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Abstract. This study examines metaheuristic logistic optimization in the education and R&D sectors
under uncertainty and dynamic complexity. Traditional optimization methods often fail in such
conditions, while metaheuristic algorithms (genetic algorithms, particle swarm optimization,
simulated annealing, and hybrid approaches) offer flexible tools for solving multidimensional and
multi-criteria problems. Their adaptability and scalability enable efficient resource allocation,
scheduling, project prioritization, and information flow management. The integration of
metaheuristics supports intelligent management systems, improves decision-making, and enhances
efficiency in rapidly changing environments.
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Introduction.

Modern management is faced with the need to make decisions in conditions of
significant uncertainty [1, 2], rapid changes in the external environment [3], and the
complexity of organizational processes. Currently, organizations and institutions operate in
the context of globalization, rapid technological development, high instability of the
competitive environment [4], and finally, in conditions of crises of various levels,
scales, and etiologies [5, 6] - which leads to the emergence of extremely complex logistics
management tasks (in particular for the education and R&D industries/sectors).

Such logistics systems in the above conditions synergistically encompass
numerous interconnected elements - suppliers, warehouses, transport networks,
customers, and production units, etc. [7]. Fluctuations in demand, resource availability,
transport conditions, and prices form a dynamic logistics environment [8], [9], where
traditional optimization methods often prove ineffective due to the need for accurate
mathematical modeling and stability of parameters [10], [11]. It is in such complex
conditions that metaheuristic optimization is an effective and powerful technology for
optimal management of logistics processes, capable of flexibly adapting to changes
and finding solutions close to optimal ones even in cases of multi-criteria and stochastic
problems [12], [13]. Metaheuristic optimization synergistically integrates elements of
random search, evolutionary selection and local optimization [14, 15], which allows
finding solutions close to optimal ones even in complex and stochastic systems [16].
Due to their high flexibility, scalability and ability to quickly adapt to changes [17, 18],
metaheuristics effectively support the management of delivery routes, inventories,
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resource allocation and planning of production operations. Their main advantage is the
ability to work with large amounts of data, take into account incomplete information
and quickly respond to changes in the external environment [19, 20]. Thus, the
application of metaheuristic approaches opens up new prospects for strategic and
operational logistics management in conditions of uncertainty and crises.

The Main Part.

The modern education sector and the field of research and development (R&D)
projects are characterized by extreme complexity, high dynamism and the presence of
significant uncertainty. Organizing an effective educational process, managing
resources and planning scientific research in such conditions is becoming an
increasingly difficult task. The growth of data volumes, the increase in the number of
process participants and the growing need for high-precision solutions impose new
requirements on optimization methods.

Metaheuristic algorithms, including genetic algorithms, particle swarm optimization
(PSO) algorithms, simulated annealing, as well as combined hybrid modelling [21] for
optimization - are the powerful tool for effectively solving complex multidimensional
problems. They are able to find high-quality approximate solutions even in the case of
limited or incomplete information and a significant number of choice options. This
makes them especially relevant for managing complex processes in education and R&D,
where logistical, financial, organizational and informational aspects are combined.

Areas of application of metaheuristic optimization in education and R&D:
management of educational and research resources: planning of lesson schedules,
distribution of teachers and scientific supervisors, optimization of the use of
classrooms, laboratories and equipment; allocation of financial and material resources:
formation of investment strategies in educational programs and scientific projects,
ensuring effective use of the budget; optimization of scientific and research projects:
determination of task priorities, distribution of work between teams, reduction of
project execution time and increase of productivity of scientific groups; management
of information flows: optimization of data processing, storage and transmission
processes, integration of digital platforms and electronic resources to increase
accessibility and efficiency of training and research.

Advantages of using metaheuristics in education and R&D: possibility of
effective solution of multi-criteria and complex tasks; search for high-quality
approximate solutions in systems with a large number of variables and constraints;
adaptability to changes in the external environment and unpredictable conditions;
integration with classical optimization methods to obtain hybrid, more stable solutions.

Conclusions.

1. Metaheuristic logistics optimization demonstrates high efficiency in solving
complex management problems, where classical methods cannot provide sufficient
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flexibility and speed of decision-making. It allows to adapt logistics processes to
changing environmental conditions, while optimizing economic, time and resource
indicators. The flexibility and versatility of metaheuristic methods make them
promising for integration into intelligent management systems and strategic planning.

Among the main advantages of the metaheuristic approach are the ability to
process large and heterogeneous data, effective solution of NP-hard problems, the
possibility of integration with classical methods to increase the accuracy of results and
conduct multi-criteria analysis of the effectiveness of logistics solutions. This makes
such approaches an integral part of modern intelligent management and planning in
conditions of complexity and dynamics.

2. Metaheuristic logistic optimization is becoming a critically important tool for
ensuring effective process management in education and research. The application of
metaheuristic methods in education and R&D logistics opens up prospects for
integrating various resources, optimizing internal processes and improving the quality
of management decisions. This creates the basis for the development of intelligent
management systems that can function effectively in conditions of complexity,
uncertainty and rapid change.
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Abstract. The modern economy is changing rapidly, forcing businesses to adapt their strategies to new
challenges. Marketing is no longer just a sales tool, but a key element of management. A comprehensive
approach to marketing activities includes market analysis, brand management, digital tools, and building
long-term relationships with consumers, which is especially relevant for Ukrainian companies.
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Anomauia. Cyyacna eKOHOMIKA WEUOKO 3MIHIOEMBCSL, W0 3MYULYE NIONPUEMCMBA A0ANMY8amu c8oi
cmpamezii 00 HO8UX 8UKNUKIG. Mapkemune yce He auuie IHCmpymeHm 30ymy, a Kiovoeuil elemMenm
ynpagninus. Komniexcnuil nioxio 00 Mapkemunzo80i OisIbHOCMI OXONJIOE AHANI3 PUHKY, OpeHO-
MeHeOdcMenm, Yyugposi incmpymenmu ma no6yoo8y 00820MpUBANUX CMOCYHKIB 3i CNONCUBAYAMU,
Wo 0cobIUBO AKMYANbHO 015 YKPAITHCOKUX KOMNAHILL.

Knrouosi cnosa: mapxemune, mapkemureo8a OisibHiCMb, Yupposi mexnoaozii, cmpamezis.
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