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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 for innovative 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 
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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. 

mailto:oasissun@ukr.net
mailto:dmytro.shevchuk@npp.nau.edu.ua
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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 

 
Олена Гаража, Дмитро Шевчук. «Управління сталими інтегрованими логістичними 

системами: використання інтелектуальних технологій в умовах високої невизначеності». У 
статті аналізується управління сталими інтегрованими логістичними системами на основі 
використання інтелектуальних технологій в умовах високої невизначеності.    

Проблематика. Сучасний управлінський процес логістичними системами забезпечується 
штучним інтелектом, машинним навчанням, системами прогнозування та оптимізації, що 
відкриває широкі можливості для швидкого прийняття управлінських рішень, які максимально гнучкі 
та адаптивні до змін зовнішнього середовища в умовах невизначеності. З’являється низка проблем 
таких, як невизначеність та мінливість зовнішнього середовища; неузгодженість транспортних, 
складських, інформаційних фінансових підсистем в процесі об’єднання на єдиній площинні управління; 
відсутність багатофакторності та динамічності в існуючих класичних моделях оптимізації; 
невідповідність екологічним стандартам, оптимізації ресурсного потенціалу та соціальним 
потребам прилеглих територій; низькі темпи перебудови та налаштування під нові умови.      

Мета. Метою нашої роботи є теоретичне обґрунтування та розробка методичного 
інструментарію для управління сталими інтегрованими логістичними системами шляхом 
впровадження інтелектуальних технологій, що дозволить забезпечити їхню стійкість, екологічну 
ефективність та адаптивність в умовах високого рівня ризику та ринкової невизначеності.  

Матеріали й методи. Розкриття мети проведено на основі інтегрованого та адаптивного 
методологічних підходів із сукупністю методів порівняльного та структурного аналізу, методів 
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сценаріїв та аналізу ризиків, синтезу. Інформаційна база дослідження складалася із статистичних 
звітів міжнародних агентств, оглядів консалтингу, звітів логістичних операторів, даних глобальних 
ризиків, наукові праці вітчизняних і закордонних вчених. 

Результати. За результатами дослідження встановлено, що управління сталими 
інтегрованими логістичними системами – це сучасний напрям менеджменту, що впроваджує в 
традиційну логістичну ефективність положення сталого розвитку (екологічні, соціальні та 
економічні норми). Виявлено, що когнітивна аналітика передбачає використання штучного 
інтелекту як елементу предиктивного керування для розрахунку кореляційних зв’язків між 
непрямими факторами впливу на логістичну систему (вплив кліматичних умов, зміна попиту). 
Доведено, що управління сталими логістичними системами на базі інтелектуальних технологій 
викриває ряд недоліків, серед яких якість зібраних даних, вразливість до кібератак, значні фінансові  
витрати. Виявлено, що ефективність впровадження інтелектуальних технологій в управління 
сталими інтегрованими логістичними системами мають вирішити основні завдання: зростання 
рентабельності логістичної діяльності, зменшення екологічного навантаження на навколишнє 
середовище, створення операційної стійкості в умовах невизначеності. Обґрунтовано, що стала 
інтегрована логістична система формується на основі «патернів», які уявляють собою структурні 
моделі з сукупністю принципів та норм.. Охарактеризовано концепцію «Тріо сталості», що 
передбачає поєднання економіки, екології та соціуму.  

Висновки. Ключовими положеннями трансформації від традиційних логістичних систем до 
сталих інтегрованих логістичних систем в умовах високої невизначеності можливий на основі 
використання сучасних інтелектуальних технологій та інтелектуального управління на основі 
транспарентності надання транспортних послуг та партнерсько-конструктивних відносин. 

Ключові слова: концепція, патерн, транспорт, система, кібератака, логістика, управління, 
невизначеність, ефективність 

  
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 
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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. Puška, A., Dragić, R., Prdić, N., 
Ćosić, Đ., Novaković Božić, N., & Štilić, 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 

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].  

Ivanov, 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]. 

Büyüközkan, G., & Göçer, F. substantiate 
digital supply chains, which form the basis for 
future research in logistics. They emphasize 
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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 [7]. 

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. 

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, 

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 

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 

warehouse" due to high risks and monitoring of 
driver activities 

Creating comfortable working conditions 
and reducing traumatic events 

Administrative Transparency of reporting and monitoring of the 
passage of goods 

Development of partnership relations and 
attractiveness of investors 

Source: summarized 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 

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, % Traditional 
methods, % 

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 
who are able to use artificial intelligence and 

digital technologies for routing and supply 
chain calculations (Table 3).

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

systems 

Indicator Market size 2023, 
billion dollars 

Forecast 2026, 
billion dollars 

Compound 
annual growth 
rate (CAGR), % 

Artificial Intelligence 6,53 20,12 44,5 
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 

Indicator Traditional 
management, % 

Intelligent 
management, % Impact on sustainability 

Demand forecast 
accuracy 

65-70 85-95 Eliminating overproduction and 
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 
broken link 

24-48 hrs. More than 2 hours Resilience to crisis 

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 
2024/2021, % 

Losses, 
billion 

Conflicts and Sanctions +42 1200 
Climate Change +28 320 
Hacker Attacks and 

Logistical Disruptions 
+60 450 

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 latest 
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 

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. 
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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 

 
Володимир Марчук, Маргарита Зелінська, Ольга Резанко. «Трансформація системи 

управління матеріально-технічним забезпеченням підприємств оборонно-промислового 
комплексу в умовах цифровізації та воєнної економіки». У статті обґрунтовано теоретико-
методичні засади та розроблено практичні підходи до трансформації системи управління 
матеріально-технічним забезпеченням (МТЗ) підприємств оборонно-промислового комплексу (ОПК) 
України в умовах цифровізації та воєнної економіки. Метою дослідження є формування комплексної 
моделі трансформації МТЗ, здатної забезпечити підвищення ефективності управління ресурсними 
потоками та стійкості логістичних систем. 

Методологічну основу дослідження становлять системний, порівняльний та структурно-
функціональний підходи, а також методи аналізу та узагальнення, що дозволили оцінити сучасний 
стан МТЗ підприємств ОПК та виявити ключові проблеми його функціонування. Встановлено, що 
існуюча система характеризується низьким рівнем координації, обмеженою адаптивністю, 
фрагментарністю управління та недостатнім рівнем цифровізації. 

Узагальнення міжнародного досвіду країн НАТО дозволило визначити напрями адаптації 
сучасних логістичних моделей до українських умов. Наукова новизна дослідження полягає у розробці 
концептуальної моделі трансформації системи МТЗ, яка базується на принципах інтегрованості, 
цифровізації, адаптивності та сумісності зі стандартами НАТО, а також передбачає поєднання 
централізованого стратегічного та децентралізованого оперативного управління. 

Обґрунтовано доцільність впровадження єдиної цифрової платформи управління ресурсами, 
розвитку децентралізованої логістики та використання сучасних цифрових технологій (LogFAS, 
RFID, аналітика даних), що забезпечують моніторинг ресурсів у режимі реального часу та підтримку 
управлінських рішень. 

Практичне значення отриманих результатів полягає у визначенні напрямів підвищення 
ефективності управління ресурсними потоками, забезпеченні прозорості логістичних процесів, 
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скороченні логістичних розривів та підвищенні стійкості підприємств ОПК в умовах воєнних 
викликів і післявоєнного відновлення. 

Ключові слова: матеріально-технічне забезпечення, оборонно-промисловий комплекс, 
цифровізація, логістика, стандарти НАТО, стійкість, управління ресурсами 

  
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, 

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 
Model / 

Approach Description Key Elements Advantages Limitations 

NATO Logistics 
Model (LogFAS, 
STANAG, 
NSPA) [13] 

Integrated logistics 
management system 
in a multinational 
environment 

Standardization 
(STANAG), digital 
platforms (LogFAS), 
cooperation (NSPA – 
NATO Support and 
Procurement Agency) 

High 
interoperability, 
operational 
efficiency, 
scalability 

Implementation 
complexity, high 
resource 
requirements 

Integrated 
Logistics 
Support (ILS) 
[14] 

Lifecycle 
management of 
material and technical 
supply 

Planning, technical 
support, inventory 
management, maintenance 

Systemic approach, 
lifecycle efficiency 
orientation 

High integration 
complexity 

Capability-
Based Planning 
(CBP) [15] 

Planning based on 
required capabilities 

Threat analysis, capability 
identification, resource 
provision 

Result-oriented, 
flexible 

Complexity of 
capability 
assessment 

New Public 
Management 
(NPM) [16] 

Public sector reform 
based on market 
efficiency principles 

Decentralization, 
accountability, efficiency, 
competition 

Improved 
management 
efficiency 

Risk of loss of 
centralized control 

Digital Supply 
Chain / Industry 
4.0 [17] 

Digital transformation 
of logistics systems 

ERP, RFID, AI, Big Data, 
IoT 

Transparency, 
speed, decision-
making accuracy 

High investment 
costs, cybersecurity 
risks 

Ukrainian 
Adaptive MTS 
Models [18] 

Combination of Soviet 
legacy and NATO 
standards 

Partial standardization, 
fragmented digitalization, 
defense industry reforms 

Flexibility under 
wartime conditions 

Low level of 
integration, 
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 

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 
NATO standards, requirements for 
interoperability of weapons and military 
equipment, as well as the need to harmonize 

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 
but also as a critical factor in Ukraine’s 
integration into international security 
systems. 

 
Table 2. Comparison of Successful MTS Transformation Practices in NATO Countries 

Country / 
Initiative Key Tools Main Approaches Achieved Effect 

United States LogFAS, JCIDS, AI-based 
forecasting, 3D printing 

Full digitalization, echeloned reserves, 
logistics automation 

Reduction of delivery time 
by up to 40% 

United 
Kingdom DE&S, RFID tracking Corporate governance, decentralized 

procurement Efficiency increase by 25% 

Czech 
Republic 

Cargo UAVs, integration 
with LogFAS 

Innovative logistics for special 
operations forces, field mobility 

Improved operational 
efficiency of supply and 
evacuation 

NATO (joint 
initiatives) 

Multinational contracts, 
strategic transportation 

Cooperation, integrated logistics 
support 

Increased operational 
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. 

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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Figure 1 – Model of Transformation of the MTS Management System of Ukraine’s Defense 

Industry 
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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 

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 

Structure 
Centralized planning with elements of 
decentralization; issues of coordination and 
bureaucracy 

Decentralized network logistics integrated 
through NSPA (NATO Support and 
Procurement Agency) and STANAG 
standards 

Digitalization Initial stage of implementation of digital 
monitoring platforms; insufficient integration 

Full digitalization (ERP systems, AI-based 
forecasting, real-time inventory tracking) 

Supply System 
Focus on ammunition and import 
substitution; shortages caused by wartime 
conditions 

Echeloned reserves, multinational contracts, 
mission-based logistics 

Reforms 
Corporatization of the defense industry; 
more than 219 NATO standards partially 
implemented 

Continuous transformation, adaptation to 
hybrid threats, focus on interoperability 

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 
defense industry) 

Imbalance in the development 
of the MTS system 

Source: compiled based on [27, 28].  
 

Thus, the current state of the MTS system 
of defense industry enterprises is 
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 

decentralized operational management, 
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 

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 

Digitalization Implementation of LogFAS and RFID; integration 
with “Delta” and “Kropyva” software systems 

Real-time resource monitoring; 
increased transparency and 
management speed 

Standardization Adaptation of STANAG standards (including AQAP, 
STANAG 4107) to national conditions 

Improved quality and 
interoperability of MTS in line with 
NATO requirements 

Human Resources and 
Management 

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

Reduced bureaucracy; increased 
management efficiency 

Financing and 
Partnerships 

Corporatization of the defense industry, cooperation 
with NSPA (NATO Support and Procurement 
Agency), import substitution, use of 3D printing 

Attraction of investments; 
development of production 
capacity and strategic autonomy 

Monitoring and Control Annual audits of standard implementation; 
integration of combat experience 

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 
on the principles of digitalization, 
adaptability, transparency and 

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 international 

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 
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 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. 

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, 

mailto:karpun.olha@edu.kpi.ua
mailto:thevaleria64@gmail.com


The electronic scientifically and practical journal   33-45 
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,  v.36 (2026) 
ISSN 2708-3195  https://smart-scm.org 

 

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

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, AI, 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 

 
Ольга Карпунь, Валерія Яковенко. Логістичний підхід до формування та управління 

ланцюгами створення цінності послуг для клієнтів в галузі бізнес-туризму. У статті 
досліджено теоретичні та прикладні аспекти застосування логістичного підходу до управління 
сервісними потоками у сфері ділового туризму. Актуальність теми зумовлена стрімкою 
цифровізацією світової економіки та посиленням конкуренції на ринку бізнес-туризму, що вимагає від 
операторів переходу від фрагментарного управління окремими операціями до інтегрованого 
формування цілісних ланцюгів цінності. 

Метою роботи є теоретичне обґрунтування та розробка концептуальних засад 
логістичного управління ланцюгами створення цінності послуг для клієнтів в галузі бізнес-туризму, 
що дозволяють підвищити якість, гнучкість та конкурентоспроможність послуг бізнес-туризму 
через інтеграцію новітніх технологій та клієнтоорієнтованого підходу.  

У ході дослідження було переосмислено поняття «цінність для клієнта», яке в контексті бізнес-
подорожей трактується як багатовимірний компроміс між отриманими вигодами 
(функціональними, емоційними, соціальними) та витраченими ресурсами (часом, фінансами, 
психологічними зусиллями). Авторами доведено, що логістичний підхід у сервісній сфері виступає 
стратегічним інтегратором, який забезпечує «безшовність» та надійність надання 
багатокомпонентних послуг. 

Основним результатом дослідження є розробка дворівневої концептуальної моделі 
формування ланцюга цінності. Перший рівень моделі фокусується на створенні «основної послуги» 
(бронювання, логістика перевезень, розміщення), тоді як другий рівень спрямований на формування 
«індивідуальної цінності» через персоналізацію та адаптацію сервісу під специфічні запити 
конкретного ділового мандрівника. Особливу увагу приділено концепції віртуальної інтеграції, яка 
дозволяє фокусній компанії ефективно координувати діяльність широкої мережі партнерів (готелів, 
авіаперевізників, технічних провайдерів) як єдиної екосистеми. 

Обґрунтовано роль цифрових технологій (Big Data, AI, IoT) як ключових чинників предиктивного 
управління ризиками та підвищення точності управлінських рішень у ланцюгах постачання послуг.  

Висновки статті підтверджують, що впровадження запропонованого логістичного підходу 
дозволяє компаніям не лише оптимізувати внутрішні бізнес-процеси та знизити витрати, а й 
трансформувати ланцюг постачання на стратегічний актив для формування довгострокової 
клієнтської лояльності та сталого успіху на міжнародному ринку. 

Ключові слова: логістичний підхід, ланцюг створення цінності, цінність для клієнта, бізнес-
туризм, віртуальна інтеграція, цифровізація, клієнтоорієнтованість 
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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 

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.I. & 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; 

− the impact 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 

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 (AI), 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 AI 
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 

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, 17]. 

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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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]. 

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 will impact 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 

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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Figure 2 – Conceptual model of formation the customer services value chain in the 

business tourism industry 
Source: developed by the authors 
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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 

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 (AI), and the 
Internet of Things (IoT) 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 

Щеховська Лариса. «Адаптивне планування ланцюгів постачання в умовах воєнного 
стану».  Стаття присвячена проблемі планування ланцюгів постачання в умовах збройного 
конфлікту – контексту, який виявляє фундаментальні обмеження класичних детерміністських 
методів планування. Методологію дослідження становлять: систематичний аналіз сучасної 
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наукової літератури, порівняльна оцінка характеру порушень у воєнний час та в період пандемії, а 
також структурований аналіз кейсів досвіду адаптації українських підприємств. У дослідженні 
встановлено концептуальне розмежування між стійкістю, гнучкістю та адаптивністю ланцюгів 
постачання, а також доведено, що порушення воєнного часу, яким притаманні крихкість, 
тривожність, нелінійність та непередбачуваність, потребують якісно інших підходів до планування 
порівняно з шоками пандемії. Запропоновано типологію чотирьох стратегій адаптивного 
планування, структурованих за двома вимірами: горизонтом планування (короткостроковий та 
довгостроковий) і організаційною гнучкістю (низька та висока): реактивна адаптація, сценарне 
планування, тактична стабілізація та стратегічна реконфігурація. Аналіз українського 
логістичного сектору свідчить, що частка автомобільного транспорту в загальній вартості 
імпорту зросла з 35% до 64% після вторгнення у лютому 2022 року, тоді як збитки інфраструктурі 
перевищили 252 млрд доларів США. У дослідженні задокументовано п'ять ключових практик 
адаптації, впроваджених українськими підприємствами: диверсифікація постачальників, перехід на 
мультимодальні перевезення, децентралізація складського господарства, прискорена цифровізація 
та колаборативне планування ланцюгів постачання. Простежено трансформацію конкретних 
методів планування – від фіксованих річних бюджетів до ковзних, від принципу «точно вчасно» до 
стратегії стратегічних буферних запасів, від єдиного джерела постачання до мультисорсингових 
закупівель. Практичний внесок дослідження полягає у формуванні матриці вибору стратегії 
адаптивного планування залежно від характеристик операційного середовища, яка може слугувати 
інструментом планування для підприємств, що працюють в умовах високої невизначеності. 
Перспективи подальших досліджень пов’язані з кількісною оцінкою ефективності виявлених 
стратегій адаптації та розробкою методології відновлення ланцюгів постачання у повоєнний 
період. 

Ключові слова: планування ланцюгів постачання, воєнна логістика, адаптивне планування, 
стійкість ланцюга постачання, управління порушеннями 

  
Introduction. The full-scale military 

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 

Ukrainian logistics managers conducted 56 
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 Pawłyszyn 
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 macroeconomic level. 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-

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 is 
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 

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 DOI 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 

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 Broadly symmetric across 

enterprises 
Highly asymmetric; geography-
dependent 

Planning reference state Available; recovery target 
definable 

Absent; target state continuously shifts 

Duration and predictability Finite; phased reopening possible Indefinite; no reliable horizon 
Impact on planning methods Adjustment of parameters; 

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

 Low structural flexibility High structural flexibility 
Short planning 

horizon (≤ 4 
weeks) 

Strategy I: Tactical stabilisation 
Parametric adjustments; minimum 
service level maintenance; existing 
methods applied with compressed 
horizons. 

Strategy II: Reactive adaptation 
Day-to-day replanning; rapid supplier and 
route switching; no formal planning horizon; 
characteristic of the first weeks of hostilities. 

Medium-to-long 
horizon (1–12 

months) 

Strategy III: Scenario planning 
Rolling budget; three-scenario 
approach; trigger-based switching; 
formal risk quantification. 

Strategy IV: Strategic reconfiguration 
Fundamental redesign of supply chain 
network; new supplier base; repositioned 
logistics infrastructure; SSCM principles. 

Source: author's elaboration. 
  

 
Strategy I (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 II (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 II 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 III (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 under 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 years, 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 

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 I parameters) to rolling 
four-to-twelve-week export planning with 
pre-defined trigger conditions for route 
switching (Strategy III). 

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 II) 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 visibility 
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 II or III 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 

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 Pawłyszyn [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 

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 

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 CO2 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 CO2  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, CO2 emissions, distribution logistics, optimization 

Ростислав Попов. “Інтелектуальний підхід на основі симуляційного моделювання щодо 
проектування сталого ланцюга постачання”. Стаття присвячена дослідженню імітаційного 
моделювання як інструменту реінжинірингу стійких та резильєнтних ланцюгів постачання 
транспортної компанії. У роботі розглянуто теоретичні та практичні аспекти використання 
цифрових моделей для оцінювання ефективності транспортно-логістичної мережі в умовах 
невизначеності, зростання екологічних вимог та необхідності балансування економічних і 
екологічних показників. 
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Існуючу конфігурацію ланцюга постачання компанії, що функціонує на польському ринку, було 
відтворено у середовищі імітаційного моделювання та проаналізовано за ключовими показниками 
ефективності, зокрема доходом, логістичними витратами, прибутком і викидами CO₂. Розглянуто 
вплив розташування складів, структури попиту клієнтів, транспортних відстаней та екологічних 
параметрів на формування загальної ефективності логістичної мережі. 

Проведено базовий імітаційний експеримент для оцінювання поточного стану ланцюга 
постачання та визначення основних напрямів його вдосконалення. Для реінжинірингу мережі 
застосовано підхід Greenfield Analysis із збереженням кількості розподільчих центрів і рівня 
обслуговування клієнтів. Оптимізована конфігурація дозволила знизити сукупні логістичні витрати 
та викиди CO₂ на 18%, водночас прибуток зріс на 97%, а рівень доходу залишився незмінним. 

Отримані результати підтверджують практичну цінність імітаційного моделювання як 
інструменту підтримки прийняття рішень у стратегічному плануванні ланцюгів постачання. 
Надано рекомендації щодо подальшого розвитку стійких логістичних мереж на основі цифрових 
двійників, сценарного аналізу та інтеграції екологічних критеріїв у процеси прийняття 
транспортних рішень. 

Ключові слова: ланцюг постачання, стала логістика, імітаційне моделювання, цифровий 
двійник, транспортна система, вантажні перевезення, викиди CO₂, розподільча логістика, оптимізація 

  
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  CO₂ 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 

warehouses and customer demand generates 
excessive transport distances and emissions 
[7]. 

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  CO₂ 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. Gülmez, 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 

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 AI-
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  CO₂ 
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 CO₂  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 

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 CO₂  
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 

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 ID Customer Order processing, days Demand, m³ per 
year 

Demand 1 Łódź Customer 5 761920 
Demand 2 Kraków Customer 5 747680 
Demand 3 Wrocław Customer 5 642150 
Demand 4 Poznań Customer 5 563480 
Demand 5 Gdańsk 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 Białystok Customer 5 286420 
Demand 11 Gdynia Customer 5 259180 
Demand 12 Warsaw Customer 5 271240 

… … … … 
Demand 41 Tarnów Customer 5 120340 
Demand 42 Zielona Góra Customer 5 115980 
Demand 43 Chorzów 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 Słupsk Customer 5 100120 
Demand 49 Grudziądz Customer 5 97640 
Demand 50 Jaworzno Customer 5 98910 
Demand 51 Ochota Customer 5 95120 
Demand 52 Jastrzębie Zdrój Customer 5 93480 
Demand 53 Praga Północ 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 

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, CO2 
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 

configuration, transportation cost and 
emission parameters were included in the 
model. According to the company’s internal 
data [23], the  CO2 emission coefficient for 
cargo transportation was set at 0,09 per m3 of 
transported cargo, taking into account the 
transportation distance. The transportation 
cost coefficient was defined as 0,05 USD per 
m3 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  CO2 emissions for the 
baseline supply chain configuration (Fig. 2). 
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Figure 2 - Cost and CO₂ 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 AnyLogistix 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 CO₂ emission coefficient. During the 
experiment, the model calculated the 

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 CO₂ emissions (Fig. 3). 

It should be noted that in the AnyLogistix 
environment, CO₂ 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. 

 

 

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 CO₂  
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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. 

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. 

 

 
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 CO₂ 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 



The electronic scientifically and practical journal   58-72 
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,  v.36 (2026) 
ISSN 2708-3195  https://smart-scm.org 

 

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

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 CO₂ 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 
environmental burden of transportation 

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, 
profit, and CO₂  emissions. 

 
 

 
Figure 5 - Greenfield Analysis experiment for the InariTrans supply chain. 

Source: Developed by author in AnyLogistix 
 

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

customer demand geography, transportation 
distances, and environmental criteria. The 
obtained coordinates were used as input 
parameters for the redesigned model of the 
supply chain. 

 
 

Table 2. Warehouse locations for the redesigned InariTrans supply chain 

Name Longitude Latitude 

GFA DC 20.98621 52.21867 
GFA DC 2 18.65494 54.34682 
GFA DC 3 17.02785 51.10642 
GFA DC 4 19.10938 50.26476 
GFA DC 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 

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 CO₂  
emissions.  

 
 

 
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 

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 CO₂  
emissions, and to compare the performance 
of the InariTrans supply chain before and after 
the redesign of the distribution network. 

 
 

 

 
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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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 CO₂ 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 CO₂ 
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 CO₂ 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 



The electronic scientifically and practical journal   58-72 
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,  v.36 (2026) 
ISSN 2708-3195  https://smart-scm.org 

 

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

performance indicators: revenue, total 
logistics costs, profit, and CO₂ emissions. 

The comparison of the baseline and 
optimized scenarios showed that revenue 
remained unchanged, while total logistics 
costs and CO₂  emissions decreased by 18%. 
At the same time, profit increased by 97%. 
These results confirm that the redesign of 

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. 
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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 

Мостенська Т.Л., Давиденко В.В. «Сучасні тренди трансформації управління бізнес-
процесами».  У статті досліджується трансформація управління бізнес-процесами (BPM) в умовах 
цифровізації та зростаючої турбулентності зовнішнього середовища. Дослідження базується на 
припущенні, що традиційні підходи до BPM, орієнтовані переважно на ефективність і 
стандартизацію, вже не забезпечують необхідного рівня адаптивності організацій та сталого 
створення цінності. 

Метою статті є ідентифікація та систематизація ключових трендів розвитку BPM, а також 
обґрунтування концептуальних засад інтелектуального управління бізнес-процесами як 
інтегрованої системи, що поєднує технологічні та організаційні драйвери. 

Методологічну основу дослідження становить системний та інтегративний підхід, що 
включає методи аналізу і синтезу, порівняльного аналізу та концептуального моделювання. У 
роботі здійснено інтеграцію технологічних компонентів (штучний інтелект, процесний майнінг, 
цифрові двійники, інтелектуальна автоматизація) з організаційними вимірами 
(клієнтоорієнтованість, ESG-орієнтація, гнучкі моделі управління) в межах єдиної аналітичної рамки. 

У результаті дослідження запропоновано концептуальну модель інтегрованого 
інтелектуального BPM, яка забезпечує перехід від описового та реактивного управління процесами 
до проактивного, адаптивного та data-driven управління. Модель демонструє, що поєднання 
технологічних і організаційних драйверів формує синергетичний ефект, підвищуючи прозорість 
процесів, якість управлінських рішень та операційну гнучкість. 

Отримані результати свідчать, що впровадження інтелектуального BPM дозволяє 
організаціям підвищити ефективність бізнес-процесів, знизити операційні ризики та посилити 
стратегічну адаптивність в умовах динамічного середовища. Науковий внесок дослідження полягає 
у систематизації сучасних трендів трансформації BPM та обґрунтуванні його ролі як інструменту 
стратегічного управління в цифровій економіці. 

Ключові слова: бізнес-процеси, цифровізація, інтелектуальні технології, штучний інтелект, 
клієнтоорієнтованість, цифрові двійники, стратегічне управління. 

  
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 

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 
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 
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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 

analysing the transformation of business 
process management (BPM) in the context of 
the digital economy. The choice of this 
approach is обусловлений 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 

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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Figure 1 – Integrated business process management 
Source: adapted by the authors 

 
To build effective, flexible strategies, 

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 

operational efficiency resulting from 
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; 
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− 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 

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 (IoT) 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) 

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 underpins 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.  

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 

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 

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 is 
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 
management 

Wider access to process modelling and 
analysis tools (low-code/no-code 
environments); 
decentralisation of management 
decision-making; 
involving employees in process 
improvement; 
transparency and openness of process 
information. 

Increasing staff engagement in process 
improvement; 
Reducing the time taken to implement 
innovations; 
Enhancing management transparency; 
Ensuring effective horizontal coordination; 
Building organisational flexibility through 
the decentralisation of process decisions. 

Development of customer-
focused processes 

Designing processes based on the 
customer experience;  
personalisation of services and products;  
integration with CRM and integrated 
platforms; 
focus on customer satisfaction and value 

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 KPIs; 
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 AI 

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 AI-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 

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. 

 

 

 
Figure 2 – Integrated business process management structure 

Source: [22]. 
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Current trends in research on business 
process management shape their 

characteristics and determine their 
effectiveness (Fig. 3). 

 
 

 
 

Figure 3 – Characteristics of business processes 
Source: adapted by the authors 
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multi-level processes, thereby ensuring 
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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 
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to ensure sustainable organisational 
performance and adaptability. 
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systematisation of current trends in BPM 
development and the substantiation of an 
integrated approach to intelligent business 

process management. The study 
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. 

The scientific contribution of the study 
lies in the systematisation of BPM 
transformation trends and the 
conceptualisation of intelligent BPM as an 

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 
business process management in different 
industries. 
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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 

Марія Григорак, Олег Гармаш, Ольга Бондаренко, Наталія Трушкіна «Когнітивно-
адаптивна цифрова екосистема інтегрованого управління оборонними проєктами та 
ланцюгами постачання».  У статті розроблено концептуально-методологічну модель 
когнітивно-адаптивної цифрової екосистеми інтегрованого управління оборонними проєктами та 
ланцюгами постачання в умовах високої стратегічної невизначеності. Доведено, що традиційні 
моделі управління, засновані на функціональній декомпозиції інженерних, логістичних і 
експлуатаційних процесів, формують структурні розриви між етапами життєвого циклу та 
обмежують здатність систем до адаптації в динамічному бойовому середовищі. 

Методологічну основу дослідження становлять підходи системного аналізу, теорії складних 
адаптивних систем і цифрового інжинірингу. Запропоновано архітектуру інтегрованої цифрової 
екосистеми, що поєднує інженерний (PLM), логістичний (SCM), виробничий (MES) та експлуатаційний 
домени в межах єдиного цифрового потоку даних (Digital Thread). Центральним елементом моделі є 
когнітивне ядро управління, яке забезпечує агрегування даних та підтримку прийняття рішень. 

У роботі формалізовано когнітивний індекс готовності (Cognitive Readiness Index, CRI) як 
інтегральну функцію параметрів інженерної зрілості, логістичної доступності, ресурсно-
операційної ефективності та швидкості адаптації. Запропоновано підхід до їх операціоналізації та 
нормалізації, а також механізм багатокритеріальної оптимізації конфігурацій оборонного проєкту 
на основі CRI. Проведено сценарну ілюстрацію застосування моделі, яка демонструє її здатність 
виявляти дисбаланси між доменами та обґрунтовувати вибір більш стійких конфігурацій системи. 
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Наукова новизна полягає у формуванні інтегрованої моделі когнітивно-адаптивного 
управління оборонними проєктами, яка поєднує Digital Thread, feedback loop бойової експлуатації та 
формалізований інтегральний критерій CRI в єдиному контурі прийняття рішень. На відміну від 
існуючих підходів, логістичні параметри та дані бойового застосування інтегруються як ендогенні 
фактори інженерного проєктування. 

Практичне значення результатів полягає у можливості підвищення адаптивності оборонних 
систем, зниження логістичних ризиків та забезпечення ресурсної стійкості оборонно-промислових 
програм шляхом використання CRI як інструменту підтримки управлінських рішень. 

Ключові слова: оборонні проєкти, Digital Thread, когнітивний індекс готовності, ланцюги 
постачання, адаптивне управління, цифрова екосистема, оборонно-промисловий комплекс. 

  
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]. 

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, 
11]. 

In parallel, a growing body of research 
addresses supply chain resilience in critical 
and security-related sectors. The study “AI-
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 visibility, 
coordination, and adaptability in 
manufacturing supply chains critical to 
national security [10, 14]. The authors 
demonstrate that integrating AI 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, 

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 AI in 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 

adaptive decision-making framework 
supported by a formalized integral 
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 
data include 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 

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 

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 point in 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 AI 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 is 
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. 

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 use 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 

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 
data in 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 is 
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 

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. 

 

 

 
Figure 3 – Cognitive Core of Management 
Source: developed by the author using AI 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. 
This implies 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 = f(E, L,U, S) 

 
where: E – engineering maturity of the 

product; L – logistics availability and supply 
resilience; U – resource-operational efficiency; 

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=w1⋅TRLn +w2⋅Rs +w3⋅Cs, 
 
where: TRLn – normalized technology readiness level of the product; Rs – structural reliability 

indicator of the product; Cs – inverted indicator of design complexity; w1, w2, w3 – weighting 
coefficients of the corresponding components. 

Constraints for the weighting coefficients: 
 

w1 + w2 + w3 = 1, 
wi ≥ 0. 

 
The normalized technology readiness level can be defined as follows: 

 
where 

 
 
The design complexity indicator is used in 

its inverted form, since an increase in 
complexity reduces the engineering 
feasibility of the product: 

 
Cs = 1 – Cn, 

 
where: Cn – 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:   
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where: ai – 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; Ti – time-related supply 
coefficient of the i-th component; n – number of critical components. 

 
The weights satisfy the following constraint: 

 
The time-related supply coefficient can be defined as: 
 

 
where: ti – expected delivery time of the i-th component; Tcritical – critical allowable delivery 

time. 
 
If ti ≤ Tcritical, then Ti = 1. If ti > Tcritical, 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: 

 

 

 
where: Un – normalized baseline resource efficiency; μmaint – maintainability coefficient; μutil – 

utilization efficiency coefficient under operational conditions. 
 
The baseline resource efficiency is 

defined as the ratio of useful operational 
output to the resources consumed: 

 
where: Pout – useful operational output 

(e.g., completed combat or functional tasks); 

Rin – total resources consumed, including 
production, financial, energy, time, and 
logistics resources. 

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

 

 
where: Umin and Umax – the minimum and maximum values of resource efficiency within the 

set of compared alternatives. 
 
The coefficients μmaint and μutil 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 

be defined as a function of the adaptation 
cycle duration and the quality of combat 
feedback: 

 
where: At – time-related adaptation 

coefficient; Ffb – coefficient reflecting the 
quality and intensity of combat feedback. 

The time-related adaptation coefficient is 
defined as: 

 

 
where: τadap – actual duration of the adaptation cycle from problem identification to 

implementation of changes; τcritical – critical allowable adaptation time. 
 
If τadap ≤ τcritical, then At = 1. If τadap > τcritical , 

the value of At decreases proportionally to the 
extent to which the critical adaptation time is 
exceeded. 

The coefficient Ffb 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: 

 

 
where: α, β, δ, λ – weighting coefficients of the corresponding parameters. 
The weighting coefficients satisfy the following constraint: 
 

α + β + δ + λ = 1, 
 

α, β, δ, λ ≥ 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: 

 
 

α = β = δ = λ = 0,25. 
In this case: 

 CRI = 0.25۰ (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 

degradation of the integrated indicator, 
thereby enabling the identification of system 
vulnerabilities. 

Third, CRI 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 Parameter 
description 

Main data 
sources Initial scale Normalization method 

E –  
Engineering 
maturity 

Reflects the level of 
technological 
readiness, design 
completeness, and 
technical reliability of 
the product 

PLM systems, 
engineering 
modelling results, 
digital twins, test 
protocols, TRL 
assessments 

TRL 1–9; percentage 
of successful tests; 

expert assessment of 
complexity 

TRL is normalized as 
TRL/9; reliability is scaled 
to [0–1]; design complexity 
is inverted: Cs = 1 − Cn 

L –  
Logistics 
availability 

Characterizes the 
system’s ability to 
ensure timely supply 
of critical components 
and materials 

ERP/SCM 
systems, Bill of 
Materials (BoM), 
supplier 
databases, lead 
times, inventory 
data, supplier risk 
profiles 

Lead times; 
component 

availability; share of 
critical components in 

BoM 

For each component:  
Ti = min(1; Tcritical / ti); 
availability is normalized to 
[0–1]; overall L is a 
weighted sum 

U –  
Resource-

Reflects the ratio 
between useful 
operational output and 

MES, ERP, 
production data, 
operational 

Cost per unit of 
output; number of 
completed tasks; 

Baseline efficiency:  
Ubase = Pout/Rin; далі 
normalized via min-max:  
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Parameter Parameter 
description 

Main data 
sources Initial scale Normalization method 

operational 
efficiency 

resources consumed, 
considering 
maintainability and 
field performance 

reports, 
maintenance 
logs, task 
execution data 

downtime; 
maintainability 

coefficient 

Un=(Ubase−Umin)/(Umax−Umin); 
coefficients 
μmaint, μutil ∈ [0–1] 

S –  
Adaptability 
speed 

Reflects the system’s 
ability to rapidly 
respond to combat 
losses, technical 
failures, 
environmental 
changes, and logistics 
constraints 

Combat feedback 
data, PLM 
change logs, 
MES modification 
data, service 
reports 

Time from problem 
detection to 

implementation of 
changes; update 

frequency; feedback 
quality 

Time coefficient: 
At = min(1; τcritical / τadap); 
feedback quality  
Ffb∈ [0–1];  S = At × Ffb 

CRI – 
Cognitive 
readiness 
index 

Integral indicator of 
system balance 

Calculated values 
of E, L, U, S; 
weighting 
coefficients 

Integrated score [0–1] CRI = αE + βL + δU + λS; 
weights sum to 1 

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): 

 
α = 0,25; β = 0,25; δ = 0,25; λ = 0,25. 

 
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: 

CRI₁ = 0,25 × 0,90 + 0,25 × 0,45 + 0,25 × 0,60 + 0,25 × 0,50 
CRI₁ = 0,225 + 0,1125 + 0,150 + 0,125 = 0,6125 

Thus, 
CRI₁ = 0,61 

 
Calculation for Alternative 2: 

CRI₂ = 0,25 × 0,78 + 0,25 × 0,82 + 0,25 × 0,76 + 0,25 × 0,84 
CRI₂ = 0,195 + 0,205 + 0,190 + 0,210 = 0,800 

 
Thus, 

CRI₂ = 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 is 
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 

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 used 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 is 
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 is 
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 

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  

α = β = δ = λ = 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 

Configuration 
E  

Engineering 
maturity 

L  
Logistics 

availability 

U  
 Resource-
operational 
efficiency 

S  
Adaptability 

speed 
CRI 

А. Technically optimized 
model 0,90 0,45 0,60 0,50 0,61 

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 
CRI value is 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 
characteristic, 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. 

 

 
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 

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. 

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 
critical. 

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

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 
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 

Ганна Гуріна, Сергій Подрєза, Віталій Лаврук. «Управління бізнес-інноваціями як 
фундамент повоєнного відновлення екосистеми економіки України».  У статті досліджується 
концепція управління бізнес-інноваціями як фундаментального рушія повоєнного економічного 
відновлення України. Наголошується, що ефективне управління екосистемами бізнес-інновацій може 
стимулювати стале зростання та технологічну модернізацію. У дослідженні визначено три основні 
типи екосистем з найбільшим потенціалом для України: технологічні кластери, екосистеми 
цифрових послуг та промислово-інфраструктурні екосистеми, засновані на принципах сталого 
відновлення та інтелектуального виробництва. Авторами стверджується, що повоєнна відбудова 
не повинна обмежуватися лише фізичним відновленням, а має відповідати моделі «Build Back Better» 
(Відбудувати краще, ніж було), де кожен інфраструктурний вузол стає частиною інтегрованої 
цифрової мережі. Такий підхід забезпечує формування стійкої, інноваційно-орієнтованої економіки, 
здатної до глобальної інтеграції та довгострокової конкурентоспроможності. У статті 
підкреслюється стратегічна важливість цифрової трансформації, спільних інновацій та 
інституційної координації у формуванні нового економічного ландшафту України. Крім того, у 
дослідженні аналізується потенціал «зелених» інновацій як основного компонента модернізації 
промисловості відповідно до Європейського зеленого курсу (European Green Deal). Дослідження 
акцентує на необхідності децентралізації інноваційної політики для розширення можливостей 
регіональних економічних центрів та місцевих громад у процесі реконструкції. Також розглядається 
роль кібербезпеки та цифрової стійкості у захисті критичної інфраструктури країни та бізнес-
даних у нестабільному середовищі. Автор наголошує, що перехід від сировинної економіки до 
високотехнологічної моделі з високою доданою вартістю є єдиним життєздатним шляхом до 
сталого процвітання. На завершення у статті надано практичні рекомендації для політиків щодо 
вдосконалення нормативно-правової бази та формування культури підприємницького ризику. 

Ключові слова: управління бізнес-інноваціями, повоєнне відновлення, економічна 
екосистема, технологічні кластери, цифрова трансформація, сталий розвиток, інтелектуальне 
виробництво, зелені інновації, модернізація промисловості, інституційна координація, людський 
капітал, інвестиційний клімат. 

  
Introduction. Management of business 

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 

clusters, digital service ecosystems, and 
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 (IoT), 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 

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-

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 

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. 

 
 

  
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 

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

− Developing the intellectual 
environment, foundational science, 
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 is 
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 

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 

Анна Антонова, Дмитро Бугайко. “Аналіз  пасажирських авіаперевезень на 
внутрішньому та міжнародному ринку аеропортів Польщі в 2013-2024рр”.  Дослідження 
присвячене аналізу структурних та динамічних відмінностей між внутрішніми та міжнародними 
авіапасажирськими перевезеннями в системі аеропортів Польщі в умовах посткризового 
відновлення та трансформації ринку. Актуальність роботи зумовлена необхідністю підвищення 
точності короткострокового прогнозування та прийняття управлінських рішень у сфері 
повітряного транспорту, зокрема в умовах порушень, спричинених пандемією COVID-19 та 
геополітичною нестабільністю у Східній Європі. 

Метою статті є виявлення трендів, сезонних компонентів та структурних відмінностей 
внутрішнього і міжнародного пасажиропотоку в провідних аеропортах Польщі у період 2013–2024 рр. 
з акцентом на постковідний етап відновлення. 

Дослідження базується на щоквартальних статистичних даних Управління цивільної авіації 
Польщі для восьми ключових аеропортів. У роботі застосовано порівняльний аналіз часових рядів, а 
також методи їх декомпозиції з використанням адитивної моделі та STL-підходу (Seasonal-Trend 
decomposition using Loess), реалізованого у середовищі R. Аналіз здійснюється окремо для внутрішніх 
та міжнародних перевезень з метою оцінювання доцільності агрегованого прогнозування. 

Результати дослідження свідчать, що міжнародні авіаперевезення характеризуються стійкою 
тенденцією до зростання та вираженою сезонністю, тоді як внутрішні перевезення демонструють 
слабшу сезонну компоненту та тенденцію до стагнації або зниження у постковідний період. 
Встановлено, що поведінка часових рядів внутрішнього та міжнародного пасажиропотоку суттєво 
відрізняється залежно від аеропорту, що обмежує застосування агрегованих моделей прогнозування. 

Науковий внесок роботи полягає в обґрунтуванні необхідності роздільного моделювання 
внутрішніх і міжнародних пасажиропотоків з метою підвищення точності прогнозування та 
аналітичної достовірності результатів. Отримані результати можуть бути використані для 
більш точного короткострокового прогнозування, а також у процесах стратегічного планування 
та операційного управління діяльністю аеропортів в умовах невизначеності. 

Ключові слова: повітряний транспорт, пасажиропотік, внутрішні перевезення, міжнародні 
перевезення, аналіз часових рядів, сезонність, прогнозування 

  
Introduction. The system of 

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 

specificity, structure and segmentation. The 
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 
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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, Kraków-Balice, Gdańsk Lech 
Wałęsa Airport, Katowice-Pyrzowice, 
Wrocław-Starachowice, Poznań - Lawica, 
Rzeszów – Jasionka and Szczecin – Goleniów. 
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 

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. It should be 
noted that quarterly data on international and 
domestic traffic in Poland can be found in [11]. 
There are date about the following time 
series: 

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

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

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

MD - 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, 
Kraków-Balice, Gdańsk Lech Wałęsa Airport, 
Katowice-Pyrzowice, Wrocław-Starachowice, 
Poznań - Lawica, Rzeszów – Jasionka and 
Szczecin – Goleniów. 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_I 
as follows: 

 

 𝑌𝑌𝐼𝐼 = 𝑌𝑌𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑌𝑌𝐷𝐷,   𝑀𝑀𝐼𝐼 = 𝑀𝑀𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑀𝑀𝐷𝐷. 
 
 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. 

 

 

 
Figure 2a. Total international aircraft movements in Poland 

Source: Own study based on data from the Civil Aviation Authority, www.ulc.gov.pl. 
 

http://www.ulc.gov.pl/
http://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. 
 

 
Figure 2c. Total international passenger traffic in Poland. 

Source: Own study based on data from the Civil Aviation Authority, www.ulc.gov.pl. 
 

 
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, Kraków-Balice, 
Gdańsk Lech Wałęsa Airport, Katowice-

Pyrzowice, Wrocław-Starachowice, Poznań - 
Lawica, Rzeszów – Jasionka and Szczecin – 
Goleniów. 
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Figure 3a Figure 3b 

  

  
Figure 3c Figure 3d 

 

  
Figure 3e Figure 3f 

 

  
Figure 3g Figure 3h 

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 

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: 

 
𝑌𝑌𝑡𝑡 = 𝑇𝑇𝑡𝑡 + 𝑆𝑆𝑡𝑡 + 𝐼𝐼𝑡𝑡 

and multiplicative: 
𝑌𝑌𝑡𝑡 = 𝑇𝑇𝑡𝑡 × 𝑆𝑆𝑡𝑡 × 𝐼𝐼𝑡𝑡 .  

 
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  

𝑌𝑌𝑡𝑡 = 𝑇𝑇𝑡𝑡 + 𝑆𝑆𝑡𝑡 + 𝐼𝐼𝑡𝑡  

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, irregular 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 



The electronic scientifically and practical journal   122-132 
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,  v.36 (2026) 
ISSN 2708-3195  https://smart-scm.org 

 

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

more predictable due to lower irregular 
variability, while domestic traffic is 
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 

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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