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MATHEMATICAL MODELING OF BUSINESS PROCESS OPTIMIZATION 
IN THE CONTEXT OF DIGITAL TRANSFORMATION

Digital transformation changes not only the technological contour of the enterprise, 
but also the logic of building, coordinating, and evaluating business processes. 
Under these conditions, optimization ceases to be a local improvement of individual 
operations and acquires the character of a system task, within which it is necessary to 
simultaneously take into account the speed of processes, the cost of their support, the 
degree of automation, adaptability to changes in the environment and the quality of 
management decisions. Bibliometric analysis of business process management studies 
in the context of digital transformation testifies to the steady convergence of the process 
approach with data analytics, automation, process mining and digital platforms, which 
confirms the feasibility of using formalized models to rebuild the process architecture 
of the enterprise [1].

At the same time, digital transformation is not a linear process of introducing new 
technologies. Its effectiveness significantly depends on the existing barriers, among 
which organizational, personnel, communication and institutional constraints occupy 
a special place. That is why the mathematical model of business process optimization 
should be based not only on performance parameters, but also on variables that 
reflect the digital maturity of personnel, readiness for change, data availability and 
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the ability of the organization to integrate new digital solutions without losing process 
controllability. This approach is consistent with the conclusion that digital barriers are 
one of the key factors slowing down the transition from fragmented digitalization to 
full-fledged business transformation [2].

From the standpoint of applied modeling, a business process can be presented as a 
system of interrelated operations, for each of which time costs, resource costs, digital 
saturation and the risk of deviation from the target result are determined. Then it 
is advisable to present the generalized target optimization function in the form of 
P = {p1, p2 ,…, pn}ticidiri 
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This arrangement allows you to move from intuitive improvement of operations to 

quantitative selection of process configuration. The grounds for such formalization are 

provided by studies in which digital transformation is considered as a factor in changing 

the business structure, coordination mechanisms and directions for further development 

of organizational systems [3]. 

In the practice of digital transformation, the optimization of business processes is 

inextricably linked with a change in the business model. If in a traditional system the 

process is optimized mainly according to the criterion of cost minimization, then in the 

digital environment, the criterion of creating value for the client through speed, 

personalization, channel integration and analytical support of solutions is becoming 

increasingly important. This means that the mathematical model must record not only 

internal efficiency, but also external competitive effects. Accordingly, the optimization 

task acquires a two-circuit character: the internal circuit is focused on the rationalization 

of operations, and the external one is focused on strengthening the competitive 

where are the weighting factors that determine the priorities of the enterprise α,β,γ,δ.
This arrangement allows you to move from intuitive improvement of operations 

to quantitative selection of process configuration. The grounds for such formalization 
are provided by studies in which digital transformation is considered as a factor in 
changing the business structure, coordination mechanisms and directions for further 
development of organizational systems [3].

In the practice of digital transformation, the optimization of business processes 
is inextricably linked with a change in the business model. If in a traditional system 
the process is optimized mainly according to the criterion of cost minimization, 
then in the digital environment, the criterion of creating value for the client 
through speed, personalization, channel integration and analytical support of 
solutions is becoming increasingly important. This means that the mathematical 
model must record not only internal efficiency, but also external competitive effects. 
Accordingly, the optimization task acquires a two-circuit character: the internal 
circuit is focused on the rationalization of operations, and the external one is 
focused on strengthening the competitive advantages of the enterprise, which is 
consistent with the results of studies on the transformation of business models in 
the digital economy [4].

The sectoral dimension is also indicative, which, in the context of digital 
transformation in Ukraine, is characterized by different depth and speed of 
implementation of digital solutions. In the field of healthcare, digitalization is 
accompanied not only by the automation of procedures, but also by the transformation 
of interaction with consumers and data management, which leads to the inclusion 
of service quality parameters and reliability of information flows in the models. In 
industry, the emphasis is shifting to optimizing production and logistics processes, 
in the agricultural sector – on taking into account risks and seasonality, and in the 
service sector – on speed, scalability and personalization. For energy and critical 
infrastructure, the parameters of resilience and security are additionally updated. 
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Such industry differentiation confirms that the optimization of business processes 
in the digital environment has a multi-criteria nature and requires a single analytical 
framework, considering the specifics of each sector [5].

In the context of digital transformation, the regulatory circuit acquires special 
importance. The introduction of new digital technologies without considering the 
mechanisms of regulation, standardization and impact assessment can reduce the 
expected effect of optimization. Therefore, it is advisable to include constraints of the 
type
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described. This formulation is especially important for highly regulated areas, in which 

digital transformation must be accompanied by a forward-looking understanding of the 

consequences of technological changes. This is what modern studies of the regulation of 

emerging technologies indicate, where it is proved that the effectiveness of innovations 

is determined not only by technological novelty, but also by the quality of institutional 

support [6].gj(x) 

In general, it is advisable to consider mathematical modeling of business process 

optimization in the context of digital transformation as a tool for coordinating three 

groups of parameters: operational efficiency, organizational resilience and market 

where regulatory, security or procedural requirements for process restructuring are 
described. This formulation is especially important for highly regulated areas, in which 
digital transformation must be accompanied by a forward-looking understanding 
of the consequences of technological changes. This is what modern studies of the 
regulation of emerging technologies indicate, where it is proved that the effectiveness 
of innovations is determined not only by technological novelty, but also by the quality 
of institutional support [6] gj(x).

In general, it is advisable to consider mathematical modeling of business process 
optimization in the context of digital transformation as a tool for coordinating three 
groups of parameters: operational efficiency, organizational resilience and market 
competitiveness. The practical meaning of this approach lies in the possibility of 
choosing not just «digital» solutions, but those process configurations that provide 
the maximum integral result under the existing resource, personnel and institutional 
constraints. Studies of the impact of digitalization on business efficiency and 
competitiveness confirm that the greatest effect is achieved where digital tools are 
combined with the rationalization of management procedures, adaptation of processes 
and systematic measurement of results [7].

Therefore, in the context of digital transformation, the optimization of business 
processes requires a transition from descriptive approaches to rigorous mathematical 
models capable of integrating time, cost, technological, risk and institutional parameters 
into a single evaluation system. This approach creates the basis for more informed 
management decisions, makes it possible to formalize the choice of the trajectory of 
digital changes and provides an analytical basis for improving the efficiency of the 
enterprise in an unstable competitive environment.
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ЗАСТОСУВАННЯ МЕТОДІВ ВИЩОЇ МАТЕМАТИКИ В РОЗРОБЦІ 
СИСТЕМ ШТУЧНОГО ІНТЕЛЕКТУ ДЛЯ ЕКОНОМІЧНОГО 

ПРОГНОЗУВАННЯ

Одним із ключових напрямків розвитку сучасних систем штучного інтелекту 
(artificial intelligence, AI) є економічне прогнозування, ефективність якого знач-
ною мірою залежить від застосування методів вищої математики. Основними 
математичними інструментами AI-систем економічного прогнозування висту-
пають:

1.	 Лінійна алгебра (матричні операції, векторні простори);
2.	 Диференціальне числення (градієнтні методи оптимізації);
3.	 Теорія ймовірностей та математична статистика;
4.	 Чисельні методи та теорія оптимізації.
Важливу роль у побудові AI-систем економічного прогнозування відігра-

ють градієнтні методи оптимізації, які використовуються для мінімізації функ-


