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Introduction.  

Modern business processes (including logistics) operate 

in an environment dominated by variability, uncertainty, and 

frequent external shocks [1-3]. Economic and political crises 

[4-6], global supply chain disruptions, rising resource 

prices, and fluctuating demand significantly complicate 

supply chain management. 

Traditional planning methods based on static models are 

not always capable of providing the necessary adaptation to 

such conditions [7-9]. 

In this regard, the importance of evolutionary 

optimization technologies —intelligent methods that simulate 

the processes of self-development, selection, and adaptation 

characteristic of biological systems—is growing [10, 11]. 

These approaches enable effective solutions to complex, 

multi-parameter problems where analytical methods are of 

limited applicability [12, 13]. 

Therefore, the purpose of this publication is to analyze 

the potential and effectiveness of using evolutionary 

optimization technologies in logistics management as an 

innovative tool for increasing business resilience and 

efficiency during periods of instability. 

Main Part.  

1. The nature and characteristics of evolutionary 

optimization technologies. Evolutionary optimization 

technologies are intelligent computational methods based on 

the principles of natural selection and adaptive search. They 

enable finding optimal or near-optimal solutions to problems 

where traditional analytical algorithms are impossible or 
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impractical. 

The main types of evolutionary methods include: genetic 

algorithms (GAs), which model evolutionary processes through 

the selection and mutation of solutions; particle swarm 

optimization (PSO), which uses the interaction of multiple 

agents to find a global optimum; ant colony algorithms (ACOs), 

which are based on the principles of collective intelligence 

for route optimization; simulated annealing (SA), which 

avoids getting stuck in local minima when searching for 

solutions; and differential evolution (DE), which is used for 

problems with continuous variables. 

The key feature of these approaches is their flexibility, 

scalability, and ability to adapt to changing external 

factors, making them particularly effective in crisis 

situations. 

2. The Role of Evolutionary Technologies in Logistics 

Management. Logistics systems encompass a wide range of 

interconnected processes: transportation, warehousing, 

inventory management, and supply chain coordination. In the 

face of economic fluctuations and unpredictable events, 

companies require tools that can analyze large volumes of 

data, assess risks, and make decisions in real time. 

Evolutionary methods are used to: model and optimize 

delivery routes; minimize transportation costs and times; 

forecast changes in demand; improve the efficiency of 

transport and warehouse capacity; and develop sustainable 

logistics strategies under uncertainty. 

For example, genetic algorithms effectively solve route 

optimization problems under multiple constraints, particle 

swarm algorithms provide adaptation to changing parameters in 

real time, and simulated annealing is used for resource 

allocation and delivery schedule planning. 

3. Evolutionary Methods in Crisis Conditions. Crises and 

periods of instability are characterized by resource 

shortages, disruptions to supply chains, changes in 

international trade regulations, and reduced demand. In these 

circumstances, evolutionary technologies enable adaptive 

management, generating solutions resilient to uncertainty and 

risk. 

They enable: optimization of logistics systems with 

incomplete data; development of scenario models for crisis 

management; integration of stochastic and probabilistic 

factors into the planning process; and forecasting the 

consequences of external influences. 
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Thanks to these properties, evolutionary technologies are 

becoming the foundation of intelligent logistics management 

systems capable of operating effectively even under extreme 

changes in conditions. 

4. Advantages of Using Evolutionary Technologies. The key 

advantages of applying evolutionary approaches in logistics 

are as follows: versatility – the ability to solve various 

types of problems (planning, distribution, forecasting); 

resilience – the ability to operate in the presence of 

uncertainty and dynamic changes; adaptation speed – the 

ability to quickly respond to new data; accuracy – achieving 

balanced decisions across multiple criteria; integration with 

digital technologies – the ability to integrate with 

artificial intelligence systems, big data analysis, and 

machine learning. 

These advantages make evolutionary algorithms an 

effective tool for strategic and operational management in 

logistics. 

5. Practical areas of implementation: 

5.1. Transportation and distribution. Evolutionary 

algorithms are used to build optimal routes, select vehicles, 

and plan deliveries under constraints. 

5.2. Production logistics. The use of evolutionary 

methods allows for shortening production cycles and 

increasing the efficiency of resource allocation. 

5.3. Warehouse logistics. Particle swarm and ant colony 

algorithms are used to optimize product placement and 

inventory management. 

5.4. Digital Logistics Platforms. Evolutionary 

technologies are integrated into intelligent management 

systems, enabling prediction, adaptation, and automation of 

decisions in real time. 

6. Development Prospects and Integration with Digital 

Technologies. The future of evolutionary technologies lies in 

their integration with other areas of artificial intelligence 

and digital transformation. Current trends include: the 

development of hybrid models [15] that combine evolutionary 

algorithms with machine learning and fuzzy logic methods; the 

use of Big Data to improve forecast accuracy; integration 

with cloud platforms to scale computational processes [16]; 

and the creation of self-learning logistics systems capable 

of autonomous analysis and decision adjustment [17]. 

These areas form the basis for the transition from 

traditional supply chain management to intelligent adaptive 
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ecosystems. 

Conclusions.  

Evolutionary optimization technologies are a key 

innovative tool for advancing modern logistics management in 

times of crisis and instability. 

They enable companies not only to increase resilience to 

external challenges but also to improve planning, 

forecasting, and resource allocation. 

The implementation of such technologies contributes to: 

increased efficiency of logistics processes; reduced costs 

and management risks; accelerated adaptation to market 

changes; and the development of intelligent development 

strategies. 

Thus, evolutionary technologies are becoming the 

foundation of the digital transformation of logistics, 

enabling companies to sustainably operate and achieve 

strategic growth in uncertain times. 
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