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ARTICLE INFO 
 

ABSTRACT 

Research Article The article is devoted to a comprehensive investigation of the mechanisms underlying 

the interpretation of human emotions in photography through the integration of 

psychological, aesthetic, and neurocognitive approaches. The focus is placed on how a 

photographic image elicits, models, and transforms the viewer’s emotional states, as 

well as on how contemporary technologies (including algorithmic emotion-recognition 

systems and visual analytics) influence these processes. Research methodology. The 

study draws upon an analysis of a wide range of scholarly sources, including works in 

experimental psychology, neuroaesthetics, cognitive science, and contemporary 

photographic theory. Results. The findings indicate that the interpretation of emotions 

in photographic images is a multilayered process shaped by the interaction of several 

components: neurocognitive mechanisms that govern the encoding of facial cues, 

attentional dynamics, and affective resonance; aesthetic properties of the image – such 

as composition, lighting, color, and symmetry – which significantly modulate emotional 

impact; and cultural–semantic codes that frame meaning and guide the viewer’s 

interpretive pathways. The study demonstrates that positive facial expressions 

(particularly smiling) statistically enhance the aesthetic appeal of portrait photography 

by activating mechanisms of social trust and emotional resonance, whereas negative 

expressions tend to prompt deeper and more attentive visual engagement. 

Photography is shown to function not only as a representation of emotion but also as 

an active affective trigger that interacts with the observer’s bodily and perceptual 

systems. At the same time, algorithmic emotion-recognition systems reveal 

considerable limitations when interpreting multilayered and context-dependent 

expressions, underscoring the necessity of combining technical and humanities-based 

approaches. 
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СТАТТЯ 
 

АНОТАЦІЯ 

Дослідницька У статті досліджено актуальні проблеми соціальної політики в системі публічного 
управління України в умовах децентралізації з акцентом на забезпечення рівного 
доступу до соціальних послуг для всіх верств населення. Актуальність дослідження 
зумовлена необхідністю адаптації соціальної політики до нових викликів. Основними 
проблемами визначено соціально-економічну нестабільність та наслідки війни. 
Метою є визначення основних проблем і чинників, які впливають на ефективність 
надання соціальних послуг. Дослідження спрямоване на пошук шляхів удосконалення 
соціальної політики на регіональному рівні. У дослідженні використано такі методи 
як порівняльний аналіз, статистичний огляд, індексний підхід та методологію оцінки 
ефективності соціальних послуг. Порівняльний аналіз досвіду таких країн, як Швеція, 
Німеччина, Франція та Естонія, дозволив виявити ефективні підходи до організації 
соціальної політики. Їхня практика може бути частково інтегрована в сьогодні Україні. 
Результати дослідження показали, що децентралізація сприяла розширенню 
фінансової та організаційної автономії місцевих громад. Важливим є вплив війни, так 
як війна стала передумовою зниження інституційної спроможності органів влади, 
руйнування соціальної інфраструктури та дефіциту кадрів. У статті розроблено 
концептуальну модель оцінки рівного доступу до соціальних послуг, Ця модель 
включає п’ять основних компонентів: соціальний капітал, економічний потенціал, 
інфраструктуру, рівень урядування та цифрові можливості. За допомогою 
запропонованої моделі можна провести оцінку доступу до соціальних послуг. Така 
оцінка проводиться на основі об’єктивних показників, а також враховує регіональні 
особливості. Застосування моделі на практиці сприятиме виявленню сильних та 
слабких сторін соціальної політики на місцевому рівні, та разом з цим визначенню 
пріоритетних напрямів для подальшого розвитку. У висновках встановлено, що 
удосконалення механізмів фінансування, організації та моніторингу надання 
соціальних послуг є важливим завданням сьогодення. При цьому, ключовим аспектом, 
який враховуватиметься, є специфіка регіонів та сучасних викликів. Майбутні 
дослідження мають бути спрямовані на вивчення впливу цифровізації на доступ до 
соціальних послуг, а також інтеграцію міжнародного досвіду щодо підвищення 
стійкості соціальної системи України. Запропонований підхід може слугувати 
методологічною основою для формування дорожніх карт цифрової трансформації 
логістики, а також для розроблення галузевих стандартів оцінювання впливу 
цифрових інвестицій на інтегровані показники сталого розвитку. 
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1. Introduction 

The global logistics industry stands at a critical juncture where traditional operational paradigms 
must evolve to address mounting environmental concerns while maintaining competitive efficiency 
standards. Contemporary supply chain networks, characterized by increasing complexity and 
geographical dispersion, generate substantial ecological impacts through transportation emissions, 
energy consumption in warehousing operations, and packaging waste throughout distribution channels. 
Simultaneously, enterprises face intensifying pressure to optimize operational performance, reduce 
costs, and enhance service reliability in an increasingly volatile market environment. The convergence 
of these pressures creates unprecedented demand for solutions that can simultaneously address 
environmental sustainability and operational excellence objectives. 

The emergence of intelligent logistics systems represents a transformative response to these dual 
challenges. As noted by Siryk et al. (2024), the Ukrainian logistics market demonstrates a critical role of 
flexible and efficient logistics strategies in supporting national economy sustainability amid global 
challenges [1]. These intelligent systems leverage digital technologies, including cloud-based platforms, 
automated management systems, and integrated information architectures, to achieve unprecedented 
levels of operational visibility and control. The fundamental premise underlying intelligent logistics is 
that enhanced information flow and process automation enable simultaneous optimization of both 
environmental and operational performance parameters. 

The sustainable development framework, as articulated through the United Nations Sustainable 
Development Goals and subsequent policy instruments, establishes clear imperatives for logistics sector 
transformation. Research by Vovk et al. (2025) demonstrates that only 4.7% of Ukrainian warehouses 
currently utilize renewable energy sources, compared to 21% in the European Union, highlighting 
significant opportunities for environmental improvement through technological modernization [2]. 
This sustainability gap creates both challenges and opportunities for enterprises seeking competitive 
differentiation through green logistics initiatives. The European Green Deal and associated regulatory 
frameworks further intensify requirements for environmental compliance, creating strategic 
imperatives for proactive sustainability investment. 

The Ukrainian logistics sector provides a particularly instructive context for examining intelligent 
system implementation under conditions of uncertainty and resource constraints. According to Vovk et 
al. (2025), direct infrastructure damage from military conflict has exceeded USD 38 billion, with 
transport networks among the most affected sectors [2]. This disruption has accelerated digital 
transformation adoption as enterprises seek resilient alternatives to traditional logistics models. 
Hurzhii et al. (2023) confirm that traditional logistics models lose effectiveness during crises, 
necessitating a transition toward digital logistics that forms an adaptive, flexible, and analytically 
supported management decision-making system [3]. The crisis context thus serves as both a catalyst 
and a proving ground for intelligent logistics system capabilities. 

This research addresses a critical gap in existing literature by developing an integrated 
framework for assessing both environmental and operational efficiency outcomes of intelligent logistics 
system implementation. While previous studies have examined these dimensions separately, limited 
research has systematically analyzed the synergistic relationships between environmental 
sustainability and operational performance within digital logistics contexts. The scientific novelty of this 
investigation lies in establishing quantifiable linkages between technological investment decisions and 
dual-optimization outcomes, providing evidence-based guidance for strategic resource allocation in 
contexts where both cost reduction and environmental compliance represent strategic priorities.  

2. Literature Review 

The theoretical foundations of sustainable logistics have evolved significantly over the past 
decade, reflecting growing recognition of environmental imperatives within supply chain management 
scholarship. Salo (2023) establishes that achieving quantitative and qualitative goals of logistics 
activities is ensured through the synthesis of economic, social, and environmental components forming 
the green logistics contour [4]. This tripartite framework provides conceptual grounding for 
understanding how intelligent systems can simultaneously address multiple sustainability dimensions. 
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The green logistics paradigm challenges traditional cost-minimization approaches by incorporating 
environmental externalities into optimization calculations. 

Research on digital transformation in logistics has produced substantial evidence regarding 
operational efficiency improvements. Muha and Popova (2025) demonstrate that innovative SaaS 
solutions for shipment tracking serve as technological foundation for sustainable logistics management 
during global instability, with cloud-based tracking systems enabling 25–40% infrastructure cost 
reductions while improving tracking accuracy [5]. This finding underscores the potential for digital 
solutions to generate both economic and environmental benefits through resource optimization. The 
SaaS model particularly appeals to resource-constrained enterprises by converting capital expenditure 
to operational expenditure while providing access to advanced capabilities. 

The environmental dimension of logistics operations has received increasing scholarly attention, 
with researchers identifying both sources of ecological impact and potential mitigation mechanisms. 
Dorosh et al. (2024) address the development, challenges, and prospects of green logistics, emphasizing 
integration of eco-friendly practices to reduce environmental impact in logistics and transportation [6]. 
Their research identifies key implementation barriers including high initial costs, limited infrastructure, 
and market readiness constraints. Dvigun et al. (2022) propose mechanisms for reducing carbon 
footprint of multimodal transportation through economic-mathematical modeling and decoupling 
analysis, establishing methodological foundations for quantifying environmental improvements [7]. 
These contributions provide analytical tools for measuring environmental efficiency within intelligent 
logistics systems. 

Logistics center development represents a critical infrastructure component for intelligent 
system implementation, serving as nodes where digital technologies generate concentrated efficiency 
improvements. Dyczkowska and Reshetnikova (2022) analyze the functioning of existing logistics 
centers in Ukraine, noting that warehouse vacancy rates declined to 2.3% by the end of 2021, with rental 
rates increasing by 31% compared to 2019 [8]. This market tightening creates incentives for 
technological investment to maximize utilization efficiency. Vovk et al. (2025) extend this analysis by 
examining sustainable and smart logistics center development, finding that case studies from Lviv 
demonstrate up to 28% energy savings and 18% reduction in labor costs through solar panel 
installations and automation [2]. These findings establish empirical benchmarks for intelligent logistics 
center performance. Supply chain management under crisis conditions presents unique challenges 
requiring adaptive strategies and resilient system architectures. Remzina (2023) investigates supply 
chain management problems caused by crisis phenomena affecting enterprises since 2020, developing 
a seven-stage conceptual model for crisis management [9]. This framework emphasizes continuous 
monitoring and internal process optimization as essential capabilities for maintaining operational 
continuity during disruptions. Melnyk et al. (2024) examine logistics potential to ensure resilience of 
Ukrainian economic systems facing global challenges, providing strategic recommendations for 
developing logistics infrastructure during reconstruction [10]. Their analysis identifies critical success 
factors for maintaining logistics performance under adverse conditions. 

Intermodal transportation systems offer significant potential for environmental improvement by 
leveraging the relative efficiency of different transport modes. Jacyna-Gołda et al. (2023) analyze 
sustainable development of intermodal freight transportation between Ukraine and Poland, identifying 
intermodal transport as one of the most promising types from economic and environmental 
perspectives [11]. However, they note that poor railway infrastructure, lack of specialized rolling stock, 
and unevenly distributed terminals represent the main restraining factors limiting intermodal 
expansion. Laiko et al. (2023) develop methodology for determining efficient means of intermodal and 
multimodal cargo transportation to ensure Ukraine's competitiveness in international transport 
markets [12]. These studies highlight infrastructure requirements for realizing environmental benefits 
from modal optimization. 

Cost optimization remains a primary concern for logistics managers, with research identifying 
multiple pathways to efficiency improvement. Samodai et al. (2023) examine logistics costs under crisis 
conditions, developing an analytical framework that accounts for macroeconomic and pandemic-related 
influences. Their work establishes methodological approaches for cost analysis under uncertainty. 
Vernyhora et al. (2024) provide empirical evidence that modal shift from road to rail transportation can 
reduce costs by 30–40% during grain export operations conducted under martial law conditions [13]. 
This finding demonstrates substantial cost-saving potential from infrastructure and routing 
optimization. 
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Digitalization represents a cross-cutting theme throughout contemporary logistics research, with 
scholars examining technology adoption patterns and outcomes across diverse contexts. Shtelmashuk 
(2024) examines the importance of digitalization and automation in logistics processes, focusing on how 
modern technologies can significantly improve efficiency and reduce costs through automation of 
warehouse and transport operations [14]. The research notes that SCM systems are actively used by 
leading companies worldwide, including DHL and Maersk, establishing industry benchmarks for 
technology adoption. Kovalska and Tsyhaniuk (2024) establish that logistics management encompasses 
planning, coordination and control of all stages of flow processes from supply through production to 
end consumer [15], requiring integrated system architectures that span organizational boundaries. 

3. Problem Statement 

Despite growing scholarly attention to both environmental sustainability and operational 
efficiency in logistics, significant gaps remain in understanding the integrated dynamics of intelligent 
system implementation. Existing research predominantly examines environmental and operational 
dimensions in isolation, limiting practitioners' ability to optimize investment decisions for dual-
objective outcomes. This fragmentation creates uncertainty regarding expected returns from digital 
transformation initiatives and impedes evidence-based resource allocation. The absence of integrated 
assessment frameworks particularly affects small and medium enterprises lacking resources for 
extensive pilot programs. 

The Ukrainian logistics context presents particular urgency for integrated efficiency analysis 
given the combination of infrastructure constraints, crisis-induced disruptions, and European 
integration aspirations. As Siryk et al. (2024) observe, political instability and military conflicts have 
severely disrupted logistics due to port closures and transport route blockages, necessitating immediate 
strategic adjustments [1]. These disruptions have simultaneously heightened attention to operational 
resilience while creating opportunities for sustainable reconstruction aligned with European 
environmental standards. The post-war reconstruction period represents a critical window for 
embedding sustainability principles in logistics infrastructure development. 

This research addresses three primary research questions: (1) What are the key dimensions of 
environmental and operational efficiency within intelligent logistics systems? (2) How do different 
digital technology configurations impact dual-efficiency outcomes? (3) What implementation strategies 
optimize synergistic benefits under sustainable development conditions? By systematically addressing 
these questions, the study aims to provide actionable guidance for logistics managers, policy makers, 
and researchers seeking to advance sustainable logistics transformation in resource-constrained and 
crisis-affected environments. 

4. Methods and Materials 

This research employs a mixed-methods approach combining systematic literature analysis, 
comparative case examination, and conceptual framework development. The methodological design 
reflects the complexity of intelligent logistics systems and the need to integrate diverse data sources for 
comprehensive efficiency assessment. The research strategy prioritizes synthesis of existing empirical 
evidence to establish generalizable patterns while acknowledging context-specific variations. 

The systematic literature review encompassed Ukrainian scientific publications from 2020-2025 
with assigned DOI identifiers, focusing on peer-reviewed articles addressing logistics digitalization, 
sustainable development, green logistics, operational efficiency, and supply chain management. This 
temporal scope captures both pre-crisis baseline conditions and adaptation responses to subsequent 
disruptions, enabling a longitudinal perspective on system evolution. Database searches included 
Scopus, Web of Science, and national scientific repositories, with supplementary snowball sampling to 
identify additional relevant sources. 

Comparative analysis examined technology implementations across multiple organizational 
contexts, identifying patterns in efficiency outcomes and implementation approaches. Case evidence 
was extracted from published research reporting quantitative performance metrics for intelligent 
logistics system deployments. This approach enables identification of generalizable efficiency 
improvements while acknowledging variation arising from organizational and contextual factors. The 
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analysis framework incorporated both environmental metrics (emissions, energy consumption, 
resource utilization) and operational metrics (costs, accuracy, throughput, delivery performance). 

The conceptual framework development process synthesized empirical patterns identified 
through literature analysis into an integrated model specifying relationships between system 
components and efficiency outcomes. This framework underwent iterative refinement through cross-
reference validation, ensuring alignment between theoretical propositions and documented empirical 
evidence. The resulting model provides both descriptive accuracy regarding observed system behaviors 
and prescriptive guidance for implementation planning. 

Data triangulation procedures enhanced validity by comparing findings across multiple sources, 
addressing similar phenomena from different perspectives. Where sources reported conflicting 
evidence, contextual factors were examined to identify explanatory variables accounting for divergent 
outcomes. This rigorous approach to evidence synthesis strengthens confidence in generalized 
conclusions while preserving attention to contextual contingencies affecting system performance. 

Table 1 presents the comprehensive methodological framework employed in this research, 
detailing the analytical approaches, data sources, and key indicators utilized for assessing 
environmental and operational efficiency dimensions across five research domains. 

Table 1. Research Methodology Framework for Intelligent Logistics System Assessment 

Research 
Dimension 

Analytical Approach Data Sources Key Indicators 

Environmental 
Efficiency 

Comparative analysis of emissions 
reduction, energy consumption 
patterns, and resource utilization 
rates 

Published research data, EU 
benchmark statistics, and 
national environmental 
reports 

CO₂ emissions (kg/ton-km), 
energy intensity (kWh/m²), 
waste reduction (%) 

Operational 
Efficiency 

Performance benchmarking of 
throughput, accuracy metrics, and 
cost structures 

Case study reports, industry 
publications, and academic 
research databases 

Cost reduction (%), order 
accuracy (%), delivery time, 
throughput 

Technology 
Configuration 

Classification and comparison of 
WMS, TMS, ERP, and SaaS system 
implementations 

Vendor documentation, 
implementation case studies, 
and technology reviews 

Integration level, scalability 
rating, and infrastructure 
requirements 

Sustainable 
Development 
Alignment 

Framework mapping to UN SDG 
targets and EU regulatory directives 

UN SDG documentation, 
European Green Deal 
provisions, policy frameworks 

SDG alignment scores, 
regulatory compliance 
metrics, policy gap analysis 

Crisis Resilience Assessment of system adaptability 
and operational continuity during 
disruptions 

Ukrainian enterprise 
experiences 2020–2025, crisis 
management literature 

Recovery time metrics, 
adaptation speed, and 
alternative routing capability 

Source: Compiled by the author based on [3; 5; 9]. 

The methodological framework presented in Table 1 demonstrates the multi-dimensional nature 
of intelligent logistics system assessment. By integrating environmental, operational, technological, 
sustainability, and resilience dimensions, this approach enables a comprehensive evaluation that 
captures the complex interdependencies characteristic of modern logistics systems. The framework 
provides structured guidance for data collection and analysis while maintaining flexibility to 
accommodate context-specific variations in system configuration and performance. 

5. Results and Discussion 

The analysis of intelligent logistics systems reveals substantial potential for achieving synergistic 
environmental and operational benefits through integrated digital transformation. This section 
presents key findings organized around the efficiency dimensions identified through the research 
framework, beginning with environmental outcomes and proceeding through operational, 
technological, and implementation considerations. 

5.1. Environmental Efficiency Outcomes 

Environmental efficiency improvements derive from multiple mechanisms within intelligent 
logistics systems, including energy management optimization, emissions reduction through route 
efficiency, and resource conservation through improved inventory management. Vovk et al. (2025) 
demonstrate that carbon emissions from logistics operations in Ukraine are more than double those of 
the European Union, establishing significant baseline improvement potential [2]. Their case studies 
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from Lviv region document up to 28% energy savings through the implementation of solar panel 
installations combined with automated control systems in warehouse facilities. These improvements 
result from both direct renewable energy generation and indirect efficiency gains from automated 
climate control systems. 

Route optimization represents a particularly impactful environmental efficiency mechanism 
within intelligent logistics systems. Transportation Management Systems enable dynamic route 
planning that minimizes fuel consumption and emissions while maintaining or improving delivery 
performance metrics. Vernyhora et al. (2024) provide empirical evidence that modal shift from road to 
rail transportation can reduce costs by 30–40%, with corresponding environmental benefits from 
substantially lower per-ton-kilometer emissions associated with rail transport [13]. The integration of 
route optimization with modal selection creates compound environmental benefits by simultaneously 
reducing distances traveled and emissions per unit distance. 

Warehouse operations present substantial opportunities for environmental improvement 
through intelligent system implementation. Leskiv et al. (2023) examine environmental aspects of 
logistics operations in forestry enterprises, identifying resource efficiency improvements achievable 
through systematic process optimization. Energy-efficient lighting, automated climate control, and 
optimized space utilization collectively contribute to reduced environmental footprint per unit of 
throughput. The integration of renewable energy systems with automated building management 
enables a substantial reduction in grid electricity consumption while maintaining operational 
performance. 

5.2. Operational Efficiency Outcomes 

Operational efficiency improvements manifest across multiple performance dimensions within 
intelligent logistics systems, including cost reduction, accuracy improvement, throughput enhancement, 
and delivery reliability. Muha and Popova (2025) demonstrate that SaaS-based tracking platforms 
enable 25–40% infrastructure cost reductions while improving tracking accuracy and visibility across 
supply chain networks [5]. This finding highlights the dual efficiency potential inherent in cloud-based 
solutions that eliminate capital expenditure requirements while enhancing operational capabilities 
through access to advanced functionality without corresponding infrastructure investment. 

Warehouse Management Systems generate substantial operational improvements through 
automated inventory control and picking optimization. Vovk et al. (2025) document 18% reduction in 
labor costs through automation implementations in Ukrainian logistics centers [2]. Shtelmashuk (2024) 
confirms that modern technologies can significantly improve efficiency and reduce costs through 
automation of warehouse and transport operations, with leading global companies demonstrating 
benchmark performance levels [14]. These labor efficiency gains arise from reduced manual handling, 
optimized picking sequences, and automated inventory tracking that eliminates time-consuming cycle 
counting procedures. 

Figure 1 presents the integrated eco-operational efficiency framework developed through this 
research. This conceptual model illustrates the interconnected relationships between intelligent 
logistics system components and their dual environmental and operational efficiency outcomes, 
demonstrating how technology investments generate cascading benefits across multiple performance 
dimensions. 

5.3. Supply Chain Integration Effects 

Supply chain integration through intelligent logistics systems generates efficiency improvements 
that extend beyond individual enterprise boundaries. Grytsenko and Ninich (2023) demonstrate that 
clustering logistics supply chains within economic contexts enables substantial coordination benefits 
unavailable to isolated operators [16]. The network effects arising from integrated systems create value 
through shared information, coordinated scheduling, and collaborative optimization that individual 
implementations cannot achieve independently. 

The integration dimension proves particularly significant for environmental efficiency outcomes, 
as emissions reduction often requires coordination across multiple supply chain participants. Jacyna-
Gołda et al. (2023) establish that intermodal transportation networks achieve superior environmental 
performance when supported by integrated information systems enabling seamless modal 
transitions [11]. This finding suggests that enterprise-level intelligent system implementations should 
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prioritize interoperability with partner systems to maximize environmental benefits from modal 
optimization. 

 

Figure 1. Integrated Eco-Operational Efficiency Framework for Intelligent Logistics Systems 
Source: Developed by the author based on [2; 5; 15]. 

The Ukrainian context provides evidence regarding integration challenges and opportunities in 
developing logistics ecosystems. Laiko et al. (2023) identify standardization gaps and connectivity 
limitations as primary barriers to intermodal system effectiveness [12]. Addressing these barriers 
requires coordinated investment in both technological infrastructure and organizational capabilities, 
suggesting that policy interventions may accelerate integration beyond what market mechanisms alone 
would achieve. 

5.4. Technology Configuration Analysis 

Different technology configurations produce varying efficiency outcomes depending on 
enterprise characteristics and operational contexts. Kovalska and Tsyhaniuk (2024) establish that 
logistics management encompasses planning, coordination and control of all stages of flow processes 
from supply through production to end consumer, requiring integrated system architectures that span 
organizational boundaries [15]. This comprehensive scope necessitates technology selections that 
balance functionality requirements with implementation complexity and resource constraints. 

Table 2 provides a comparative analysis of technology configurations commonly implemented 
within intelligent logistics systems, detailing core functions, operational benefits, environmental 
benefits, and implementation complexity characteristics for each technology category. 

The comparative analysis presented in Table 2 reveals important trade-offs between 
implementation complexity and benefit magnitude. SaaS-based tracking solutions offer the most 
accessible entry point for digital transformation, with low-medium complexity enabling rapid 
deployment while generating substantial infrastructure cost reductions. More comprehensive solutions, 
such as integrated WMS and ERP systems, require greater implementation investment but deliver 
correspondingly broader efficiency improvements across multiple performance dimensions. 

5.5. Implementation Strategy Framework 

Effective implementation of intelligent logistics systems requires systematic approaches that 
account for organizational readiness, resource constraints, and strategic priorities. Grytsenko and 
Ninich (2023) propose simulation modeling tools for designing supply chains within economic clusters, 
demonstrating the feasibility of analytical approaches to implementation planning [16]. Their research 
supports phased implementation strategies that enable incremental capability building while 
generating early returns to justify continued investment. 

Fig. 2 presents the recommended implementation roadmap for intelligent logistics system 
adoption, structured in four phases spanning foundation establishment through full optimization. This 
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phased approach enables enterprises to realize incremental benefits while building organizational 
capabilities and managing implementation risk. 

Table 2. Comparative Analysis of Intelligent Logistics Technology Configurations 

Technology Core Functions Operational Benefits Environmental Benefits Complexity 

WMS Inventory tracking, picking 
optimization, storage 
allocation, receiving 
management 

Labor cost reduction 18%, 
inventory accuracy 95%+, 
throughput improvement 

Energy reduction through 
optimized HVAC, reduced 
waste from improved 
accuracy 

Medium-High 

TMS Route optimization, carrier 
selection, shipment 
consolidation, freight audit 

Transport cost reduction 
10–30%, on-time delivery 
improvement 

Fuel consumption reduction 
15–20%, emissions decrease 
through route efficiency 

Medium 

ERP Demand planning, 
procurement optimization, 
and cross-functional 
coordination 

Admin cost reduction 20–
30%, improved demand 
forecasting accuracy 

Reduced overproduction, 
enhanced sustainability 
reporting capabilities 

High 

SaaS Tracking Real-time visibility, multi-
carrier tracking, automated 
notifications 

Infrastructure cost 
reduction 25–40%, 
improved customer service 

Reduced failed deliveries, 
paperless documentation, 
and shared infrastructure 

Low-Medium 

SCM Platform End-to-end visibility, 
supplier collaboration, 
demand sensing, analytics 

Supply chain cost 
optimization 15–25%, 
improved responsiveness 

Network-wide emissions 
optimization, supplier 
sustainability integration 

High 

Source: Compiled by the author based on [2; 5; 14; 15]. 

 

Figure 2. Implementation Roadmap for Intelligent Logistics System Adoption 
Source: developed by the author based on [3; 9; 16]. 

5.6. Crisis Resilience and Adaptive Capacity 

The Ukrainian experience provides compelling evidence regarding intelligent logistics system 
performance under crisis conditions. Remzina (2023) documents how enterprises implementing digital 
logistics solutions demonstrated superior adaptability to supply chain disruptions through enhanced 
visibility and rapid reconfiguration capabilities [9]. The seven-stage crisis management model 
developed through this research emphasizes continuous monitoring and internal process optimization 
as essential capabilities enabled by intelligent system architectures. 

Melnyk et al. (2024) extend this analysis to examine logistics potential for ensuring resilience of 
Ukrainian economic systems, identifying digital infrastructure as a critical enabler of adaptive 
capacity [10]. Their findings suggest that enterprises with mature intelligent logistics implementations 
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recovered more rapidly from disruption events and maintained higher service levels during extended 
crisis periods. This resilience dimension adds strategic value beyond routine efficiency improvements, 
positioning digital logistics investment as a risk management mechanism in addition to operational 
enhancement. 

5.7. Scientific Novelty and Theoretical Contributions 

The scientific novelty of this research lies in the development of an integrated eco-operational 
efficiency framework that bridges previously separate scholarly domains. While existing literature has 
examined environmental sustainability and operational performance as distinct optimization 
objectives, this research establishes quantifiable linkages that enable synergistic optimization. The 
framework advances theoretical understanding by demonstrating how technology investments 
generate cascading benefits across multiple performance dimensions simultaneously. 

First, the research establishes that environmental and operational efficiency outcomes are not 
merely compatible but mutually reinforcing within intelligent logistics systems. Technologies that 
enhance visibility and control generate improvements across both dimensions simultaneously, 
challenging traditional assumptions of trade-offs between economic and environmental performance. 
This finding has significant implications for investment prioritization and strategic planning within 
logistics organizations. 

Second, the framework provides a methodological foundation for integrated assessment that 
enables practitioners to quantify expected returns from digital transformation investments across 
multiple performance dimensions. This advancement supports evidence-based resource allocation in 
contexts where both cost reduction and environmental compliance represent strategic priorities, 
addressing the practical needs of logistics managers facing investment decisions. 

Third, the research extends sustainable logistics theory by incorporating crisis resilience as a 
fundamental system characteristic. The Ukrainian experience demonstrates that intelligent logistics 
systems provide strategic value beyond routine efficiency improvements through enhanced adaptive 
capacity during disruption events. This extension enriches the theoretical understanding of sustainable 
logistics by highlighting temporal dimensions of system performance that traditional frameworks 
overlook. 

6. Conclusions 

Summarizing the results of the study, it should be emphasized that innovative models of regional 
development management in the field of artificial intelligence are formed not as a separate technical 
initiative, but as a component of a deep transformation of public administration. Martial law has 
radically accelerated this dynamic, as regional systems have been forced to respond to critical 
challenges: instability of labor markets, disruption of supply chains, migration flows, shortage of 
resources, and the need to support the war economy. In such conditions, artificial intelligence becomes 
a mechanism not only for operational optimization, but also for the structural redistribution of 
competencies, managerial logic and responsibility. In general, its role is to increase the speed of 
decision-making, improve the forecasting of socio-economic trends, ensure the rationality of resource 
planning, and maintain the continuity of key services in situations of increased uncertainty. 

At the same time, the introduction of technologies in itself does not guarantee a high-quality 
result. The effectiveness of innovative management models is determined by the level of institutional 
maturity and human resources, the availability of data, the transparency of procedures for their use and 
responsibility for the consequences of automated decisions. The use of artificial intelligence without a 
clear regulatory policy only reproduces previous management dysfunctions in a digital format, while 
the development of competencies, the formation of standards, and the modernization of the regulatory 
environment make it possible to turn local pilot projects into stable system tools. For Ukraine, a 
strategically important task is to build a long-term governance model that combines regional autonomy 
with a coordinating national level, integrates centers of expertise, digital platforms and partnerships 
with international institutions. In this paradigm, artificial intelligence ceases to be a one-time innovation 
and turns into a modern development infrastructure capable not only of ensuring the rapid recovery of 
the country, but also of forming a competitive economy of the future. 
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