
services and partnership-constructive
relations. Modern tools of the Iatest
technologies are artificial intelligence and
machine learning, which allow making the
most profitable management decisions based
on digital twins, automation and robotization
to maintain the competitiveness of logistics
enterprises at different levels of territorial and
industry distribution under the influence of
globalization processes. Modern
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management of integrated logistics systems
combines the principles of efficiency,
sustainability and sociality to direct the
movement of resources and goods in a
direction that is profitable for business,
environmentally safe for the environment and
socially beneficial for society. Management of
logistics systems manages several cycles:
observation, verification, development of
various situations based on a digital twin,
adaptation and selection of the optimal
option. However, there are a number of risks,
among which the most important are
vulnerability to cyberattacks, accuracy and
quality of source data, investments in
protection and updating of the latest
technologies.  Intelligent  management
improves the volume of goods turnover in the

market, reduces costs and reduces
inventories. The main component of
intelligent management is predictive

analytics, which minimizes insurance costs,
reduces warehouse stocks and storage costs,
along with meeting the needs for goods and
preventing shortages. Thus, intelligent
management transforms traditional logistics
systems into “green” logistics and reduces
carbon emissions in the presence of many
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risks, the elimination of which requires rapid
system recovery based on digital twins and
cognitive flexibility. Modern sustainable
integrated logistics systems are created on
the basis of “patterns” in the form of structural
models with a set of principles and norms. The
key concept is the concept of the
“Sustainability Trio” which involves the
combination of economy, ecology and
society, in which the “Circularity” pattern and
the “Smartness” pattern deserve special
attention. Promising areas of further research
are the development of “viability” models of
supply chains that are able not only to recover
from crisis situations, but also to function and
develop in the long term in conditions of
constant change and uncertainty; ethical
sourcing and transparency of Blockchain, how
this distributed ledger technology ensures an
ethical attitude towards various suppliers of
goods; development and implementation of
a “zero trust” architecture for the automation
of warehouses and ports; use of predictive
analytics to establish the relationship
between fluctuations in energy prices and
inventory management; adaptability of
global logistics strategies to the national level.

References

1. Puska, A, Dragi¢, R, Prdi¢, N., Cosi¢, B., Novakovi¢ Bozi¢, N., & Stili¢, A. (2025). Digital
technologies selection for sustainable urban logistics in last-mile delivery under conditions of
uncertainty. Sustainability, 17(22), 10413. https://doi.org/10.3390/su172210413

2. Hryhorak, M., Pichugina, M., & Chuprina, M. (2025). Integration of intelligent transport and
logistics systems in the context of sustainable supply chain management. In Lecture Notes in
Networks and Systems (Vol. 1335, pp. 258-269). Springer. https://doi.org/10.1007/978-3-031-

87376-8_23

3. Lyall, Cresswell (2025).Why smart logistics providers are building integrated systems

during trade  uncertainty.

Supply

Chain  Strategy

Media. Retrieved from

https://supplychainstrategy.media/blog/2025/06/16/why-smart-logistics-providers-are-
building-integrated-systems-during-trade-uncertainty

4. Ivanov, D., Dolgui, A., & Sokolov, B. (2021). Digital supply chain twins: Managing the ripple
effect, resilience, and disruption risks by data-driven simulation. Production Planning & Control,
32(9), 775-788. https://doi.org/10.1080/09537287.2020.1768450

This work is licensed under a Creative Commons Attribution 4.0 International License



The electronic scientifically and practical journal 7-18
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.36 (2026)
ISSN 2708-3195 https://smart-scm.org

5. Christopher, M., & Holweg, M. (2017). Supply Chain 2.0: Managing supply chains in the era
of turbulence. International Journal of Physical Distribution & Logistics Management, 47(1), 2-10.
https://doi.org/10.1108/1JPDLM-11-2016-0336

6. Buyukozkan, G., & Goger, F. (2018). Digital supply chain: Literature review and a proposed
framework for future research. Computers in Industry, 97, 157-177.
https://doi.org/10.1016/j.compind.2018.02.010

7. Queiroz, M., Ivanov, D., Dolgui, A., & Fosso Wamba, S. (2020). Impacts of epidemic
outbreaks on supply chains: Mapping a research agenda amid the COVID-19 pandemic.
Transportation Research Part E: Logistics and Transportation Review, 142, 102064.
https://doi.org/10.1016/j.tre.2020.102064

8. Sarkis, J. (2020). Supply chain sustainability: Learning from the COVID-19 pandemic.
International Journal of Operations & Production Management, 41(1), 63-73.
https://doi.org/10.1108/1JOPM-08-2020-0568

9. Wang, Y., Gunasekaran, A., Ngai, E. W. T., & Papadopoulos, T. (2016). Big data analytics in
logistics and supply chain management: Certain investigations for research and applications.
International Journal of Production Economics, 176, 98-110.
https://doi.org/10.1016/j.ijpe.2016.03.014

10. Kamble, S., Gunasekaran, A., & Gawankar, S. (2018). Industry 4.0 and lean manufacturing
practices for sustainable organizational performance in Indian manufacturing companies.
International Journal of Production Research, 56(8), 2979-2998.
https://doi.org/10.1080/00207543.2017.1395488

11. Precedence Research. (2024). Artificial intelligence (Al) in logistics market size to surpass
USD 707.75 bn by 2034. https://www.precedenceresearch.com/artificial-intelligence-in-logistics-
market

12. McKinsey & Company. (2024). Al-driven supply chain management: Revolutionizing
logistics and operational efficiency. https://www.mckinsey.com/capabilities/operations/our-
insights/successful-ai-implementation-in-supply-chain-management

13. Boston Consulting Group. (2024). How Al and predictive analytics are transforming
supply chain inventory management. https://www.bcg.com/publications/2024/ai-predictive-
analytics-transforming-supply-chain-inventory-management

14. DHL Customer Solutions & Innovation. (2024). Artificial intelligence in logistics: A
collaborative report on implications and use cases for the logistics industry. DHL.
https://www.dhl.com/global-en/home/insights-and-innovation/thought-leadership/trend-
reports/artificial-intelligence-in-logistics.html

15. MHI & Deloitte. (2024). The 2024 MHI annual industry report: The trend towards
exponential improvement. MHI. https://www.mhi.org/publications/report

16. Statista. (2023). Artificial intelligence (Al) in logistics market size worldwide from 2022 to
2030. https://www.statista.com/statistics/1233827/ai-in-logistics-market-size-worldwide/

17. MarketsandMarkets. (2023). Artificial intelligence in supply chain market by offering,
technology, application, and region - Global forecast to 2028.
https://www.marketsandmarkets.com/Market-Reports/supply-chain-ai-market-34505090.html

18. loT Analytics. (2024). State of loT — Spring 2024: 10 key loT market trends and the current
state of the market. https://iot-analytics.com/state-of-iot-spring-2024/

This work is licensed under a Creative Commons Attribution 4.0 International License



The electronic scientifically and practical journal 7-18
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.36 (2026)
ISSN 2708-3195 https://smart-scm.org

19. Gartner. (2023). Gartner survey finds 60% of organizations are using or planning to
implement digital twins to achieve sustainability goals.
https://www.gartner.com/en/newsroom/press-releases/2023-07-14-gartner-survey-finds-60-
percent-of-organizations-are-using-or-planning-to-use-digital-twins

20. Grand View Research. (2023). Blockchain in supply chain market size, share & trends
analysis report by application (payment & settlement, inventory monitoring), by end-use, by
region, and segment forecasts, 2023 - 2030. https://www.grandviewresearch.com/industry-
analysis/blockchain-supply-chain-market

21. Allianz. (2024). Allianz Risk Barometer 2024: The top corporate risks for the year ahead.
Allianz Commercial.  https://commercial.allianz.com/news-and-insights/reports/allianz-risk-
barometer.html

22. Cybersecurity Ventures. (2023). 2023 Official cybercrime report.
https://cybersecurityventures.com/cybercrime-report/

23. Munich Re. (2024). Natural disasters 2023: Statistics, figures and analysis.
https://www.munichre.com/en/risks/natural-disasters-statistics-and-figures.html

24. World Bank. (2024). Commodity markets outlook: Energy and food price volatility.
https://www.worldbank.org/en/research/commodity-markets

This work is licensed under a Creative Commons Attribution 4.0 International License



The electronic scientifically and practical journal 19-32
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.36 (2026)
ISSN 2708-3195 https://smart-scm.org

DOI: https://doi.org/10.46783/smart-scm/2026-36-2

UDC 658.7:338.45:004:355.6 Received: 2026-01-24
JEL Classification: H56, L64, M11, O33. Accepted: 2026-02-22
Published: 2026-04-30

Marchuk V.Ye. Doctor of Technical Sciences, Professor, Professor of the Department of
International Business and Logistics, National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute.” (Ukraine)

ORCID - 0000-0003-0140-5416
ResearcherID S$-6514-2018
Scopus author id: - 57212323045

E-Mail: v.marchuk kpi@gmail.com

Zelinska M.V. Master's degree seeker of the Department of International Business and
Logistics, National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute»
(Ukraine)

ORCID - 0009-0004-6614-1620
ResearcherID -

Scopus author id: -

E-Mail: m.zelinska09@gmail.com

Rezanko O.V. Master's degree seeker of the Department of International Business and
Logistics, National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute»
(Ukraine)

ORCID - 0009-0005-7220-8913
Researcher ID -

Scopus author id: -

E-Mail: olyarezanko(@gmail.com

TRANSFORMATION OF THE MANAGEMENT SYSTEM OF
MATERIAL AND TECHNICAL SUPPLY OF DEFENSE INDUSTRY
ENTERPRISES UNDER CONDITIONS OF DIGITALIZATION AND

WARTIME ECONOMY

Volodymyr Marchuk, Marharyta Zelinska, Olha Rezanko. «Transformation of the management
system of material and technical supply of defense industry enterprises under conditions of
digitalization and wartime economy». This paper substantiates the theoretical and methodological
foundations and develops practical approaches to the transformation of the management system of material
and technical supply (MTS) of defense industry enterprises in Ukraine under conditions of digitalization and a
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wartime economy. The aim of the study is to develop a comprehensive transformation model capable of
enhancing resource flow management efficiency and the resilience of logistics systems.

The methodological framework is based on systemic, comparative, and structural-functional
approaches, as well as methods of analysis and generalization, which made it possible to assess the current state
of MTS systems and identify key challenges. It is established that the existing system is characterized by low
coordination, limited adaptability, fragmented management, and insufficient digitalization.

The generalization of NATO countries’ experience allowed identifying key directions for adapting modern
logistics models to Ukrainian conditions. The scientific novelty of the study lies in the development of a
conceptual transformation model based on the principles of integration, digitalization, adaptability, and
interoperability with NATO standards, as well as in combining centralized strategic planning with decentralized
operational management.

The feasibility of implementing a unified digital resource management platform, developing
decentralized logistics, and applying advanced digital technologies (LogFAS, RFID, data analytics) is
substantiated. These solutions enable real-time resource monitoring and support data-driven decision-making.

The practical significance of the results lies in defining directions for improving resource flow
management efficiency, ensuring transparency of logistics processes, reducing logistical gaps, and enhancing
the resilience of defense industry enterprises under wartime conditions and post-war recovery.

Keywords: material and technical supply, defense industry, digitalization, logistics, NATO standards,
resilience, resource management

Bonooumup Mapuyk, Mapzapuma 3eniHcbka, Onvza Pe3aHko. «TpaHcgopmayia cucmemu
ynpaeniHHA mMamepianbHO-mexHiYHUM 3d6e3neyeHHAM nionpuemcme 060pPOHHO-NPOMUCI08020
KomnsieKkcy 8 ymoeax yugpoeizayii ma 80€EHHOI eKOHOMIKU». ¥ cmammi 06rpyHmosaHo meopemuko-
MemoOuyYHi 3acadu ma po3pobsieHO NPAKMuuyHi nioxoou 00 mpaHcgopmauil cucmemu ynpassiHHA
mMamepianbHo-mexHidHuUm 3abeaneyeHHAM (MT3) nionpuemcme o6opoHHO-npomucnosozo komnsexcy (OfK)
YkpaiHu 8 ymosax yugposizauii ma 80eHHOT ekoHoMiKu. Memoto 0ocioxeHHSA € (hopMyB8aHHA KOMNJIEKCHOI
modeni mpaHcgopmayii MT3, 30amHoi 3ab6e3nequmu nidsuujeHHA echeKmugHOCMI ynpassiiHHA pecypcHUMU
nomokamu ma cmidtkocmi s102icmu4HuUx cucmem.

MemodonoeiuHy ocHo8y 00C/IOXeHHA CMAHOBAAMb CUCMEMHUU, NOPIBHAILHUL MA CMPYKMYypHO-
yHKYioHanbHUU NiOXo0u, a MAkoXx Memoou aHasnizy ma y3azasabHeHHs, ujo 00380/1UIU OUyiHUMU Cy4acHul
cmaH MT3 nionpuemcme OFK ma suseumu kiwo4yo8i npobnemu (io2o (pyHKUIOHy8aHHA. BcmaHoeneHo, wo
icHylo4a cucmema xapakmepulyemosCsa HU3bKUM pigHeM KOOpOuHaui, obmexeHo adanmusHicmio,
ppazmeHmapHicmio ynpasiHHa ma Hedocmamdim pigHem yugposizauii.

Y3azanvHeHHA MixHapoOHo2o doceidy kpaiH HATO 0o3gonusio su3Hayumu Hanpamu aoanmaduil
Cy4YacHux nozicmudHux mooesiel 00 yKpaiHCbKux ymos. Haykoea HOBU3HA OOC/iOXeHHS Nof2ae y po3pobui
KoHUenmyasbHoi Modeni mpaHcgopmauil cucmemu MT3, aka 6a3yemosca HA NPUHYUNAX IHMe2PoB8aHOCM,
yugpposizayii, adanmugHocmi ma cymicHocmi 3i cmaHdoapmamu HATO, a makox nepedb6aqyae NOEOHAHHA
YyeHmMpasnizo8aHoeo cmpameziyHo20 ma 0eyeHmpasizoeaHo20 0Nepamu8HoO20 ynpassiiHHA.

O6rpyHmosaHo 0ouinbHicme 8nposadxeHHA EOUHOI Yugposoi nnamgopmu ynpassniHHA pecypcamu,
po38UMKY 0eyeHmMpanizo8aHoI 102iCMUKU Ma 8UKOPUCMAHHSA Cy4acHUX yugposux mexHosoeilt (LogFAS,
RFID, aHanimuka 0aHux), wo 3abesneyuyome MOHIMOPUH2 pecypcis y pexxumi peasabHo20 4acy md NiOmpumky
YNpasiHCbKUX pitieHs.

lpakmuyHe 3HA4YeHHA OMPUMAHUX pe3yslbmamie NoJiA2a€ y B8U3HAYEHHI HAnpAMie niosuujeHHA
ehekmusHOCMI ynpassiHHA pecypCcHUMU NOMOKAMU, 3abe3nedeHHi npo3opocmi no2icmuyHux npouecis,
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CKOpOYeHHI J102iCcmMuYHUX po3pusie ma nidsuweHHi cmilikocmi nionpuemcme OfIK 8 ymosax 80€HHUX

BUKJIUKIB | NiC/I9BOEHHO20 8iOHOB/IEHHA.

Knrwuoei cnoea: matepianbHO-TeXHiUHe 3abe3neyeHHs, OOOPOHHO-MPOMUCIIOBUN KOMIIEKC,
umndposizadia, norictmka, craHgaptv HATO, cTiliKkicTb, ynpaBniHHA pecypcamm

Introduction. Under conditions of full-
scale security challenges and the transition to
a wartime economy model, the
transformation of the management system of
material and technical supply (MTS) of
Ukraine’s defense industry enterprises
becomes particularly relevant. The current
stage of defense industry development is
characterized by profound institutional
changes aimed at improving the efficiency of
the sector, adapting it to a dynamic security
environment, and integrating it into NATO
standards [1]. In this context, material and
technical supply serves as a key element
determining the ability of enterprises to fulfill
state defense orders in a timely and high-
quality manner.

The growing importance of logistics and
resource provision under conditions of
geopolitical instability is substantiated by
contemporary research, which defines
military logistics as a fundamental basis for
ensuring national defense capability and the
effective functioning of the security sector [2].
At the same time, the transformation of the
defense industry is accompanied by the
implementation of innovative approaches to
production organization, including
digitalization, decentralization, and the
integration of logistics processes into unified
management systems [3].

Strategic approaches developed at the
state level provide for the reform of the
defense industry management system
through the corporatization of enterprises,
the introduction of transparent mechanisms
of interaction with customers, as well as the
digitalization of procurement and logistics
processes [4, 5]. Particular importance is
attached to the development of national
production and the localization of critical
technologies, which are considered key

prerequisites for ensuring the strategic
autonomy of Ukraine’s defense industry [6].

Thus, the transformation of the MTS
management system should be based on the
principles of digitalization,  analytical
transparency, and adaptive management of
resource flows. The implementation of digital
technologies and innovative logistics
solutions creates the preconditions for
improving resource utilization efficiency and
enhancing the resilience of the defense
industry under wartime economic conditions.

Literature and researches review.
Contemporary scientific research confirms
that the transformation of the material and
technical supply (MTS) system in the defense
industry is driven by the influence of the
wartime economy and the digitalization of
logistics processes. Military logistics is
considered a key element in ensuring defense
capability, integrating supply, transportation,
and resource distribution processes into a
unified management system.

Study [2] demonstrates that under
conditions  of increasing  geopolitical
instability, logistics is transforming into a
strategic management function based on the
principles of digitalization and integration of
information systems. Emphasis is placed on
the need to shift from traditional logistics
models to adaptive systems capable of
ensuring flexibility and rapid response to
changes in the external environment.

Recent studies focus on the innovative
aspects of transforming management
systems under conditions of digitalization
and wartime challenges. In particular,
research [7] substantiates the decisive role of
innovative changes in enterprise
management systems as a driver of controlled
transformation under the influence of both
external and internal factors. At the same
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time, studies [8] analyze improvements in
MTS management at enterprises,
emphasizing the need for timely and
comprehensive resource provision, as well as
the development of methods for cost and
inventory control.

A number of studies [9-12] justify the
transition to digital logistics management
models, which involve the use of information
systems, data analytics, and process
automation. This contributes to increased
transparency, efficiency, and resilience of MTS
systems, as well as their integration with
NATO standards.

In particular, the transition from paper-
based to digital accounting systems is
examined through the formation of an
integrated digital ecosystem (DELTA, SOTA,
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LOGFAS, “Korovai”, SAP), which enables real-
time resource monitoring, efficient planning,
and coordination. The results indicate an
increase in logistics transparency, particularly
due to the implementation of barcode
systems, reverse flow management, and
multi-level supply systems [9].

In parallel, structural and mathematical
models of logistics for the distribution of
defense industry products are being
developed, taking into account wartime risks,
resource constraints, and reverse flows. These
approaches are aimed at minimizing logistics
cycle time, optimizing routes and resource
allocation, and enhancing the resilience of
supply to the Armed Forces of Ukraine
through the application of scenario analysis
[10].

Table 1. Comparative Characteristics of Scientific Models for MTS Management and

Transformation

SEEEl Description Key Elements Advantages Limitations
Approach
Standardization Hiah
NATO Logistics | Integrated logistics (STANAG), digital int?ero erabilit Implementation
Model (LogFAS, | management system | platforms (LogFAS), o eraE[)ionaI Y complexity, high
STANAG, in a multinational cooperation (NSPA - e?ficienc resource
NSPA) [13] environment NATO Support and Y, requirements
scalability
Procurement Agency)
Integrated Lifecycle . . .
Logistics management of Planmng: technical Systemlc approach, High integration
: . support, inventory lifecycle efficiency .
Support (ILS) material and technical . . . complexity
management, maintenance | orientation
[14] supply
Capability- . Planning based on _Thregtl an_aIyS|s, capability Result-oriented, Complle:\xny of
Based Planning required capabilties identification, resource flexible capability
(CBP) [15] g P provision assessment
New Public Public sector reform Decentralization, Improved .
" . Risk of loss of
Management based on market accountability, efficiency, management .
. - o . centralized control
(NPM) [16] efficiency principles competition efficiency
Digital Supply | 1y ol transformation | ERP, RFID, Al, Big Data, | |ransparency, High investment
Chain / Industry o speed, decision- costs, cybersecurity
of logistics systems loT . .
4.0[17] making accuracy risks
Ukrainian Combination of Soviet | Partial standardization, Flexibility under Low level of
Adaptive MTS legacy and NATO fragmented digitalization, wa rtime);on ditions integration,
Models [18] standards defense industry reforms fragmentation

Source: compiled by the authors based on [3-9; 12; 16].

A comparative analysis of modern MTS
management models (Table 1) demonstrates

that each approach focuses on specific
aspects of logistics system efficiency, ranging
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from standardization and interoperability to
digitalization and lifecycle management.
NATO and Integrated Logistics Support (ILS)
models form the foundation of integrated
and systemic logistics, while Capability-Based
Planning (CBP) ensures a strategic focus on
capabilities. New Public Management (NPM)
and digital transformation approaches
enhance managerial efficiency and the
technological component of the system. The
synthesis of these models enables the
development of a comprehensive concept for
transforming ~ Ukraine’'s  MTS  system,
combining institutional, technological, and
strategic components.

The NATO Digital Transformation
Implementation Strategy [11] identifies key
directions of transformation covering four
interrelated domains: people, processes,
technologies, and data. Particular attention is
given to the development of real-time
analytics, ensuring effective data exchange,
standardization, and the integration of multi-
domain operations (maritime, land, air, cyber,
and space domains). The implementation of
these approaches is aimed at enhancing the
Alliance’s capabilities, establishing a unified
information space, and improving decision-
making processes in logistics and operational
management.

Study [12] substantiates the necessity of
developing a logistics information system for
the Armed Forces of Ukraine that is
interoperable with NATO standards, including
the use of systems such as DRMIS and
LOGFAS. The authors analyze NATO
requirements for logistics information
systems and identify key tasks for their
implementation. The findings reveal
integration challenges of existing systems
and confirm the feasibility of implementing
interoperable solutions to improve the
efficiency of logistics support for the Armed
Forces of Ukraine.

Research on the reform of the defense
industry also focuses on government
initiatives, including the implementation of
corporate governance models, improvement
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of public procurement systems, and import
substitution policies. Study [19] identifies
disruptive factors in the logistics support
system of the Armed Forces of Ukraine,
particularly  ineffective  planning and
coordination, and proposes measures to
improve management quality. At the same
time, study [20] substantiates a model for
ammunition supply management in the
defense industry, defining the subjects and
objects of the process under wartime
conditions.

The transformation of MTS systems is also
examined in the context of international
experience. Study [3] demonstrates the
feasibility of adapting foreign approaches to
the development of defense-industrial
facilities, taking into account national
characteristics and security challenges, which
contributes to improving enterprise
performance and technological capabilities.

Successful  transformations of MTS
systems in NATO countries demonstrate the
effectiveness of decentralized logistics,
digitalization, and multinational cooperation,
serving as a model for Ukraine (Table 2). The
United States and the United Kingdom have
achieved significant efficiency improvements
through automation and new management
models, while the Czech Republic emphasizes
innovative solutions for field operations. Joint
NATO initiatives ensure resource synergy and
enhance operational flexibility. These
practices provide key benchmarks for the
further transformation of Ukraine’s MTS
system [21, 22].

A distinct line of research focuses on the
management and coordination of resource
flows in the security and defense sector. Study
[6] identifies that current challenges are
associated with the insufficient effectiveness
of strategic management and the need to
improve planning and supply mechanisms
under wartime conditions. The importance of
implementing modern management
approaches and enhancing coordination
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among stakeholders within the supply system
is emphasized.

The reform of the MTS system in the
defense industry should take into account
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procurement procedures and product quality
control. In this context, the transformation of
MTS management serves not only as a tool for
improving the efficiency of internal processes

NATO standards, requirements for but also as a critical factor in Ukraine’s
interoperability of weapons and military integration into international  security
equipment, as well as the need to harmonize systems.
Table 2. Comparison of Successful MTS Transformation Practices in NATO Countries
Co.L!nt.ry / Key Tools Main Approaches Achieved Effect
Initiative
. LogFAS, JCIDS, Al-based Full digitalization, echeloned reserves, | Reduction of delivery time
United States . L L . !
forecasting, 3D printing logistics automation by up to 40%
U!"ted DE&S, RFID tracking Corporate governance, decentralized Efficiency increase by 25%
Kingdom procurement
Czech Cargo UAVs, integration Innovative logistics for special g}}ﬁ;gﬁd glerjatlcl)nzln d
Republic with LogFAS operations forces, field mobility Y e
evacuation
NATO (joint Multinational contracts, Cooperation, integrated logistics Increased operational
initiatives) strategic transportation support capability and flexibility

Source: compiled by the authors based on [21; 22].

Thus, the analysis of scientific sources
indicates that the transformation of MTS
management systems in defense industry
enterprises is evolving toward digitalization,
the implementation of  integrated
information systems, and the adaptation of
logistics processes to the conditions of a
wartime economy. Key trends include the
transition to digital ecosystems for resource
management, the use of data analytics, the
automation of logistics processes, and the
implementation of adaptive management
models that take into account wartime risks.

At the same time, existing studies are
largely focused on individual aspects of
digitalization,  logistics, or  resource
management, which necessitates the
development of a comprehensive approach
to the transformation of MTS systems in
defense industry enterprises. Issues related to
the integration of digital technologies into a
unified resource management system, taking
into account the requirements of a wartime
economy, NATO standards, and the need to
ensure logistics system resilience, remain
insufficiently addressed.

This determines the relevance of further
research aimed at developing an integrated
model for transforming the MTS management
system of defense industry enterprises under
conditions of digitalization and wartime
challenges.

Aim and objectives. The aim of this
study is to substantiate the theoretical and
methodological foundations and to develop
practical directions for the transformation of
the management system of material and
technical supply (MTS) of Ukraine’s defense
industry enterprises under conditions of a
wartime economy, digitalization, and post-
war recovery.

To achieve this aim, the study addresses
the following objectives:

— to assess the current state of MTS
systems in defense industry enterprises and
identify key challenges and risks under
wartime conditions;

- to synthesize contemporary
approaches to digitalization and develop a
conceptual framework for an adaptive and
integrated MTS management system aligned
with NATO standards;
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— to propose practical directions for
improving MTS efficiency through digital
technologies, resource flow optimization, and
the application of international best practices.

Results, analysis and discussion.
Material and technical supply (MTS) is a key
component of the functioning of Ukraine’s
defense industry, as it ensures the alignment
between the production capabilities of
defense enterprises and the actual needs of
the Armed Forces of Ukraine. Under current
conditions, MTS performs not only a
supporting but also a strategic function,
forming the basis of national defense
capability, the resilience of military
operations, and the efficiency of resource
utilization. In the context of full-scale war, the
requirements for responsiveness, reliability,
flexibility, and continuity of logistics
processes significantly increase, highlighting
the need to transform the existing MTS
management system while simultaneously
revealing a number of its systemic
deficiencies (Fig. 1).

First, one of the key problems remains the
insufficient level of coordination among the
main MTS stakeholders, including defense
enterprises, military authorities, and logistics
structures. This situation is caused by the
imperfection of defense planning procedures,
their insufficient integration with the budget
process, and the unclear distribution of
responsibilities between the Ministry of
Defense of Ukraine, the General Staff of the
Armed Forces of Ukraine, and other
stakeholders within the supply system. As a
result, duplication of functions, inconsistency
in managerial decisions, and inefficient use of
material and financial resources arise [23].
Under wartime conditions, such imbalances
lead to delays in the supply of weapons and
military equipment, reduced responsiveness
to frontline needs, and, consequently, a
decrease in the operational capability of
defense forces.
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Second, the MTS system is characterized
by limited adaptability of logistics processes,
which is largely due to the persistence of a
rigid hierarchical management model
inherited from  previous stages of
development. This model complicates rapid
decision-making and does not correspond to
the dynamic nature of modern warfare, where
resource requirements may change in real
time. The lack of flexible mechanisms for
resource reallocation and the insufficient level
of decentralization result in temporary
shortages of certain types of material and
technical resources, negatively affecting the
continuity of military supply.

Third, a significant constraining factor is
the fragmentation of management across
territorially ~ distributed enterprises and
infrastructure of the defense industry. A
considerable number of production and
storage facilities are located across different
regions, requiring a high level of coordination
and synchronization of material flows. At the
same time, the absence of a unified logistics
space and an integrated management system
complicates centralized planning, control,
and optimization of resource movement,
which is particularly critical in large-scale and
geographically dispersed supply systems [16].
This leads to increased logistics costs,
prolonged logistics cycles, and reduced
overall efficiency of the MTS system.

Fourth, an additional constraining factor
is the insufficient level of digitalization of MTS
management. The limited implementation of
modern information systems, the absence of
a unified digital resource management
platform, and the low level of data integration
do not allow for full monitoring of material
flows, demand forecasting, and real-time
decision support [9]. This reduces the
transparency  of  supply processes,
complicates control over resource utilization,
and limits the application of advanced
analytical tools, particularly big data
technologies.
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industry enterprises, the Ministry of Defense
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management system

Implementation of digital logistics platforms
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Transition to capability-based
planning

resources
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Figure 1 — Model of Transformation of the MTS Management System of Ukraine’s Defense
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(Table 3). The Ukrainian system retains
features of centralized management and
remains in a stage of transformation, whereas
the NATO system is based on decentralized
network logistics and a high level of
digitalization. Differences are also observed in
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supply approaches: from a reactive model in
Ukraine to proactive, multi-level planning in
NATO. This highlights the need to accelerate
reforms in order to achieve full
interoperability and improve the efficiency of
MTS systems.

Table 3. Key Differences Between MTS Systems of Ukraine and NATO

Aspect Ukraine NATO
Centralized planning with elements of Decentralized network logistics integrated
°0 planning S € through NSPA (NATO Support and
Structure decentralization; issues of coordination and
b Procurement Agency) and STANAG
ureaucracy
standards
s Initial stage of implementation of digital Full digitalization (ERP systems, Al-based
Digitalization L L L . ) L .
monitoring platforms; insufficient integration | forecasting, real-time inventory tracking)
Focus on ammunition and import —
R . Echeloned reserves, multinational contracts,
Supply System substitution; shortages caused by wartime L g
" mission-based logistics
conditions
Corporatization of the defense indusiry, Continuous transformation, adaptation to
Reforms more than 219 NATO standards partially . on, adaplatio
. hybrid threats, focus on interoperability
implemented

Source: compiled based on [5, 9, 19, 20, 25, 26].

Ukraine is adapting its MTS system to
NATO standards through cooperation and
partnership; however, it lags behind due to
wartime challenges compared to the mature
system of the Alliance. According to the
partnership objectives, Ukraine is required to
implement 219 NATO standards, of which 109
have already been processed: 82 have been
implemented  through 101 national
documents, 16 are planned for
implementation, and 11 have been deemed
inappropriate. In addition, since 2020, the
implementation of standards beyond the
partnership  objectives has continued,
resulting in a total of 231 NATO normative
documents adopted through 250 national
documents. This represents a large-scale
transformation that ensures operational and
technical interoperability between the
Ukrainian Armed Forces and those of NATO
member states [25, 26].

Moreover, the existing MTS system
insufficiently incorporates the principles of
integration  with international logistics

systems, particularly NATO standards, and
faces a number of systemic challenges,
including technical, organizational, and
financial  barriers that hinder MTS
transformation (Table 4). This complicates the
achievement of interoperability and
coordination within the framework of
international military-technical cooperation.
The insufficient level of standardization of
procedures, data exchange, and
harmonization of logistics processes limits
Ukraine’s ability to effectively integrate into
the Euro-Atlantic security space.

The most significant constraints are
limited resources and a shortage of qualified
personnel, which directly slow down the pace
of transformation. At the same time,
incompatibility of standards and
terminological barriers complicate
integration with international partners. This
necessitates a systemic approach to the
adaptation  of standards and the
development of human capital.
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Table 4. Key Challenges in the Implementation of NATO Standards in Ukraine’s MTS System

Problem Group

Nature of the Problem

Implications for MTS

Financial

Significant costs associated with re-equipment and
implementation of standards (in particular STANAG,
AQAP) under limited budget conditions

Slower modernization and
increased dependence on
external financing

Human Resources

Shortage of specialists with English language proficiency
and experience in working with NATO standards

Delays in implementation and
errors in adaptation

Technical
(Standardization)

Incompatibility between Soviet-era GOST standards and
STANAG standards; partial lack of adaptation of norms

Complications in integration
and duplication of processes

Terminological

Lack of unified bilingual terminology

Difficulties in cooperation with
partners and codification
processes

Organizational

Uneven implementation across sectors (Armed Forces of
Ukraine, other security and defense institutions, private

Imbalance in the development

defense industry) of the MTS system
Source: compiled based on [27, 28].
Thus, the current state of the MTS system decentralized operational management,

of defense industry enterprises s
characterized by the presence of complex
systemic problems encompassing
organizational, managerial, logistics, and
technological aspects. Addressing these
challenges requires a transition to a new MTS
management model based on the principles
of digitalization, integration, adaptability, and
coordination among all stakeholders within
the supply system, which is a prerequisite for
enhancing the efficiency of the defense
industry under conditions of a wartime
economy.

Further development of the MTS system
of Ukraine’s defense industry should be
directed along several interrelated strategic
directions (Fig. 1), the implementation of
which will ensure improved performance
under conditions of a wartime economy and
post-war recovery.

First, a priority direction is the formation
of a unified and integrated MTS management
system that ensures the synchronization of
material, information, and financial flows
among defense  enterprises,  military
authorities, and logistics units. Such a system
should be based on centralized strategic
planning combined with elements of

enabling a balance between coordination
and flexibility in responding to changing
demands. Its implementation requires a clear
distribution of responsibilities among
stakeholders, improvement of defense
planning procedures, integration with the
budget process, and the establishment of
coordination and resource control
mechanisms. As a result, this will reduce
duplication of functions, enhance
transparency of management, and optimize
the use of material and technical resources.
Second, a promising direction is the
deepening of digitalization of logistics
processes through the implementation of
integrated  digital MTS  management
platforms. This involves the creation of a
unified digital environment integrating real-
time information flows on the availability,
movement, and utilization of resources. The
use of modern information systems, data
analytics, and automated decision-support
tools will improve responsiveness, accuracy of
demand planning, and efficiency of resource
allocation. At the same time, the effectiveness
of digital transformation largely depends on
the level of personnel training, the
development of digital competencies,
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adaptation of organizational procedures, and
the provision of cybersecurity. In the long
term, this creates the foundation for a
transition to a proactive MTS management
model based on forecasting and preventive
response.

Third, the harmonization of the MTS
system with NATO standards becomes
strategically important, involving the
unification of planning, accounting, control,
and logistics procedures. This approach will
enhance interoperability of logistics
processes, ensure effective cooperation with
partners, and facilitate Ukraine’s integration
into the Euro-Atlantic security space.
Furthermore, the implementation of NATO
standards will improve data standardization,
enhance information exchange among
stakeholders, and ensure coordinated actions
in multinational operations. This, in turn, will
strengthen the resilience of the MTS system

https://smart-scm.org

and support its long-term recovery and
development capacity.

Accelerating the transformation of the
MTS management system in the defense
industry according to the NATO model
requires a comprehensive approach with a
focus on standardization, digitalization, and
international integration (Table 5). A key
element is the implementation of modern IT
solutions and NATO standards that ensure
transparency and interoperability of logistics
processes. The development of human capital
and the decentralization of management play
an important role in reducing bureaucratic
barriers. The involvement of international
partnerships and new financial mechanisms
contributes to strengthening the industrial
base of the defense sector. Systematic
monitoring and the incorporation of combat
experience ensure flexibility and adaptability
of reforms under wartime conditions.

Table 5. Directions for Accelerating the Transformation of Ukraine’s MTS System Based on

the NATO Model
Direction Key Measures Expected Results
C Implementation of LogFAS and RFID; integration Real-hme resource monitoring,
Digitalization increased transparency and

with “Delta” and “Kropyva” software systems

management speed

Standardization Adaptation of STANAG standards

STANAG 4107) to national conditions

Improved quality and
interoperability of MTS in line with
NATO requirements

(including AQAP,

Human Resources and

Management logistics hubs

Personnel training, development of English-
language terminology skills, establishment of

Reduced bureaucracy; increased
management efficiency

Financing and

Corporatization of the defense industry, cooperation | Attraction of investments;

Monitoring and Control | . . .
integration of combat experience

. with NSPA (NATO Support and Procurement development of production
Partnerships . Pe L ; .
Agency), import substitution, use of 3D printing capacity and strategic autonomy
Annual audits of standard implementation; Timely adjustment of reforms and

increased effectiveness

Source: compiled based on [20, 25, 29].

In the long term, the implementation of
the outlined directions will create the
conditions for a transition from a fragmented
supply model to a comprehensive, adaptive,
and technology-driven MTS system. This will
ensure more efficient use of resources,

reduction of logistics gaps, and strengthening
of the capabilities of Ukraine’s defense
industry both during wartime and in the
period of post-war recovery.

In addition to the identified directions,
the development of adaptive MTS
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management mechanisms is essential,
involving the implementation of flexible
logistics models capable of rapidly
responding to changing  operating
conditions. This includes the use of scenario
planning, risk management, diversification of
supply channels, and the development of
reverse logistics to enable resource reuse and
cost reduction. Such an approach enhances
the resilience of the MTS system under crisis
conditions and ensures continuity of supply.

Thus, the implementation of the
proposed transformation directions will
contribute to the formation of a modern,
integrated, and digitalized MTS management
system for defense industry enterprises,
capable of operating effectively under a
wartime economy, meeting the needs of the
Armed Forces of Ukraine, and complying with
international security standards.

The proposed framework provides a
scalable foundation for the long-term
transformation of Ukraine’s defense logistics
system.

Conclusions. The conducted study has
established that the current MTS
management system of Ukraine’s defense
industry enterprises is characterized by
systemic problems, including insufficient
coordination, fragmented management,
limited adaptability, and a low level of
digitalization.

The necessity of transitioning to an
integrated MTS management model based
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interoperability with NATO standards has
been substantiated.  The proposed
conceptual transformation model enables the
synchronization of material, information, and
financial flows, improves resource utilization
efficiency, and reduces logistics gaps.

It has been demonstrated that the key
directions for improving MTS efficiency
include:

— implementation of a unified digital
resource management platform;

— development of decentralized
logistics;

— harmonization with NATO standards;

— enhancement of human capital and
digital competencies;

— expansion of
cooperation and partnerships.

The practical significance of the results
lies in their applicability for the development
of strategic frameworks for defense industry
enterprises, the improvement of logistics
support systems, and the implementation of
reforms in the security and defense sector.

Prospects for further research should
focus on the development of applied
mechanisms for implementing the proposed
model, the assessment of its economic
efficiency, and the modeling of digital
logistics systems under conditions of a
wartime economy.

The study contributes to the
development of a resilient, interoperable, and
digitally enabled MTS framework for defense

international

on the principles of digitalization, industry transformation.
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LOGISTICS APPROACH TO THE FORMATION AND MANAGEMENT
OF CUSTOMER SERVICE VALUE CHAINS IN THE BUSINESS TOURISM
INDUSTRY

Olga Karpun, Valeria Yakovenko. «Logistics approach to the formation and management of
customer service value chains in the business tourism industry». The article explores the theoretical and
applied aspects of applying a logistics approach to managing service flows in the field of business tourism. The
relevance of the topic is driven by the rapid digitalization of the global economy and intensifying competition in
the business tourism service market, which requires operators to shift from fragmented management of
individual operations to the integrated formation of cohesive value chains.

The objective of the study is to provide a theoretical substantiation and to develop the conceptual
foundations of logisticc management of customer service value chains in the business tourism industry,
enabling an increase in the quality, flexibility, and competitiveness of business tourism services through the
integration of cutting-edge technologies and a customer-centric approach.

In the course of the study, the concept of «customer value» was reimagined. In the context of business
travel, it is interpreted as a multidimensional compromise between obtained benefits (functional, emotional,
social) and expended resources (time, finances, and psychological effort). The authors prove that a logistics
approach in the service sector acts as a strategic integrator, ensuring the «<seamlessness» and reliability of multi-
component service delivery.

The primary result of the study is the development of a two-level conceptual model for value chain
formation. The first level of the model focuses on creating the «core service» (booking, transportation logistics,
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accommodation), while the second level is aimed at forming "individual value" through personalization and
adapting the service to the specific requests of a particular business traveler. Special attention is given to the
concept of virtual integration, which allows the focal company to effectively coordinate the activities of a wide
network of partners (hotels, airlines, technical providers) as a single ecosystem.

The role of digital technologies (Big Data, Al, IoT) as key factors for predictive risk management and
improving the accuracy of management decisions in service supply chains is substantiated.

The conclusions of the article confirm that the implementation of the proposed logistics approach allows
companies not only to optimize internal business processes and reduce costs but also to transform the supply
chain into a strategic asset for building long-term customer loyalty and achieving sustainable success in the
international market.

Keywords: logistics approach, value chain, customer value, business tourism, virtual integration,
digitalization, customer-centricity

Onvea KapnyHe, Banepis flkoeeHko. Jlozicmu4Huli nioxio 0o ¢popmyeaHHa ma ynpaesiHHA
JIGHYl02aMU CMEOpPeHHA YiHHOCcmi nocnyez 0nA Kinienmie e 2anysi 6GisHec-mypusmy. Y cmammi
00C/1i0XeHO meopemuyHi ma NPUKIAOHi acnekmu 3dCmMOoCy8AaHHA J102iCMUYHO20 nioxody 00 ynpassiHHA
cepsicHUMU nomokamu y cgepi 0inogozo mypusmy. AKMyassbHiCme memu 3yMO8JeHa CMPIMKOIO
yugposisauiero caimosoi eKOHOMIKU Ma NOCUNeHHAM KOHKYpeHUil Ha pUHKY 6i3Hec-mypu3my, Wo 8UMdz2ac 8io
onepamopie nepexody 8i0 (hpazMeHmMAapHoO20 ynpasniHHA OKpeMumu onepauyiamu 00 iHmMezpo8aHozo
hopMyBaHHs yinicHUX N1aHYrozie YiHHOCMi.

Memoto pobomu € meopemuyHe O6rpyHMy8aHHA ma po3pobkKa KoHUyenmyasabHUx 3acad
J102icMUYHO020 ynpasniHHA NaHUy02aMu CMBOPeHHA YiHHOCMI Noc/ly2 015 KIiEHMI8 8 2any3i 6i3Hec-mypusmy,
wo 00380/1910Mb NidBUWUMU AKICMb, 2HYYKICMb MA KOHKYPeHMOCNPOMOXHICMb nocslye bi3Hec-mypu3my
uepes iHmezpayito HOBIMHix mexHon02ili Ma K/liEHMOoOPiEHMOBAHO20 NIOXODY.

Y x00i docnioxeHHs 6y/10 nepeocmMucsieHo NOHAMMA «YiHHICMb 0714 KJTIEHMa», AKke 8 KOHMeKcmi bi3Hec-
nodopoxeli ~mpakmyemeca AK  6a2amosuMipHUll  KOMNPOMIC ~ MiX  OMPUMAHUMU  8uU200amu
(pyHKUiOHANBbHUMU, eMOYilHUMU, COYialbHUMU) ma eumpdyeHUMU pecypcamu (4acom, ¢iHaHcamu,
NCUXo/102iYHUMU 3ycuniamu). Aemopamu 0o8edeHo, Wo aozicmuyHull nioxio y cepsicHili cghepi sucmynae
cmpameziyHUM  iHme2pamopom, Akul  3abe3nedyye  «b6e3wWOBHICMb» ma  HAOdIlIHIcMb  HAOAHHA
6a2amoKOMNOHEHMHUX NOCITYe.

OcHOBHUM  pe3ynbmamom 00cC/iOXeHHA € po3pobka 0sopisHesoi KoHuenmyaneHoi mooersi
hopmy8aHHA NaHytoea yiHHocmi. lMepwuli piseHb Mooesi hoKyCyemMbCa Ha CMBOPEHHI «OCHOBHOI NOCJTy2uU»
(6pOHI08aHHSA, 102ICMUKA Nepesde3eHb, po3MiuieHHs), mooi Ak Opyaull piseHb cnpAMOBAHUU HA POPMYBAHHA
«iHOUBIOyanbHOI UiHHOCMI» Yepe3 nepcoHanizayito ma adanmadyito cepagicy nio cneyucpiyHi 3anumu
KOHKpemHo20 0i108020 MaHopisHuka. Ocobnusy yeazy npudineHo KoHuenuii 8ipmyansHoi iHmezpauii, aka
00380/17€ hOKYCHIll KOMNAHIT eghekmusHO KOOPOUHYB8aMU Oif/IbHICMb WUPOKOI Mepexi napmHepia (2omernis,
asianepesizHuKis, mexHiyHUX nposalioepis) Ak €OUHOI eKocucmemu.

O6rpyHmosaHo posb Yugposux mexHonoeit (Big Data, Al, 10T) AK KIoH08UX YUHHUKI8 NPeOUKMUBHO20
yNnpasniHHA pusuKamu ma niodguweHHa MoYHOCMI ynpassiHCbKUX pilleHb y IaHY2ax NOCMAadvaHHa nocsye.

BucHosku cmammi niomaepOxyome, WO 8NpoBAOXKEHHA 3aNPONOHOBAHOZ0 J102ICMUYHO20 NiOX00y
00380J/1A€ KOMNAHIAM He auwWe onmumizysamu sHympiwHi 6i3Hec-npoyecu ma 3Husumu sumpamu, a u
MpaHchopmy8amu aHyr2 NOCMAvydHHA HA cmpamezidHull akmue 018 hopMyeaHHA 00820CMPOKOBOI
KJIEHMCbKOI T0AIBHOCMI Ma CmMasnozo ycnixy Ha MiXkHaGpOOHOMY PUHKY.

Knroyoei cnoea: noricTuuHmMin nigxig, naHuor CTBOPEHHA LiHHOCTI, UiHHICTb Ana KhieHTa, 6i3Hec-
Typu3Mm, BipTyanbHa iHTerpadis, umdpoBisalid, KNiEHTOOPIEHTOBAHICTb
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Introduction. The rapid development of
the global economy, technological progress,
and intensifying competition in international
markets place new demands on the quality,
speed, and efficiency of service delivery,
particularly in a field as dynamic as business
tourism. This industry, which encompasses
the organization of business trips,
conferences, and corporate events, is critical
for international trade and economic growth.
Business tourism is characterized by a high
sensitivity to service quality, strict timeframes,
and the necessity of integrating a large
number of disparate services - ranging from
flights and accommodation to technical
support for events.

In its essence, business tourism can be
viewed as a supply chain that operates
primarily with intangible flows of services and
information. Successfully serving business
clients requires the seamless integration and
synchronization of activities from a multitude
of independent suppliers: airlines, hotels,
transport carriers, catering services, technical
providers, and event agencies. Any disruption
or failure to meet quality standards at any
stage - from a transfer delay to technical
issues with presentation equipment -
irreversibly breaks the integral value chain
and leads to a loss of customer trust.
Traditional fragmented management models,
which consider each service element in
isolation, are no longer capable of ensuring
the required quality and efficiency. This
necessitates the implementation of a
systemic, integrated approach, which is
represented by logistics management.

Problem statement (formulation of
research purposes). Based on a detailed
scientific study, it has been determined that
the term «value», particularly in the context of
Customer Perceived Value and the Value
Chain, is a multifaceted concept that has
evolved from a purely economic definition to
a psychological and ecosystemic one.

The economic or utilitarian approach
views value as a rational compromise («Value
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for Money» - the optimal price-to-quality
ratio). According to this approach, obtaining a
certain value always requires a sacrifice or
payment. This can be considered a classical
approach, as it was maintained by the
founders of customer service theory
(Zeithaml V.A. [1], Monroe K.B. [2], Patterson
P.G., Spreng R.A. [3]).

The second approach to defining «value»
is based on psychological and behavioral
aspects, emphasizing the subjectivity of the
concept and its dependence on the client's
goals and emotions. Scholars such as Sheth
J.N., Newman B.l. & Gross B.L. [4], Butz H.E.,
Goodstein L.D. [5], and Woodruff R.B. [6], who
support this approach, emphasize the
emotional component of value and its
importance for building long-term customer
relationships.

Modern researchers, including Kalda K.O.
[7], Blut et al. [8], Dirsehan T., Kadioglu C. [9],
and Mohamed B., Mohd Damanhuri A. [10],
continue to utilize the first approach while
expanding it to include emotional and social
factors. Comparing modern approaches to
defining «value», the following aspects can be
highlighted:

— multidimensionality: the realization
that value in the service sector must be
defined not only through functionality
(punctuality, reliability) but also through
emotional (comfort, a sense of care, stress
minimization) and social (event status,
branding) parameters;

— theimpact of logistics on value chain
formation: efficient chain logistics (transfers,
registration, synchronization) minimizes the
client's time and effort, thereby increasing
perceived value;

— loyalty as the fundamental basis of
the value chain: perceived value —
satisfaction — trust — loyalty.

As shown by the study, the term «value
chain» was first used by McKinsey employees
in the article "Competitive Cost Analysis,"
published in 1980 [11]. The authors of this
article constructed a value chain aimed at
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creating a competitive advantage for
McKinsey in the field of management
consulting.

Slightly later, in 1985, M. Porter, in his
monograph «Competitive Advantage» [12],
proposed a more complex process of value
chain formation. Porter's model was based on
the assumption that any product or service is
purchased on the market only because it
possesses a certain value for which the buyer
is willing to pay the specified price. While
Porter’s concept represented a breakthrough
in economic science, it has certain limitations
that his successors have sought to overcome.
One major drawback is that Porter viewed the
value chain solely within the boundaries of a
specific firm, failing to account for external
environmental links and the influence of
other actors on the value formation of a
product or service.

Other researchers have also attempted to
develop their own approaches to value chain
formation. For instance, in works [7, 11, 13,
14], the value chain is defined as an
interconnected set of business processes
directly involved in creating the final product.
In our opinion, using a process-oriented
approach to managing value formation
chains allows for the classification of business
processes by specific functional and target
characteristics, facilitating the identification
and elimination of non-value-adding
processes.

The modern approach, based on logistics
management of service value chains, involves
going beyond the activities of the focal
company alone. M. Christopher [15] can be
considered the founder of the logistics
approach to value chain management,
although certain aspects can be traced back
to M. Porter's work. Christopher's logistics
approach assumes the seamless coordination
of all stages of the chain, ensuring service
reliability and continuity. This approach,
based on the integration and optimization of
supply chains, is explored and developed in
the research of M. Neves, L. Castro, and M.
Consoli[16], as well as Hryhorak M.Yu., Karpun
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O.V., Marchuk V.Ye., and Harmash O.M. [17].
According to Vargo S.L. and Lusch R.F. [18],
this approach is particularly relevant for the
business tourism industry, where the client is
an active participant in the logistics chain
(e.g., self-registration, booking transfers, etc.).

Thus, the logistics approach to the
formation and management of service value
chains can be considered the most relevant in
today's environment. However, modern
realities dictate the need for further revision
and reimagining of approaches to building
and managing customer service value chains,
particularly within the business tourism
industry. This pertains to value chain
optimization, the active implementation of
innovations, digitalization, and sustainable
development.

Consequently, the objective of this study
is to provide a theoretical substantiation and
to develop the conceptual foundations of
logistics management of customer service
value chains in the business tourism industry,
enabling an increase in the quality, flexibility,
and competitiveness of business tourism
services through the integration of cutting-
edge technologies and a customer-centric
approach.

The main material and results of the
research. The global experience in forming
service value chains demonstrates the
importance of innovation, digitalization,
personalization, and sustainable
development. Effective service value creation
models must be grounded in a deep
understanding of the customer, process
optimization through technology, and the
building of strong partnerships. Currently, the
key elements in forming service value chains
are a focus on the end result for the customer
(consumer) and the ability of companies to
adapt quickly to market changes (Fig. 1).

Based on the study, it can be argued that
the development of information
technologies, the emergence of new products
and services, intensifying competition in
domestic and global markets, and the
continuous rise in customer expectations
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necessitate the search for new approaches to
managing service value chains.

Innovation and digitalization are
currently the driving forces behind the
development of the business tourism
industry. Digitalization can be applied across
the entire value chain, from product
development to customer service. The
implementation of digital technologies
optimizes the production processes of
tourism services, enhances their quality, and
improves the relationship between the
company and its customers.

Further research has revealed that new
information technologies based on Big Data,
Artificial Intelligence (Al), and the Internet of
Things (IoT), as well as robotics and 3D
printing, open vast opportunities for
companies,  contribute to increased
productivity and competitiveness, and create
new value for customers. The integration of Al
into business process management and
customer service, including new generations
of intelligent robots, creates the foundation
for the development of «<smart» companies.

The next key aspect is personalization
and customer-centricity. Personalization
Digitalization enables the collection and
analysis of diverse data not only faster but
also  more accurately. Consequently,
companies can make more objective
decisions, which, in turn, helps to use
available resources more efficiently for order
planning, quality assurance of goods and
services, customer service, and better overall
management.

can be viewed as providing a unique
experience to the customer based on their
preferences and past interactions, while
customer-centricity is a broader business
philosophy that places the customer's
interests at the core of all processes.
Personalization serves as a tool for achieving
customer-centricity, helping the company
better satisfy individual customer needs and
build long-term relationships. This approach
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requires companies to constantly analyze
customer interactions and adapt their
products, services, and communications so
that every contact leaves a positive
impression. Such a strategy enables the
building of long-term rather than one-off
relationships, leading to increased loyalty and
sustainable business success.

A logistics approach to managing service
value chains implies that every company
within the chain is a partner to the others. In
this context, each partner in the logistics
chain must be directly responsible for the
process that adds value to the product. The
movement of material, service, and other
flows in the logistics chain is driven by
consumer behavior at the end of the chain.
The degree of end-consumer satisfaction with
products or services depends on the
effectiveness of managing material, service,
and other flows throughout the entire
logistics chain [based on 7, 171].

Summarizing the above, the logistics
approach to the formation and management
of customer service value chains in the
business tourism industry shall be defined as
a strategic concept of integrated
management. It involves the systematic
planning, coordination, and control of all
material, information, financial, and service
flows originating from primary suppliers to
the end consumer (the business traveler or
event organizer). This definition synthesizes
the ideas of systemic flow management, value
creation (as a balance of benefit/sacrifice),
and orientation toward the customer's end
result. The primary goal of such an approach
is to maximize the customer perceived value
(as a compromise between obtained benefits
and sacrifices: time, effort, cost) by ensuring
absolute reliability, «seamlessness», and
flexibility in the delivery of a multi-
component tourism service.
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Key aspects of global experience in forming service value chains
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Data analytics [~ understand customer needs and predict
future trends
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Figure 1 — A generalized analysis of key aspects of global experience in forming service

value chains
Source: compiled by the authors based on [19, 20, 21, 22]
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Prior to the stage of establishing logistics
chains, it was believed that each link in the
supply chain should function independently.
Decisions at each stage were made based on
the requirements and goals of that specific
activity. Constraints imposed by adjacent
stages were sometimes only superficially
considered. As a result, each department and
company attempted to optimize its own
operations in isolation, which typically led to
overall inconsistencies and disruptions within
the chain.

Research has shown that in recent years,
many companies in Ukraine and worldwide
have shifted toward a more integrated
approach, leading to the global integration of
the supply chain. The challenge of integrating
the supply chain and the value chain lies in
the complexity of adopting a strategy that
helps companies improve efficiency across
multiple  metrics simultaneously:  cost
reduction, enhanced customer service,
optimized resource utilization, increased
competitiveness, and effective response to
market changes.

However, the integration of supply and
value chains, as well as the alignment of
decisions to achieve global goals, depends
primarily on the quality of information and
knowledge  flows between  stages.
Information flow has become an extremely
critical success factor in supply and value
chain management. It allows for improved
oversight, reduces unpredictability, aids in
better forecasting, and ensures superior
fulfillment of customer requests.

Summarizing theoretical approaches and
global experience in service creation for
business tourism clients, it can be argued that
a logistics approach to service formation
consists of implementing the supply chain
management concept. This aims at effectively
servicing demand and creating additional
value for customers while realizing a
customer-centric approach in managing
tourism companies [based on 23].
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The logistics approach to the formation
and management of customer service value
chains in the business tourism industry
focuses on:

— the formation of an integrated
network of service providers (hotels, airlines,
MICE agencies) as a single, coordinated
system rather than a set of disparate
transactions;

— the minimization of non-monetary
costs for the client (e.g., waiting time, stress
from inconsistencies) through the real-time
optimization and synchronization of logistics
operations;

— the use of information technology for
predictive risk management and service
personalization, which directly increases the
final value of the service.

Thus, the logistics approach transforms
the service supply chain from a sequence of
operations into a strategic mechanism for
building customer loyalty and competitive
advantage for the business tourism operator.

Logistics management of customer value
creation in business tourism can be
implemented at various stages of business
travel organization, thereby contributing to
the overall optimization of the customer
service chain. At each stage, it is possible to
create value for customers that willimpact the
overall value chain.

Research has also revealed that changes
or improvements in production processes
(services) may sometimes not change their
value; however, such changes should be
aimed at cost reduction and the emergence of
added value. It is essential to remember that
during service production, certain business
processes may arise that not only fail to add
value to the final service but may actually
decrease it. Such processes must be identified
and subsequently avoided or eliminated.

Value for the client is perceived only
when the benefits derived from the service
outweigh the total resources expended. The
primary task of companies in this regard is to
increase customer value by improving the
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quality of those components perceived as
benefits. The higher the value of the service to
the customer, the higher the price they are
willing to pay. Therefore, increasing service
value is a key task in the strategic planning of
business tourism companies. Companies will
remain profitable in the long term only if the
value they create exceeds the cost of the
resources used.

Value is the factor that drives the actions
of clients and consumers. Clients do not buy
goods and services for their price, but for their
value. Furthermore, the discrepancy between
objective benefits and those perceived by the
client can be quite large. Each individual
product or service may also have unique
individual value. That is, what is valuable to
one client may prove entirely unnecessary to
another. Thus, identifying and satisfying
individual value is the foundation for forming
a service value chain in business tourism.

According to our proposed conceptual
model (Fig. 2), the customer service value
chain in business tourism represents a
complex of actions and processes by the tour
operator and its business partners to form and
provide precisely the service that will hold the
highest value for a specific client to maximize
the satisfaction of their needs.

The process begins with the company
receiving an inquiry from a potential client.
This could be a new client or a returning one.
At this stage, it is crucial to identify the client,
analyze their previous experience (if
available), and determine their individual
preferences (customer expectations of the
service). This is followed by an evaluation and
analysis of the order, after which the direct
process of creating the service for the client
begins.

According to the proposed conceptual
model, the service creation process should
consist of two stages. In the first stage, the
core service is created, which includes
booking tickets, hotels, and conference halls,
organizing transfers, airport services, and so
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on. In the second stage, the process of
creating service value for a specific client
takes place, which serves as the basis for
developing individual value for business
travel services, taking into account the
requirements and preferences of each
particular customer.

Any company operating in the business
tourism industry must strive to ensure that a
satisfied customer becomes a repeat client as
quickly as possible. To address this task, it is
necessary to develop a specialized customer
database to track and manage the history of
interactions with each individual client. In this
way, a repeat customer can be transformed
into a loyal one. Attentive staff attitudes
toward the needs and values of the client,
"anticipating" their wishes, and providing
personalized service make ordinary services
more unique and increase their overall value.

Consequently, to secure loyal customers,
a business tourism service provider must
satisfy their needs and demands regarding
service quality and variety to the greatest
extent possible. These demands can be
identified by constructing individual value
chains for each specific client. Furthermore,
optimizing operations within these chains is
only possible through the application of
logistics management.

As noted above, logistics management of
service value chains involves extending
beyond the activities of the focal company
alone. This is because the formation and
delivery of services are carried out by both the
tourism company and its business partners.
To remain competitive in the business
tourism market, companies must strive for
greater cooperation and interaction with one
another.

Such a partnership within the value chain
can be considered virtual integration, which is
defined as a process of selecting,
collaborating, and integrating key intellectual
capital throughout the entire service creation
chain.
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Creating individual value for business travel services, taking into account the requirements and
wishes of each specific client

L I
I
| Audit of client business Qpallty control of Bleisure — 3 Providing _ 24/7 customer
I travel, service execution and combination of customers with support with 2
| recommendations for | | compliance with SLA business fravel and everything they dedicated travel
| | optimizing business according to the emblovee leisure need while coordinator
| travel expenses contract pioy su traveling
I
The process of creating value for a business
travel service for a specific client
T I
I
| o -
: . Organization of Hotel - Providing Rental of
: i (E:;I?e(;:”l?a?rf :Ir:d charter business reservations in %ﬁ?::é?g?sn passport, visa conference
| " flights, VIP service at| | Ukraine and and migration rooms,
bus tickets . and car rental . .
I airports abroad services equipment, etc.
I
I

The process of creating a business travel
service

Review and analysis of a potential client's
request for a business travel service

Preliminary request from a potential client for a
business travel service

Figure 2 - Conceptual model of formation the customer services value chain in the
business tourism industry
Source: developed by the authors

Virtual integration is formed to achieve
resource synergy and create value for the end
consumer; it also helps define the framework
for partnership and aligns the company's own
business operations with the activities of
other partners [based on 22].

The proposed conceptual model of
logistics management for customer service
value chains in the business tourism industry

is presented in Fig. 3. The elements of this
model include the focal company, suppliers of
goods and  services, intermediaries,
competitors, other networks, the customers
themselves, and even uncontrollable
variables. All of these factors influence the
creation of value and the cost of services for
the end consumer.
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Figure 3 — Conceptual model of logistics management of customer service value chains in the
business tourism industry
Source: built by the authors based on [13, 16]
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Applying this approach - for example,
when analyzing the focal company's suppliers
- enables the identification of a group of
critical suppliers, intermediaries, and business
partners. Naturally, the more partners there
are in the network, the more detailed the
analysis required to optimize the process.

Analyzing processes and trends in the
business tourism industry, as well as in related
sectors where key business partners operate,
can reveal strategic directions for the
development of value chains and individual
value for each specific client.

Thus, the logistics approach transforms
the service supply chain from a sequence of
operations into a strategic mechanism for
building customer loyalty and competitive
advantage for companies in the business
tourism industry.

Conclusions. The study has theoretically
substantiated and developed the conceptual
foundations of a logistics approach to the
formation and management of service value
chains in the business tourism industry. The
results of the research allow for the following
summarizing conclusions:

Reimagining the Category of "Value." It
has been proven that in today’s experience
economy, the value of a service in business
tourism has evolved from a purely pragmatic
"price-quality" ratio to a complex,
multidimensional construct. It encompasses
not only functional parameters (reliability,
speed) but also emotional and social aspects,
such as the minimization of traveler stress, the
prestige of the event, and a sense of
personalized care.

The Logistics Approach as an Integrator.
It has been determined that logistics
management in this field extends beyond
traditional transportation and booking. It
emerges as a strategic concept of integrated
management that ensures the "seamlessness"
of the service flow. This is achieved through
the synchronization of activities of all chain
participants — from the focal company to
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highly specialized service providers —
transforming fragmented transactions into a
single, value-oriented process.

The Role of Digitalization and Innovation.
It has been established that the
implementation of technologies such as Big
Data, Artificial Intelligence (Al), and the
Internet of Things (loT) serves as the
foundation for creating "smart" tourism
companies. Digitalization enables not only
cost optimization but also predictive risk
management and deep service
personalization, which directly enhances
customer perceived value.

Conceptual Model and Virtual
Integration. The proposed conceptual model
of formation the customer services value
chain allows us to better identify customer
requests by building individual value chains
for each specific customer. In turn, the
developed model of logistics management of
customer service value chains in the business
tourism industry demonstrates the benefits of
virtual integration. This approach allows for
the pooling of intellectual capital from various
partners to achieve a synergistic effect, where
each participant in the chain is responsible for
their specific stage of value-added creation.

Strategic Significance. The practical
importance of the logistics approach lies in its
ability to transform the supply chain from a
purely operational tool into a powerful
mechanism for building customer loyalty. In
the long term, competitive advantage will be
gained by those business tourism operators
capable of minimizing a client's non-
monetary costs (time, effort) and maximizing
their individual benefits.

In summary, the developed approach
creates a scientific basis for the
transformation of business processes in the
field of business tourism, directing them
toward achieving high efficiency and
sustainable business success in the face of
global challenges.
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ADAPTIVE PLANNING OF SUPPLY CHAINS IN WARTIME

Larysa Shchekhovska «Adaptive planning of supply chains in wartime». The paper addresses the
problem of supply chain planning under conditions of armed conflict — a context that exposes the fundamental
limitations of classical deterministic planning methods. Systematic analysis of recent academic literature,
comparative assessment of wartime and pandemic disruption patterns, and structured case analysis of
Ukrainian enterprises' adaptation experience constitute the research methodology. The study establishes a
conceptual distinction between supply chain resilience, agility, and adaptability, and demonstrates that
wartime disruptions — characterised by brittleness, anxiety, nonlinearity, and incomprehensibility — require
qualitatively different planning responses compared to pandemic shocks. A typology of four adaptive planning
strategies is proposed, organised along the dimensions of planning horizon (short versus long) and
organisational flexibility (low versus high): reactive adaptation, scenario planning, tactical stabilisation, and
strategic reconfiguration. Analysis of the Ukrainian logistics sector reveals that the share of road transport in
total import value rose from 35% to 64% following the invasion of February 2022, while infrastructure damage
exceeded USD 252 billion. The study documents five key adaptation practices adopted by Ukrainian enterprises:
supplier diversification, multimodal transport switching, warehouse decentralisation, accelerated
digitalisation, and collaborative supply chain planning. The transformation of specific planning methods is
traced - from fixed annual budgets to rolling budgets, from just-in-time to strategic buffer strategies, from
single-sourcing to multi-sourcing procurement. The practical contribution of this research lies in the formulation
of a matrix for selecting an adaptive planning strategy depending on the characteristics of the operating
environment, which can serve as a planning tool for enterprises operating in high-uncertainty conditions.
Prospects for further research are associated with the quantitative evaluation of the effectiveness of the
identified adaptation strategies and the development of a post-war supply chain recovery methodology

Keywords: supply chain planning, wartime logistics, adaptive planning, supply chain resilience,
disruption management

LWexoecbka Jlapuca. «<KAOanmueHe n/IaHYy8AHHA JIAHY02i8 NOCMAYAHHA 8 YMOBAX B0EHHO20
cmaHy». Cmamms npucesayeHa npobnemi niaHye8aHHA JIAHY02i8 NOCMAYAHHA 8 yMoedx 36poliHoz0
KOHiKmy — KOHmMeKkcmy, AKUU 8UABIAE (yHOAMEHMAsbHi 0OOMeXeHHA KIACUYHUX 0emepMiHiCmCcbKux
Memodie naaHysaHHA. Memooonozilo 00CNiOXKeHHA CMAHOB8NAMb: CUCMeMamuyHUl aHani3 Ccy4acHoi
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HAyKoeoi limepamypu, NopigHAIbHA OUiHKA Xapakmepy nopyuieHs y 80eHHUU Y4ac ma 8 nepiod naHoemii, a
MAkoXx CMpykmyposaHul aHani3 Kelicie 00csidy adanmauii yKpaiHCoKux nionpuemcmsa. Y 00CniOxeHHi
B8CMAHOBJIEHO KOHUeNnmyasibHe po3MeXxy8aHHA Mix cmilKicmio, eHyYykicmio ma adanmusHicmio 1aHylozie
nocmayaHHA, a Mmakox 008e0eHO, WO NOPYWEHHA BOEHHO20 HACy, AKUM NPUMAMAHHI Kpuxkicme,
MPUBOXHICMb, HeAiHiliHicmb ma HenepedbadysaHicms, nompebytome AKICHO iHWUX Nidx00i8 00 NIaHY8AHHA
NOpiBHAHO 3 WOKAMU NnAHOemii. 3anponoHOBAHO MUNOJORIID HOMUPLOX cMpamezili adanmueHo20
NIaHyBAHHA, CMPYKMYpPOBAHUX 3d 080MA 8UMIPAMU: 20pU3OHMOM NJIGHY8AHHA (KOPOMKOCMpPOKosul ma
0oseocmpokosull) i op2aHizayiliHoo 2Hy4YKicmio (HU3bKA Ma BUCOKA): peakmueHa aoanmauis, cueHapHe
NJIGHYBAHHA, MAKMu4yHa cmabinizauia ma cmpameziyHa peKkoHgi2ypauida. AHANI3  YKPATHCbKO20
J102icmu4H020 cekmopy cg8id4umes, WO Yacmka asmomobisibHo20 mpaHcnopmy 8 3dzadslbHili éapmocmi
imnopmy 3pocna 3 35% 00 64% nicna emopzHeHHs y momomy 2022 poky, modi Ak 36uUmku iHppacmpykmypi
nepesuwusiu 252 mnapo odosnapie CLUA. Y OocnidxeHHi 3a00KyMeHMOBAHO N'AMb K/IYOBUX NPAKMUK
adanmavyii, 8npogadxxeHux yKkpaiHceKumu nionpuemcmeamu: ougepcugpikayia nocmayansbHuKis, nepexio Ha
MyJIbMUMOOAsIbHI nepesde3eHHs, 0eueHmpanizayia cknaocbko2o 20cnodapcmaa, npuckopeHa yugposisayis
ma KonabopamusHe NJGHYBAHHA JIGHYI02i8 NOCMa4vdHHA. [lpocmexeHo mpaHchopmayilto KOHKpemHux
Memo0ig N1IaHy8aHHA — 8i0 ikco8aHuXx pidHUX 6100Xemis 00 KOB3HUX, 8i0 NPUHYUNY «MOYHO 84ACHO» 0O
cmpamezii cmpameziyHux 6yepHux 3anacis, 8i0 eOUHO20 Oxepesia NOCMAYAHHA 00 MYyJIbMUCOPCUH208UX
3akynisens. [lpakmuyHuli 8HecoK OOC/iOXeHHA nosf2ae y opmysaHHi mampuyi subopy cmpamezii
adanmueHO20 NJIaHYB8AaHHSA 3AJ1eXXHO 8i0 XapakmepucmukK onepayitiHo2o cepedosuwa, AKa MoXe cy2ysamu
iHCmpymeHmMoMm naHy8aHHA OnA niONpUEMCMS, WO NPAylolome 8 YyMO8AX BUCOKOI Hegu3Ha4eHoCmi.
lMepcnekmugu nooasnbwux O0O0C/iOXeHb NO08’S3dHI 3 KillbKICHOIO OUIHKOK egekmusHOCMi 8UABIEHUX
cmpameeiti adanmauii ma po3pobkoto Memo0dos1o2ii 8iOHOB/IEHHA JIAHYK02I8 NOCMAYAHHA Y NOBOEHHUL
nepioo.

Knio4oei cnoea: nnaHyBaHHA naHUIOTiB NOCTaYaHHA, BOEHHA NIOTICTUKA, afanTUBHE MiaHYBaHHS,
CTIMKICTb NaHLora NoCTavyaHHaA, ynpasfiHHA NOPYLIEHHAMYN

Introduction. The full-scale military Ukrainian logistics managers conducted 56

invasion of Ukraine that began on 24 February
2022 has exposed the fundamental fragility of
supply chains operating under conditions of
armed conflict. Unlike the COVID-19
pandemic, which allowed enterprises weeks
or months to reorganise their logistics
networks, the onset of active hostilities
demanded responses within days - a
distinction that renders most canonical
planning frameworks operationally
inadequate. The systematic destruction of
infrastructure, the blockade of Black Sea ports,
the forced relocation of enterprises, and the
mass displacement of labour created a
planning environment characterised by what
Krykavskyy et al. describe as brittleness,
anxiety, nonlinearity, and incomprehensibility
[1]. These four characteristics, empirically
identified through focus groups with

days after the invasion began, collectively
define a disruption regime qualitatively
different from those previously studied in the
supply chain management literature.

The academic study of supply chain
disruptions has been substantially shaped by
pandemic-era research. Ivanov and Dolgui
introduced the concept of supply chain
viability - the ability of a supply chain to
survive in a changing environment through
structural redesign and economic replanning
- as a framework for understanding long-
duration, systemic shocks [2]. This concept
transcends conventional resilience thinking,
which typically assumes a recognisable pre-
disruption state to recover towards, and is
therefore better suited to the wartime
context, where the very reference point of
normalcy is continuously shifting. The theory
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of dynamic capabilities, as applied to supply
chain management, further suggests that
firms must develop the capacity not merely to
absorb shocks but to fundamentally
transform their operational models in
response to sustained environmental
turbulence [3].

The geopolitical dimension of supply
chain disruption has received growing
scholarly attention since 2022. Srai et al.
identified three strategic pathways through
which firms disengage, or «unhook», their
supply chains from conflict zones: outbound
decoupling, inbound reconfiguration, and
within-zone suspension [4]. Their analysis of
six multinational supply chain executives
revealed that weak linkages in supply chains
are increasingly being weaponised as sites of
economic vulnerability - a finding with direct
relevance  for Ukrainian enterprises
embedded in international value chains.
Krykavskyy, Shandrivska, and Pawtyszyn
extended this line of inquiry by examining
how macroeconomic and geopolitical
instability affects logistics chain security in
Ukraine specifically, demonstrating that the
cumulative effect of COVID-19 disruptions
followed by military aggression generated
compound risks that no single-hazard
planning approach could adequately address
[5].

The transformation  of logistics
infrastructure in Ukraine has been extensively
documented at the macroeconomiclevel. The
share of road transport in the total value of
Ukrainian imports rose from 35% in 2021 to
64% in 2022, reflecting the collapse of sea and
rail routing options [6]. Infrastructure damage
attributable to the war exceeded USD 252
billion by mid-2023, while more than 150,000
new enterprises were established during the
same period as the economy reorganised
around new logistical realities [1]. These
figures illustrate a paradox central to the
wartime planning problem: enterprises must
simultaneously respond to catastrophic
disruption and maintain sufficient forward-
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planning capability to participate in economic
recovery.

Despite a growing body of empirical
documentation of wartime supply chain
impacts, the literature remains
underdeveloped with respect to the planning
dimension - specifically, how enterprises
should modify their planning processes,
horizons, methods, and instruments when
operating under conditions of armed conflict.
Research on supply chain disruption
management has tended to focus on post-
disruption recovery [7] or on single-event
shocks [8], whereas the Ukrainian experience
presents a sustained, multi-dimensional
disruption requiring continuous adaptation
of planning systems. This gap motivates the
present study.

The automotive industry's experience in
Central and Eastern Europe provides an
instructive parallel. Analysis of Czech and
Hungarian automotive suppliers following
the invasion revealed that companies with
COVID-era resilience capabilities — increased
buffer stocks, alternative transportation
arrangements, and strengthened supplier
relationships - demonstrated markedly
superior adaptive capacity compared to those
that had maintained lean, single-source
supply models [9]. This finding suggests that
adaptive planning capability is partly path-
dependent and accumulates through prior
disruption experience, a principle with
significant implications for the design of
planning systems.

The purpose of this article is threefold: to
establish a theoretically grounded distinction
between supply chain resilience, agility, and
adaptability as applied to wartime conditions;
to develop a typology of adaptive planning
strategies observed among Ukrainian
enterprises; and to formulate a practical
framework for selecting an adaptive planning
approach as a function of environmental
parameters. The central hypothesis of this
study holds that effective supply chain
planning under wartime conditions requires
the replacement of deterministic, horizon-
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fixed planning with continuous scenario-
based planning operating on rolling time
horizons.

Conceptual clarity regarding the core
properties of supply chains under disruption
is a prerequisite for any meaningful analysis of
wartime planning. The terms resilience,
agility, and adaptability are frequently used
interchangeably in both academic and
practitioner discourse, yet they refer to
substantially different organisational
capacities with different planning
implications.

Supply chain resilience, as defined by
Ivanov and Dolgui, denotes the ability to
withstand disruptions  and recover
performance to a pre-disruption state or to an
acceptable new equilibrium [2]. Resilience is
fundamentally backward-looking in
orientation: it implies the existence of a
reference state and frames the planning
problem as one of returning to, or
approximating, that state after a shock. The
concept presupposes that the disruption is
temporary and that the structural parameters
of the supply chain - network topology,
supplier relationships, demand patterns -
remain sufficiently stable to serve as targets
for recovery planning. This assumption, while
reasonable for pandemic-type disruptions
with defined crisis and recovery phases, fails
under conditions of active armed conflict,
where the logistics environment s
continuously and unpredictably
reconfigured.

Supply chain agility refers to the speed
and accuracy with which a supply chain can
respond to changes in demand or supply
conditions. Agility is operationally oriented
and is often associated with practices such as
rapid replenishment, flexible manufacturing,
and real-time information sharing. While
agility is undoubtedly a valuable capacity in
wartime conditions, it addresses short-term
operational responsiveness rather than the
medium- and long-term planning
reconfiguration that sustained conflict
requires. An agile supply chain can respond
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quickly to an individual shock; it does not
necessarily possess the structural capacity to
reorganise its planning architecture in
response to a fundamentally altered
operating environment.

Adaptability, as employed in this study
following  the  dynamic  capabilities
perspective [3], denotes the capacity of an
enterprise or supply chain to alter its
fundamental planning models, structures,
and processes in response to sustained
environmental change. Adaptability is meta-
level: it concerns not the response to specific
disruptions but the transformation of the
planning system itself. This distinction is
critical for the wartime context. The
enterprises that demonstrated superior
performance in the Ukrainian logistics sector
after February 2022 were not those with the
most resilient pre-war supply chains, but
those with the greatest capacity to rapidly
redesign their planning processes - from
annual fixed budgets to rolling forecasts, from
just-in-time  replenishment to strategic
buffering, from single-source procurement to
multi-supplier networks [1; 5].

The concept of supply chain viability,
introduced by Ivanov and Dolgui [2] and
subsequently developed by Ivanov [10],
provides the most theoretically adequate
framework for the wartime planning problem.
Viability extends resilience by removing the
assumption of a stable reference state and
instead treating the supply chain as an open
system capable of structural self-
reorganisation. A viable supply chain does not
merely absorb and recover from disruptions;
it transforms its own architecture in response
to changing environmental conditions,
progressively incorporating new survival-
oriented configurations. This framework
aligns with the empirical observation that
Ukrainian enterprises did not seek to restore
pre-war supply chain structures but rather
constructed fundamentally new logistics
architectures adapted to wartime operational
constraints [1; 6].
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The distinction between wartime and
pandemic disruptions deserves particular
theoretical attention, as it has direct
consequences for the design of adaptive
planning systems. The COVID-19 pandemic,
while severe and globally pervasive, displayed
certain characteristics that made it amenable
to structured adaptive responses: it unfolded
progressively, affected all enterprises broadly
similarly, generated largely symmetric
demand and supply shocks, and was
understood to be temporary. Enterprises thus
had time to diagnose the disruption, identify
analogous historical situations, and design
and implement adaptive responses before
the next disruption wave arrived. The wartime
context in Ukraine lacked all of these features.
Disruptions were geographically
heterogeneous and unpredictable,
asymmetrically affecting enterprises
depending on their proximity to combat
zones, their industry, and their supply chain
topology [8]. No disruption timeline was
available. The adaptive responses of other
market  participants were themselves
disruptive - the simultaneous relocation of
hundreds of enterprises created cascading
congestion, price spikes, and capacity
shortfalls in receiving regions [1].

The research methodology combines
three complementary approaches. The first is
a systematic analysis of recent academic
literature on supply chain management
under conditions of disruption and armed
conflict. The search scope covered peer-
reviewed publications from 2020 to 2025
indexed in Scopus, Web of Science, and
Google Scholar, with priority given to English-
language sources carrying a DOl index.
Sources specifically addressing the Ukrainian
wartime context were supplemented by grey
literature, including reports from the State
Statistics Service of Ukraine and the Ukrainian
Institute of the Future, to capture empirical
data on logistics sector transformation.

The second method is comparative
analysis of wartime and pandemic disruption
characteristics. This comparison draws on the
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empirical  classification  developed by
Krykavskyy et al. [1] for the wartime case and
on Ivanov's typology of supply chain
adaptation strategies under COVID-19 [10] for
the pandemic case. The comparison is
structured along five analytical dimensions:
temporal profile of the disruption (gradual
versus sudden onset), spatial distribution
(symmetric versus asymmetric impact),
availability of planning reference states,
accessibility of adaptive responses, and
implications for planning horizon and
method selection.

The third method is structured case
analysis. Three sectoral cases are examined:
the Ukrainian agro-food sector, the retail
sector, and the manufacturing sector. These
three cases were selected to represent
enterprises with markedly different supply
chain topologies, exposure levels, and
available adaptation pathways. Case evidence
is drawn from published focus group data [1],
industry reports, and open-source corporate
disclosures. The unit of analysis throughout is
the supply chain planning process -
specifically, how planning horizons, methods,
and instruments were modified in response to
the wartime environment.

Presentation of the main research
material. Systematic comparison of wartime
and pandemic disruption characteristics
reveals fundamental differences along all five
analytical dimensions (Table 1). While the
COVID-19 pandemic allowed for a period of
gradual disruption escalation - typically three
to six weeks between the first indication of
supply chain impact and full operational crisis
- the onset of active hostilities in Ukraine on
24 February 2022 produced immediate,
comprehensive logistical collapse. Enterprises
located in affected regions reported
operational paralysis within 24 to 72 hours of
the invasion's beginning, a timeline that
renders any planning response dependent on
prior contingency preparation rather than
reactive analysis [1; 4].
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Table 1. Comparative characteristics of wartime and pandemic supply chain disruptions

Analytical dimension

Pandemic (COVID-19)

Armed conflict (Ukraine, 2022-)

Onset profile

Gradual; weeks of warning

Sudden; hours to days

Spatial distribution
enterprises

Broadly symmetric across

Highly asymmetric; geography-
dependent

Planning reference state
definable

Available; recovery target

Absent; target state continuously shifts

Duration and predictability

Finite; phased reopening possible

Indefinite; no reliable horizon

revised forecasts

Impact on planning methods | Adjustment of parameters;

Replacement of planning paradigm;
continuous replanning

Source: author's elaboration based on [1; 8; 10].

The asymmetric spatial distribution of
wartime  disruptions  has  particularly
significant implications for supply chain
planning. Unlike pandemic restrictions, which
applied uniformly  across  enterprises
regardless of location, the impact of hostilities
in Ukraine was highly differentiated by
proximity to combat zones, by reliance on
disrupted infrastructure corridors, and by
sector-specific ~ exposure to  targeted
destruction. Enterprises in the east and south
of the country - including major industrial
centres in Zaporizhzhia, Kharkiv, and Dnipro -
faced immediate physical threats to facilities
and personnel. Enterprises in western Ukraine
and Kyiv experienced supply disruptions
primarily through the collapse of logistics
networks rather than direct physical damage.
This heterogeneity means that no single
planning response could be appropriate
across all Ukrainian enterprises, and that any
generalised adaptive planning framework
must incorporate the spatial risk dimension as
a primary classification variable.

The absence of a stable planning
reference state — what this study identifies as
the most theoretically significant difference
between pandemic and wartime disruption —
fundamentally alters the structure of the
planning problem. Conventional supply chain
planning, including resilience-oriented
approaches, assumes that the goal of
planning is to maintain or restore a defined
performance level relative to a known
baseline. When the baseline itself is in

continuous flux - as it is during active
hostilities, when infrastructure status,
personnel availability, transport routes, and
customer demand patterns may all change
within a single planning period - this
assumption fails. Ukrainian logistics managers
interviewed by Krykavskyy et al. [1] described
this condition as «incomprehensibility»
(nezbyagnenist') - not merely uncertainty
about outcomes, but uncertainty about the
causal structure of the planning environment
itself.

Adaptive planning
proposed typology

Analysis of the adaptation practices
documented in the Ukrainian logistics sector,
combined with the theoretical framework
developed above, supports the identification
of four distinct adaptive planning strategies.
These strategies can be organised along two
dimensions: the length of the operational
planning horizon (short, defined here as up to
four weeks, versus medium-to-long, defined
as one to twelve months) and the degree of
structural flexibility incorporated in the
planning process (low, meaning primarily
parametric adjustments to existing planning
processes, versus high, meaning structural
redesign of planning methods, instruments,
and organisational processes). The resulting
matrix defines four strategy types (Table 2).

strategies: a
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Table 2. Typology of adaptive planning strategies under wartime conditions

Low structural flexibility

High structural flexibility

horizons.

Short planning Strategy I: Tactical stabilisation
horizon (< 4 Parametric adjustments;
weeks)

Strategy Il: Reactive adaptation

minimum | Day-to-day replanning; rapid supplier and
service level maintenance; existing | route switching; no formal planning horizon;
methods applied with compressed | characteristic of the first weeks of hostilities.

Medium-to-long
horizon (1-12
months)

Rolling  budget;

formal risk quantification.

Strategy IlI: Scenario planning
three-scenario | Fundamental redesign of supply chain
approach; trigger-based switching; | network; new supplier base; repositioned

Strategy IV: Strategic reconfiguration

logistics infrastructure; SSCM principles.

Source: author's elaboration.

Strategy | (tactical stabilisation) is
characterised by the application of existing
planning methods with compressed time
horizons and reduced parameter targets.
Enterprises employing this strategy do not
restructure their planning processes but
accept degraded performance as an
acceptable interim outcome  while
maintaining operational continuity. This
strategy is most appropriate for enterprises
with limited structural flexibility — those with
fixed infrastructure, long-term contractual
commitments, or regulated service
obligations — operating in the immediate
aftermath of disruption onset. Its principal risk
is that it defers necessary structural
adaptation, potentially leaving the enterprise
operating an increasingly mismatched
planning architecture as the disruption
becomes prolonged.

Strategy Il (reactive adaptation) is the
strategy most widely observed in the earliest
phase of the Ukrainian war, roughly the
period from February to May 2022.
Enterprises abandoned formal planning
horizons entirely, operating on a daily or
weekly replanning cycle driven by real-time
information about road accessibility, fuel
availability, and personnel location. Routes
and suppliers were switched continuously,
often within a single day. The Futures-Wheel
analysis developed by Krykavskyy et al. [1]
documents the proliferation of ad hoc

planning practices during this period,
including the substitution of telephone
coordination networks for formal information
systems. While Strategy Il is operationally
necessary in the immediate crisis phase, it is
unsustainable as a medium-term planning
model because it depletes organisational
planning capacity and generates cost
inefficiencies through the absence of forward
coordination.

Strategy lll (scenario planning) represents
the theoretically most appropriate medium-
term adaptive planning approach for
sustained wartime conditions. Rather than
planning towards a single expected future,
enterprises develop three or more internally
consistent scenarios - typically
corresponding to distinct operational
conditions, such as continued hostilities
without further escalation, escalation to the
enterprise's operating region, and transition
to active reconstruction - and maintain
contingency plans for each. The rolling
budget, with an update cycle of four to twelve
weeks, provides the financial planning
instrument appropriate to this strategy,
replacing annual fixed budgets that become
obsolete within weeks wunder wartime
conditions. The automotive sector experience
in Central and Eastern Europe confirms that
enterprises which maintained multi-scenario
planning frameworks during COVID-19
demonstrated superior adaptive capacity
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when faced with the wartime supply shock
[9].

Strategy IV (strategic reconfiguration) is
the long-horizon, high-flexibility response
and is most relevant for enterprises with the
organisational capacity and financial
resources to fundamentally redesign their
supply chain architecture. The relocation of
710 Ukrainian enterprises from high-risk to
safer regions documented in the first year of
the conflict [1] represents the most visible
manifestation of this strategy. Strategic
reconfiguration is conceptually aligned with
the sustainable supply chain management
(SSCM) framework, which treats long-term
supply chain viability as a function of
structural adaptability rather than operational
efficiency alone. The associated planning
instruments - scenario-based investment
planning, multi-tier supplier development,
collaborative planning frameworks such as
CPFR and DCC - require a planning horizon of
six months to several vyears, which
presupposes a degree of environmental
predictability achievable only in regions
sufficiently distant from active combat to
permit medium-term operational projection.

Evidence from Ukrainian enterprises:
sectoral analysis

The three sectoral cases examined in this
study illustrate how the typology above maps
onto distinct industry contexts with different
supply chain structures and disruption
exposures.

The agro-food sector provides the most
globally significant instance of wartime
supply chain adaptation from Ukraine. Prior to
February 2022, Ukraine accounted for
approximately 10% of global wheat exports
and held a dominant position in global
sunflower oil markets. The blockade of Black
Sea ports beginning in late February 2022
severed the primary export routing for these
commodities, initially halving effective export
capacity [8]. The adaptive response unfolded
in three phases. In the first phase (February-
June 2022), enterprises shifted to land-based
routing through Poland, Romania, and
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Moldova, accepting higher transport costs
and significantly extended lead times. In the
second phase, facilitated by the Black Sea
Grain Initiative of July 2022, partial sea routing
was restored under international guarantee
arrangements. In the third phase, enterprises
developed diversified export routing
portfolios combining sea, rail, and road
modes - a structural reconfiguration that
persists as a deliberate risk management
strategy rather than a temporary workaround.
The planning transformation associated with
this evolution moved from annual export
programming coordinated with fixed port
schedules (Strategy | parameters) to rolling
four-to-twelve-week export planning with
pre-defined trigger conditions for route
switching (Strategy Ill).

The retail sector illustrates the interaction
between supply disruption and demand-side
uncertainty. Ukrainian retail networks — which
had already accelerated online fulfillment and
omnichannel logistics development during
COVID-19 - faced simultaneous collapse of
multiple planning parameters after 24
February 2022. Consumer demand dropped
sharply in eastern and southern regions as
population displacement reduced effective
market size; demand spiked for essential
goods; and supplier delivery reliability,
measured as the share of orders fulfilled on
time, fell to approximately 40-50% in March
2022 before partially recovering by late
spring. The documented increase in logistics
sector losses, exceeding UAH 50 billion in the
first year of the conflict [6], reflects not only
physical destruction but the systemic cost of
operating under reactive adaptation
conditions (Strategy Il) for an extended
period. Retail enterprises that achieved the
fastest transition to rolling forecasting cycles
with explicit scenario assumptions — typically
enterprises that had invested in demand
sensing and supply chain Vvisibility
technologies before the war — demonstrated
measurably better service continuity than
those reliant on conventional annual
planning processes.
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The manufacturing sector presents the
most heterogeneous adaptive picture, as
exposure varied dramatically by enterprise
location, export orientation, and integration
into international value chains. Enterprises
supplying components to Central and
Central-Eastern European automotive
manufacturers - notably wire harness
producers whose Ukrainian facilities had been
integrated into the supply chains of
Volkswagen, BMW, and Stellantis - faced
external pressure to relocate production
within weeks of the invasion, as their
disruption propagated directly into European
manufacturing operations [9]. The speed of
this relocation, in some cases achieved within
three to four weeks, was facilitated by the
close coordination between Ukrainian
suppliers and their European customers,
demonstrating that collaborative supply
chain planning relationships - a key element
of Strategy IV - significantly reduce the time
required for structural reconfiguration when
disruption occurs. Manufacturing enterprises
without such collaborative  planning
relationships faced substantially longer
adaptation timelines and in many cases
exhausted their financial reserves before
completing the structural adjustments
required.

Transformation of planning methods
and instruments

The cross-sectoral evidence supports a
systematic characterisation of the planning
method transformations that accompanied
the adaptive strategies described above. Five
specific transformations are consistently
observed across the sectors studied.

The first and most  pervasive
transformation is the replacement of fixed
annual planning cycles with rolling short-
horizon planning. Enterprises operating
under Strategy Il or Il moved from annual
budgets and procurement plans to planning
cycles of two to twelve weeks, updated
continuously as new information about
operational conditions became available. This
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transformation is consistent with the
theoretical prescription of the rolling budget
as the appropriate financial planning
instrument for high-uncertainty
environments and aligns with the findings of
the Adaptive and Sustainable Supply Chain
Management study [6], which documented
the acceleration of digital planning tool
adoption - including transport management
systems and scenario modelling platforms -
in the Ukrainian logistics sector as a direct
response to wartime planning requirements.

The second transformation is the shift
from just-in-time (JIT) replenishment to
strategic buffer strategies. JIT models, which
had been progressively adopted by Ukrainian
manufacturing and retail enterprises during
the preceding decade of logistics
modernisation, proved acutely fragile under

wartime conditions. The fundamental
assumption of JIT - reliable supplier
performance within defined lead time
windows - collapsed when lead time

distributions became effectively undefined
due to route disruptions and security-related
delivery uncertainty. Enterprises that had
maintained  COVID-era  buffer  stocks
demonstrated significantly better supply
continuity in the first weeks of the war than
those that had returned to lean inventory
positions [9]. The transition to strategic buffer
strategies, with explicitly defined safety stock
levels for critical materials calculated against
wartime rather than peacetime lead time
distributions, represents a permanent
recalibration  of inventory  planning
assumptions.

The third transformation is the transition
from  single-source  to  multi-source
procurement planning. The Ukrainian supply
chain environment before February 2022 had
been progressively consolidated around a
relatively small number of primary suppliers
per material category, driven by cost
efficiency objectives. The wartime context
reversed this trend sharply: enterprises
rapidly developed secondary and tertiary
supplier relationships, accepting higher unit
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costs in exchange for supply continuity.
Krykavskyy, Shandrivska, and Pawlyszyn [5]
document this transition as a systemic
response to the heightened security risk
premium associated with geographically
concentrated supply bases. The planning
implication is a substantial increase in
procurement planning complexity, requiring
expanded supplier qualification processes,
differentiated supplier performance
monitoring, and contingency allocation
protocols among multiple simultaneous
supply sources.

The fourth transformation is the
decentralisation of logistics infrastructure and
warehouse planning. The concentration of
inventory in large, strategically located
distribution centres — a model that had been
adopted by leading Ukrainian retailers and
logistics providers as a cost optimisation
measure — proved to create catastrophic
single points of failure when facilities were
destroyed, occupied, or became inaccessible
due to front-line proximity. The adaptive
response involved a deliberate shift towards
distributed warehouse networks composed
of smaller facilities located in safer geographic
regions, accepting higher logistics costs in
exchange for operational resilience. From a
planning perspective, this transformation
required the concurrent redesign of inventory
deployment models, replenishment routing,
and distribution network planning.

The fifth  transformation is the
accelerated adoption of digital planning

tools. The disruption of conventional
planning  processes  created  strong
organisational incentives to  adopt

technology platforms capable of supporting
the rapid, data-intensive replanning cycles
demanded by wartime operating conditions.
The share of Ukrainian enterprises using
digital twins in supply chain management
reportedly increased from 5% in 2020 to 34%
in 2024, and blockchain adoption in logistics
grew from 8% to 35% over the same period
[6]. While these figures should be interpreted
cautiously given their source, the directional
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trend is consistent with the broader pattern of
technology-led planning transformation
observed in crisis-affected  industries
internationally.

Conclusions. This study has addressed
three objectives stated in the introduction.
With respect to the first objective -
establishing a theoretically grounded
distinction between supply chain resilience,
agility, and adaptability as applied to wartime
conditions - the analysis confirms that
wartime supply chain disruptions constitute a
qualitatively distinct disruption regime that is
not adequately captured by resilience
frameworks designed for finite, structurally
bounded shocks. The concept of supply chain
viability, understood as the capacity of a
supply chain to survive through structural
self-reorganisation rather than through
performance recovery, provides the most
appropriate theoretical lens for the wartime
planning problem. The four disruption
characteristics identified by Krykavskyy et al. -
brittleness, anxiety, nonlinearity, and
incomprehensibility — collectively define a
planning environment in which adaptability,
rather than resilience, is the critical
organisational capacity.

With respect to the second objective -
developing a typology of adaptive planning
strategies - the study proposes a two-
dimensional matrix organising four strategies
(tactical stabilisation, reactive adaptation,
scenario planning, and strategic
reconfiguration) along the dimensions of
planning horizon length and degree of
structural flexibility. Cross-sectoral case
analysis demonstrates that  Ukrainian
enterprises traversed this typological space
progressively, typically beginning with
reactive adaptation in the immediate crisis
phase and transitioning towards scenario
planning as operational conditions partially
stabilised. The capacity to achieve this
transition is shown to be significantly related
to the enterprise's pre-war investment in
collaborative planning capabilities and digital
infrastructure.
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With respect to the third objective -
formulating a practical framework for
selecting an adaptive planning approach -
the study identifies five specific planning
method transformations that characterise
effective wartime adaptation: replacement of
annual cycles with rolling short-horizon
planning, transition from JIT to strategic
buffer strategies, shift from single-source to
multi-source procurement, decentralisation
of logistics infrastructure, and accelerated
adoption of digital planning tools. These
transformations collectively substantiate the
central hypothesis that effective supply chain
planning under wartime conditions requires
the replacement of deterministic, horizon-
fixed planning with continuous scenario-
based planning operating on rolling time
horizons.

The principal practical contribution of
this research is the adaptive planning strategy
matrix (Table 2), which provides a structured
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decision  framework  for  enterprises
determining which planning approach is
appropriate given their specific combination
of planning horizon capacity and structural
flexibility. The matrix is designed to support
operational planning decisions rather than to
prescribe a single universally appropriate
strategy, recognising that the diversity of
enterprise contexts, geographic exposures,
and industry structures within a conflict-
affected economy requires differentiated
planning responses. Prospects for further
research are associated with the quantitative
evaluation of the effectiveness of the
identified  adaptation  strategies, the
development of a structured methodology
for the post-war supply chain recovery phase,
and the construction of a supply chain
viability index calibrated to wartime
operating conditions.
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INTELLIGENT SIMULATION-BASED APPROACH TO SUSTAINABLE
SUPPLY CHAIN DESIGN

Rostyslav Popov. “Intelligent simulation-based approach to sustainable supply chain design”.
The article is devoted to the study of simulation modeling as a tool for redesigning sustainable and resilient
supply chains of a cargo transportation company. The paper presents theoretical and practical aspects of using
digital models to assess the efficiency of a transport and logistics network under conditions of uncertainty,
increasing environmental requirements, and the need to balance economic and ecological performance. The
existing supply chain configuration of a company operating in the Polish market was reproduced in a simulation
environment and analyzed according to key performance indicators, including revenue, logistics costs, profit,
and CO; emissions. The role of warehouse location, customer demand distribution, transportation distance, and
environmental parameters in shaping the overall performance of the logistics network is considered. A baseline
simulation experiment was conducted to evaluate the current state of the supply chain and identify the main
directions for its improvement. To redesign the network, Greenfield Analysis was applied while preserving the
number of distribution centers and maintaining customer service levels. The optimized configuration made it
possible to reduce total logistics costs and CO, emissions by 18%, while profit increased by 97% and revenue
remained unchanged. The results confirm the practical value of simulation modeling as a decision-support tool
for strategic supply chain planning. Recommendations are provided for the further development of sustainable
logistics networks based on digital twins, scenario analysis, and the integration of environmental criteria into
transport decision-making.

Keywords: supply chain, sustainable logistics, simulation modeling, digital twin, transport system,
cargo transportation, CO, emissions, distribution logistics, optimization

Pocmucnae IMonos. “InmenekmyaneHuli nioxio Ha 0cHO8i cumynAyiliHo20 Mo0e/1l08aHHA U000
npoeKmyeaHHs cmMasnoz20 NaHYy2a nocma4yaHHAa”. Cmamms npucgadyeHa 00CTIOXeHHIO iMimayitiHozo
MOOe/II0BAHHA AK [HCMpPYMeHmYy peiHXUHipuHay cmilKux ma pe3usibeHMHUX JIaHYK2i8 NOCMAYaHHA
mpaHcNopmHoOI KoMnaHii. Y pobomi po3enaHymo meopemuyHi ma npakmuyHi acnekmu 8UKOPUCMAHHA
yughposux moolesneli 0718 OUIHIOBAHHA epeKmu8HOCMi MpPpAaHCNOPMHO-/102iCMUYHOI Mepexi 8 ymosax
HEeBU3HAYeHOCMI, 3pPOCMAHHA eKOJI02iYHUX 8UMO2 Ma HeobxiOHOCMi 6anaHCy8aHHA eKOHOMIYHUX i
€KOJ102i{YHUX NOKA3HUKI8.
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IcHyto4y KoHizypauyito N1aHU02a NOCMAa4aHHA KOMNAHii, Wo yHKYiOHYE Ha NOIbCbKOMY PUHKY, 6ys10
8i0omeopeHo y cepedosulyi imimayitiHo2o MOOeM08AHHA MA NPOAHANI308AHO 3d K/TIOHOBUMU NOKA3HUKAMU
ehekmusHOCMI, 30kpema 00X000M, 102icmuYHUMU sumpamamu, npubymeom i sukudamu CO,. Po3znaHymo
8NJ1U8 PO3MALLYBAHHA CKadis, cCmMpyKmypu nonumy K/ieHmis, mpaHcnopmHux siocmaHeli ma ekosno2iyHux
napamempig Ha popMy8aHHA 3a2a/1bHOI edheKMUBHOCMI JT02ICMUYHOI Mepexi.

lMposedeHo 6azosuli imimauiliHul ekcnepumeHm 018 OUiHIOBAHHA NOMOYHO20 CMAHY J1AHYo2d
NoCMA4YaHHA MA BU3HAYEHHA OCHOBHUX HANPAMI8 (i020 800CKOHA/IEHHA. [la peiHXUHipuHay mepexi
3acmocosaHo nioxio Greenfield Analysis i3 36epexeHHAM Kibkocmi po3nodinbyux yeHmpig i pigHsA
06cs1y208y8aHHA KiieHMig. ONmuMi308aHa KOHi2ypayis 00380/1U1a 3HU3UMU CyKYNHi 102icmuydHi sumpamu
ma sukuou CO, Ha 18%, s00Ho4ac npubymok 3pic Ha 97%, a piseHb 00x00y 3a/IUUIUBCH HE3MIHHUM.

OmpumaHi pesynemamu niomeepoXxyiome NpaKkmMuyHy YiHHICMb iMimayitiHo20 MoO0eslo8aHHA AK
iHCmpymeHmy nidmpumku npuliHAMmMs pileHb y cmpamez2iyHoMy NnJIaHy8aHHI JIGHYI02I8 NOCMAYaHHA.
HadaHo pexkomeHOayii ujo00 nodasaswiozo po3sUMKY CmilKux J102iCMUYHUX MepexX HA OCHOo8i yugposux
08iliHUKIB, CUeHapHO20 aHanizy ma iHmezpayii ekonoziyHUX Kpumepiis y npouecu npuliHAMMA
MpaHcnopmMHux pilieHs.

Knioyoei cnoea: naHulor nocrayaHHA, CTana JNOTICTUKA, iMiTauiiHe MoOAentoBaHHA, UMbpPoBUN
ABIVHUK, TPAHCNOPTHA CUCTEMA, BaHTaXHi nepeBe3eHHs, Buknamn CO,, po3noginbya NoricTika, onTrumisauisa

warehouses and customer demand generates
excessive transport distances and emissions

Introduction. The development of
modern transport and logistics systems

increasingly takes place under the influence
of global environmental, economic, and
geopolitical challenges. Supply chains are
expected not only to ensure the efficient
movement of goods, but also to reduce
environmental impact, maintain service
reliability, and remain adaptable to
disruptions [1-3]. In this context, sustainable
supply chain design becomes a strategic task
for transport companies, as logistics networks
must simultaneously meet cost-efficiency
requirements, customer demand, and carbon
reduction objectives [4].

Traditional approaches to supply chain
planning are often focused on minimizing
transportation costs, delivery time, or
warehouse operating expenses. However,
such criteria are no longer sufficient in

conditions where  CO, emissions, fuel
consumption, market volatility, regulatory
pressure, and risk exposure directly influence
the long-term competitiveness of logistics
companies [5, 6]. A transport network that
appears economically acceptable may still be
inefficient from the perspective of
sustainability if the spatial configuration of

[71.

This creates the need for decision-
support tools that can reproduce the real
structure of a supply chain, assess its
performance under different scenarios, and
evaluate the consequences of strategic
changes before their implementation.
Simulation modeling provides such an
opportunity, allowing researchers and
practitioners to analyze the interaction
between demand nodes, distribution centers,
transport flows, costs, and environmental
indicators within a single digital environment
[4,6]. The use of digital twins makes it possible
to move from static planning to scenario-
based evaluation of logistics networks and to
compare alternative configurations according
to both economic and ecological criteria.

At the same time, the practical problem
remains in how to integrate environmental
indicators, particularly CO, emissions, into
the process of supply chain redesign without
reducing service quality or profitability. For
cargo transportation companies, this problem
is especially relevant because warehouse
location decisions directly affect delivery
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distances, transport costs, emissions, and the
resilience of the entire distribution system.

The problems of sustainable supply chain
design, environmental optimization of
transport systems, digital transformation of
logistics, and simulation-based planning have
been examined in studies by M. Grygorak [4],
S. Gulmez, G [6], Z. Liu, R. Shirakashi, T. Nishi,
M. Matsuda [7], C. L. Karmaker, M. A. Moktadir
[8], M. M. C. Fritz[9], S. J. Hosseini Dehshiri [10],
M. Amiri, Y. Kharazishvili, D. Bugayko, V. [21],
Ya. Korniiko [1, 5, 11], N. Valiavska [5], O.
Sokolova [2], V. Ivannikova [19], K
Cherednichenko [17, 20] and others [3, 6, 12-
16, 18, 22]. These studies form the theoretical
basis for understanding supply chains as
complex transport and logistics systems
whose effective functioning depends on
integration, coordination, and optimization
supported by information systems and
network technologies. Such principles are
aimed at reducing operational costs,
improving overall efficiency, and increasing
profitability across all stages of the supply
chain - from sourcing and warehousing to
distribution and delivery [8-14].

In the transport and logistics sector,
sustainable supply chains are increasingly
considered as strategic tools for reducing
environmental impact, improving risk
management, and strengthening the
competitiveness of logistics enterprises.
Researchers pay considerable attention to
green logistics, energy-efficient transport
solutions, sustainable air transport, and the
development of “green” airport logistics
infrastructure [2, 3, 15]. The literature also
highlights the importance of risk assessment
in multimodal and intermodal transportation
systems, including the analysis of external
disruptions, environmental threats, technical
failures, and other factors that may affect the
safety and continuity of logistics operations
[16-19]. Another important research direction
concerns infrastructure planning, where the
modernization of transport interchanges and
urban transport facilities is considered as a
factor influencing traffic flow, network
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capacity, congestion reduction, and the
overall resilience of transport systems [20].

A separate group of publications focuses
on the use of simulation modeling, digital
models, and optimization tools for analyzing
complex logistics processes, including airport
operations, urban transport infrastructure,
virtual supply chains, delivery route
optimization, and multimodal transportation
safety [4, 6, 16-20]. These studies confirm that
digital modeling provides an opportunity to
reproduce the structure and behavior of
transport and logistics systems, evaluate
alternative scenarios, and assess the
consequences of managerial decisions before
their implementation. This is especially
important for supply chain design, where the
choice of warehouse locations, route
configuration, customer allocation, and
distribution policy directly affects logistics
costs, service reliability, environmental
impact, and network resilience.

Recent studies also pay increasing
attention to the adaptation of supply chains
to uncertainty and crisis conditions. Research
on freight transportation markets, logistics
infrastructure, artificial intelligence tools,
integrated planning systems, and digital
technologies in supply chain management
emphasizes the importance of intelligent
decision-support tools, route flexibility,
multimodal transformation, infrastructure
capacity, and digital coordination for
strengthening the resilience and
competitiveness of transport and logistics
systems. In particular, the development of Al-
based and digital approaches in supply chain
management demonstrates the transition
from traditional automation to more adaptive
systems capable of supporting decision-
making in dynamic environments.

However, despite the significant number
of studies devoted to sustainable logistics,
freight market transformation, digitalization,
artificial intelligence, transport modeling, and
supply chain resilience, applied research that
jointly combines simulation modeling, digital
twin logic and the comparative assessment of
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economic and environmental indicators
remains limited. Most existing works address
individual components of transport and
logistics  systems, while their holistic
integration into sustainable supply chain
frameworks is still insufficiently developed. In
particular, limited attention has been paid to
the redesign of a cargo transportation
company'’s distribution network based on the
simultaneous evaluation of logistics costs,
profit, customer demand fulfillment, and CO,
emissions. In this context, the methodological
and empirical basis of the present study is
formed by the digital model of a real transport
and logistics network developed in
AnyLogistix, as well as by baseline simulation
and optimization experiments aimed at
assessing alternative supply chain
configurations according to economic and
environmental performance criteria.

The aim and objectives of the study.
The purpose of this article is to develop and
apply a simulation-based approach to
designing a sustainable and resilient
transport supply chain using the real-world
case of the InariTrans logistics company
operating in the Polish market [23]. The study
aims to analyze the current structure and
performance of the company’s supply chain,
develop a digital simulation model that
reflects its existing operational configuration,
and assess key performance indicators,
including logistics costs, profit, customer

demand fulfillment, and CO, emissions. The
article also focuses on identifying the main
inefficiencies and environmental impact
factors within the existing network, designing
and testing optimization scenarios aimed at
reducing emissions and improving overall
performance, and comparing the results
before and after optimization. Based on this
comparison, practical recommendations are
developed for enhancing the sustainability
and resilience of transport supply chains
through simulation modeling and Greenfield
Analysis.

Research methods. The methodological
basis of the study is the construction and
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experimental testing of a digital model of a
cargo transportation company’s supply chain.
The research logic involved several
consecutive stages: formalization of the
existing logistics network, preparation of
input data on customer demand and
warehouse locations, development of a
baseline simulation model, evaluation of key
performance indicators, optimization of the
distribution network using GFA and
comparative assessment of the initial and
redesigned configurations.

The study was carried out using the
AnyLogistix software platform, which is
designed for modeling, analyzing, and
optimizing supply chains. This tool combines
the capabilities of discrete-event simulation,
agent-based modeling, network
optimization, and  scenario  analysis.
Therefore, it is suitable for studying complex
logistics systems that include geographically
distributed customers, warehouses,
transportation flows, demand parameters,
cost indicators, and environmental
constraints [24]. In the context of this study,
AnyLogistix was used not only as a
visualization environment, but also as a
decision-support  tool for evaluating
alternative supply chain configurations
before their possible implementation.

The object of modeling was the supply
chain of the InariTrans transport company
operating in the Polish market [23]. At the first
stage, a digital model of the existing logistics
network was developed. The model
reproduced the current  operational
configuration of the company’s supply chain,

including the location of distribution
warehouses, customer demand nodes,
transportation  links, order processing

parameters, and service conditions. This
digital representation made it possible to
analyze how the spatial structure of the
network affects logistics costs, profit,
customer demand fulfillment, and CO,
emissions.

The input data for the model included
information on the geographical location of
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customers, average annual demand, order
processing time, warehouse locations,
transportation cost parameters, and emission
parameters. Table 1 presents the average
annual demand and geographic
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characteristics of anonymized customers
within the company’s supply chain network.

Table 1. Customer demand nodes and input parameters for the InariTrans supply chain

simulation model

Demand, m? per

Demand ID Customer Order processing, days year

Demand 1 L6dz Customer 5 761920
Demand 2 Krakow Customer 5 747680
Demand 3 Wroctaw Customer 5 642150
Demand 4 Poznan Customer 5 563480
Demand 5 Gdanisk Customer 5 468930
Demand 6 Szczecin Customer 5 398760
Demand 7 Bydgoszcz Customer 5 371240
Demand 8 Lublin Customer 5 354880
Demand 9 Katowice Customer 5 324150
Demand 10 Biatystok Customer 5 286420
Demand 11 Gdynia Customer 5 259180
Demand 12 Warsaw Customer 5 271240
Demand 41 Tarnow Customer 5 120340
Demand 42 Zielona Gora Customer 5 115980
Demand 43 Chorzéw Customer 5 116210
Demand 44 Kalisz Customer 5 106930
Demand 45 Legnica Customer 5 108750
Demand 46 Koszalin Customer 5 104620
Demand 47 Bemowo Customer 5 100850
Demand 48 Stupsk Customer 5 100120
Demand 49 Grudzigdz Customer 5 97640
Demand 50 Jaworzno Customer 5 98910
Demand 51 Ochota Customer 5 95120
Demand 52 Jastrzebie Zdr6j Customer 5 93480
Demand 53 Praga Pétnoc Customer 5 96240

Source: InariTrans Report [23].

A total of 53 customer nodes were
included in the simulation model. Each node
represented a separate demand point that
generated cargo flows and influenced the
overall distribution structure of the network.
These data formed the basis for modeling
freight volumes, transport distances,
customer allocation to warehouses, and
service levels across the logistics system.

The existing logistics network of the
InariTrans company is based on five

distribution warehouses located in major
Polish cities: Wroclaw, Krakow, Lodz, Poznan
and Warsaw (Fig. 1). These warehouses form
the core of the company’s distribution system
and serve as the main consolidation and
dispatch points for customer deliveries. Their
location reflects the current spatial
configuration of the supply chain and
determines how cargo flows are distributed
across the network.
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Figure 1 - InariTrans supply chain network in Poland.
Source: Developed by author in AnyLogistix
In the simulation model, these configuration, transportation cost and

warehouses were represented as distribution
centers connected with customer demand
nodes through transportation links. This
made it possible to reproduce the current
structure of cargo movement and assess how
the location of warehouses influences
delivery distances, logistics costs, CO,
emissions, and the overall efficiency of the
network. Since the warehouses are
concentrated in large economic and transport
centers, they provide coverage of several key
regions of Poland, including the central,
southern, and western parts of the country.
To evaluate the economic and

environmental performance of the existing

emission parameters were included in the
model. According to the company’s internal
data [23], the CO, emission coefficient for
cargo transportation was set at 0,09 per m? of
transported cargo, taking into account the
transportation distance. The transportation
cost coefficient was defined as 0,05 USD per
m? also adjusted by distance. These
parameters were used as input values for the
simulation experiment and allowed the
model to calculate the total logistics costs and
transport-related  CO, emissions for the
baseline supply chain configuration (Fig. 2).
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Figure 2 - Cost and CO, emission parameters used in the simulation model.
Source: Developed by author in AnyLogistix

To assess the baseline performance of the
existing InariTrans supply chain
configuration, the Simulation experiment
module in AnylLogistix was applied. This
experiment made it possible to reproduce the
operation of the logistics network over time
and evaluate the interaction between
customer demand nodes, distribution
warehouses, and transportation links. The
simulation horizon was set to one year, which
allowed the model to reflect the annual
structure of cargo flows and compare the
obtained results with the input demand
parameters.

The baseline scenario was formed on the
basis of the current warehouse locations,
customer demand volumes, order processing
conditions, transportation cost coefficient,
and CO, emission coefficient. During the
experiment, the model calculated the

SMSRSCD_model_SIM *

movement of cargo through the network and
generated a set of key performance indicators
that describe both the economic and
environmental state of the supply chain.
These indicators included total revenue, costs,
profit, and CO, emissions (Fig. 3).

It should be noted that in the AnyLogistix
environment, CO, emissions are represented
in abstract model units rather than in
standardized physical units such as kilograms
or tons. Therefore, in this study, the emission
indicator is used primarily for comparative
analysis between the baseline and optimized
supply chain configurations. The results of the
baseline simulation form the reference
scenario for further optimization and make it
possible to determine how the existing
logistics network performs before applying
Greenfield Analysis.

) B
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° o il Germany
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Figure 3 - Baseline simulation results of the InariTrans supply chain.
Source: Developed by author in AnyLogistix

For better interpretation, the baseline
simulation  results were  additionally
presented as separate charts. This format
makes it easier to analyze each key
performance indicator individually and to
visually compare the economic and

environmental characteristics of the existing
InariTrans supply chain configuration (Fig. 4).

The baseline simulation results indicate
that the current configuration of the
InariTrans logistics network generates a
considerable level of transport-related CO,
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emissions. Since emissions in the model are
directly associated with cargo volume and
transportation distance, this result shows that
the spatial arrangement of warehouses and
customer demand nodes has a significant
impact on the environmental performance of
the supply chain.

https://smart-scm.org

Therefore, the next stage of the study
involved an optimization experiment aimed
at reducing the environmental impact of the
distribution network while maintaining full
customer demand fulfillment.

Baseline Economic Performance of the InariTrans Supply Chain

5 4.8774

Value, million USD
w

Revenue

4.0972

0.7802

Total Cost Profit

Figure 3 - Visualization of InariTrans supply chain performance before optimization
Source: Developed by author in AnyLogistix

The main idea of this stage was to identify
a more sustainable configuration of
warehouse locations that would decrease
transport distances, reduce CO, emissions,
and preserve the required level of service. This
approach makes it possible to evaluate
alternative supply chain structures before
their practical implementation and to
determine whether environmental
improvements can be achieved without
compromising the operational reliability of
the logistics system.

Results. At the optimization stage, the
study focused on changing the spatial
configuration of the InariTrans distribution
network without increasing the number of
warehouses. For this purpose, the Greenfield

Analysis module of AnyLogistix was used. This
module allows the identification of rational
locations for distribution facilities by
considering the geography of customer
demand, transport distances, and selected
performance criteria.

Unlike the baseline simulation, which
reproduced the existing logistics structure,
the Greenfield experiment was aimed at
finding a more balanced network
configuration. The number of distribution
centers was fixed at five in order to preserve
the current scale of the company’s logistics
system and make the comparison with the
initial scenario methodologically consistent.
Thus, the optimization did not assess the
effect of expanding the network, but focused
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specifically on whether the same number of
warehouses could be located more efficiently.

The environmental component was
included directly in the optimization logic.
Since the level of CO, emissions in the model
depends on both transported volume and
distance, warehouse relocation  was
considered as a way to reduce the total
distance covered by cargo flows. In this sense,
the objective of the experiment was not
limited to improving geographical proximity
to customers, but also involved reducing the

58-72
v.36 (2026)
https://smart-scm.org

while keeping demand fulfillment
unchanged.

The setup of the Greenfield Analysis
experiment is shown in Fig. 5, while Fig. 6
presents the objective function parameters
used for the optimization. The warehouse
locations obtained as a result of this
experiment were then used to build an
updated supply chain model. This revised
model was simulated again and compared
with the original configuration using the

same set of indicators: revenue, logistics costs,

environmental burden of transportation profit, and CO, emissions.
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Figure 5 - Greenfield Analysis experiment for the InariTrans supply chain.
Source: Developed by author in AnyLogistix
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Figure 6 - Objective function parameters for supply chain optimization.
Source: Developed by author in AnyLogistix
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As a result of the Greenfield Analysis
experiment, a new set of warehouse locations
was identified for the InariTrans supply chain.
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customer demand geography, transportation
distances, and environmental criteria. The
obtained coordinates were used as input

These locations represent an alternative
spatial configuration of the distribution
network, selected with consideration of

parameters for the redesigned model of the
supply chain.

Table 2. Warehouse locations for the redesigned InariTrans supply chain

Name Longitude Latitude
GFADC 20.98621 52.21867
GFADC 2 18.65494 54.34682
GFADC 3 17.02785 51.10642
GFADC 4 19.10938 50.26476
GFADC 5 16.89762 52.48935

Source: Developed by author in AnyLogistix

The identified locations formed the basis
for the optimized supply chain configuration.
At the next stage, this redesigned network
was tested using a repeated Simulation
experiment in AnyLogistix. The purpose of
this experiment was to evaluate whether the
new warehouse locations could improve the

SMSRSCD_model_SIM SMSRSCD_model SIM 3 2 GF.

performance of the distribution system
compared with the baseline scenario.

The same set of key performance
indicators was used for both configurations:
revenue, total logistics costs, profit, and CO,
emissions.
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Figure 7 - Key performance indicators of the optimized InariTrans supply chain.
Source: Developed by author in AnyLogistix
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This ensured methodological consistency
and made it possible to directly compare the
initial and optimized supply chain structures.
The results of the repeated simulation are
presented in Fig. 7 and provide a quantitative
basis for assessing the economic and
environmental effect of the redesigned
InariTrans logistics network.

After the optimization experiment, the
obtained simulation results were additionally
presented in the form of separate charts to

https://smart-scm.org

improve their visual clarity and facilitate
interpretation (Fig. 8). Such visualization
makes it possible to examine each key
performance indicator individually, including
revenue, total logistics costs, profit, and CO,
emissions, and to compare the performance
of the InariTrans supply chain before and after
the redesign of the distribution network.

Optimized Economic Performance of the InariTrans Supply Chain

5 48774

Value, million USD
L
1

Revenue

3.3397

1.5376

Total Cost Profit

Figure 8 - Key performance indicators of the optimized InariTrans supply chain.
Source: Developed by author in AnyLogistix

To provide a more detailed assessment of
the optimization effect, percentage-based
comparisons were also calculated for each
indicator. This made it possible to quantify the
relative changes in the economic and
environmental performance of the supply
chain and to identify the scale of

improvements achieved through the revised
warehouse configuration. The results of this
comparative analysis are presented in Fig. 9
and provide additional insight into the
practical effect of the optimized logistics
network.
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Comparative Assessment of InariTrans Supply Chain Performance
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Figure 9 - Changes in supply chain performance after optimization.
Source: Developed by author in AnyLogistix

The comparative results confirm that the
redesigned configuration of the InariTrans
supply chain provides a positive economic
and environmental effect. Revenue remained
unchanged, which indicates that the
optimized network preserved the same level
of customer demand fulfillment. At the same
time, total logistics costs decreased by 18%,
while CO, emissions were also reduced by
18%. As a result, profit increased by 97%
compared with the baseline configuration.
These results demonstrate that the
integration of environmental criteria into the
process of supply chain redesign can
simultaneously support cost reduction,
emission reduction, and improvement of
financial performance.

Conclusion. This study presented a
simulation-based approach to redesigning
the supply chain of the InariTrans cargo
transportation company with consideration
of economic efficiency and environmental
sustainability. Using the AnyLogistix platform,
a digital model of the existing logistics

network was developed, including customer
demand nodes, distribution warehouses,
transportation links, cost parameters, and CO,
emission indicators.

The baseline simulation made it possible
to assess the current state of the supply chain
and identify the need for network
optimization. The obtained results showed
that the existing configuration generated
significant logistics costs and transport-
related CO, emissions, which justified the
application of Greenfield Analysis for
redesigning the spatial structure of the
distribution network.

As a result of the Greenfield Analysis
experiment, an alternative configuration of
five warehouse locations was proposed. The
number of distribution centers was preserved,
which allowed the study to evaluate the effect
of warehouse relocation rather than network
expansion. The optimized configuration was
then tested through a repeated simulation
experiment using the same set of key
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performance indicators: revenue, total
logistics costs, profit, and CO, emissions.

The comparison of the baseline and
optimized scenarios showed that revenue
remained unchanged, while total logistics
costs and CO, emissions decreased by 18%.
At the same time, profit increased by 97%.

58-72
v.36 (2026)
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warehouse locations can improve both the
economic and environmental performance of
a supply chain without reducing customer
demand fulfillment. The proposed approach
demonstrates the practical value of
simulation modeling as decision-support
tools for sustainable supply chain redesign.

These results confirm that the redesign of
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CURRENT TRENDS IN THE TRANSFORMATION OF BUSINESS
PROCESS MANAGEMENT

Tetiana Mostenska, Volodymyr Davydenko. «Current trends in the transformation of business
process management». This study examines the transformation of business process management (BPM)
under the conditions of digitalisation and increasing environmental turbulence. The research is grounded in the
premise that traditional BPM approaches, primarily focused on efficiency and standardisation, are no longer
sufficient to ensure organisational adaptability and sustainable value creation.

The purpose of the article is to identify and systematise the key trends shaping the evolution of BPM and
to substantiate the conceptual foundations of intelligent business process management as an integrated
system combining technological and organisational drivers.

The methodological basis of the study includes a systematic and integrative approach, combining
analysis and synthesis, comparative analysis, and conceptual modelling. The research integrates technological
components (artificial intelligence, process mining, digital twins, intelligent automation) with organisational
dimensions (customer-centricity, ESG orientation, flexible management models) within a unified analytical
framework.

As a result, the study proposes a conceptual model of integrated intelligent BPM, which ensures the
transition from descriptive and reactive process management to proactive, adaptive, and data-driven
management. The model demonstrates how the combination of technological and organisational drivers
creates a synergistic effect, enhancing process transparency, decision-making quality, and operational
flexibility.
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The findings indicate that the implementation of intelligent BPM enables organisations to improve
process efficiency, reduce operational risks, and strengthen their strategic adaptability in dynamic
environments. The study contributes to the development of BPM theory by providing a structured
systematisation of transformation trends and by substantiating the role of BPM as a strategic management tool
in the digital economy.

Keywords: business processes, digitalization, intelligent technologies, artificial intelligence,
customer orientation, digital twins, strategic management

Mocmencoka T.J1.,, JaeudeHko B.B. «CyuyacHi mpeHOU mpaHcopmayii ynpaeniHHa 6i3Hec-
npoyecamu». Y cmammi 00CiOXyeEMbCAa MpaHcghopmauia ynpassniHHa b6isHec-npoyecamu (BPM) 8 ymosax
yugpposizauyii ma 3pocmaroyoi mypbynieHmHocmi 308HilHb020 cepedosuwyd. JocnioxeHHa 6a3yemsca Ha
npunyuwjeHHi, wo mpaouyitHi nioxoou 0o BPM, opieHmosaHi nepesaxHo Ha egpekmusHicms i
cmaHoapmu3sauiro, exe He 3abe3nedyyioms HeobXiOHO20 pigHA adanmusHOCMi opedHizayiti ma cmasnozo
CMBOPEHHA YiHHOCM.

Memoto cmammi € ideHmudpikayisa ma cucmemamu3sayis ksiro4o8ux mpeHoig pozsumky BPM, a makox
00rpyHmMy8aHHA KOHUeNMyasbHUX 3acad iHmMenekmyasabHo20 ynpassiHHA —6i3Hec-npoyecamu  AK
iHme2posaHoi cucmemu, Wjo NOEOHYE mexHoJs102i4Hi ma opzaHizayitiHi dpatisepu.

MemoodonoziyHy 0CHOBY 0OC/TIOXEeHHA CMAHo8UMb cucmemMHuUl ma iHmezpamusHul nioxio, wo
BKJIIOYAE MemoOU aHani3y i cuHmesy, NOPIBHANbHO20 AHANI3Y MA KOHUenmyasabHo20 MOOeto8aHHA. Y
pobomi 30ilicHeHO iHMez2payito MexHo/02iYHUX KOMNOHeHMI8 (Wmy4HUU iHmesekm, npouecHuUl MatHiHe,
yugpposi  08IlIHUKU, asmomamu3sayis) 3 OpedHizayiHumu  eumipamu
(knieHmoopieHmogaxicms, ESG-opieHmauis, 2Hy4Ki Modesni ynpassiHHs) 8 Mexax EOUHOI AHANIiMUYHOi pamku.

Y pesynbmami  00C/niOXeHHS  3anpoOnoHOBAHO  KOHUenmydsbHy MoOeb  iHmMe2posaHo20
iHmenekmyansHozo BPM, aka 3abe3neuye nepexio 8i0 onuco8o20 ma peakmusHo20 ynpassiHHA npoyecamu
00 nNpoadkmugHo20, adanmugHozo ma data-driven ynpaeniHHa. Modenb OeMOHCMPYE, WO NOEOHAHHA
mexHo/I02i4HUX | opeaHi3auyiliHux Opalisepie ¢opmye cuHepeemuyHUl egekm, nidsuwWyrYU NPo3opicMeb
npouecis, AKicmbe ynpassiiHCbKUX pitueHb ma onepayitiHy 2Hy4YKicme.

iHmenekmyaseHa

Ompumani  pesynemamu cgid4ame, WO 8nNpPoB8aAOdKeHHs iHmenekmyaabHo2o BPM 0o38oss€
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ensure sustainable organisational
performance and competitiveness.

Business processes are no longer merely
operational units but are evolving into
integrated mechanisms of value creation,
requiring alignment with digital

Introduction. The contemporary
business environment is characterised by
increasing turbulence, accelerated
digitalisation, and the growing complexity of
organisational interactions, which
fundamentally transform the principles of

business process management. Under these
conditions,  traditional approaches to
business process design and optimisation,
primarily focused on efficiency and
standardisation, are becoming insufficient to

infrastructures, stakeholder expectations, and
strategic priorities. At the same time, the
growing pressure of ESG requirements, the
need for real-time decision-making, and the
expansion of data-driven management

This work is licensed under a Creative Commons Attribution 4.0 International License



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

approaches significantly complicate the
architecture of process management systems.

Despite the significant body of research
on business process management, most
existing studies remain fragmented, focusing
either on technological aspects (automation,
artificial intelligence, process mining) or
organisational  transformations,  without
providing a holistic framework that integrates
these dimensions into a unified management
logic. This creates a critical research gap
related to the conceptualisation of intelligent,
adaptive, and integrated business process
management systems capable of functioning
effectively in highly dynamic environments.

In this context, the transformation of
business process management should be
considered not only as a technological
upgrade but as a systemic shift towards
intelligent, data-driven, and strategically
oriented process architectures. Such
transformation requires the integration of
artificial intelligence, advanced analytics,
digital twins, and flexible organisational
models into a coherent management system
that ensures adaptability, resilience, and
continuous value creation.

The purpose of this article is to identify
and systematise the key trends shaping the
transformation ~ of  business  process
management and to substantiate the
conceptual foundations of intelligent
business process management as an
integrated system combining technological
and organisational drivers.

To achieve this goal, the study focuses on:

— analysing the evolution of business
process management under  digital
transformation conditions;

— identifying key technological and
organisational drivers influencing BPM
development;

— systematising modern trends in
intelligent business process management;

— substantiating the role of BPM as a tool
for strategic and adaptive management.

The methodological basis of the study is
a systemic and integrative approach to

73-87
v.36 (2026)
https://smart-scm.org

analysing the transformation of business
process management (BPM) in the context of
the digital economy. The choice of this
approach is o6ycnosneHun the need to
simultaneously consider both technological
and organisational components of BPM,
which together form the holistic architecture
of modern process systems.

The research is based on a combination of
general scientific and specialised methods
that ensure a consistent transition from
theoretical generalisation to the
development of a conceptual model of
intelligent business process management.

At the first stage, the methods of analysis
and synthesis were applied to generalise
contemporary scientific approaches to
business process management, digital
transformation, and the integration of
intelligent technologies. This made it possible
to identify key directions of BPM
development and determine its structural
elements.

The second stage involved the use of
comparative analysis to identify differences
between traditional and modern BPM
approaches. Within this stage, process-
oriented management models were
compared with data-driven and intelligent
approaches, allowing the identification of key
transformation drivers.

At the third stage, a system approach was
applied,  enabling business  process
management to be considered as a multi-
level system that includes technological
components (artificial intelligence, process
mining, digital twins, automation) and
organisational components  (customer-
centricity, ESG orientation,  flexible
management models). This ensured the
formation of a holistic view of the integrated
BPM architecture.

The fourth stage was implemented using
the method of conceptual modelling, which
was applied to develop a model of integrated
intelligent BPM. Within this stage, the
relationships between key transformation
drivers were formalised, their functional roles
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within the management system were defined,
and the mechanism of synergy formation was
substantiated.

Additionally, a logical-structural method
was used to systematise current BPM
development trends and classify them
according to technological and
organisational features. This enabled the
formation of an analytical framework that
ensures consistency between theoretical
provisions and practical results.

The information base of the study
consists of scientific publications in the field
of business process management, digital
transformation, artificial intelligence, as well
as analytical materials from international
research organisations.

The applied methodology made it
possible to:

— conduct a comprehensive analysis of
modern BPM trends;

— integrate technological and
organisational components into a unified
system;

— develop a conceptual model of
intelligent business process management.

Presentation of the main research
material. Current trends in research into

business  process  management  are
characterised by a combination of
technological and organisational

components, which creates a synergistic
effect in the implementation of management
processes. The technological driver focuses
on digitalisation, whilst the organisational
driver focuses on management
transformation; together, this ensures
integrated business process management
through  process mining, cloud-based
business process management technologies
and data-driven management (Fig. 1).

The most effective business process
management system for companies to
implement is one aimed at supporting
management decision-making and the
realisation of strategic goals through the use
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of data, formalised rules and flexible process
execution. At the same time, the system must
provide adequate technical support and
create conditions for continuous learning and
the development of user competencies.

Flexible, intelligent business process
management is shaped by current trends in
the development of business process
management, which include: the integration
of automation with intelligent technologies;
the integration of artificial intelligence with
analytical data; the democratisation of
business process management;  the
development of customer-centric processes;
the development of mobile and cloud-based
business process management; real-time
process management and the use of smart
metrics; the use of digital twins of processes; a
focus on ESG initiatives when planning
business processes; process mining; BPM as a
strategic management tool (Strategic BPM);
process orchestration and hybrid
management models. Let us outline the
characteristics of each of these.

1. The combination of automation with

intelligent technologies (intelligent
automation). This direction in the
development of business process

management ensures real-time process
optimisation and enables organisations to
improve process efficiency and reduce the
costs of process execution [3].

Robotic Process Automation (RPA) is the
latest technological ‘star’ on the BPM research
horizon [4].

This approach enables organisations to
automate routine tasks, improve business
process productivity and reduce costs.
Robotic Process Automation, combined with
intelligent  BPM, transforms  business
processes through the use of artificial
intelligence and machine learning, enabling
the transformation of an organisation’s
operations by creating standardised
processes that can be improved [5, 6].
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To build effective, flexible strategies,

Integrated business process
management

U

Cloud-based business process
management
Data-driven management
Intelligent business process analysis
Flexible process execution

Figure 1 - Integrated business process management

Source: adapted by the authors

operational

efficiency

resulting  from

combat new threats and address the constant
challenges  associated  with  business
processes, the driving force behind making
new, effective decisions is a focus on robotic
process automation. In the field of business
process management, process automation
aims to improve a company’s workflows,
reduce costs, time and waste, as well as
increase productivity and reduce the number
of errors in processes through technological
support by applying robotic software to
perform tasks [7].

The key benefits of integrating intelligent
automation with business process
management are identified as increased

improved business processes, enabling a shift
from manual tasks to intelligent work, and
facilitating human-machine collaboration,
which leads to higher productivity, expanding
human capabilities rather than replacing staff,
and characterises the impact of intelligent

automation on business process
management through [6]:
— improved process efficiency -

reducing process cycle times, the time spent
by staff on repetitive tasks, and the time taken
to retrieve data;

— ensuring customer experience is taken
into account — customer satisfaction increases
and service delivery times decrease;

This work is licensed under a Creative Commons Attribution 4.0 International License



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

— improving market performance -
market value increases, market forecasting
improves, and the compound annual growth
rate of the market increases.

This approach therefore enables the
integration of traditional process automation
with artificial intelligence technologies
(machine learning, data analytics, cognitive
services, etc.), the execution of operations
without human intervention, and intelligent
support  for  decision-making  within
processes. The integration of intelligent
automation with business process
management determines the sequence and
logic of operations, ensures the integration of
various systems, bots, services and people;
and focuses on centralised management of
process execution.

2. The combination of artificial
intelligence with analytical data (data-
driven intelligent process management),
which enables the creation of an intelligent
process manager by identifying ‘bottlenecks’
in processes, forecasting process outcomes,
and ensuring effective decision-making and
real-time process adaptation. [8].

Big data analysis is one of the strategic
factors that transform an organisation’s
performance within a highly dynamic and
interconnected global economy. The
integration of machine learning algorithms,
intelligent data analysis and business
analytics tools is designed to process large
volumes of operational data in real time. This
approach  ensures increased  process
transparency and the identification of
patterns in their flow, which will facilitate the
formation of informed management
decisions. Business process management
thereby takes on a proactive nature, enabling
the analysis of process outcomes and the
forecasting of their effectiveness. The timely
detection of deviations makes it possible to
automatically initiate corrective actions,
which has a positive impact on the
adaptability of processes, the optimisation of
resource utilisation, and the development of
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more flexible and self-learning process
management mechanisms.

The sources of explosive data growth
bring with them a wealth of opportunities, as
well as many challenges [9]. The use of data
analysis expands the scope for drawing
practical conclusions, improving decision-
making and gaining a competitive
operational advantage.

The article [10] notes that digital
transformation requires not only the
introduction of new technologies but also, to
improve management efficiency, demands a
reorganisation of organisational structures,
culture and business models.

Business process management serves as
a bridge that forms the infrastructure for
digitalisation, integrating with artificial
intelligence, the Internet of Things (loT) and
intelligent automation technologies to
improve process efficiency and ensure the
delivery of innovative services. In this context,
BPM has become a tool for transformation not
only at the operational level, but also at the
strategic level. The business process
management  competency  framework
demonstrates how digitalisation demands
new capabilities in process management and
how existing structures must respond to
these changes [11].

The democratisation of business process
management is achieved through the
implementation of low-code/no-code (LCNC)
platforms, which enable process owners to
make changes or configure automation
without the involvement of IT specialists,
thereby significantly increasing management
flexibility. Business process management
must be based on a clear, logical and well-
structured organisation of activities, which
ensures high productivity, allows only those
tasks that genuinely add value to be
performed, avoids losses and increases the
company’s profitability and competitiveness.

An effective BPM environment helps
reduce human error, enables the timely
identification of potential risks, and minimises
losses related to safety and liability. The use of
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LCNC solutions, on the one hand, ensures
high-quality results, and on the other,
promotes improved collaboration and
information exchange between different
departments within the organisation.

The use of the LCNC approach enables
the accelerated development of digital
solutions and the selection of appropriate
development tools and platforms, which will
provide clear competitive advantages [12].

A low-code platform enables the rapid
development and scaling of business
applications with minimal need for traditional
programming. Its use reduces the time and
resources required for deploying and
configuring the software environment, whilst
also simplifying the process of user training
and the implementation of solutions into the
organisation’s day-to-day operations.
Furthermore, the use of LCNC platforms
enables holistic, coordinated and
comprehensive  management of an
enterprise’s business processes, as key user
groups—namely organisational
development and management
departments, operational and IT services, as
well as financial control and monitoring
specialists—can interact within a shared
integrated environment [13].

3. Strengthening the approach to
developing customer-focused processes.
The effectiveness of  organisations
increasingly  depends on  customer
satisfaction; therefore, in business process
management, significant attention is paid to
customer-focused processes.

The development of customer-centric
processes enables the optimisation of the
customer journey, the minimisation of delays
and the provision of personalised services,
thereby expanding the toolkit for value-based
management to take account of changes in
the global environment and incorporating
customer involvement in decision-making
and the optimisation of business activities
centred on creating customer value [14].

Reference [15] identifies improvements
in four customer-oriented processes: 1)
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interactive customer relationship
management through the identification of
latent needs; 2) customer integration through
the systematic involvement of customers in
the decision-making process; 3) internal
integration through the alignment of
business activities with customer value; 4)
external integration of business processes as
a result of coordination at the supply chain
level.

4. The development of mobile and
cloud-based business process management
facilitates access to processes, enables online
collaboration and task execution, and
provides continuous access to processes
whilst ensuring flexibility in their execution.
The use of cloud technologies in business
process management is shaping a new IT
architecture for enterprises.

Furthermore, cloud computing opens up
entirely new opportunities for business
development, providing rapid access to
computing resources and data in real time,
supporting the automation of business
processes and enhancing their operational
efficiency. At the same time, alongside the
significant benefits, the implementation of
cloud solutions is accompanied by new
challenges, particularly in the areas of
information security, the protection of
confidential data, and ensuring compliance
with regulatory and legal requirements [16].

The development of mobile and cloud
technologies contributes to the expansion of
business process management capabilities.
Mobile and cloud technologies create a more
flexible, scalable and accessible process
infrastructure. For instance, the use of cloud
platforms enables centralised data storage,
allows for the integration of various
information systems, and reduces the costs of
establishing a local IT infrastructure.

Mobile technologies operate in real time,
regardless of users’ location. The
development of mobile and cloud
technologies enables faster management
decision-making and enhances interaction
with process participants. This approach aims
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to create a dynamic and adaptive business
process management model, ensuring:
continuous data exchange, real-time
monitoring and rapid response to changes in
the organisation’s external and internal
environment.

5. Real-time process management. The
volatility of the external environment requires
management decisions based on a significant
volume of real-time data (data-driven
management) using intelligent metrics,
enabling the monitoring (key performance
indicators) KPIs to promptly identify
problems, forecast performance outcomes
and rapidly adapt business processes to
changes in the external environment, which is
vital for maintaining the company’s
competitive advantage, accelerating
decision-making and optimising resource
utilisation [17].

Data-driven management is a conceptual
approach that wunderpins management
decision-making through the systematic
collection, synthesis and analytical processing
of relevant data, thereby enabling an
improvement in the quality of management
decisions, ensuring the soundness of strategic
and  operational management, and
enhancing an organisation’s adaptability in
the face of rapid change. Data-driven
management is built on the use of business
analytics tools, statistical modelling and
artificial intelligence algorithms, which
enable the identification of patterns, the
forecasting of the consequences of
management actions, the optimisation of the
organisation’s activities and the improvement
of its efficiency.

Digital platforms and analytical tools
enable continuous monitoring, analysis and
adjustment of process execution in real time.
Such business process management ensures
the ability to promptly identify deviations and
assess the effectiveness of operations, which,
in turn, allows for the timely initiation of
appropriate  management decisions by
increasing the flexibility of the process system
and reducing response times to challenges.
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6. The use of digital twins of processes,
which enables the simulation of business
process behaviour in a virtual environment,
testing changes to business processes
without risk and identifying both the positive
and negative effects of these changes,
ensuring a timely response to unforeseen
events, and optimising development time
and product quality [18].

Digital twins enable a fundamentally new
approach to rethinking and re-engineering
modern business processes, which involves
creating digital (virtual) representations of
them. Such virtual models enable the
identification of potential problem areas, the
forecasting of operational outcomes, and the
optimisation of operational activities based
on ‘what-if’ scenario analysis, thereby scaling
the digital twin concept across the
organisation’s entire set of business processes
[19].

Digital twins of business processes allow
the creation of virtual models of processes
that reflect their structure, dynamics and
interrelationships. At the same time, digital
twins are based on real operational data.
Digital twins enable the modelling of various
process scenarios, the forecasting of the
consequences of management decisions, and
the evaluation of the results of their
implementation. Thus, digital twins enhance
the soundness of management decisions,
ensure the optimisation of process
architecture, and reduce the risks arising from
business process transformation.

7. Focusing on ESG initiatives when
planning business processes, which enables
business processes to be aligned with socially
responsible business practices  and
sustainable development, whilst taking into
account social, environmental and
governance factors (ESG).

Taking ESG principles into account is a
key aspect of responsible business
management. Integrating these principles
into organisational transformation processes
helps to strengthen companies’ reputational
capital, stimulates innovative development,
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minimises operational risks and ensures
compliance with a regulatory environment
that is becoming increasingly stringent.

The authors of [20] note that, in the
context of growing  environmental
challenges, regulatory pressure and corporate
social responsibility obligations,
organisations are increasingly expected to
ensure that their business processes make a
positive contribution to achieving sustainable
development goals; however, many
companies do not adopt an integrated
approach to ensuring sustainable
development. The authors of the article
propose a conceptual model that will enable
organisations to systematically measure,
analyse and improve their business processes
from a sustainability perspective.

Thus, within this approach, processes are
designed to ensure the efficient use of
resources throughout the value chain, reduce
environmental pressure on the surrounding
environment, ensure social responsibility, and
adhere to the principles of ethical business
conduct. Such a transformation of business
processes ensures the development of more
resilient and responsible business models
that meet the modern requirements of
sustainable development.

8. Process mining. A modern analytical
approach to business process management is
process mining, which is based on conducting
intelligent analysis of events to ensure the
improvement of process models through the
verification and reproduction of business
processes [4]. Whereas traditional modelling
is based on a normative description of
processes, process mining is based on the
analysis of digital traces (event logs)
generated in an organisation’s information
systems using empirical data on the actual
execution of operations, ensuring an
objective  reconstruction of processes,
identifying bottlenecks, and evaluating the
effectiveness of business processes. The
integration of process mining with business
analytics and artificial intelligence tools
enables predictive analysis and supports
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management decision-making based on the
analysis of actual data and metrics.

Process mining enhances the
transparency of business process operations
and facilitates more informed optimisation of
their structure.

9. BPM as a strategic management tool
(Strategic BPM). From a strategic
perspective, business process management
serves as a key tool for translating strategy
into practical implementation, delivering
significant added value to organisations and
playing a vital role in achieving their strategic
objectives.

The use of business process management
as a strategic management tool enables an
organisation to  secure  competitive
advantages through greater flexibility and a
focus on customer needs. Furthermore, the
strategic orientation of business processes is
ensured by the integration of key
performance indicators (KPIs) with process
performance metrics.

In his article, M.M. Al-Shammari proposes
a comprehensive, multi-stage hierarchical
model of a customer-oriented
competitiveness  strategy,  which is
knowledge-based and built on four pillars:
business process re-engineering (BPR),
knowledge management (KM), customer
relationship  management (CRM) and
competitiveness strategy [21].

Thus, business processes become
focused on building and maintaining
competitive advantages, including the
measurement and improvement of business
processes, as well as alignment with the
organisation’s strategy and objectives.

10. Process orchestration and hybrid
management models. A hallmark of
successful  BPM  implementation by
organisations is the expansion of its scope
from managing a single process to ensuring
the seamless coordination of multiple
processes. This process is known as
orchestration [4].

Orchestration platforms enable the
integration of various business process
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management tools under a single
architecture  to  coordinate = complex
processes, allowing them to be integrated
and synchronised, and ensuring the
coordination of interactions between digital
services, automated components and process
participants within a single execution logic.
Orchestration ensures the coordination of
cross-organisational  business  processes,
helping organisations to work with people,
systems and devices, which allows it to be
viewed as the coordination of both
automated and manual tasks that make up
the process, harmonising and managing the
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execution of various processes to create a
single process flow. Business process
orchestration ensures integration between
systems and modules in business process

management, and ensures effective
interaction between business process
management and  business  process

automation, enterprise resource planning
systems, and data management systems.

A summary of the impact of current
trends in business process management on
the performance of organisations s
presented in Table 1.

Table 1. Key characteristics of current trends in business process management and their

impact on organisational performance

Trend

Key features

Implementation results

The combination of
automation and smart
technologies

Integration of RPA, artificial intelligence,
machine learning and BPM,;
comprehensive process orchestration;
advanced capabilities

beyond the scope of individual
technologies

Automation of complex processes;
improved productivity and quality;
reduced costs and

increased flexibility;

supply chain optimisation

The combination of artificial
intelligence and analytical
data

Integration of machine learning
algorithms with datasets;

the use of predictive and prescriptive
analytics in process management;
automated detection of patterns,
anomalies and deviations in processes;
self-learning systems for management
decision support

Improving the quality of management
decisions;

increasing operational efficiency;
optimising processes;

reducing risks and uncertainty;
developing adaptive business models
capable of self-learning and continuous
improvement

Democratisation of
business process

Wider access to process modelling and
analysis tools (low-code/no-code

Increasing staff engagement in process
improvement;

focused processes

customer experience;

personalisation of services and products;
integration with CRM and integrated
platforms;

focus on customer satisfaction and value

management environments); Reducing the time taken to implement
decentralisation of management innovations;
decision-making; Enhancing management transparency;
involving employees in process Ensuring effective horizontal coordination;
improvement; Building organisational flexibility through
transparency and openness of process the decentralisation of process decisions.
information.

Development of customer- | Designing processes based on the Increased customer satisfaction and

loyalty;

enhanced competitiveness; personalised
services and reduced service times;
increased revenue;

enhanced organisational reputation

The development of mobile
and cloud-based business
process management

Use of cloud-based business process
management platforms;

mobile access to process tools and
analytics;

Improving the availability and scalability of
business process infrastructure;

reducing IT support and infrastructure
costs;

ensuring business continuity;
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Trend

Key features

Implementation results

scalability and flexibility of the IT
infrastructure;
integration with partners’ digital platforms

supporting online operations;
accelerating process integration

Real-time process
management and the use
of smart metrics

Continuous monitoring of processes
based on real-time data;

Use of dynamic, context-sensitive and
adaptive KPls;

Automated alerts for deviations;

A shift towards proactive and preventive
management

Prompt response to deviations;
minimisation of losses;

improved productivity through real-time
KPI monitoring;

a shift from reactive to proactive
management;

alignment of strategic processes with
organisational objectives

The use of digital twins

Creating a virtual model of a real-world
business process;

modelling scenarios and simulating
alternative solutions;

integrating with real-world data to keep
the model up to date

Reducing risks when implementing
changes;

optimising resource allocation based on
simulations;

improving the accuracy of forecasting the
outcomes of business process
transformations;

supporting strategic and operational
decision-making

Focus on ESG initiatives
when planning business
processes

Integration of ESG criteria into process
architecture;

measuring the carbon footprint and
resource efficiency of processes;
aligning processes with the principles of
sustainable development

Reducing the negative environmental and
social impact of the organisation’s
activities;

enhancing investment appeal;
strengthening stakeholder trust;

improving corporate reputation;

ensuring the long-term sustainability of the
business model

Process mining

Empirical basis (data-driven approach);
automatic process model generation
(process discovery);

conformance checking;

process transparency and visualisation;
integration with digital platforms and Al

Increased transparency in process
execution;

identification of bottlenecks based on real-
time data;

reduction in operating costs;
establishment of a foundation for
intelligent automation;

enhanced monitoring of process
compliance with regulatory requirements.

Strategic Business Process
Management

Incorporating competitiveness
management into business process re-
engineering;

identifying processes as strategic assets
of the organisation;

ensuring strategic alignment of processes
through the integration of process and
organisational levels

Ensuring flexibility;

focusing on customer needs (creating
customer-centric processes);
enhancing competitiveness;

ensuring the integration of KPIs with
process performance metrics

Business process
orchestration

Incorporation of artificial intelligence;
creates a visual model of the process,
which makes it easier to understand;
combines deterministic process
execution with Al-based decision-making

Overcoming automation challenges;
achieving IT/business alignment;
coordinating both automated and manual
tasks within the business process;
ensuring process flexibility and scalability

Source: summarized by the authors
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Intelligent business processes enable
businesses to be flexible in meeting the needs
of consumers and society. Business processes
are becoming part of digital transformation;
the business process management system
itself is being digitised, making it more
flexible. Thus, intelligent business processes
form the core of the modern business process
management transformation model.

The modern principles of business
process management are underpinned by an
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integrated business process management
structure, which creates the conditions for
increased efficiency and competitiveness,
reduced costs and risks, and enhanced
resilience, whilst taking into account current
trends in the development of business
process management. The integrated
business process management structure is
illustrated in Fig. 2.

The identification process

T
h 2| Identification of the process ¢ 1
The monitoring and Lean Six KPI. KRI. PP| The analysis .
control process Sigma interdependence process
Integrated
The im Iyrfenta business rngs? n Process
validation --> ption processes (improvgme ---+, Reengineer
process process Management nt) process ng
\ structure L
—/
T v 1 i) r
Cost-bepefit Business process
analysis optimisation
Change of Skills gap Rlséorrlﬁgagﬁgnent
management k= analysis planr?ing y

——— Normal sequence of processes

bmmm==- 1
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Figure 2 — Integrated business process management structure
Source: [22].
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characteristics and determine their

process management shape their effectiveness (Fig. 3).
Flexibility and ,
adaptability Customer focus Targeting
P
Process intelligence 'Contlnuoust
. Business process mprovemen
( ) characteristics
Integration Innovation
. J
Cross-functionality Proactivity
Figure 3 — Characteristics of business processes
Source: adapted by the authors
Current trends in business process process management. The study

management enable a thorough analysis of
processes, on the basis of which the actual
workflow is redesigned following the
identification of inefficient processes.
Proactive incident management makes it
possible to neutralise or minimise risks,
ensure a clear customer focus and integrate
multi-level processes, thereby ensuring
maximum efficiency, reducing additional
costs and minimising wasteful expenditure.

Conclusions. The study confirms that
business process management is undergoing
a fundamental transformation driven by
digitalisation, increasing environmental
turbulence, and the growing complexity of
organisational systems. Traditional BPM
approaches, primarily focused on efficiency
and standardisation, are no longer sufficient
to ensure sustainable  organisational
performance and adaptability.

The main result of the research is the
systematisation of current trends in BPM
development and the substantiation of an
integrated approach to intelligent business

demonstrates that the transformation of BPM
is determined by the interaction of two key
groups of drivers: technological (artificial
intelligence, process mining, digital twins,
intelligent automation) and organisational
(customer-centricity, ESG orientation, flexible
management models, data-driven decision-
making).

It is established that the integration of
these drivers within a unified management
architecture creates a synergistic effect, which
enables the transition from reactive and
descriptive  process management to
proactive,  adaptive, and predictive
management. This transformation enhances
process transparency, improves the quality of
managerial decision-making, and increases
organisational flexibility and resilience in
dynamic environments.

The proposed conceptual model of
integrated intelligent BPM provides a
theoretical basis for understanding the
mechanisms of process transformation and
can be used as a framework for designing
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modern process management systems
oriented towards continuous value creation.

From a practical perspective, the
implementation of intelligent BPM allows
organisations to optimise resource utilisation,
reduce operational risks, improve customer
experience, and strengthen their competitive
positions in the digital economy.
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integrated system combining technological
and organisational dimensions within a
unified analytical framework.

Further research should focus on the
formalisation and empirical validation of the
proposed model, including the development
of quantitative indicators and methods for
assessing the effectiveness of intelligent

The scientific contribution of the study business process management in different

lies in the systematisation of BPM industries.
transformation trends and the
conceptualisation of intelligent BPM as an
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thread”. The paper develops a conceptual and methodological model of a cognitive-adaptive digital ecosystem
for the integrated management of defence projects and supply chains under conditions of high strategic
uncertainty. It is demonstrated that traditional management models, based on the functional decomposition
of engineering, logistics, and operational processes, create structural gaps across lifecycle stages and limit the
ability of systems to adapt in a dynamic combat environment.

The methodological framework of the study is grounded in systems analysis, the theory of complex
adaptive systems, and digital engineering. An architecture of an integrated digital ecosystem is proposed,
combining engineering (PLM), logistics (SCM), manufacturing (MES), and operational domains within a unified
data flow (Digital Thread). The central element of the model is a cognitive core that enables data aggregation
and supports decision-making processes.

The study formalizes the Cognitive Readiness Index (CRI) as an integral function of engineering maturity,
logistics availability, resource-operational efficiency, and system adaptability. An approach to the
operationalization and normalization of these parameters is proposed, along with a mechanism for multi-
criteria optimization of defence project configurations based on CRI. A scenario-based illustration is conducted
to demonstrate the model’s ability to identify imbalances across domains and to justify the selection of more
resilient system configurations.

The scientific novelty of the study lies in the development of an integrated model of cognitive-adaptive
management for defence projects, which combines the Digital Thread, a combat feedback loop, and a
formalized integral criterion (CRI) within a unified decision-making framework. Unlike existing approaches,
logistics parameters and battlefield data are incorporated as endogenous factors in engineering design.

The practical significance of the results lies in the potential to enhance the adaptability of defence
systems, reduce logistics risks, and improve the resource resilience of defence-industrial programs through the
application of CRI as a decision-support tool.

Keywords: defence projects, Digital Thread, Cognitive Readiness Index, supply chains, adaptive
management, digital ecosystem, defence-industrial complex

Mapia Tlpuzopak, Onez lapmaw, Oneza bondapeHko, Hamania Tpywkina «KozHimueHo-
adanmueHa yugpoea exkocucmema iHMe2poOBAHO20 ynpaesliHHA O0GOPOHHUMU nNpoeKmamu ma
NIaHYy02aMu  NOCMAYaHHA». Y cmammi po3pobneHo KoHUenmyasnabHOo-MemooosioeidHy Mooesb
KO2HIMuBHO-adanmuegHoi Yugposoi ekocucmemu iHmMe2pos8aHo20 ynpasniHHA 060pOHHUMU NPOEKMAMU ma
JIGHY02aMu NoCcmayaHHsA 8 yMo8ax 8UCOKOI cmpameziyHoi HegusHavyeHocmi. [JogedeHo, wo mpaouuitiHi
Moleni  ynpaeniHHA, 34acHO8AHI HA (PYHKYIOHAMbHIU 0ekoMno3uuii iHXeHepHUX, Jf02icmudHux |
ekcniyamayidiiHux npouyecis, hopmyromes CMpPYKmMypHi po3pusu MiXX emanamu XUmmeso2o UUkly ma
o0b6MeXxytome 30amHicme cucmem 00 adanmadii 8 OUHAMiYHOMy 60U080MY cepedo8uUWi.

MemodonoeiuHy ocHo8y 0oC/idXeHHA CMAHO8/IAMb NiOX00U CUCMEMHO20 aHasisy, meopil cknadHux
aoanmusHuUx cucmem | Yugposozo iHXUHipUHay. 3anponoHO8AHO apximekmypy iHmezposaHoi Yu@posoi
eKocucmemu, ujo NOeOHyE iHxeHepHul (PLM), nozicmuyrut (SCM), supobHu4ul (MES) ma ekcnnyamadyidinud
OJoMeHU 8 Mexax eOUHO020 Yugpposozo nomoky oaHux (Digital Thread). LlenmpaneHum enemeHmom mooesii €
Ko2HimueHe A0po ynpassiHHA, Ake 3abe3neyye azpe2y8aHHA OGHUX ma NiIOMPUMKY npuliHAMMA pilieHe.

Y pobomi ¢opmanizosaHo koeHimugHull iHOekc 2omosHocmi (Cognitive Readiness Index, CRI) sk
iHmezpanbHy (QyHKUilO napamempis iHXeHepHOI 3pinocmi, Jnozicmu4YHoOi GocmynHOCMI, pecypcHo-
onepauitiHoi' ehekmugHocmi ma weudkocmi adanmauil. 3anponoHo8aHo nioxio 0o ix onepauioHanizauii ma
HOpManizayii, a Makox mexariam 6azamokpumepianbHoOi onmumizayii KoHepi2ypayili 060poHHO20 npoekmy
Ha ocHosi CRI. [IpogedeHo cuyeHApHy inlocmpayilo 3acmocy8aHHA Mooesti, AKa 0eMOHCMPpYE i 30amHicme
susa8aAMU OUCbanaHcu mix domeHamu ma obrpyHmosysamu subip 6inbl cmilkux KoHgpizypayit cucmemu.
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Haykosa Hosu3Ha nonfzae y opmMysaHHi [HMezposaHoi modesi KOo2HIMmuUBHO-a0anmMueHO20
ynpasniHHa 060poHHUMU npoeKkmamu, aka noedHye Digital Thread, feedback loop 6otiosoi ekcnnyamauii ma
opmanizosaHuli iHmezpansHuli kpumepiti CRI 8 eduHoMy KoHMypi nputiHammas piwerb. Ha siomiHy 8i0
icHyto4ux nidxodis, nozicmuyHi napamempu ma daHi 6008020 3aCMOCYB8AHHA IHMeE2PYIOMbCA AK eHOO2eHHI

hakmopu iHxeHepHOo20 NPOEKMYBAHHS.

lMpakmuyHe 3Ha4eHHsA pe3y/lbmamis NOA2AE y MOX/IUBOCMI nid8UWeHHA adanmugHocmi 060pOHHUX
cucmem, 3HUXXEHHA J102iCMUYHUX pu3uKie ma 3abe3neyeHHs pecypcHol cmilikocmi 060pOHHO-NPOMUCTO8UX
npozpam wnaxom sukopucmarHa CRI Ak iHcmpymeHmy nidmpuMKuU ynpasniHCbKUX pilleHe.

Kniouoei cnoesa: o6opoHHi npoekty, Digital Thread, KOrHiTMBHMIA iHOEKC FOTOBHOCTI, NaHLOMM

nocTayaHHs, afjanTUBHe ynpasiHHA, LuppoBa ekocmcTema, 060POHHO-NPOMUCITIOBUIA KOMIMEKC.

Introduction. Modern high-intensity
armed  conflicts are  fundamentally
transforming the requirements for the
management of defence projects and the
architecture of defence-industrial systems. In
leading countries, there is a systemic shift
from traditional linear lifecycle models toward
integrated digital engineering approaches
based on continuous interaction among
engineering, manufacturing, and logistics
processes. A key element of this
transformation is the concept of the Digital
Thread, which ensures end-to-end data
integration across the lifecycle of defence
products.

However, even in advanced defence
ecosystems, full integration of engineering,
logistics, and operational domains remains
limited. In practice, this is manifested in
persistent structural gaps between the stages
of design, supply, production, and operation.
As a result, engineering decisions are often
made without considering actual resource
availability, while logistics constraints are
incorporated with delays or in a simplified
manner.

In the context of Ukraine, these
challenges become critical. The high
dynamics of the combat environment, risks to
infrastructure, instability of supply networks,
and the need for rapid modernization of
military systems impose fundamentally new
requirements on management systems.
Under such conditions, the effectiveness of
defence-industrial programs is determined
not only by the technical sophistication of

products but also by the system’s ability to
rapidly adapt, maintain resource resilience,
and integrate combat feedback.

The analysis of existing approaches
reveals a systemic problem—fragmentation
of information flows and the absence of a
closed-loop interaction mechanism across
lifecycle stages. The cycle “design - supply -
production — operation” functions as a set of
partially autonomous subsystems, which
limits the ability to rapidly reconfigure
systems in response to environmental
changes. A particularly critical issue is the lack
of a formalized mechanism for integrating
combat feedback into engineering and
logistics decision-making processes.

Despite the rapid development of digital
technologies, including PLM, ERP, MES, and
the Digital Thread concept, the scientific
literature lacks a comprehensive model that
integrates engineering design, logistics
availability, production capabilities, and
operational data into a unified adaptive
management framework. Furthermore, the
issue of formalizing an integral criterion for
evaluating the balance of defence projects,
taking into account these parameters,
remains unresolved.

In this context, the aim of this paper is to
develop a conceptual and methodological
model of a cognitive-adaptive digital
ecosystem for defence project management,
which integrates engineering, logistics,
manufacturing, and operational domains into
a unified decision-making framework based
on a Digital Thread.
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To achieve this objective, the study:

— substantiates the need to transition
from fragmented management models to
integrated digital ecosystems;

— develops the architecture of a
cognitive-adaptive system with clearly
defined functional domains;

— proposes the Cognitive Readiness
Index (CRI) as an integral criterion for
assessing the system state;

— formalizes the model parameters and
the mechanism for their application in
decision support.

The scientific novelty of the study lies in
the development of an integrated approach
to defence project management as a
cognitive-adaptive digital ecosystem, in
which logistics constraints and battlefield
data are treated as endogenous parameters
of engineering design. The practical
significance of the results lies in enhancing
the adaptability and resilience of defence-
industrial systems through the application of
CRI as a decision-support tool.

Literature Review. Contemporary
research in the field of defence project and
supply chain management increasingly
demonstrates a shift from linear lifecycle
models toward integrated digital
architectures, in  which  engineering,
manufacturing, logistics, and operational
data are combined into a unified and
continuous information flow. In this context,
the Digital Thread concept is considered a
foundational infrastructure for the digital
transformation of complex industrial systems,
as it ensures data traceability, connectivity
across product lifecycle stages, and a basis for
adaptive decision-making [2, 6-8, 13]. In the
study “Digital twin, digital thread, and digital
mindset in enabling digital transformation: A
socio-technical systems perspective”, it is
shown that the digital data flow itself has a
significant independent impact on the
performance of digital transformation, and its
effectiveness is enhanced when combined
with digital twins and an appropriate
organizational culture [7].

88-113
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The development of the Digital Thread
concept is closely linked to the search for new
approaches to integrated lifecycle
management in smart manufacturing and
high-tech industries. In “Conceptualizing the
digital thread for smart manufacturing”, the
Digital Thread is interpreted as a multi-layer
architecture linking data, models, and
decisions across design, production, service,
and modernization stages, thereby forming
the basis for holistic management of complex
technical systems[1, 3, 10]. A similar approach
is developed in “Using graphs to link data
across the product lifecycle for enabling smart
manufacturing digital threads”, where a
graph-based model is proposed to connect
data throughout the entire product lifecycle,
enabling cross-functional analytics and
change tracking [6]. These insights are
particularly relevant for defence projects,
where any structural disconnect between
engineering design, supply, production, and
operation reduces system resilience under
conditions of high uncertainty.

A distinct strand of the literature focuses
on the role of the Digital Thread in defence
acquisition and defence engineering. The
study “Untangling the Digital Thread: The
Challenge and Promise of Model-Based
Engineering in  Defense  Acquisition”
emphasizes that, in defence programs, the
digital thread cannot be limited to the
CAD/PLM level but must encompass
requirements, system architecture,
manufacturing execution, and logistics
support within a model-based engineering
framework [8, 17, 20]. A similar perspective is
presented in “Architecting a Digital Thread
Across Engineering and Supply Chain
Operations”, which argues that supply chain
resilience cannot be achieved solely at the
operational level unless it is embedded
architecturally through the integration of
MBSE, CAD, PLM, and supply chain
governance [11]. Thus, the contemporary
academic discourse increasingly
conceptualizes the Digital Thread not merely
as a tool for data traceability but as an
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organizational and technological framework
that must integrate technical, resource, and
logistics constraints from the early stages of
design|[1,3,6,8,11,17, 20].

An important component of this
discourse is the integration of the Digital
Thread with digital twins and feedback-driven
management. Studies on digital twins in
industrial and  defence  applications
demonstrate  that their effectiveness
significantly increases when they operate not
as isolated models but as elements of a
continuous data flow linking the physical
system, its design model, the production
environment, and the operational domain
[11, 19-21]. In “On Digital Twins in Defence:
Overview and Applications”, defence digital
twins are viewed not only as tools for virtual
prototyping but also as instruments for
operational monitoring, scenario analysis,
maintenance, and rapid modernization,
which is particularly relevant for systems
operating in combat environments [9].
Consequently, the literature establishes an
approach in which digital twins and the
Digital Thread jointly form an integrated
closed-loop architecture of “design -
production — operation - adaptation” [1, 7, 9,
111

In parallel, a growing body of research
addresses supply chain resilience in critical
and security-related sectors. The study “Al-
Driven Resilience Framework for U.S.
Manufacturing Supply Chain Optimization”
proposes a simulation-based framework
combining predictive analytics, autonomous
response mechanisms, and Digital Thread
architectures to  enhance  Vvisibility,
coordination, and adaptability in
manufacturing supply chains critical to
national security [10, 14]. The authors
demonstrate that integrating Al with the
Digital Thread significantly improves not only
disruption prediction but also recovery speed,
cross-functional coordination, and overall
supply chain resilience [10, 14, 21]. This is
particularly important for defence-industrial
systems, where logistics  constraints,
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component shortages, and infrastructure
risks directly affect operational readiness.

In the broader context of supply chain
digital transformation, the concept of the
cognitive supply chain is gaining increasing
importance. A number of studies and applied
publications conceptualize the cognitive
supply chain as a self-learning network that
leverages real-time data, AI/ML models,
digital twins, and scenario analytics to predict
disruptions and proactively reconfigure
decisions [3, 6, 9]. This approach shifts the
focus from reactive risk management to
continuous adaptive balancing between
engineering, logistics, and operational
parameters [10, 14, 18]. In the defence
domain, this implies a transition from
fragmented control of individual functions to
a holistic cognitive ecosystem in which

decisions are based on integrated
assessments  of  resource availability,
technological maturity, production

conditions, and operational data [2-5, 12].

Theoretical foundations for the proposed
approach are also found in the literature on
cognitive readiness. In classical works by
Bianchini, Grier, Fletcher, and Morrison,
cognitive readiness is defined as the ability of
an individual or system to function effectively
under conditions of uncertainty, rapid
change, time pressure, and high cognitive
load [3-5, 13, 16]. In “Defining and Measuring
Military Cognitive Readiness”, cognitive
readiness is  conceptualized as a
multidimensional construct encompassing
anticipation, adaptability, resilience,
situational awareness, and rapid decision-
making capabilities [5]. Further developments
are presented in “Cognitive Readiness at the
Tactical Level: A Review of Measures”, which
demonstrates  that complex  military
environments require integrated, multi-
component indicators rather than isolated
metrics [3].

Although these studies primarily address
individual or team-level readiness, their
conceptual foundations can be extended to
organizational and techno-logistical systems.
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This enables a shift from viewing readiness as
a property of operators to interpreting it as an
emergent property of the entire defence
ecosystem, shaped by the interaction
between engineering maturity, logistics
availability, production capability, and
adaptability [3-5, 13, 16]. In this context, the
proposed Cognitive Readiness Index (CRI) can
be seen as a systemic extension of military
cognitive readiness concepts, transferred
from the human-centered level to the level of
digitally managed project and supply chain
systems [3, 13, 16].

The relevance of such an extension is
reinforced by the growing role of continuous
operational feedback in defence
management. Contemporary approaches to
digital engineering in defence increasingly
emphasize the need to integrate operational
feedback into design, maintenance, and
modernization processes, particularly for
systems that evolve rapidly under combat
conditions [2, 4, 15]. In this context, battlefield
experience is no longer limited to post-
project lessons learned but becomes a
continuous data source for adapting technical
configurations, supply chain strategies, and
production settings [12, 15]. This perspective
aligns with emerging concepts of adaptive
defence ecosystems, in which operational
data serve as endogenous drivers of system
evolution [3-5, 12-15, 20].

The literature review demonstrates that
significant theoretical developments have
emerged at the intersection of digital
engineering, resilient supply chains, digital
twin/thread  architectures, and military
cognitive  readiness. However, these
contributions remain fragmented. Some
studies focus on digital lifecycle integration
and data interoperability [5, 8, 11-13, 15, 19],
others on supply chain resilience and the role
of Alin critical industries [1,6, 10, 14, 21], while
another group addresses cognitive readiness
in military contexts [2, 7, 9, 16-18]. At the
same time, there is a lack of models that
integrate engineering, logistics, production,
and operational feedback into a unified
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framework
integral

adaptive decision-making
supported by a formalized
assessment criterion.

Thus, the analysis of the literature
confirms the existence of theoretical
foundations for the development of a
cognitive-adaptive digital ecosystem for
defence  project management, while
simultaneously revealing a significant
research gap. This gap lies in the absence of a
comprehensive methodological approach
that integrates the Digital Thread, logistics
availability, production feasibility, operational
feedback, and a multi-criteria readiness index
within a unified management model [2, 4, 12,
19, 21]. Addressing this gap constitutes the
core scientific rationale of the present study.

Research Methodology. The
methodological framework of this study is
based on the integration of systems analysis,
the theory of complex adaptive systems,
digital engineering, and supply chain
management approaches. Within the
proposed framework, a defence project is
conceptualized as a cognitive-adaptive
system in which engineering, logistics,
manufacturing, and operational processes
function within a unified integrated digital
environment.

Formally, the system is represented as a
set of interconnected domains, including
engineering (PLM),  logistics  (SCM),
manufacturing (MES), and operational
domains, complemented by a digital data
flow and a feedback mechanism. The
interaction of these elements is realized
through a closed adaptive cycle
encompassing design, supply, production,
and operation processes, followed by the
reintegration of information into the
decision-making loop. This approach reflects
a transition from a linear lifecycle model to a
model of continuous system reconfiguration.

The Digital Thread serves as the core
integration  mechanism, enabling the
formation of a unified information space for
synchronizing the states of all domains. Unlike
traditional approaches characterized by
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fragmented information flows, the Digital
Thread ensures data continuity, consistency,
and accessibility for analytical processing.
This enables the integration of engineering,
logistics, and operational parameters into a
unified decision-support system.

A central role in the model is played by
the cognitive core, which performs data
aggregation, normalization, and
interpretation, transforming heterogeneous
inputs into formalized indicators of system
state. Within this core, the principle of data-
driven management is implemented,
whereby decision-making is based on an
integrated assessment of system parameters.

The primary instrument for such
assessment is the Cognitive Readiness Index
(CRI), defined as a weighted function of
engineering maturity, logistics availability,
resource-operational efficiency, and system
adaptability. All parameters are normalized to
a dimensionless scale, enabling their
integration and comparability. The weighting
coefficients may vary depending on the
operational context, allowing the model to be
adapted to different defence project
scenarios.

A distinctive feature of the proposed
methodology is the integration of operational
feedback into the decision-making process
through the Combat Feedback Loop. This
mechanism enables the transformation of
operational experience into formalized data
used to adjust system parameters. Battlefield
datainclude information on technical failures,
performance indicators, environmental
impacts, resource consumption,
maintainability, and operator experience.
Within the digital environment, these data
undergo collection, validation, normalization,
and analytical processing before being
integrated into decision-making models.

The application of the proposed model
involves identifying system parameters for
alternative configurations, normalizing these
parameters, and calculating the integrated
CRI value. The resulting values are used to
compare alternatives and determine the most
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balanced configuration, taking into account
the multi-criteria nature of the problem. In
this way, CRI functions as a decision-support
tool in complex environments where the
interdependencies among technical, logistics,
and operational factors must be considered.

To demonstrate the practical applicability
of the model, a scenario-based approach is
employed, enabling the analysis of alternative
system configurations under conditions of
uncertainty. Within this approach, a set of
possible configurations is generated, and CRI
is calculated for each, allowing for their
ranking and the selection of an optimal
solution.

The proposed methodology has a
conceptual and analytical nature and
depends on the quality of input data and the
validity of model parameters. This
necessitates further empirical validation and
adaptation to specific conditions of defence-
industrial systems. At the same time, it
provides a foundation for the development of
integrated digital management systems
capable of ensuring adaptability and
resilience in dynamic environments.

Basic material and results. Modern
defence-industrial systems operate within an
institutionally and technologically
fragmented architecture that has emerged as
a result of the historical separation of design,
production, and logistics processes. In such a
configuration, classical defence logistics
performs primarily a service-oriented and ex
post role, ensuring the implementation of
already defined engineering solutions
without their systematic integration into the
design process.

A key systemic problem lies in the
absence of end-to-end integration across
lifecycle domains of defence products.
Engineering systems (PLM solutions), logistics
platforms (SCM/ERP), and manufacturing
environments (MES) function as relatively
autonomous digital subsystems, where data
exchange is incomplete, asynchronous, or
contextually limited. This results in the
phenomenon of “digital discontinuities,”
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where information about actual component
availability, production constraints, or
logistics delays is not incorporated at the
engineering design stage.

As a consequence, structural
misalignment arises between technical
solutions and the actual capacity of industrial
and logistics systems to implement them.
Engineering designs may be optimized in
terms of performance or tactical-technical
characteristics, yet remain logistically
infeasible or critically vulnerable to supply
disruptions. This leads to increased delays,
inefficient resource utilization, and reduced
overall adaptability of defence programs.

A particularly critical issue is the absence
of an integrated feedback mechanism linking
the operational phase with the design stage.
Data on combat use, logistics disruptions, and
real-world system performance are not
systematically transformed into formalized
constraints for subsequent design iterations
in an automated or coordinated manner.
Despite the gradual digitalization of
individual components of the defence-
industrial complex, the underlying lifecycle
management architecture remains
fragmented. The cycle “design - supply -
production - operation” continues to
function as a set of loosely connected
subsystems, with significant informational
and managerial gaps between them. In
practice, this means that operational
outcomes do not systematically influence
engineering decisions, logistics constraints
are  incorporated  with  delay, and
manufacturing  capabilities are rarely
considered as design parameters at early
stages.

As a result, a structural asymmetry
emerges between the pace of change in the
combat environment and the inertia of
decision-making processes within defence
systems. Engineering models evolve more
slowly than emerging threats; logistics chains
adapt reactively rather than proactively; and
operational experience accumulates but is
not translated into formalized design
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parameters. Consequently, the lifecycle
remains open or only partially integrated,
limiting the system’s capacity for self-
regulation and rapid adaptation.

This systemic fragmentation necessitates
a transition to an integrated digital ecosystem
for defence project management (Fig. 1). Its
core function is to close all lifecycle phases
into a unified data and decision loop, where
operational information directly influences
design, logistics constraints become input
parameters for engineering models, and
manufacturing capabilities define the
practical boundaries of design solutions.
Within such a configuration, the system
ceases to be a sequence of discrete stages and
instead becomes a continuous adaptive
process capable of maintaining alignment
between technological development,
resource availability, and the dynamics of the
combat environment.

The central system-forming element of
the proposed digital ecosystem is the
cognitive core, which performs integrative,
analytical, and optimization functions across
the entire lifecycle of the defence project.
Structurally, it represents a higher-level
decision-making  layer  that  ensures
coordination among engineering, logistics,
manufacturing, and operational subsystems.

Functionally, the cognitive core performs
the processing and synthesis of information
flows originating from different domains of
the ecosystem, ensuring their unification
within a single analytical framework. A key
operation is the aggregation of data from all
lifecycle subsystems, enabling the formation
of a holistic representation of the system state
at a given pointin time.

Based on aggregated data, the Cognitive
Readiness Index (CRI) is calculated as an
integral indicator reflecting the degree of
alignment among the core parameters of
ecosystem performance. In this context, CRI
serves as a criterion function that determines
the effectiveness of the current system
configuration.
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Figure 1 - Architecture of the Integrated Digital Ecosystem
Source: Author’s elaboration developed using Al tools

An essential function of the cognitive
core is balancing interdependent yet
potentially conflicting parameters, including
technical sophistication, logistics availability,
and operational efficiency. This balance is
achieved through multi-criteria evaluation of
alternatives and  the  selection  of
configurations that maximize overall system
coherence under given constraints.

In addition to its evaluative role, the
cognitive core functions as a mechanism for
real-time decision generation. This implies
that the system not only monitors its current
state but also continuously optimizes its
operational parameters, adapting them to
changes in the external environment and
internal constraints.

Thus, the cognitive core can be
interpreted as a system coordination
mechanism that transforms distributed,
heterogeneous, and partially unstructured
data into formalized engineering and logistics
decisions. Its role is to ensure the integrity of
management processes and maintain the
adaptive equilibrium of the entire ecosystem
under conditions of dynamic uncertainty.

The ecosystem consists of
interconnected functional domains that

together form a unified digital management
architecture.

1. Engineering Domain (PLM Level). The
engineering domain  constitutes  the
foundational structural layer of the proposed
cognitive-adaptive  ecosystem and s
responsible for shaping the technical
architecture of the defence product, as well as
defining the logic of its full lifecycle — from
conceptualization to  operation and
subsequent modernization.

Functionally, this domain serves as the
environment in which the digital model of the
product is created and formalized as an
integrated representation of its structural,
functional, and operational characteristics.
This model acts not only as an engineering
artifact but also as the basis for subsequent
logistics, manufacturing, and operational
analyses within the ecosystem.

A key function of the engineering domain
is the definition of the engineering maturity
parameter E, which reflects the level of
technological readiness and structural
completeness of the product. This parameter
integrates assessments of design complexity,
stability of technical solutions, and their
alignment with operational requirements.
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Additionally, the PLM level performs an initial
evaluation of the technical feasibility of
proposed  solutions, including their
compatibility with existing technological
capabilities, manufacturing constraints, and
implementation risks.

An important conceptual component is
the integration of the Design-for-Supply
Chain  principle, according to which
engineering decisions are developed with
consideration of component availability,
supply resilience, and logistics constraints. In
this way, logistics factors are embedded as
design parameters rather than treated as
external constraints applied to finalized
solutions.

Overall, the engineering domain defines
the structural boundaries of feasible design,
forming the solution space within which
subsequent ecosystem levels perform
logistics, manufacturing, and operational
optimization.

2. Logistics Domain (Supply Chain
Management Level). The logistics domain is a
key functional component of the cognitive-
adaptive ecosystem, ensuring the resource
feasibility of engineering solutions. Its
primary role is to translate abstract technical

requirements into physically available
material,  manufacturing, and  supply
capabilities.

Within this domain, comprehensive
supply chain management is carried out,
including the coordination of flows of
materials, components, semi-finished goods,
and critical resources across multi-tier
supplier networks. This ensures the continuity
of material support throughout the lifecycle
of defence products and minimizes the risks
of supply disruptions.

A central function is the evaluation of the
logistics availability parameter L, which
reflects the system’s ability to ensure timely
and stable supply of required components.
This  parameter integrates temporal,
geographical, infrastructural, and market
factors that determine the actual accessibility
of resources under given conditions.
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An important element of the logistics
domain is supplier resilience analysis, which
includes the assessment of operational
reliability, financial stability, geopolitical
vulnerability, and the ability to maintain
production commitments under crisis
conditions. This enables the identification of
critical nodes within the supply network.

Additionally, the domain performs supply
chain disruption risk modeling, including the
forecasting of potential disturbances caused
by sanctions, logistics blockades, production
failures, or changes in global supply networks.
This supports proactive system adaptation to
external environmental changes.

Overall, the logistics domain defines the
physical constraints of engineering solution
implementation, acting as a critical
intermediary between engineering design
and the real production and supply
infrastructure.

3. Manufacturing and Operational Domain
(MES Level). The manufacturing and
operational domain represents the execution
layer of the cognitive-adaptive ecosystem,
ensuring the transformation of digital
engineering models into physically realized
products. Its functional role is to materialize
decisions generated at the engineering and
logistics levels into tangible production
outcomes.

Within  this domain, operational
management of production capacities is
carried out, including coordination among
enterprises, workshops, technological lines,
and distributed production sites. This ensures
the coherent functioning of the production
system as an integrated mechanism oriented
toward fulfilling current defence orders.

A key function is the control of
production volume and capacity utilization,
which involves balancing available resources,
production constraints, and order priorities.
This approach optimizes the wuse of
production capacities and minimizes the risks
of underutilization or overload.

An important aspect of the domain is the
adaptation of production to changing
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demand, achieved through dynamic
reconfiguration of production plans in
response to evolving combat requirements,
logistics  conditions, or  engineering
specifications. This ensures production
flexibility and responsiveness to high-
frequency environmental changes.

Additionally, the domain is responsible
for the implementation of the resource
efficiency parameter U, which reflects the
degree of optimal use of material, energy, and
time resources in the production process. This
indicator enables the assessment not only of
output volume but also of the efficiency of
resource utilization.

Overall, the manufacturing and
operational domain performs the function of
project materialization, ensuring the
transition from the digital representation of
the system to its physical realization and
forming the final stage of the integrated
defence value creation cycle.

The  Operational  Feedback  Layer
represents an external, empirically driven
level of the cognitive-adaptive ecosystem,
providing feedback between the real-world
application of defence systems and the
overall lifecycle architecture. Functionally,
this layer serves as a primary source of data on
the actual behavior of systems in combat
conditions and constitutes a key mechanism
for adaptive system learning. Its core function
is the collection of battlefield data, including
information on tactical effectiveness,
operating conditions, interaction with other
systems, and the impact of external
environmental factors. These data form the
empirical basis for subsequent analytical
processing within the cognitive core.

In addition, the layer performs evaluation
of performance and failures through
systematic analysis of technical reliability,
failure frequency, patterns of component
degradation, and the alignment between
actual system performance and expected
engineering parameters. This enables the
identification of gaps between design
assumptions and real operating conditions. A
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critical component is the formation of the
system adaptability parameter S, which
reflects the ecosystem’s ability to respond
rapidly to emerging challenges, reconfigure
system designs, and update engineering and
logistics decisions. This parameter integrates
the temporal responsiveness of the system to
changes in the combat environment.

Based on the collected and structured
data, Combat Feedback is generated as a
standardized flow of empirical signals
transmitted to the cognitive core for further
processing, model correction, and parameter
updating. Overall, the operational feedback
layer enables the evolution of the ecosystem
through real-world experience, transforming
battlefield practice into a continuous source
of learning and adaptation across the entire
defence management architecture.

The integrative mechanism of the
proposed cognitive-adaptive ecosystem is
the Digital Thread, which serves as a system-
forming infrastructure ensuring connectivity
between the physical and digital
environments, as well as consistency and
continuity of information exchange across all
lifecycle domains of defence products.
According to the definition provided by the
National Institute of Standards and
Technology (NIST), the Digital Thread is an
integrated framework that enables a
connected, real-time view of the product
lifecycle across design, development,
manufacturing, and deployment stages. This
framework provides a comprehensive
lifecycle perspective by synchronizing data
related to products, processes, teams,
stakeholders, tools, and workflows within a
single interconnected information flow.

In essence, the Digital Thread establishes
a single source of truth, enabling all
stakeholders to operate on the same product
datain real time (Fig. 2). This structure ensures
end-to-end traceability and transparency,
allowing organizations to derive value from
product data that were previously
inaccessible, underutilized, or fragmented.
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The proposed architecture of the
cognitive-adaptive digital ecosystem s
presented in Fig. 2. It reflects the integration
of four key lifecycle domains of a defence
product — engineering (PLM), logistics (SCM),
manufacturing and operations (MES), and
operational - within a unified data flow, the
Digital Thread.

The central element of the model is the
cognitive core (Fig. 3), which aggregates data
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from all domains and generates the
integrated Cognitive Readiness Index (CRI) as
a function of engineering maturity, logistics
availability, resource efficiency, and system
adaptability. Based on this indicator, multi-
criteria optimization of defence project
configurations is performed.

Cognitive Core

MES =

Operational =, I

= e

( E5) Agregation 578 Balancing

Collection of data from 4 domains

into a single real-time analytical loop. :
constraints.

&

Figure 3 — Cognitive Core of Management

Resolving conflicts between
technical excellence and resource

Optimized
Managerial
Decision

4
—— (Optimization

Generation of system reconfiguration
scenarios without human participation

in routine operations. P

Source: developed by the author using Al tools

A key feature of the proposed model is
the presence of a closed feedback loop, in
which data from combat operations are
transformed into input parameters for
engineering design, thereby ensuring system
adaptability under dynamic conditions.

From a functional perspective, the Digital
Thread enables continuous synchronization
of data across engineering, logistics,
manufacturing, and operational domains.
Thisimplies that any changes in parameters at
one stage of the lifecycle are automatically
reflected across  all interconnected
subsystems, eliminating time delays and
information discontinuities. A critical property
of this mechanism is the removal of
information gaps that typically arise in
traditional hierarchical systems between the

stages of design, supply, production, and
operation. As a result, contextual information
loss is reduced, the accuracy of managerial
decisions is improved, and the risk of data
misinterpretation across system levels is
minimized.

An important function of the Digital
Thread is the creation of a unified decision-
making information space, within which all
stakeholders — from engineers to logistics and
operations managers—operate on a
consistent set of data in real time. This
enhances management transparency and
provides a foundation for cognitively aligned
decision-making under conditions of
uncertainty.

Thus, the overall logic of the cognitive-
adaptive ecosystem is based on the
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application of an integrated system-level
criterion - the Cognitive Readiness Index (CRI)
- which serves as the central analytical
construct linking all functional domains of the
system.

The Cognitive Readiness Index of a
defence project is defined as an integral
function of four interrelated parameters:

CRI=/E LU, S)
where: E - engineering maturity of the

product; L - logistics availability and supply
resilience; U — resource-operational efficiency;
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S - system adaptability to changes in the
combat and resource environment.

All parameters are normalized within the
interval [0,1], where 0 represents a critically
low level and 1 corresponds to the maximum
achievable level of readiness.

1. Engineering Maturity Parameter (E). The
engineering maturity parameter reflects the
level of technical readiness, reliability, and
design feasibility of the defence product. It
can be calculated using the following
expression:

E=w;-TRL, +wz-Rs tw3-Cj,

where: TRL, - normalized technology readiness level of the product; R, — structural reliability
indicator of the product; C; — inverted indicator of design complexity; w;, w, w; — weighting

coefficients of the corresponding components.
Constraints for the weighting coefficients:

wr w2 +wsz=1,
wi > 0.

The normalized technology readiness level can be defined as follows:

TRL, = T,
where .
TRL € [1; 9]

The design complexity indicatoris used in
its inverted form, since an increase in

complexity reduces the engineering
feasibility of the product:
Cs =] - Cn,

where: C, - is the normalized level of
design complexity of the product.

Thus, a high value of E indicates that the
product exhibits a high level of technological

readiness, sufficient structural reliability, and
an acceptable level of design complexity.

2. Logistics Availability Parameter L. The
logistics availability parameter reflects the
system’s ability to ensure the timely provision
of critical components, materials, and
resources required for production. It is
defined as a weighted assessment of the
availability of critical components, taking into
account their delivery time:

n
L:Zﬂg'L;'T;,
i=1
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where: a; — weight of the i-th critical component in the product structure or Bill of Materials
(BoM); Li — normalized availability indicator of the i-th component; T; - time-related supply
coefficient of the i-th component; n — number of critical components.

The weights satisfy the following constraint:

n
E a; = ]_.,
i=1

a; 2 0.

The time-related supply coefficient can be defined as:

Toviti i
Tg — min (11 m;ncﬂ) :

i

where: t; — expected delivery time of the i-th component; Tuica — critical allowable delivery

time.

If ti < Teriticar, then Ti = 1. If t; > Teiica, the time coefficient decreases proportionally to the extent

to which the critical threshold is exceeded.

Thus, a high value of L indicates that
critical components are available and their
delivery times meet the requirements of both
the production and operational (combat)

cycles.
3. Resource-Operational Efficiency
Parameter U. The resource-operational

efficiency parameter reflects the relationship
between useful operational output and the
resources consumed, taking into account
maintainability and the effectiveness of
system utilization under field conditions:

U= Un * Mmaint * Hutil
where: U, - normalized baseline resource efficiency; pmaint — maintainability coefficient; pum -
utilization efficiency coefficient under operational conditions.

The baseline resource efficiency is
defined as the ratio of useful operational
output to the resources consumed:

U o P, ol
base — R 3
17

where: P, — useful operational output
(e.g., completed combat or functional tasks);

U.rl -

R» - total resources consumed, including
production, financial, energy, time, and
logistics resources.

Since Usase may have different dimensions
depending on the type of project, it is
normalized before being incorporated into
the CRI:

Uhuse - erz'n
Umur - Uﬁrn’n

where: Unin and Upax — the minimum and maximum values of resource efficiency within the

set of compared alternatives.

The coefficients Umane and pui are also
defined within the interval [0,1].

Thus, a high value of U indicates that the
system delivers a high level of useful output at
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an acceptable level of resource consumption,
while  maintaining maintainability and
effective operational performance under field
conditions.

4. Adaptability Speed Parameter S. The
adaptability speed parameter reflects the
system’s ability to rapidly respond to changes
in the combat environment, logistics
constraints, or technical requirements. It can
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be defined as a function of the adaptation
cycle duration and the quality of combat
feedback:

S:A.t‘Ffm

where: A; - time-related adaptation
coefficient; F» - coefficient reflecting the
quality and intensity of combat feedback.

The time-related adaptation coefficient is
defined as:

. Teritical
A, = min (1; ) ,

where: Tadap —

Tadap

actual duration of the adaptation cycle from problem identification to

implementation of changes; t.iicar — critical allowable adaptation time.

If Tadap < Teritica then Ae = 1. If Tagap > Teriticar ,
the value of A;decreases proportionally to the
extent to which the critical adaptation time is
exceeded.

The coefficient Fp reflects the quality,
completeness, and timeliness of combat
feedback and is defined within the interval
[0,1].

Thus, a high value of S indicates that the
system is capable of rapidly acquiring relevant

operational data, transforming them into
engineering or logistics adjustments, and
implementing  these  changes  within
production or design processes.

5. Integrated CRI Calculation. After
normalization of all parameters, the Cognitive
Readiness Index (CRI) can be calculated as a
weighted aggregated function:

CRI = aE + BL + 6U + AS,
where: g, 8, §, A - weighting coefficients of the corresponding parameters.
The weighting coefficients satisfy the following constraint:

at+tB+o+Ar=1,

o, B, 8,2 0.

The values of the weighting coefficients
may vary depending on the operational
context. For example, under conditions of
active combat operations, greater weight
may be assigned to logistics availability L and
adaptability speed S, whereas in the phase of
long-term  technological development,

higher importance may be attributed to
engineering maturity E and resource-
operational efficiency U.

For baseline scenario-based comparison
of alternatives, an equal-weight model can be
applied:

a=F=358=1=025

In this case:

CRI = 0.25 - (E+L+U+S)
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The interpretation of CRI values can be
performed using the following scale:

— CRI > 0,8 - the system is in a balanced
state and can be recommended for scaling or
serial production;

— 0,5 < CRI < 0,8 - the system exhibits
local imbalances that require adjustment of
specific domains;

— CRI < 0,5 - the system is in a state of
critical misalignment and requires substantial
reconfiguration.

Within the proposed ecosystem, the
Cognitive Readiness Index (CRI) performs
three interrelated functions.

First, it serves as an optimization criterion,
enabling the selection among alternative
configurations of engineering, logistics, and
manufacturing solutions. Maximization of CRI
corresponds to identifying a system
configuration that achieves the best balance
between technical performance, resource
constraints, and operational requirements.

Second, CRI functions as an indicator of
subsystem balance, as its value directly
reflects the degree of alignment among the
engineering, logistics, manufacturing, and
operational domains. Any imbalance in one of
the components leads to a structural
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degradation of the integrated indicator,
thereby enabling the identification of system
vulnerabilities.

Third, CRl acts as a mechanism for
adaptive management, enabling dynamic
adjustment of ecosystem parameters in
response to changes in the external
environment and the operational (combat)
context. Through continuous monitoring of
its value, the system gains the ability to
perform  real-time reconfiguration  of
engineering solutions, logistics flows, and
production plans.

Thus, the Cognitive Readiness Index
constitutes the core of the integrated
functional logic of the ecosystem, ensuring its
capacity for systemic alignment, multi-criteria
optimization, and adaptive management
under conditions of high uncertainty.

Operationalization of CRI Model
Variables. To ensure the practical
applicability of the proposed model, it is
necessary to clearly define the meaning of the
variables, data sources, measurement scales,
and normalization methods. This enables the
transition from a conceptual description of
the CRI to its use as a decision-support tool.

Table 1. Operationalization of CRI Model Variables

Parameter Parame?er SEITL B Initial scale Normalization method
description sources
Reflects the level of PLM systems,
E- technological engineering TRL 1-9; percentage | TRL is normalized as
Enai . readiness, design modelling results, of successful tests; TRL/9; reliability is scaled
ngineering let d | digital twins, test it tof | to[0-1]; desi lexit
maturity completeness, an igital twins, tes expert assessment of | to .[ ]; design complexity
technical reliability of | protocols, TRL complexity is inverted: Cs =1 - C,
the product assessments
ERP/SCM
Characterizes the systems, Bill of Lead times; For each component:
L Materials (BoM), = i d. .
L- system’s ability to subplier component Ti = min(1; Tertical/ 1);
Logistics ensure timely supply bp availability; share of | availability is normalized to
A » databases, lead Iy ) , .
availability of critical components | . . critical components in | [0-1]; overall L is a
. times, inventory .
and materials o BoM weighted sum
data, supplier risk
profiles
U- Reflects the ratio MES, ERP, Cost per unit of Baseline efficiency:
R between useful production data, output; number of Ubase = Pout/Rin; Aani
esource- . . , . o _
operational output and | operational completed tasks; normalized via min-max:
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Parameter Parame?er A GELE Initial scale Normalization method
description sources
operational resources consumed, | reports, downtime; Un=(Ubase=Unmin)/(Umax—Umin);
efficiency considering maintenance maintainability coefficients
maintainability and logs, task coefficient Mmaint, Mutil € [0-1]
field performance execution data
Reflects the system’s
ability to rapidly Combat feedback | Time from problem
S respond to combat data, PLM detection to Time coefficient:
Adaptability Io§ses, technical change Iog§, . implementation of | Ac=min(1; Tcriqm/ Tadap));
speed failures, MES modification changes; update feedback quality
environmental data, service frequency; feedback | Fpe [0-1]; S=Aix Fp
changes, and logistics | reports quality
constraints
CRI - Calculated values
Cognitive Integral indicator of ofE, L, U, S; | CRI=aE + L + 38U +AS;
. L ntegrated score [0-1] )
readiness system balance weighting weights sum to 1
index coefficients

Source: developed by the author.

In the proposed model, all parameters are
transformed into a unified dimensionless
scale ranging from 0 to 1. This enables the
comparison of heterogeneous characteristics
- technological readiness, delivery time,
resource efficiency, and adaptability speed -
within a single integrated indicator.

Importantly, normalization is not merely
a technical procedure. It reflects the
managerial logic and priority structure of a
specific defence project. For instance, in the
case of short product lifecycles, the
adaptability parameter S becomes critical,
whereas for complex high-tech platforms,
greater weight may be assigned to
engineering maturity E. Under crisis
conditions or in the presence of high supply
disruption risks, the logistics availability
parameter L becomes more significant.

The proposed operationalization table
allows CRI to be used not only as a theoretical
construct but also as a practical tool for
diagnosing and comparing alternative
defence project configurations. It also ensures
transparency of the calculation process, as

each variable is associated with a defined data
source, measurement scale, and
normalization method.

Example of CRI Calculation for Two
Alternative Defence Project Configurations

To demonstrate the practical application
of the Cognitive Readiness Index (CRI), a
hypothetical defence project involving the
development of a tactical unmanned
platform is considered. At the decision-
making stage, two alternative system
configurations are compared.

Alternative 1 - Technologically advanced
configuration. This option involves the use of
high-performance components but relies on
a limited number of foreign suppliers.

Alternative 2 - Adaptive and logistics-
resilient configuration. This option assumes a
slightly lower level of technical sophistication
but offers higher component availability, a
simpler system architecture, and faster
adaptation based on combat feedback.

For the purpose of this example, equal
weighting coefficients are applied (Tabl. 2):

a=025 =025 0=025 1=025.

Thus, each of the four parameters contributes equally to the integrated assessment.
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Table 2. Input parameters for CRI calculation: Comparison of alternative configurations

Parameter Parameter description Alternative 1 Alternative 2
E Engineering maturity 0,90 0,78
L Logistics availability 0,45 0,82
U Resource-operational efficiency 0,60 0,76
S Adaptability speed 0,50 0,84

Source: developed by the author.

Calculation for Alternative 1:

CRI; = 0,25 0,90 + 0,25 x 0,45 + 0,25 x 0,60 + 0,25 x 0,50
CRI; =0225+0,1125+ 0,150+ 0,125 =0,6125

Thus,

CRI; = 0,61

Calculation for Alternative 2:

CRL: = 0,25 0,78 + 0,25 x 0,82 + 0,25 x 0,76 + 0,25 % 0,84
CRIL: = 0,195+ 0,205 + 0,190 + 0,210 = 0,800

Thus,

CRI: = 0,80.

The obtained results indicate that the
second configuration demonstrates a higher
level of integrated readiness despite a lower
level of engineering maturity. This s
explained by superior logistics availability,
higher resource efficiency, and significantly
greater adaptability speed. Thus, the CRI
model enables the avoidance of a common
managerial bias, where decisions are made
solely based on technical sophistication
without considering the system’s actual
ability to support production, supply,
operation, and rapid modernization.

Within the proposed digital ecosystem,
the selection of Alternative 2 is more justified,
as it provides a better balance among
engineering, logistics, manufacturing, and
adaptability parameters. Such balance
constitutes a key prerequisite for effective
defence  project management under
conditions of high uncertainty and a dynamic
combat environment. This directly reinforces
the logic proposed in the article regarding the
use of CRI as an integrated performance
criterion for the digital ecosystem.

The proposed cognitive-adaptive
ecosystem can be interpreted as a closed-

loop management system, ensuring
continuous interaction among engineering,
logistics, manufacturing, and operational
processes within a unified decision-making
framework. Within this architecture, each
functional level performs a clearly defined
systemic role. The engineering domain
defines the space of feasible technical
solutions and determines what can be
created from the perspective of technological
feasibility. The logistics domain establishes
the boundaries of practical feasibility by
constraining engineering decisions through
resource availability, supply resilience, and
global supply networks. The manufacturing
and operational domain ensures the
materialization of engineering and logistics
decisions, transforming digital models into
physical products and enabling their serial
production within available capacities. The
operational layer provides feedback by
generating empirical data on real-world
performance, reliability, and adaptability
under combat conditions, which serves as the
basis for continuous system updates. The
cognitive core acts as an integrative and
optimization mechanism, ensuring
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coordination across all system levels, forming
integrated evaluation criteria, and performing
multi-criteria optimization in real time.

Thus, the proposed ecosystem
architecture enables a transition from the
traditional linear approach to defence project
management toward a model of an adaptive,
self-learning system with resource resilience.
Within this paradigm, defence projects are no
longer viewed as a sequence of fixed
implementation stages but rather as dynamic
cognitive systems continuously reconfigured
under the influence of environmental
changes, combat experience, and resource
constraints.

The practical aspects of the proposed
cognitive-adaptive  ecosystem can be
interpreted  through its  operational
implementation as an integrated digital loop
that connects PLM, ERP/SCM, and MES
systems within a unified Digital Thread. In
such a configuration, the system operates as a
continuous cycle of transforming data into
managerial decisions and subsequently
materializing them into physical production
and operational outcomes.

At the practical level, the functioning of
the ecosystem is realized as a sequence of
interconnected operational scenarios. The
process begins with the inflow of combat
data, forming the empirical basis for updating
system  parameters, particularly  the
adaptability parameter S. The cognitive core
then calculates the CRI and identifies
potential imbalances among engineering
maturity, logistics availability, resource
efficiency, and adaptability. Based on this
assessment, a set of alternative configurations
is generated, from which the optimal solution
is selected according to the CRI maximization
criterion. The selected decisions are
automatically transmitted to execution layers,
where they are implemented through ERP
and MES mechanisms in the form of
adjustments to supply chains, production
processes, or engineering designs.

A critical aspect of  practical
implementation is the integration of digital
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platforms into a unified information space,
where the PLM system is responsible for the
creation and modification of digital product
models and the assessment of engineering
maturity, the SCM module manages supply
chains and evaluates logistics availability, and
the MES layer executes production and
adapts manufacturing capacity. The analytical
layer of the cognitive core ensures
coordination and balance among these
subsystems, enabling their coherent
operation under dynamic constraints.

An additional practical component is the
feedback mechanism based on combat data.
These data are continuously integrated into
the system as Combat Feedback, allowing for
the updating of model parameters and the
adjustment of both engineering decisions
and logistics strategies. In this way,
continuous system learning is achieved,
where each operational cycle serves as a
source of improvement for subsequent
design and production cycles.

Thus, the practical implementation of the
ecosystem involves the creation of a closed
digital management loop in which data
continuously circulate across lifecycle stages,
while the cognitive core ensures real-time
multi-criteria optimization of decisions. This
enables the transformation of the defence-
industrial system into a self-learning structure
capable of adapting to environmental
changes through continuous reconfiguration
of engineering, logistics, and manufacturing
parameters.

Scenario-Based Validation of the
Proposed Model.

To verify the practical logic of the
proposed cognitive-adaptive digital
ecosystem, a scenario-based validation
approach is applied. This approach allows
assessing the extent to which the CRI model
can be wused to compare alternative
configurations of a defence project under
conditions of resource constraints and high
uncertainty.
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Within the validation scenario, a
hypothetical defence project involving the
development and serial production of a short-
range tactical unmanned platform s
considered. This type of system is selected
due to its strong dependence on engineering
adaptability speed, component availability,
supply chain resilience, and operational
combat feedback.

For the scenario analysis, three
alternative project configurations are defined:

1. Configuration A — Technically optimized
model. This configuration involves the use of
high-performance components but s
characterized by a higher dependence on
imported suppliers and longer delivery lead
times.

2. Configuration B - Logistics-resilient
model. This configuration relies on more
accessible components, partial localization of
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supply, and simplified design to enhance
production scalability.

3. Configuration C - Adaptive modular
model. This configuration assumes a modular
system architecture, a moderate level of
technical complexity, the ability to rapidly
replace critical components, and accelerated
implementation of changes based on combat
feedback.

For each configuration, four key
parameters of the model are evaluated:
engineering maturity E, logistics availability L,
resource efficiency U, and adaptability speed
S. All parameters are normalized within the
interval [0,1]. For the demonstration scenario,
equal weighting coefficients

a=B=6=A=0.25
are applied, allowing the overall system
balance to be assessed without prioritizing
any specific domain.

Table 3. Scenario-Based Evaluation of Alternative Defence Project Configurations

U
E L Resource- :
Configuration Engineering Logistics operational Adaptability CRI
maturity availability epfficiency speed

A. Technically optimized 0.90 0.45 0.60 0.50 061
model
B. Logistics-resilient model 0,70 0,85 0,75 0,65 0,74
C. Adaptive modular model 0,80 0,75 0,72 0,88 0,79

Source: developed by the author.

The results of the scenario-based
evaluation (Fig. 3) indicate that the highest
CRlvalueis achieved by Configuration C - the
adaptive modular model. Although it
demonstrates a lower level of engineering
maturity compared to Configuration A, its
advantage lies in a higher adaptability speed
and a better balance among technical,
logistics, and operational parameters. This
confirms the core assumption of the study:
under conditions of high strategic
uncertainty, the optimal solution is not the
maximization of a single technical
characteristicc, but the achievement of
systemic balance among engineering
excellence, logistics feasibility, resource
efficiency, and adaptability.

Configuration A illustrates a typical risk
associated with a traditional engineering-
centric approach. A high level of technical
maturity does not guarantee a high level of
overall system readiness due to limited
logistics availability of components and a
lower adaptability speed. This indicates that a
technically advanced solution may remain
operationally vulnerable if it is not supported
by a resilient supply chain.

Configuration B demonstrates stronger
logistics resilience and resource efficiency but
is inferior to Configuration C in terms of
adaptability. This suggests that even with
stable supply conditions, a system may lose its
competitive advantage if its architecture does
not enable rapid updating of design and
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production parameters in response to
changes in the combat environment.
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@=A. Technically optimized model
@=B. Logistically resilient model
@=C. Adaptive modular model

Figure 4 — Scenario-based evaluation of alternative defence project configurations based on
the proposed model
Source: developed by the author.

Thus, the scenario-based validation
confirms the practical applicability of the CRI
as a tool for comparing alternative
configurations of defence projects. The index
enables not only the assessment of the
current system state but also the
identification of the domain that constrains
the overall project readiness. In this sense, CRI
functions as a diagnostic instrument, allowing
determination of whether a project requires
technical refinement, supply  chain
restructuring, improvement of production
efficiency, or acceleration of adaptation
mechanisms.

The proposed scenario is illustrative in
nature and does not claim empirical
generalizability. Its purpose is to validate the
internal logic of the model and to
demonstrate the feasibility of applying CRI as
a decision-support tool within an integrated
digital ecosystem. Further validation of the
model requires the use of real-world data
from defence enterprises, particularly with
regard to component lead times, technology

readiness levels, production costs, failure
rates, and the duration of adaptation cycles
based on operational (combat) feedback.

Discussion. The proposed cognitive-
adaptive ecosystem for defence project
management raises a number of fundamental
discussion points related both to the
methodological validity of the model and to
its practical implementation under real
organizational and technological constraints.

First, the boundary between theoretical
optimization and the actual capabilities of
digital integration remains an open question.
The model assumes full data continuity within
the Digital Thread; however, in real-world
defence-industrial ~ systems, information
environments remain fragmented,
stakeholders exhibit varying levels of digital
maturity, and IT solutions often lack
interoperability. This creates a risk of a gap
between the conceptual integrity of the
model and its practical implementation.
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Second, the validity of the CRI as a
universal decision-making criterion is subject
to discussion. While it enables multi-criteria
aggregation of parameters E L, U S
methodological challenges remain regarding
the normalization of these variables and the
determination of their weighting coefficients
across different operational contexts. This
may lead to situations in which a formally
optimal solution does not fully align with
actual tactical or strategic priorities.

Third, the acceptable degree of
automation in decision-making within the
defence domain is debatable. The proposed
model assigns a significant role to the
cognitive core in generating engineering,
logistics, and production decisions in real
time. At the same time, questions remain
regarding accountability for critical decisions
and the limits of delegating decision-making
functions to artificial intelligence under
conditions of high uncertainty and
operational risk.

Fourth, the resilience of the ecosystem to
cyber threats and information manipulation
requires careful consideration. Since the
system relies on a continuous digital data
flow, its effectiveness critically depends on
the reliability of input data. This creates
potential vulnerabilities related to the
distortion of Combat Feedback or the
compromise of logistics data.

Fifth, the scalability of the model and its
transferability to other defence or industrial
contexts is also subject to discussion. The
proposed architecture largely assumes a high
level of digital maturity and the availability of
integrated platforms such as PLM-ERP-MES,
which may not be accessible to all
participants in the defence-industrial

ecosystem.

Thus, while the proposed model
demonstrates strong potential as a
theoretical foundation for the digital

transformation of defence management, its
practical implementation requires further
refinement of formalization methods, the
development of cyber-resilience
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mechanisms, and the definition of
appropriate boundaries for decision-making
automation in critical systems.

Research Limitations. Despite the
theoretical and practical relevance of the
proposed cognitive-adaptive digital
ecosystem model, the study has several
limitations that should be considered when
interpreting the results.

First, the study has a conceptual and
modeling nature. The proposed ecosystem
architecture, the structure of the cognitive
core, and the logic of CRI calculation provide
a methodological foundation for further
application, but do not constitute a fully
empirically validated management system.

Second, the model has not yet
undergone comprehensive empirical
validation based on data from real defence
enterprises or specific defence programs. The
presented scenario-based examples are
illustrative and are intended to demonstrate
the internal logic of the model rather than to
confirm its universal predictive accuracy.

Third, the practical applicability of CRI
significantly depends on the quality,
completeness, and timeliness of input data.
Inaccurate data on delivery times, technology
readiness levels, maintainability, operational
effectiveness, or production constraints may
lead to distortions of the integrated indicator
and, consequently, to incorrect managerial
conclusions.

Fourth, a key limitation concerns the
determination of weighting coefficients for
the parameters E, L, U and S. In different
operational contexts, priorities may vary
significantly: under active combat conditions,
logistics availability and adaptability become
more critical, whereas in long-term
technological  development  programs,
engineering maturity and resource efficiency
may carry greater weight. Therefore,
weighting coefficients require careful expert
or analytical justification for each specific
case.
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Fifth, the proposed digital ecosystem is
sensitive to cyber risks and information
manipulation. Since the model relies on
continuous data exchange across PLM,
SCM/ERP, MES, and the operational feedback
layer, its effectiveness directly depends on the
integrity, reliability, and security of the data
flow. Compromised data, distorted Combat
Feedback, or disruptions in digital
infrastructure availability may significantly
degrade decision-making quality.

Sixth, the implementation of the model
requires a sufficient level of organizational
digital maturity. In cases of fragmented IT
landscapes, lack of integrated PLM-ERP-MES
solutions, or low levels of data
standardization, the full implementation of
the Digital Thread may be constrained.

Thus, the proposed model should not be
interpreted as a universal ready-made
solution for all defence-industrial systems.
Rather, it should be viewed as a conceptual
and methodological framework that requires
further empirical validation, adaptation to
specific organizational contexts, testing on
real-world data, and strengthening of cyber-
resilience mechanisms.

Future research should focus on
empirical validation of the CRI model, the
development of procedures for determining
weighting coefficients, testing the model on
real or quasi-real defence project data, and
defining requirements for cybersecurity
within the integrated digital management
environment.

Conclusions. This paper develops a
conceptual and methodological model of a
cognitive-adaptive digital ecosystem for
defence  project management, which
integrates engineering, logistics,
manufacturing, and operational domains
within a unified digital framework. Unlike
traditional approaches based on a linear
lifecycle logic, the proposed model
implements a closed adaptive management
loop in which operational data directly
influence design processes and engineering-
logistics decision-making.
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The key result of the study is the
formalization of the Cognitive Readiness
Index (CRI) as an integrated criterion for
assessing the balance of a defence project.
Unlike existing indicators, such as the
technology readiness level, CRI enables the
simultaneous consideration of engineering
maturity, logistics availability, resource-
operational efficiency,  and system
adaptability. This allows a transition from
evaluating isolated characteristics to a
systemic analysis of interdependencies
among key domains.

The proposed methodology enables the
interpretation of the Digital Thread not
merely as a data transmission infrastructure,
but as a foundation for cognitive
management, in which data from multiple
sources are transformed into integrated
managerial decisions. The inclusion of
combat feedback within the model structure
ensures the formation of an adaptive control
loop capable of responding to environmental
changes in near real time.

The results of the scenario-based analysis
demonstrate that the effectiveness of defence
projects is determined not by the
maximization  of individual technical
parameters, but by achieving a balance
among engineering, logistics, resource, and
adaptability characteristics. In this context,
CRI serves as a tool for identifying system
imbalances and supporting decisions
regarding system reconfiguration.

The scientific novelty of the study lies in
the development of an integrated model of
cognitive-adaptive defence project
management, combining the Digital Thread
concept, a multi-domain system architecture,
and a formalized integral evaluation criterion.
Unlike  existing approaches, logistics
parameters and battlefield data are treated as
endogenous factors of engineering design,
significantly expanding the potential for
adaptive management.

The practical significance of the results
lies in the possibility of using CRI as a decision-
support tool for selecting defence project
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configurations, assessing system resilience,
and optimizing resource utilization. The
proposed approach can be applied in
defence-industrial systems as well as in high-
tech industries where adaptability and
integration of heterogeneous processes are
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validation based on real-world data. Future
research should focus on empirical validation
of CRI, the development of methods for
determining weighting coefficients,
integration of the model with real PLM-ERP-
MES digital platforms, and the assessment of

critical.

At the same time, the study has
limitations related to the conceptual nature of
the model and the lack of full empirical

cyber risks affecting the functioning of the
digital management environment.
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BUSINESS INNOVATION MANAGEMENT AS A FOUNDATION FOR
THE POST-WAR RECOVERY OF UKRAINE'S ECONOMIC ECOSYSTEM

Ganna Gurina, Serhii Podrieza, Vitaliy Lavruk. «Business innovation management as a
foundation for the post-war recovery of Ukraine's economic ecosystem». The article explores the concept
of business innovation management as a fundamental driver of Ukraine’s post-war economic recovery. It
emphasizes that the effective governance of business-innovation ecosystems can stimulate sustainable growth
and technological modernization. The study identifies three key types of ecosystems with the highest potential
for Ukraine: technological clusters, digital service ecosystems, and industrial-infrastructure ecosystems based
on the principles of sustainable reconstruction and smart manufacturing. The author argues that post-war
rebuilding should not be limited to physical restoration but must follow the Build Back Better model, where every
infrastructure node becomes part of an integrated digital network. Such an approach ensures the formation of
a resilient, innovation-oriented economy capable of global integration and long-term competitiveness. The
article highlights the strategic importance of digital transformation, collaborative innovation, and institutional
coordination in shaping Ukraine’s new economic landscape. Furthermore, the study analyzes the potential of
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"green" innovations as a core component of industrial modernization, aligning with the European Green Deal.
The research highlights the necessity of decentralizing innovation policy to empower regional economic hubs
and local communities during the reconstruction process. It also examines the role of cybersecurity and digital
resilience in protecting the country's critical infrastructure and business data in a volatile environment. The
authors emphasizes that a shift from a raw-material-based economy to a high-tech, value-added model is the
only viable path for sustainable prosperity. Finally, the article provides practical recommendations for
policymakers to streamline regulatory frameworks and foster a culture of entrepreneurial risk-taking.
Keywords: business innovation management, post-war recovery, economic ecosystem,
technological clusters, digital transformation, sustainable development, smart manufacturing, green
innovations, industrial modernization, institutional coordination, human capital, investment climate

Fanna Typina, Cepeiti Moope3a, Bimanii Jlaepyk. «YnpaeniHHA 6i3Hec-iHHoeayiamu sAK
¢hyHOameHM No0BO€EHHO20 8iOHOBNEHHA eKocucmemu eKOHOMIKU YKpaiHu». Y cmammi 0ocnioxyemecsa
KOHUEeNYia ynpassiHHA 6i3Hec-iHHosayiamu AK (yHOAMeHMAnbHOo20 pyWis NOBOEHHO20 EKOHOMIYHO20
8iOHO8/1eHHA YKpaiHu. Hazonowyemeocs, o ecpekmugHe ynpassiHHA ekocucmemamu bisHec-iHHosauil moxe
cmumysIio8amu cmajie 3p0CMAaxHHA Ma MexHoJ102i4Hy MOOepHI3ayiro. Y 00c/1ioxeHHi BUSHaYeHO MpPU OCHOBHI
munu ekocucmem 3 HaUbiIbWUM nomeHyianom 058 YKpaiHu: mexHOJ/I02iuHi Knacmepu, ekocucmemu
yugposux nocsiyz ma npomMucsio8o-iHpacmpykmypHi ekocucmemu, 3aCHO8AHI HA NPUHYUNAX CMasao2o
8iOHOBJIEHHA MA iHMesekmMyasnbHo20 8UPOBHUUMBA. ABMOpPamu cmeepoOXyembCsA, U0 NOBOEHHA 8i06ydo8a
He No8UHHA obMexysamuca aule Gi3u4HUM 8iOHOBeHHAM, a Mae 8idnosioamu modeni «Build Back Better»
(Biobydysamu kpawie, Hix 6ys10), Oe KoxeH iHppacmpykmypHuUl 8y30/1 Cmde YAacMUHOK iHMe2PoB8aHoiI
yugpposoi mepexi. Takuli nioxio 3a6e3nedye popmysaHHa cmilikoi, iHHo8ailiHO-OpiEHMOBAHOI eKOHOMIKU,
30amHoi 00 2/106a/1bHOI iHMezpayii ma 00820CMPOKOBOI KOHKYPEHMOCNPOMOXHOCMI. Y cmammi
nioKpec/IleEMbCA cmpamezidyHa 8axausicme Uugposoi mpaHcgopmayil, cnineHux iHHosauil ma
iHcmumyuyitiHoi' koopOuHauii y hopMy8aHHi HOB020 eKOHOMIYHO20 naHowagmy Ykpainu. Kpim mozo, y
00CNiOKeHHi aHani3yemMoCa NOMeHUian «3eneHux» iHHo8ayili AK OCHOBHO20 KOMNOHeHMa MoodepHizauil
npomucsiogocmi 8ionosioHo 0o €sponelicbkoeo 3eneHo20 Kypcy (European Green Deal). [JocnioxeHHA
akyeHmye Ha HeobxioHocmi OeueHmpanizayii iHHO8AyiliHOI nosimuku 0n8 po3WUpPeHHA MoXaugocmel
pezioHasIbHUX eKOHOMIYHUX UeHmpig ma micyesux 2pomad y npouyeci peKoHCMpyKUil. Takox po3enadaemecsa
posib Kibepbesneku ma yugposoi cmilikocmi y 3axucmi KpumuyHoi iHppacmpykmypu KpaiHu ma 6i3Hec-
0aHux y HecmabinbHoOMy cepedosuldi. ABMOp HA20/I0WYE, WO nepexio 8i0 CUPOBUHHOI eKOHOMIKU 00
8UCOKOMEXHOJ102i{4HOT MOoOesli 3 8UCOKOI0 000dHOI 8APMICMIO € €EOUHUM XUMME3IOAMHUM WJIAXOM 00
€Mano2o npouysimaxHA. Ha 3asepweHHa y cmammi Ha0aHo npakmuyHi pekoMeHOauii 0719 nosimukis Wooo
800CKOHAJIEHHA HOPMAMUBHO-NPAB0o8oi 6a3u ma hopMys8aHHsA Kysibmypu NiONPUEMHUYbKO20 pU3UKY.

Kniouyoei cnoea: ynpaeniHHA 6i3Hec-iHHOBaUiAMYK, TMOBOEHHE BiAHOB/IEHHA, EKOHOMIYHa
eKocucTemMa, TEXHOJOriYHi Knactepu, uudpoBa TpaHchopmauif, CTanuin PO3BUTOK, iHTeNeKTyanbHe
BMPOGHMNLTBO, 3eneHi iHHOBaLii, ModepHi3auia NPOMUCNOBOCTI, IHCTUTYLiHA KoopAWHaLif, NOACbKNN
Kanitan, iHBeCTULiNHWI Knimar.

Introduction. Management of business clusters, digital service ecosystems, and

innovation ecosystems in Ukraine can serve as
a pivotal driver for post-war economic
recovery and sustainable growth. Three
primary types of business ecosystems hold
significant promise for Ukraine: technological

industrial-infrastructure ecosystems based on
the principles of sustainable reconstruction
and "smart" manufacturing. The post-war
rebuilding of Ukraine must transcend mere
physical restoration of destroyed assets; it
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should be implemented through the Build
Back Better model, where every
infrastructural node becomes an integral part
of a unified digital network.

A striking example of such synergy is the
Smart Infrastructure concept, where transport
hubs, airports, and logistics centers are
integrated  with  the capacities of
telecommunication operators. Within this
system, mobile connectivity evolves from a
mere communication tool into a foundation
for Big Data management and an instrument
for automated passenger flow control. This
enables the creation of personalized services
where passenger needs are anticipated by
algorithms even before their arrival at the
terminal.

Furthermore, agro-technological
ecosystems acquire particular significance,
transforming traditional agriculture into a
high-efficiency sector of the digital economy.
Through the combination of satellite
monitoring, the Internet of Things (loT), and
unmanned technologies, Ukraine is capable
of transitioning from raw material exports to
the export of intellectual solutions in the field
of food security. Such ecosystems ensure not
only economic growth  but also
environmental sustainability by minimizing
resource consumption while maximizing crop
yields.

The formation of these three types of
ecosystems—technological, digital, and
infrastructural—will generate a multiplier
effect for the Ukrainian economy. This will
facilitate the attraction of strategic foreign
investment, as modern capital is directed not
toward individual companies, but toward
resilient business networks capable of self-
development and adaptation amidst global
instability.

In the post-war period, innovation policy
must be oriented toward achieving long-term
socio-economic  goals, specifically the
reproduction of high-quality fixed capital.
This is achieved through the substantiation of
targeted forecasts for scientific and
technological  development and the
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application of a comprehensive methodology
for designing state programs, as well as
investment and innovation projects. Crucially,
these efforts must exist in systemic unity with
market mechanisms that foster a favorable
innovation climate and state stimulation of
investment processes across various sectors,
accounting for market demands and national
security.

In the context of Ukraine's post-war
recovery, special attention should be paid to
the development of the military-technical
sector as a locomotive for a nationwide
technological leap. Synergy between state
defense contracts and private innovation
startups can create a unique ecosystem where
military developments are transformed into
high-value-added civilian products. The
digital transformation of state institutions and
the implementation of cloud technologies
should serve as the basis for transparent, real-
time management of investment flows.

A vital aspect is the creation of regional
innovation clusters that consider the specific
nature of destruction and the production
potential of each individual Ukrainian region.
The modernization of the educational sector
must be synchronized with the demands of
the "new economy," preparing specialists
capable of working with Artificial Intelligence
and automated manufacturing technologies.
The synergy between state defense
procurement and private innovative startups
can become the bedrock for a new model of
economic development, where dual-use
technologies satisfy both security needs and
the civilian market. This interaction ensures an
effective  transfer of knowledge and
technology, enhancing the competitiveness
of Ukrainian companies on a global scale.
Startups gain access to the funding,
infrastructure, and expertise traditionally
concentrated in the public sector, while the
state benefits from the agility and speed of
private-sector  solutions.  This  model
strengthens economic security, reduces
dependence on critical technology imports,
and elevates the quality of human capital.
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Analysis of the Latest Research and
Publications. The study of post-war recovery
mechanisms in Ukraine has recently become
a central theme in global economic discourse,
focusing on the transition from emergency
stabilization to long-term innovation-led
growth. Ukrainian scholars, such as O. Cherep
and S. Markova (2026), emphasize that
artificial intelligence and digital
transformation are no longer supplementary
tools but strategic resources that ensure the
resilience and adaptability of the national
economic architecture. Concurrently,
research published in the "Svit" journal (2026)
underscores a paradigm shift in human
capital formation, arguing that professional
competencies must be developed directly
within high-tech industrial ecosystems to
bridge the gap between education and
market needs. European perspectives,
represented by studies from the Vienna
Institute for International Economic Studies
(wiiw), highlight the necessity of aligning
Ukraine’s reconstruction with EU Cohesion
Policy to address regional industrial
inequalities. The integration of circular
economy principles into the "Build Back
Better" framework has been extensively
explored by international researchers, who
advocate for a dual hierarchy of waste
management and sustainable construction.
Furthermore, recent analysis of the Defence
Tech sector (2026) reveals that Ukraine has
emerged as a global innovation hub, where
the direct feedback loop between combat
deployment and private-sector development
accelerates technological leaps. Studies on
"green" technology integration suggest that
renewable energy and hydrogen initiatives
are vital for Ukraine’s inclusion in the Single
Digital and Energy Markets of the EU. Experts
also point out that the decentralization of
innovation policy is crucial for empowering
regional hubs, allowing each oblast to
leverage its unique production potential. The
role of venture capital as a catalyst for
domestic startups has been identified as a key
factor in moving away from a raw-material-
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based economic model. Institutional
coordination and the harmonization of digital
standards remain at the forefront of the
academic debate regarding  Ukraine's
accession to the European Union. Finally, the
synergy between state defense procurement
and private entrepreneurship is increasingly
viewed as the primary engine for creating
high-value-added civilian products in the
post-war era. These diverse research streams
collectively suggest that Ukraine’s recovery
depends on a holistic management approach
that integrates security, technology, and
sustainability.

Objectives statement. The primary
objective of this article is to substantiate the
role of business innovation management as
the fundamental structural pillar for the
comprehensive  post-war  recovery  of
Ukraine’s economic ecosystem. The study
aims to identify and categorize the most
promising types of business ecosystems —
specifically  technological, digital, and
industrial-infrastructure clusters - that can
catalyze sustainable growth. A key focus is
placed on analyzing the implementation of
the "Build Back Better" model through the
integration of Smart Infrastructure and Big
Data management into the national
reconstruction strategy. Furthermore, the
research seeks to explore the synergy
between state defense procurement and
private innovative startups as a mechanism
for high-value-added technological transfer.
The article also intends to evaluate the impact
of digital transformation and human capital
development on the long-term global
competitiveness of the Ukrainian economy.
Ultimately, the study provides a strategic
framework for policymakers to harmonize
institutional coordination with market-driven
innovation needs to ensure national
economic security.

Basic material and results. Joint projects
between the state and the private sector
foster the necessary conditions for the
emergence of new industries rooted in
innovation and high-quality standards.
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Consequently, defense investments serve as a
catalyst for civilian progress, cultivating a
unique developmental ecosystem. This very
ecosystem is poised to become a pivotal
factor in Ukraine’s post-war recovery and

modernization. State incentives should
encompass tax reliefs for enterprises
implementing energy-efficient and

environmentally sustainable technologies in
alignment with the European Green Deal.
The development of industrial parks will
emerge as a key mechanism for the relocation
and revitalization of industrial capacities
within the country's secure regions. Ukraine
must solidify its status as a global leader in
GovTech, exporting its own digital solutions
and fostering a positive image as a premier
digital state. A critical priority must be the
protection of intellectual property rights,
which remains a fundamental prerequisite for
attracting foreign direct investment (FDI) into
knowledge-intensive sectors [3,5,6].
Furthermore, the establishment of a national
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venture capital system will enable the
financing of high-risk, breakthrough projects
that form the basis of economic sovereignty.
Infrastructure renewal must be executed
based on Smart City principles, where every
solution is designed to enhance the comfort
and safety of citizens. Moreover, innovation
policy should address the necessity of the
psychological and social readaptation of
veterans by integrating them into high-tech
economic sectors. The creation of state funds
to guarantee investments against war-related
risks will eliminate barriers to entry for large-
scale international capital into Ukrainian
industry. Ukraine’s scientific potential must be
integrated into the real sector of the economy
through robust public-private partnership
mechanisms (fig.1). Only a comprehensive
approach—uniting scientific ~ thought,

political will, and business agility — will secure
Ukraine’s position among the world’s most
innovative nations in the post-war era.

i

Figure 1 - Driving post-war recovery and modernization

The ongoing conflict in Ukraine has
significantly  disrupted its  economic

landscape, particularly in the realm of foreign
trade. As the nation anticipates a post-war
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recovery, it is crucial to develop a robust
strategy that not only revitalizes trade
activities but also leverages modern
technologies to build a more resilient and
competitive economy. Information
technologies, including digital platforms, big
data, and blockchain, offer substantial
opportunities to enhance trade operations,
streamline logistics, and secure transactions.

Information technologies have
profoundly transformed global trade by
enabling real-time communication, efficient
data management, and seamless integration
of supply chains. For Ukraine, the adoption of
IT in foreign trade represents a strategic
opportunity to enhance trade efficiency
through digital platforms that automate
customs procedures, reduce paperwork, and
accelerate transactions. E-commerce
solutions can expand market reach, allowing
Ukrainian enterprises to connect with
international partners more effectively.
Moreover, blockchain technology ensures
transparency and security in trade operations,
minimizing fraud risks and supporting
compliance with international standards. Big
data analytics empower both policymakers
and businesses to make informed decisions
based on insights into market trends,
consumer behavior, and trade dynamics. The
integration of IT also strengthens supply
chain resilience, allowing continuous
monitoring and management to prevent
disruptions and maintain the flow of goods
during crises. To fully realize these benefits,
Ukraine must invest in digital infrastructure
such as broadband networks and data
centers, establish regulatory frameworks that
balance innovation with data protection, and
implement capacity-building programs to
train professionals in digital trade tools.
International collaboration with technology
providers and global organizations will
further accelerate access to advanced
solutions and best practices. However,
challenges remain, including the digital
divide between regions, cybersecurity
threats, and the need to align national digital

114-121
v.36 (2026)
https://smart-scm.org

trade standards with global norms.
Addressing these issues will be essential for
Ukraine to leverage information technologies
as a driver of post-war economic recovery and
sustainable integration into the global
trading system.

The post-war period presents a unique
opportunity for Ukraine to rebuild its foreign
trade sector with a strong emphasis on
information technologies. By embracing
digital solutions, Ukraine can enhance trade
efficiency, improve transparency, and build a
more resilient economy. However, careful
planning, investment in digital infrastructure,
and international cooperation are essential to
overcoming challenges and realizing the full
potential of IT in foreign trade.

In this context, government authorities
must optimize the structure of the national
innovation system, cultivate progressive
market institutions, and establish a functional
stock market to transform financial resources
into investments for the development of
regional innovation infrastructure. This will
facilitate the implementation of market-
based innovation mechanisms across various
regions of the country. Both national and
regional policies should foster an enabling
environment for the economy by supporting
innovative development through taxation
mechanisms, public procurement of high-
tech products, technical regulation,
intellectual property protection, and the
assurance of national security.

The primary objective of state policy in
the post-war period is to create the economic
conditions necessary to bring competitive
innovative products to market—aligning
with strategic state priorities, accounting for
regional specificities, and aiming for global-
scale integration. Among the long-term socio-
economic  goals for  innovation-led
development in post-war Ukraine, the
following are of paramount importance:

— Improving the quality of life and
fostering a socially-engaged scientific
community;

This work is licensed under a Creative Commons Attribution 4.0 International License



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

— Ensuring  sustainable economic
growth and establishing an information-and-
innovation-based economy;

— Developing the
environment, foundational
education, and culture;

— Creating a favorable legislative
framework and an enabling innovation
climate;

— Supporting grassroots innovation
enthusiasm in the deployment and scaling of
startups;

— Forming a new level of public-private
partnership based on mutually beneficial
conditions;

— Ensuring the defense and security of
the country's innovative development.

To achieve these objectives, it s
necessary to establish a stable system of goal-
setting, a sub-system of tasks for each goal
with corresponding solution mechanisms,
and comprehensive roadmaps detailing the
timelines for achieving specific results and
expected impacts. This includes indicators of
commercial profitability, competitiveness, as
well as national, budgetary, and socio-
economic efficiency. Thus, the realization of
these goals will facilitate the formation of
balanced, long-term forecasts for scientific
and technological progress and socio-
economic development, taking into account
Ukraine's available intellectual, financial,
natural, and technical resources, as well as its
external relations.

Conclusions. The implementation of
strategic targeted forecasts and
programmatic developments in innovation
policy for the recovery of Ukraine’s economy
in the post-war period necessitates a systemic
and coordinated approach, specifically the
identification of leading sectors and the
achievement of overall economic balance.
Summarizing this study, it can be stated that
the foundation of economic resilience must

intellectual
science,
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lie in the construction of integrated business-
innovation ecosystems capable of self-
development amidst global challenges.
Particular significance in this process belongs
to the integration of military technologies
into the civilian sector, allowing the defense
potential to be transformed into a locomotive
for high-tech exports. The implementation of
the "Build Back Better" model through Smart
City instruments and intelligent infrastructure
will ensure not only physical restoration but
also digital modernization in line with
European standards. The state must assume
the role of an active moderator, creating
transparent  conditions  for  venture
investment and stimulating the development
of industrial parks and agro-technological
clusters. Synergy between the scientific
community and private capital should be
solidified through public-private partnership
mechanisms focused on creating high-value-
added products. A priority task remains the
modernization of the educational system and
the development of human capital to work
with artificial intelligence and automation
technologies. Ukraine’s economic
sovereignty will directly depend on the ability
of government institutions to harmonize
legislation with EU digital norms, ensuring the
protection of intellectual property rights.
Furthermore, the decentralization  of
innovation policy will allow for the most
effective use of each region's unique
production potential during the national
reconstruction process. Thus, only
comprehensive innovation management,
reinforced by genuine support for GovTech
and green initiatives, will enable Ukraine to
secure a leading position in the global
economic hierarchy. An innovative model
formed in this manner will serve as a reliable
defense against external risks and a guarantee
of long-term social welfare for its citizens.
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ANALYSIS OF AIR PASSENGER TRAFFIC IN DOMESTIC AND
INTERNATIONAL MARKET IN POLISH AIRPORTS IN 2013-2024

Anna Antonova, Dmytro Bugayko. “Analysis of air passenger traffic in domestic and international
market in Polish airports in 2013-2024". The study addresses the structural and dynamic differences between
domestic and international air passenger traffic in the Polish airport system under conditions of post-crisis
recovery and market transformation. The relevance of the research is driven by the need to improve the accuracy
of short-term forecasting and decision-making in air transport, particularly in the context of disruptions caused
by the COVID-19 pandemic and geopolitical instability in Eastern Europe.

The purpose of the paper is to identify trends, seasonal patterns, and structural differences in domestic
and international passenger traffic across major Polish airports during the period 2013-2024, with a particular
focus on the post-COVID recovery phase.

The research is based on quarterly statistical data provided by the Civil Aviation Authority of Poland for
eight key airports. A comparative time series analysis is applied, combined with decomposition techniques using
additive models and STL (Seasonal-Trend decomposition using Loess) implemented in R. The study separately
examines domestic and international traffic to assess the validity of aggregated forecasting approaches.

The results demonstrate that international passenger traffic exhibits a stable growth trend and
pronounced seasonality, while domestic traffic shows weaker seasonal patterns and a tendency toward
stagnation or decline in the post-COVID period. It is found that the behavior of domestic and international time
series differs significantly across airports, which limits the applicability of aggregated forecasting models.
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The scientific contribution of the paper lies in substantiating the necessity of separate modeling of
domestic and international traffic flows to improve forecast accuracy and analytical reliability. The findings
provide a basis for more precise short-term forecasting and can be used in strategic planning and operational
management of airport systems under conditions of uncertainty.

Keywords: air transport, passenger traffic, domestic transport, international transport, time series
analysis, seasonality, forecasting

AHHa AHmonHoea, [Jmumpo byzaiiko. “AHani3 naca>xupcbKux dasianepeseseHb Ha
8HYymMpiwHooMy ma MixXHapoOHomy puHKy deponopmie lMonowi e 2013-2024pp”. [ocnioxeHHs
npucssayveHe aHanizy CmpykmypHUX ma OUHaMiYHUx 8ioMiHHocmel MiX 8HymMpiluHIMU ma MiXHapooOHUMU
asianacaxxupcekumu nepegeseHHAMU 8 cucmemi aeponopmie [lonewi 6 ymoeax nOCMKpU308020
8iOHOBJ/IEHHA ma mpaHcgopmayii puHky. AKmyasnsHicme pobomu 3ymossieHa HeobxiOHicmio nidguuweHHA
MOYHOCMIi KOPOMKOCMPOKOB020 NPO2HO3YBAHHA mMA NPUUHAMMS YnpaesiHCbKUX piweHb y ceepi
nosimpAaHo20 MpaHcnopmy, 30Kpema 8 YMo8dXx nopyuweHb, cnpuduHeHux naHOemiero COVID-19 ma
2eononimuyHoto HecmabinsHicmio y CxioHiti €gponi.

Memoro cmammi € gusgneHHs mpeHOis, Ce30HHUX KOMNOHEHMIi8 Mma cmpykmypHux 8ioMiHHocmeli
B8HYMPIWHBO20 | MiXHAPOOHO20 NACAxuponomoky 8 npogioHuUx aeponopmax [Monswi y nepiod 2013-2024 pp.
3 AKUEHMOM HA NOCMKOBIOHUU eman 8i0HOB/1eHHA.

JocnioxeHHa 6a3yembca HA WOKBAPMAIbHUX CMAMUCMUYHUX 0aHUX YnpassiHHA yusineHoi asiayii
Monbwi 0na socbMu Kto408UX deponopmis. ¥ pobomi 3acmocosaHo NopigHAbHUU aHAsi3 ydcosux psdis, a
MAakoXx memoou ix 0ekoMno3uyii 3 BUKOPUCMAHHAM aoumusHoi modeni ma STL-nidxody (Seasonal-Trend
decomposition using Loess), peanizosaHozo y cepedosuui R. AHani3 30iliCHIOEMbCA OKpeMo 0718 8HYMPIiWHIX
ma MiXkHapoOHUX nepese3eHb 3 Memoto OYiHIOB8AHHA O0YiIbHOCMI a2pe208aH020 NPO2HO3YBAHHS.

Pe3ynemamu 0ocnioxeHHA caiduame, Lo MiXXHAPOOHI agianepese3eHHA Xapakmepu3syromaoca cmitikoto
meHOeHUi€r 00 3pOCMAHHA MA BUPAXXEHOK Ce30HHICMI0, MO0i AK BHyMPpIillHI nepese3eHHs 0eMOHCMPYoMb
c1abwly ce30HHY KOMNOHeHmMy mad meHOeHUitlo 00 cmazHayii abo 3HUXeHHA Yy NnocmkosiOHul nepioo.
BcmarosneHo, ujo nogediHka 4aco8ux psAdie BHymMpilH6020 MA MiXXHaPOOHO20 NACAXUPONOMOKY CYymmego
8iOpi3HAEMbCA 3a71eXKHO 8i0 aeponopmy, U0 0OMeXye 3aCMOCYB8AHHA azpe208aHUX Modesieli NPO2HO3YBAHHA.

Haykosuli sHecok pobomu nosnfzae 8 obrpyHmysaHHi HeobxioHocmi po30inbHO20 MOOeN8AHHSA
BHYMPIWHIX | MiXXKHAPOOHUX NACAXXUPONOMOKi8 3 Memoto NiOBUWEHHA MOYHOCMI NPO2HO3YBAHHA Ma
aHanimu4yHoi docmosipHocmi pesynsmamis. Ompumadi pesysismamu mMoxyme 6ymu sUKOpucmadi ons
6inbW MOYHO20 KOPOMKOCMPOKOBO20 NPO2HO3YBAHHSA, A MAKOX y npoyecax cmpameziuHo20 NJIaHY8aHHS
ma onepayitiHo20 ynpasniHHA OifsibHICMIO aeponopmie 8 yMo8ax He8U3HA4eHOCMi.

Knioyoei cnoea: noBiTpAHUI TPaHCNOPT, NMaCaXMPOMOTiK, BHYTPILIHI NepeBe3eHHs, MiPKHAPOZAHI
nepeBe3eHHs, aHasi3 YacoBMWX PARIB, CE30HHICTb, MPOrHO3yBaHHA

Introduction. The system of specificity, structure and segmentation. The

international air passenger transportation has
an open type and is affected by global crises
and negative phenomena. One of the most
destructive was the COVID-19 pandemic,
which actually collapsed the international
transportation  markets. The  gradual
restoration of the system leads to the
stabilization of passenger flows, but at the
same time we can state a change in their

differences in passenger flow between
international and domestic transportation are
also significant. In connection with the
closure of the airspace of Ukraine, it is
proposed to conduct a study using the
example of Polish airports, as a neighbouring
country with  similar conditions for
commercial civil operation. At the same time,
it is Polish airports that Ukrainian airlines use

This work is licensed under a Creative Commons Attribution 4.0 International License



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

more often when performing flights during
the war.

A significant number of works [1-10] have
been devoted to the study of various aspects
of the dynamics of air passenger traffic at
Polish airports. In these works, based on
statistical data for aggregate quarterly traffic
(international + domestic) trends and
seasonality ranges for a number of airports
were analyzed. Due to the deseasonalisation
of the corresponding time series, it is possible
to make predictions of air traffic.

However, a forecast for the sum of two
time series does not always yield the correct
result. It can be justified if both series are
described by an additive model. If one of
them is described by a multiplicative model,
the forecast will be incorrect. Therefore, it is
important to find out how different the
behavior of the time series of international
traffic and domestic traffic for different
airports is. If such a difference is significant,
then it is obvious that it is more productive to
make predictions of international traffic and
domestic traffic separately. This will allow to
determine more accurately the trends of air
passenger traffic.

Our work provides a comparative analysis
of the ratio of quarterly statistical data
between domestic and international traffic for
eight major airports in Poland: Warsaw
Chopin Airport, Krakéw-Balice, Gdansk Lech
Watesa Airport, Katowice-Pyrzowice,
Wroctaw-Starachowice, Poznan - Lawica,
Rzeszoéw - Jasionka and Szczecin — Golenidw.
The data range covers 2013-2024, covering
the pre-COVID and post-COVID periods.

The purpose of the article: analysis of air
passenger traffic  in  domestic and

122-132
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international market in Polish airports in pre-
covid and post-covid period in order to
determine the main trends and features of
passenger flows in conditions of uncertainty.

Presentation of the main research
material.

Analysis of statistical data. 1t should be
noted that quarterly data on international and
domestic trafficin Poland can be found in [11].
There are date about the following time
series:

Yrota - passenger traffic at Polish airports
- domestic and international, scheduled and
charter;

Mrota - aircraft movements at Polish
airports - domestic and international,
scheduled and charter;

Yp - domestic passenger traffic at Polish
airports - scheduled and charter;

Mp - domestic aircraft movements at
Polish airports - scheduled and charter.

Note: transit passengers and general
aviation passengers and operations are
excluded.

Figure 1 shows the annual domestic
passenger traffic and domestic aircraft
movements at Warsaw Chopin Airport,
Krakéw-Balice, Gdansk Lech Watesa Airport,
Katowice-Pyrzowice, Wroctaw-Starachowice,
Poznan - Lawica, Rzeszéw - Jasionka and
Szczecin - Goleniéw. The main hub for
domestic air traffic within Poland is Warsaw
Chopin Airport. It connects the capital with all
airports in the country. As can be seen from
the diagrams on Figure 1, in 2021-2024 it
accounted for almost half of domestic annual
passenger air traffic, Krakow and Gdansk
airports have three times lower.
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Figure 1. Annual domestic passenger traffic and domestic aircraft movements at Polish airports.
Source: Own study based on data from the Civil Aviation Authority, www.ulc.gov.pl.

We define international passenger traffic

Y_I and international aircraft movements M_|
as follows:

Y = Yrotar — Yo, M; = Mrotqr — Mp.

Figure 2a-2d shows time series patterns
of international and domestic transportation
in Poland during the period 2007-2024. The
peak in domestic transport is in 2012, when

Poland accepted participants in the European
Football Championship.
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Figure 2a. Total international aircraft movements in Poland
Source: Own study based on data from the Civil Aviation Authority, www.ulc.gov.pl.
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Figure 2b. Total domestic aircraft movements in Poland.
Source: Own study based on data from the Civil Aviation Authority, www.ulc.gov.pl.
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Figure 2c. Total international passenger traffic in Poland.
Source: Own study based on data from the Civil Aviation Authority, www.ulc.gov.pl.
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Figure 2d. Total domestic passenger traffic in Poland.
Source: Own study based on data from the Civil Aviation Authority, www.ulc.gov.pl.

Figure 3a-3h shows the quarterly
international and domestic passenger traffic

at Warsaw Chopin Airport, Krakéw-Balice,
Gdansk Lech Watesa Airport,

Pyrzowice, Wroctaw-Starachowice, Poznan -

Lawica, Rzeszow - Jasionka and Szczecin -
Goleniow.
Katowice-
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Figure 3. Quarterly international and domestic passenger traffic at Polish airports for 2013 -
2024.
Source: Developed by the authors
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As follows from the figures 3 provided the
international air transportation has increasing
tendency before Covid pandemic and also
after it and has extremely pronounced
seasonal behaviour. This behaviour has been
lost in the post-COVID period 2022-2024.

Domestic air transport shows varying
trends in 2013 and 2022-2024, and
seasonality is not as pronounced as for
international air transport.

Decomposition of air transportation. To
analyze time series of international and
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domestic air transportation, carry out their
decomposition that is to divide them into
separate components. We will consider the
decomposition of data only for the post-
COVID period, assuming that from 2022 a
different dynamic of air transportation began,
which is weakly connected with the previous
dynamics of 2013-2019.

In accordance with the ICAO guidelines
[12] there are two types of models time series:
additive:

Yt=Tt+St+It

and multiplicative:

Y, =T, xS, xI,.

In the above two equations Y_t is the
original series, T_t is the trend-cycle, S_t is the
seasonal component, I_t is the irregular part.

For performing seasonal adjustment, we
used the STL decomposition from the RStudio
package [13] for additive model

Yt:Tt+St+It

The STL method (“Seasonal and Trend
decomposition using Loess”) was developed
by R. B. Cleveland, Cleveland, McRae, &
Terpenning [14].

The results of decomposition are shown
in Figure 4.
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Figure 4. Decomposition of quarterly international (left) and domestic (right, in thousands)
passenger traffic at Polish airports for 2021 -2024.
Source: Developed by the authors

Using the graphs provided, we can assess
the role of each component in domestic and
international air transportation at a particular
airport. It is clear that for international air
travel, irreqular components are smaller, so
forecasting will be successful.

For domestic air transportation,
seasonality and the irregular component can
be comparable (Katowice, Poznan, Wroclaw,
Warsaw). At almost all airports, the trend
components have shifted from growth to
stagnation and even started to decline.

Conclusions. The study provides a
comprehensive analysis of the structural and
dynamic characteristics of domestic and
international air passenger traffic in Polish
airports over the period 2013-2024, with a
particular focus on the post-COVID recovery
phase.

The results confirm that international
passenger traffic demonstrates a stable
upward trend and pronounced seasonality,
which was partially disrupted during the
COVID-19 crisis but gradually restored in the

post-pandemic period. In contrast, domestic
passenger traffic exhibits significantly weaker
seasonal patterns and shows signs of
stagnation or decline after 2022. This
divergence reflects structural differences in
demand formation, market integration, and
sensitivity to external shocks.

A key finding of the study is the
substantial heterogeneity in the behavior of
domestic and international traffic across
individual airports. The analysis shows that
the assumption of uniform dynamics within
aggregated passenger traffic is not valid, as
different traffic segments follow distinct trend
and seasonal patterns. This directly affects the
reliability of forecasting models based on
aggregated time series.

From a methodological perspective, the
application of time series decomposition
using the STL approach allows for the
identification of trend, seasonal, and irregular
components, providing a clearer
understanding of post-crisis traffic dynamics.
The results indicate that international traffic is
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more predictable due to lower irregular
variability, while domestic traffic s
characterized by higher volatility, which
complicates forecasting procedures.

The scientific contribution of the paper
lies in substantiating the necessity of
disaggregated modeling of passenger traffic,
separating domestic and international flows
to improve analytical accuracy and
forecasting reliability. This approach provides
a more robust basis for interpreting air
transport dynamics under conditions of
uncertainty.

The practical implications of the study are
related to improving short-term forecasting,
capacity planning, and strategic decision-
making in airport management. The findings
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can be used by airport operators, airlines, and
policymakers to better adapt to structural
changes in passenger demand and to
develop more resilient air transport systems.
Further research should focus on the
integration of econometric forecasting
models, validation of predictive accuracy, and
inclusion of external explanatory variables
such as macroeconomic indicators, mobility
restrictions, and geopolitical factors to
enhance the robustness of the analysis.
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