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Abstract: This article provides an overview of the arguments and counterarguments involved in identifying
the state of an enterprise, assessing its functional efficiency, and optimizing its target functions while
implementing management tasks. The decentralization of enterprises empowers them to adapt to specific
territorial needs. However, it also introduces an element of instability that can be disconcerting. The primary
objective of this research is to develop a scientific and methodological approach to modelling the management
system of the development of manufacturing enterprises under decentralization. The systematization of
literary sources and approaches to the problem of managing the development of manufacturing enterprises
reveals that each level of analysis of the state of the enterprise and assessment of its development dynamics
and problem situation corresponds to the aggregate set of assessments, which includes both individual
indicators and their various groups. At its core lies the crucial recognition of production systems' (PS) state
as a pivotal parameter influencing the very fabric of UTC development. The model employs a powerful vector
functional approach, allowing for a multi-dimensional assessment of an enterprise's state. The model
translates into a tangible metric, empowering informed decision-making and targeted interventions. The
relevance of this scientific problem is that the management process of enterprise development under
decentralization needs to be more structured and less accidental. There is a need to manage this process to
survive and develop in an aggressive market environment. Optimal management of production systems as
discrete matrix objects provides an opportunity to consider the functioning of each of them depending on the
state of the others at time t of their production to time t+1, which is associated with their further development
in a decentralized environment. The results of the research can be helpful for the development of systems for
monitoring and strategic management of the development processes of manufacturing enterprises under
decentralization.

Keywords: enterprise; company; functioning; production system; state; united territorial communities.

Received: 01 September 2023  Revised: 15 November 2023 Accepted: 10 December 2023
Funding: There was no funding for this research.

Publisher and Founder: Sumy State University

Cite as: Usov, A., Kunitsyn, M., Zabarna, E., & Niekrasova, L. (2023). Managing the Stable Development of
Manufacturing Systems under Decentralization. Marketing and Management of Innovations, 14(4),
151-165. https://doi.org/10.21272/mmi.2023.4-11

Copyright: © 2023 by the author(s). For open-access publication within the terms and conditions of
E the Creative Commons Attribution (CC BY) licence (https://creativecommons.org/licences/by/4.0/).

151


https://orcid.org/0000-0002-3965-7611
https://orcid.org/0000-0003-1764-8922
https://orcid.org/0000-0002-2659-5909
https://orcid.org/0000-0002-4305-7547
mailto:m.v.kunitsyn@op.edu.ua
https://doi.org/10.21272/mmi.2023.4-11

Sumy Marketing and Management of Innovations, 14(4), 2023 |
@ Ueoversity ISSN 2218-4511 (print) ISSN 2227-6718 (online) S sciendo

1. Introduction. International practice uses various management models (systems) at the local level
within the corresponding administrative and territorial units. The choice of management model (system) is
influenced by various factors: the government, the state and political system, the level of development of
production systems, and economic and social development (Durmanov et al., 2019; Lankoski, 2016).

The effective social and economic development of territorial communities heavily relies on administrative
and territorial reform, decentralization, and the formation and growth of manufacturing enterprises within the
United Territorial Community (UTC). The synergy between manufacturing enterprises and their base
territories and the identification of critical areas for development are crucial factors to consider from a practical
standpoint (Lozano, 2015; Olszewska & Piwoni-Krzeszowska, 2014).

Managing the stable development of an enterprise as a production system under decentralization is a
weakly structured process due to specific characteristics that define it, as observed by (Boadway & Dougherty,
2019; Chen & Groenewold, 2013). These characteristics are as follows: the external environment of UTC,
where the enterprise exists, is highly dynamic and subject to frequent changes, as studied by (Baskaran et al.,
2016; de Villiers et al., 2016); the process of globalization of the world economy has a significant impact on
an individual enterprise; the development of production systems is influenced by both external (exogenous)
and internal (endogenous) factors; the link between complex socioeconomic systems within the state and
integration into the unified world economy, as studied (Aslim & Neyapti, 2017; Moore & Manring, 2009),
has increased influence. Under current market conditions, ensuring economic stability is a critical condition
for a company's functioning and is connected with the final results of production and business activities. The
steady development of the enterprise's economy ensures economic stability at the macro level. For this
purpose, it is essential to investigate the essence of the enterprise's economic stability, study the factors of its
maintenance, and, on their basis, select the priority directions of its achievement.

For the above reasons, on the one hand, the development of enterprises is becoming increasingly weakly
structured and random. On the other hand, there is a need to manage this process to ensure stable development
in an aggressive market environment. Additionally, in today's realities, an essential condition for the
functioning of an enterprise is to ensure economic stability through the production and business activities of
territories (administrative and territorial units, United Territorial Communities). Moreover, the enterprise's
steel development ensures economic stability at the micro and macro levels. For this purpose, it is essential to
investigate the essence of the enterprise's economic stability, identify the factors of its security, and select the
priority areas for its achievement.

2. Literature Review. Numerous scientists delve into the complexities of managing enterprise
development and maintaining stability. The practice of deliberately modifying the parameters, structure, and
properties of a system in response to changes in the internal and external environment of an enterprise is
referred to as the adaptive approach to enterprise development management (Tulder & Mil, 2022). Nelson
(1982) introduced the evolutionary approach to development management, which highlights the necessity of
new and improved management models to address irreversible and inevitable evolutionary processes
worldwide. The innovative approach involves managing industrial enterprise development by stimulating
innovative activity scrutinizing and implementing innovative advancements in all aspects of the organization's
economic activity (Hamrol, 2018). Leone et al. (2018) showed that an integrated approach to enterprise
development management is based on the simultaneous development of many management aspects—
technical, environmental, economic, organizational, and psychological aspects—in their interconnection. The
definition of economic stability of a company as a production system is a comprehensive characteristic of the
company for a certain period and indicates the ability to maintain the critical financial, marketing, production,
and personnel indicators at the normatively set, with a high degree of probability, level under the influence of
the external and internal environment (Taurino, 2018). When implementing the marketing approach to the
management of a company's development, more attention needs to be given to the internal aspects of the
organization's development. For example, production and personnel needs should be addressed, and changes
in the external environment and new challenges in globalized markets should be considered (Fiksel, 2012).
Managing a developing industrial enterprise involves a process approach consisting of sequential, continuous,
and interdependent actions aimed at achieving the enterprise's goals. According to (Crofton, 2000), one can
understand this system approach by examining the object as a whole, where each economic phenomenon is
evaluated concerning others. All the elements and processes within an object are interconnected, considering
internal and external factors.

To properly analyse an enterprise's state and development dynamics, it is necessary to form a system of
situation-oriented indicators and generalize vector-scalar information (Dirks et al., 2009). Each level of
analysis and corresponding problem situation requires an aggregated set of assessments that includes various
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individual indicators and groups. The general concept of sustainability and sustainable development is
essential in studying systems that dynamically evolve: enterprises. From the enterprise's point of view,
stability can be seen as the ability of the system to maintain its operating state to achieve the planned results
in the presence of various external and internal influences (Navickas & Malakauskaite, 2009). Some
fundamental indicators for identifying the state of an enterprise are used to assess its efficiency and optimize
its target functions when solving the tasks of managing its development ( Van‘t Wout et al., 2021; Judgment
of the Constitutional Court of Ukraine of 13.07.2001 Ne 11-Rp/2001, n.d.; Onyemelukwe, 2005). To
implement the management, the input vector V = (V,, V5, ..., V,,)—which the company possesses during the
time t—is based on the current state of the company and retrospective analysis of its activities:

V(t) = Vr (@) + Vp(2), 1
where V() is the functional resource and V,(¢) is the management resource (development).

The task of forming a management system V (¢) and ensuring the stable development of an enterprise under
decentralization is to determine the orderly state of the enterprise, the wvector X(t) =
(x1 (), x,(¢) estimate, ..., x,-(t)) and its change in the performance of functional properties.

3. Methodology and research methods. The development of a scientific and methodological approach
to modelling the management of stable dynamic development of production systems under decentralization
conditions is the article's objective. The enterprise functions in a particular external environment, so studying
stability is impossible in isolation from macroeconomic processes. The enterprise also develops under the
influence of the microeconomic environment, reflecting the interests of the production and economic activity
subjects. The highest form of sustainability of the economic system (enterprise) is its ability to evolve in a
small economic environment (internal and external). It is the dialectic of the study of sustainability. The study
of sustainability is dialectical because it reflects both the unity and the intersection of the economic interests
of the enterprise and the economy as a whole (Decentralization in Ukraine, n.d.; Freidson & Rist, 2020).

During the development of an enterprise, changes in its elements and structure, including its integrative
properties (represented as vectors Y (t)), determine its output characteristics. The following generalized
mathematical model can be used to manage the dynamic development of a company:

dx
- = ftxv,y), @)
where (it) is an n-dimensional phase vector; (it) is a vector for managing the dynamic development of

the enterprise; and y(t) is a vector of initial indicators of the functioning enterprise.

Efficient enterprise management requires optimal resource utilization at every production stage, including
labour, energy, and information, to achieve the primary objective while adhering to relevant constraints. This
type of management task is crucial for achieving optimal productivity and profitability. The conditional
optimization of production system management can be expressed by the following formula (Tulder & Mil,
2022):

X° = arg extra P(x), (3
where P (x) is a correlation function.

Constraints in the form of nerves are applied to the PS content analysis to establish a set of permissible
solutions X (¢t):

hi (x,q;) <0; i=1,n, ()
and the equality

gi (x,q;)=0; j=1r, (5)

where X (t) is the controlled variable of the PS state space; h; and g; are the operators that define the
structure of the mathematical model of the corresponding limit; and g; and gq; are the tuples of the quantized
parameters of the corresponding limits.
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United territorial communities (UTCs) have a broad spectrum of responsibilities. These include facilitating
community development, addressing economic concerns, attracting investments, managing budgets and land
resources, issuing construction permits, developing local infrastructure, providing housing and communal
services, maintaining streets and roads, managing passenger transportation, and ensuring public safety through
municipal police and fire protection. Therefore, administrative and territorial reform, along with
decentralization, are critical factors in promoting the social and economic growth of UTCs, which, in turn,
affects the establishment and advancement of manufacturing enterprises within these communities.

A viable solution for enhancing the growth potential of communities with limited financial resources and
demographic information is to link them with other neighbouring communities, resulting in the formation of
larger and more numerous UTCs. Even without immediate economic prospects, this arrangement can yield
benefits such as optimizing the local, territorial structure, improving the efficiency of territorial management,
boosting investment appeal, and elevating returns on capital investments within the area (Bekabil, 2021).

Monofunctional dependence on a single enterprise can harm a community's economy, while a diversified
economy has a greater chance of stable development. The community benefits from the presence of extensive
enterprises, especially transnational companies, which contribute to the growth of small and medium-sized
businesses that offer them services such as supply, packaging, decoration, design, sales, logistics, transport,
catering, advertising, trading, support, and security (Kravchenko et al., 2021). A higher number of profitable
enterprises with high labour productivity and added value operating within the community leads to an
increased quality of life for its citizens. Defining a metric that compares the quality of solutions with the
correlation function's correlation is crucial in optimizing the production system's performance under
decentralization. Assessing the state of an enterprise involves a comprehensive evaluation of its financial and
economic activities, production, innovation, investments, social functioning, and environmental impact. This
comprehensive approach allows for a clear identification of the enterprise's overall state. Achieving strategic
goals through the development of a production system is deemed satisfactory when the integrative power of
the system changes the direction of improvement, either quantitatively or qualitatively, due to its impact. To
optimize development management, it is essential to introduce efficiency indicators as criteria. These
indicators should be presented as a maximum function, as suggested by (Kallrath, 2012):

J) = J, F,y)et, (6)
where x(t) and y(t) are the keyed and output changes in the state of the production system.

The function y(t) is restricted:
0<y<un (7

An automated management system (AMS) is necessary to provide information support for completing PS
development management tasks. However, they are focused on supporting the functioning of the enterprise
rather than on the management of development processes. Therefore, the prerequisite for creating a
development management subsystem was the composition of the enterprise's automated management system
(AMS), the system of development strategizing.

Each set of processes requires a management system that goes through four stages: control, diagnostics,
predicting future conditions, and creating actions to control the outcome. The diagram in Fig. 1 shows the
relationships between these stages.

The topical theme of the study of management efficiency at present is the evaluation of the performance
of the united territorial community, where some enterprises are located within its territory. Among these, there
are local employers according to the following indicators: per capita, the community budget's resources, the
community's ability to sustain itself economically, the expenses incurred by the community for managing
personnel, and the capital expenditures per capita.
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Figure 1. Relationship between the sustainable development and functioning of production systems
Sources: developed by the authors.

Therefore, representing the UTC as an external environment, the model of the enterprise that develops can
be represented as the following structural scheme (Fig. 2):

External enViroNMeNt  eeeeeeeeeee e

: Enterprise :

: | ;

| UTC : X O .

: dt :

] Via : Vo Vo -

s Ve |
External environment Production Development

Figure 2. Structural scheme of the management system for the sustainable development of enterprises under
decentralization conditions
Sources: developed by the authors.

UTC refers to a territorial community that is united; X represents the vector function of an enterprise's
production and technological process; PS operation is denoted by dx/dt; V,, is a system for managing
development; V,,, is a system for managing production; V,3 is a system for managing interaction with UTC;
and Vy,, is a matching system that facilitates interaction between UTC and x(t) dx/dt.

The system of management of stable development of enterprises under decentralization conditions is
represented by a high-level management system (V,, ), which ensures synergy and interaction with the UTS;
a system of production management (V,,); and a system of development management (V,,1). The upper-level
management system performs management functions and coordinates the lower-level elements. Each of the
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lower-level elements has some autonomy in organizing their activities. In this case, the higher-level control
system (V) manages operational stability and coordinates the system's work.

The following stages can represent the process of coordination and optimization:

¢ Analysis of the stability of the financial, production, and organizational system (enterprise) Deciding
on the necessity of coordinating and optimizing all enterprise activities.

o Coordination and optimization of production, financial, and business activities in the planning period.
The indicators of the financial situation are calculated, the system's stability is analysed, and the active
elements are determined according to the results of coordination and optimization.

e Comparison of the planned and actual values of the indicators of the state. Depressed conditions should
be localized, and decisions about the coordination and optimization of the production program of the
enterprise, production, and technological processes should be made.

o The designation of "productive premises." Coordination and optimization of reverse manufacturing and
technological processes.

o Development of coordination mechanisms, elements, and information technologies.

The high-level control system (V,,;), which ensures coordination and interaction with the UTC, coordinates
the local tasks of the control subsystems to ensure that the global task of the system as a whole is fulfilled.
Management systems are interconnected. To determine the coordinating influences, the higher-level control
system first transforms the global task of the system from the initial state space into the coordination space;
for this purpose, the local tasks of the control subsystems are combined, and then the global problem of the
whole system in the coordinate space is solved. Finally, changes in the state vector are considered, links with
the external environment occur, and the higher-level control system performs the functions of operational
stability control and coordinates local control actions (Rodchenko et al., 2019).

The state q(t) of the UTC is reconstructed by utilizing the vector V,, for initiative control. The activities
of the PS are transformed from resources to the final product, with resources and products being defined as
finances, material goods, and the intellectual and professional abilities of the PS employees.

PS activity includes various processes to obtain a final product or result. For example, it covers all
production functions—planning, development, design, material, technical support, product manufacturing
technology, verification, quality assurance, and implementation. The primary activity process and the
corresponding technological processes are used in this case. Different types of enterprises located within the
territory of the UTC have technologies for the activation process.

In addition to fundamental business activities, enterprises also implement processes of management,
communication, and production organization and ensure interaction with the external environment (UTC).
Enterprises use the following in their activities:

— Basic processes - {P;;};

— Personnel technologies for quality and quantity changes - {P,;};

— Organizational technologies such as management, communication, decision-making, and
implementation - {Ps;};

— Interaction with the external environment - {P,;};

— Information technology - {Ps;}.

To ensure sustainable development, improved efficiency, and competitiveness, enterprises can achieve this
through innovation, products, and technology. Using models that consider state dynamics for analysing the
functioning of production systems opens up vast possibilities for the formalized description of such systems
and the application of stability criteria. Considering the relative ease of implementing these criteria, the
stability of the functioning of production systems will be determined dynamically.

Investigating the stability of the work of an enterprise requires an assessment of dynamic processes under
changes in the external and internal parameters of the environment. Therefore, it is of interest to answer the
questions of what the area of stability of the monitored indicators is, what actions of risk factors are associated
with a loss of stability, how the change in economic indicators of the production system affects the economic
environment, and what the indicators of UTC are as a whole. To obtain a complete picture of the impairment
of sustainability, a series of experiments revealing the risk factors and the specifics of the economic indicators
of the enterprise are carried out. During their implementation, it is possible to visually assess the trajectory of
changes in the indicator (or their groups) and set standard or threshold (minimum, maximum) values to
calculate the level of stability of the controlled indicators.

If the indicator crosses the threshold level and leaves the permissible range of values, it indicates instability
and requires diagnostic of the company's activity. In this situation, the company will fall under the influence
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of risk factors, and its adaptive capacity may be inadequate to resist them. For this reason, the diagnostics of
the enterprise are carried out in close connection with the assessment and analysis of the stability of the
enterprise and the analysis of indicators of the development of UTC.

Let us assume that the UTC consists of n enterprises. The economic condition of each enterprise is
characterized by an m-mirror vector: x; = (X1, X2, ..., Xim), 1 = 1,n variables that determine the functioning
of the i-th enterprise.

It is assumed that any minor incidental effects on the PS can be avoided. All UTC enterprises possess
comprehensive knowledge of macroeconomic parameters. Consequently, it is necessary to consider the
connections between different enterprises.

As a result, a system exists that links the time and the rate of change in economic indicators (Shin & Xu,
2017):

dxi i

- = 4fij(xy), ®)

where y = (¥4, 3, ..., V4) IS the output change in PS and q is the speed at which microeconomic changes
are established.

Changes in macroeconomic variables are the main factors that determine an enterprise as a dynamic
system. It is essential for UTC, which is home to a city-forming company, to know the conditions for
sustainable development management to increase its efficient production. To this end, we will consider the
enterprise as a PS with changes that characterize its functional activity. The changes that affect the PS or are
related to it can be divided into three groups:

1. Input changes vy, vy, ..., Uy, Which characterize the external influences on the system'’s inputs;

2. The state changes x4, x5, ..., X, are the internal changes, the sum of which fully characterize the system
properties;

3. Output changes y4,y-, ..., ¥, representing those reactions to external influences and those system
properties related to the system efficiency indicators.

All sorts of assets utilized by the system, capital, advancements, implementation of cutting-edge
technologies, and modernization of fundamental production methods may serve as inputs vy, v,, ..., v, Fixed
assets can depreciate, contributing to the changing state of x; A company's profitability, efficiency of using
fixed assets, production capacity, and implementation are also factors that can affect the changing state of x;.
Included in the output variables y; are PS financial coefficients, which comprise product profitability,
turnover, return on assets, market stability and competitiveness indicators. Additionally, social, budgetary,
and environmental efficiency indicators are also among the output variables.

A "black screen” with m inputs and r outputs can depict the PS in the UTC structure. Additionally, each
input and output have a corresponding alteration. Let us examine a collection of inputs as a single generalized
input, which is affected by a vector v(v4,v,, ..., v,). Similarly, we can describe a collection of outputs as a
generalized output, with the output vector represented by y(y,, >, ..., ¥»-). Changes in the system's state are
connected to the internal characteristics of the system, represented by the vector x(xq, x5, ..., X, ), and their
changes in the production process are indicated by dx/dt. Matrix equations that describe the system's

operation must be produced, assuming that the power supply state remains continuous at all time intervals t:
dx(t) _

O = Fr(©)]: y(0) = Ulx(@), v(®)]. (©)

The equation of the PS state is represented by the initial expression (8), and the vector of PS development
is obtained when the solution satisfies the conditions of x, = x(¢;):

x(t) = P[x(to), v(£)] (10)

The output equation is determined by another equation that considers the changes in output based on x(t)
and v(t). Equation (8) takes the form shown below under additive production system conditions during UTC
development:

d’;—(tt) =A®)x@) + B@Ov(); Y() = C(®O)x(t) + D(O)v(D), (11)
where A(t) is the matrix of the system (square of the n-th order); B(t) is the matrix of the size control
(n x m); C(t) is the matrix of the size output (r x n); and D(t) is the matrix of the size input (r X m).
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The components of matrices A, B, C, and D for fixed production systems are represented by constant
numbers that depend on the parameters of the components. A is the primary matrix that defines the production
process. B is the connecting matrix that determines how the system input is linked to the different variables
in the production process. C is the matrix that connects the variable components of the production system with
the output variable vector functions Y (t). D is the matrix that indirectly links the input vector v(t) with the
output vector Y (t). The composition of this matrix shows how the input-constraining functions, such as
increased indicators of innovative development of the system, affect different outputs Y (t), such as the
profitability of produced goods. Matrix D(t) represents the system parameters during transient crises.
Therefore, the essential characteristics for constructing deterministic models that study the stability of
economic systems are vigilance and attentiveness (Fig. 3).

it Dyt

y{t) EEEp Bt Kt it —f- ¥it

Ay

Figure 3. Functional scheme of the production system
Sources: developed by the authors.

PSs with nonlinear dependencies between the input and output variables have complex structures. The
equation of state for such PSs can be expressed as (11):

O _ 4x(0) + Bo() + F2@); flx(®),2(0), v(D)] =0, )

where A, B, and F are constant matrices; f(x, z,v) = 0 is a nonlinear algebraic equation; and its solution
concerning the vector z(t) excludes this vector from the differential equation.

The state equation x(t) = Ax + Bv represents a system of differential equations with constant coefficients
in standard form and describes the PS. The solution of this equation satisfies the initial conditions x, = x(0)
for the state vector x(t) and the output vector Y (¢t) and is presented as follows (Usov et al., 2020):

x(t) = p(1)x(0) + [ p(t — )Bu(r)de;
Y(®) = Cp(®)x(0) + f, Cp(t — 1)Bv(r)dr + Du(t) (13)

The first addition in (12) corresponds to the reaction of PS, which depends on the initial conditions
(production functions in the standard model), and other additions, reactions to external influences (e.g., the
implementation of investments in the principal capital and the number of advanced technologies in use).

The transition matrix of the PS state, denoted as ¢ (t) = e4t = exp At, is known as the fundamental matrix.
It outlines the state of the enterprise x(0) at a given moment t (when no inputs are applied), i.e., x(t) =
¢(£)x(0).

At the onset of the PS, when the input vector v(t) and the output vector Y (t) and D = 0 are unconnected
and x(0) = 0, the relationship between the input and output responses is described by the following ratio:

Y(©) = [, Cop(t — D)Bv(D)dr = [ g(t — Dv()dr. (14)
The matrix g(t) = C¢(t)B represents a broad characteristic of the PS as it relates to both its inputs and
outputs. A reaction to the enterprise's i-th output can be expressed as follows:

¥i®) = J,[gi(t = DV1(D) + Gia (t = DV (D) + +++ + G (t — TV (D]d, (15)
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where g;;(t) are ij-elements of the g(t) matrix, which describes the influence of the corresponding input

parameter and equals the reaction y;;(t) on the i-input relative to the j-input under the condition that all other
inputs are zero, i.e.,

yi () = fotgl-j(t —Dvi(dr; i=1Lr; j=1m (16)

According to (Usov et al., 2020), the fitting of functions g(t) x v(t) is the right part of equation (15).
There are four different ways to express y;;(t), considering the scalar functions y;;(t) — y(t) and v;(t) —
v(t) reduction while considering the properties of the function set (Usov et al., 2020).

y(@® = g® *v(t) = [, gt —Dv@)dr = [; g@v(t — Ddr = [, h(t — Dv' (©)dt = [ RV’ (¢t -
T)dt, (7)
where h(t) is a function similar to that of g(t) according to the following argument:

dn(t)

g@® =29 ge—1) =

d
d(t-1)

h(t —17) (18)

The impulse and transient PS characteristics are represented by scalar functions g(t) and h(t),
respectively. The economic significance of these functions can be explained as follows: g(t) represents the
innovation component in the short term. In contrast, h(t) represents the reaction of the state and its output
characteristics during the short-term use of the innovation component.

The v, (¢) for resource development was received at the PS input when 7 occurred. The reaction at the
output will be presented as follows, based on the power of the average value:

Y(t) = fotg(t — v, (Ddr = gt — 6) fot v,(0)dt = g(t — 6) * Su, (19)
where 0 <6< tand Su is the value of v, (t), the resource of development.

Therefore, g(t — 7) can be viewed as the PS reaction to the stock v, (t) = §(t — 7)function applied to the
input at the moment 7. If the D-matrix of the connection between the PS input vector v(t) and the output
vector Y (t) is not equal to zero, i.e., D # 0, then the characteristic g(t — 1) is v, (t) and is defined by the
expression

g(t) = Cet*B + D5(t); h(t) =C(e4* —E)A™'B+D
where &(t) is the function of short-term income on the input of PS component v,(t) of the enterprise
development management resource and h(t) is the reaction to the initial moment t = 0 function §(t).

With this model, we can assess how UTC impulses contribute to the development of PS by analysing the
performance of companies and their impact on UTC indicators, all in a single assessment. The criteria for
compromise can be applied to the UTC structure depending on the development goals of the company. To
ensure the highest output indicators, meeting the specified targets during each development period is crucial,
especially in the early stages of system development. The selection and order of criteria depend on the nature
of the enterprise's development and operation, as well as the structure of its economic and mathematical
models. The primary constraints that govern the development and operation of an enterprise fall into three
main categories:

— Resource constraints (including resources and development funds) and production capacity constraints;

— Balance constraints that establish the connections between individual components and subsystems;

— Constraints on the technical and economic parameters that represent different aspects of the system's
development and operation.

Assessing sustainability is a crucial step in the PS development process. To model the sustainability of a
company, it is essential to consider its production and financial status. This status must ensure the volume of
production and product realization, covering all production and business costs and maintaining the financial
stability of the enterprise. The enterprise's financial stability should be primarily maintained through its funds.
However, the basis for achieving and enhancing the stability of enterprise development under conditions of a
dynamically dynamic internal and external environment is constant investment in the development of
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production, which can be carried out not only at the expense of resources. By attempting to attract and deposit
financial resources, a company must strive to maintain its stability through rational, innovative planning
within the Uttawa University (UTC) framework, which must be carried out considering the enterprise's short-
and long-term investment needs (Rodchenko et al., 2019).

Managing the sustainable development of economic objects is a complex and diverse problem. The
stability analysis theoretical framework developed by Lyapunov is only partially applicable to organizational
and technical systems, including PS, because an enterprise's sustainable development comprises functioning
and development efficiency components. Moreover, a particular link exists between the analysis of leadership-
focused enterprise development modelling results and the stability of this process. Hence, the linear system
equation that describes the state of the PS serves this purpose:

dx(t)
dt

= Ax(t) + Bv(t); y(t) = Cx(t) + Dv(t)
We use the Laplace transformation (Shin & Xu, 2017). In the operator form, the PS state looks like this:
PX(p) — X(0) = AX(p) + BV(p); Y(p) = CX(p) + DV (p) (20)

Therefore, we obtain the solution for the state vector X(p) and the output vector Y (p) in the following
equations:

X(p) = (PE — A)7X(0) + BV(p)];
Y(p) = C(PE — A)~'X(0) + [C(PE — A)~'B + D]V (p). (21)

Here, the matrix ¢(p) = (PE — A)~! represents the transition matrix of the ¢ (t) state. It is possible to
calculate the transition matrix PS ¢ (t) = exp(At) by converting matrix F(p) = PE — A and reversing the
transition from (PE — A)~! to its original form.

When the PS state is initially at x(0) = 0, the output vector is in the following format:

Y(p) = [Cp(p)B + DIV(p) = F(p)V(p). (22)

The matrix F(p) = C¢(p)B + D is called the transfer function. The economic sense of this matrix lies in
the fact that it forms a link between transforming resources into goods and the output change—the profit from
the sale of finished products.

The representation of the i-th output variable is stored:

Yi(p) = XL Fij()V;(p) (23)

Scalar transfer functions from the i-th input to the j-th output can be observed in the elements F;;(p) of
the transfer matrix F (p). If one knows F;;(p), then they have access to this information:

Yi(
Fy®) =305 (24)

Establishing a connection between investment costs and the transition characteristics of resource
management v, (t) and the output vector Y (¢) allows us to estimate the impact of each production system on
the development indicators of UTC. The impact can be measured through changes in production profitability,

fixed assets value, and the profitability of PS.
Thus, the transfer function F;;(p) represents g;;(t), and the representation of the transient characteristic is

hij(t) = F"#(m. To obtain g;;(t) and h;;(t), the Laplace transform is sufficient for passing through the image

to the original image. Having determined these characteristics for all pairs, "PS input - PS output", it is possible
to write matrices g(t) and h(t).
To control the PS, any changes in the values of x(t) must depend solely on the input influences of v(t) =

(v1 ®),v,(t), ..., v (t)). If the changes in x;(t) are related to at least one y;(t) output, then the PS is spoofed.
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The total PS stability means that the response of the y(t) outputs during a given time interval, 0 <t < T, can
determine the initial state of the system's x(0) given the effect of v(t).
4. Results. The adequacy of the management system model for the development of manufacturing
enterprises under decentralization was tested on the application of the stevedore virtual enterprise located

within the territory of UTC in the same customs area as the port. The components of vector X(x;, x,) - the
state of the enterprise:

x4 (t)

X= ( ! ) 25

x5 (1) (25)

where x, is the return on assets and x is the profitability of assets. The components of matrix A determine
the nature of production:

A= (311312)’ (26)

dz1322
where a; is the coefficient of autonomy; a;, is the cost of the production enterprise per 1 UAH in the
processing of vantage; a, is the coefficient of wear and tear of the main assets (cargo-driven, reloading, and
transporting mechanisms); and a,, is the share of employees with high qualifications who take part in cargo
processing. The components of matrix B are the links between the inputs in the PS and various changes in the
production system:

b11b12>
o (bba), .
byibay (@7)

where b, is the increase in capital investments; b;, is the renewal of fixed assets; b, is the part of the
cost of research and development work; and b, is the part of the advanced technologies used in processing
goods.

The components of matrix C are the links between the variable PSs and the output variable vector functions
Y(t) = (i,’;) The structure of this matrix allows influencing different outputs of Y (¢):

C= (C11C12)’ (28)

€21C22
where ¢, is the increase in production volume; c;, is the increase in tax revenues to the UTC budget; ¢,
is the employment rate is the number of employees of the company who are in UTC; and c,, is the increase
in own revenues per 1 employee in cash units. The components of matrix D are the links between the vector

of PSinput V(t) = (Z;) and the vector of output Y (t); budgetary efficiency:

D= (311312)’ (29)
21%22
Y(t) = (i;) = Cop(Ox° + [ Co(t — DBV (D)dr + DV (t) =
0.63 0.71
(02 082 e (35), =
£00.09 042y (3% 2De-r —-0.18 038\ V1 0.22 0.3V
+13 (068 034)2°% °7 7% (00006 020) )+ (o5 008) (v)

Let us look at the reaction of the output variable - y, - budget efficiency (the part of the company's taxes
in the UTC budget) vector of output indicators of the operating company Y (t) when changing the input
characteristic b,, - the part of advanced technologies, which are used in the processing of vantages by 0.05.
Due to the change in the input characteristic b3, = b,, + 0.05, the output component y;(t) will take the
following values for the period t = 1:

y3(®) = [;10,278 + 0,163(t — 1)]0,193 + [0,313 + 0,056(t — 1)]0,23dr = y3(¢) x 1,1 (31)
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5. Discussion. Thus, a 17% increase in the input characteristic b,, of advanced technologies in cargo
processing leads to an increase in budgetary efficiency, i.e., a 10% increase in taxes for the manufacturing
company in the UTC budget. An efficient solution with an increased share of advanced technologies is left in
the PS composition for development. The UTC can use the model effectively to manage the sustainability of
a company's development and optimize its performance indicators. However, the completeness of
sustainability management depends significantly on the information that characterizes the financial, economic,
production, and technical and innovation parameters of both enterprises and on UTC activity.

The priorities of sustainable development of the enterprise form a set of primary goals of defined activity,
taking into account the specifics of the sector and the peculiarities of the UTC development. Thus, the
management of stable development of a company based on priorities leads to an analysis of sector-specific
features of the company, the identification of areas of stable development (parametric components), the
formation of specific, measurable indicators of the functional state of the company, and UTC.

The state of PSs located in the UTC territory at any time can be described by their capital resources and
productive capacity, which are regulated by the investment and innovation activities that ensure their stable
development. The problem of optimal management can be represented in the form of discrete matrix objects,
the dynamics of which are described by a linear matrix equation (Kallrath, 2012):

Xit1 = AOX; + B(O)U, + F(1), (32)

where N is the given time interval; X; is the matrix of the PS state at time t, whose changes reflect the
indicators; U, is the matrix of PS control; and A(t), B(t), and F(t) are the matrices of the PS parameters,
which characterize its function. Therefore, A(t) is the PS matrix, which determines the nature of production
at a given interval of time; B(t) is the PS link matrix with external factors, which influences the efficiency of
PS work; and F (t) is the PS output indicator link matrix.

The elements of the matrices are in the form of functions of the scalar argument t, which are defined for
each interval of timet = 0—-1,1-2,...,N—2—-N-—-1.

The initial position of the state vector X,, PS, is known. Control constraints are not imposed. The
determination of the state X;,; PS is carried out via dynamical programming. The results of investigations of
the state of the PS in the composition of the UTS in a more general case can be viewed using the matrix
equation in the form of:

Xes1 = A1 (OX + XAz () + B (DU (1) + Uy (6)B, (1), (33)

where N is the given interval of time; X; is the matrix of the PS state, for which the parameters are defined
in the form of phase coordinates of size (n X R); U, (t) and U, (t) are matrices of PS control in the form of
investments, dimensions (m X k) and (n X r), respectively; and A4, (t), A,(t), B;(t), and B, (t) are matrices
PC', PC?, whose elements are in the form of scalar arguments ¢, statuses PC', and PC?, respectively,
specified for each interval of time t = 0,1, ..., N.

The advantage of these systems of type (24) is that they describe the simultaneous state of many PSs and
their one-to-one effect.

The problem of controlling PS X;,.; = f(X;, t, Uy) is that for the interval of time [0, N] for any state matrix
PS X, and Xy, there will always be a control U,, for example, for the cost of investments, at which there is a
connection Z; of the system (24), which satisfies the conditions:

Zo = Xo, Zn = XN (34)

The criterion for PS leadership, whose state is described by the linear stationary control system X;,; =
A(t)X, + B(t)U, on the interval [0, N1, is the condition that rang(B, AB, A®B, ..., A" 'B) = n.
The control Ufpt will be optimal by minimizing the function Y (U,) if:

Y(UPY) = Umtird Y(U,) (35)

Therefore, for example, among the investments, there are those PSs that achieve maximum productivity
with their minimum size. Among permissible controls, there are optimal controls U, (t) and U,(t) PS, the
state of which is determined by the system of equations (24). In this case, the PS control is achieved by the
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solution of the recurrent matrix equation (24), and the formula defines the minimum value of the function
(25):

Yimin = Y(USPY) = Sp(X300Xo + X5®o + P3Xo + ¥0), (36)

where Sp(...) is the matrix sequence; X; is the transposition matrix of the initial state of the PS; 6, is the
matrix of parameters of changes in the state of the PS due to short-term inputs to its inputs of the resource for
the management of the company's development; &g is the transposed matrix, which is determined by
recurrent equations in wrapped time; and y,, is the number of initial investments.

The stability of PS development during UTC depends on all the parameters that ensure the lifespan of the
individual. For example, for the asymptotic stability of PS, the matrices of parameters A; and of which the
elements do not depend on time, it is necessary and sufficient that all roots A; of the characteristic equation
det(4; — AE) = 0 have inimitable components, i.e., Re Ai < 0. When controlling PS, as described by
equations (10), (11), (23), and (24), the necessary conditions for stable development are the roots of A; in the
algebraic equation:

The vector-matrix equations were inherent in the maximum time intervals for which the vector-matrix
equations are indicated.

6. Conclusions. Modelling of the management system for the development of manufacturing enterprises
under decentralization can help determine the main parameters that impact the UTC. The scientific and
methodological approach proposed for its practical implementation can consider the state of the PS as a
parameter for its development. The assessment of the PS status and its development dynamics within the UTC
framework shows the need to create a system of generalized vector-scalar, situation-oriented indicators. These
indicators can help companies identify their state, assess their efficiency, and optimize their target functions
to solve their problems. Integrated assessment of the state of an enterprise by vector functional components
allows identification of its state based on the management matrix U(t). The financial activity, production, and
investment-innovation activity of PS can be taken into account using this approach. Using discrete matrix
objects for the optimal management of production systems in the composition of UTSs can aid in ensuring
the functioning of each system depending on the state of the others at time t of their production to time ¢t + 1.
This is associated with their further development under conditions of decentralization. This approach can
contribute to economic benefits such as the improvement of economically deprived enterprises and territories,
the expansion of new technologies and products, the development of the innovation sector, an increase in
employment and demand for the qualified labour force, quality changes in modern life, high economic
efficiency and profitability, and the stimulation of new business.
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YnpapiaiHHs cTIHKAM PO3BUTKOM BHPOOHHYHX CHCTEM B YMOBAX JielleHTpaI3amii

VY crarti mojgaHO OIJISI ApryMEHTIB 1 KOHTPapryMEHTIB, SIKI BHUKOPHCTOBYIOTHCSI JUIsl BU3HAYEHHS CTaHy
MANPUEMCTBA, OLIHKM HOro (yHKIIOHAJIBHOI €()eKTHBHOCTI Ta ONTHMIi3alii HOro WiabOBUX (YHKIIH Ipu peasizarii
YIPaBIiHCBKUX 3aBaHb. JleleHTpai3anis miIpUeEMCTB J03BOJISE IM aJanTyBaTUCS 10 KOHKPETHUX TEPUTOPialbHHX
noTpe6. OHAK e TAKOXK BHOCHTH SJIEMEHT HeCTaOlIbHOCTI, KMl MOXKe OeHTE)KUTH. OCHOBHOIO METOIO IOCIIDKEHHS €
po3pobKa HAayKOBO-METONMYHOTO INJIXOAY JO MOJCIIOBAaHHS CHCTEMH YIPAaBIiHHS PO3BHTKOM BHPOOHHYHX
MAPUEMCTB B yMOBaX JlelleHTpaiizanii. CucTeMaTH3alis JiTepaTypHUX [HKePEIT Ta MiIX0HiB 10 POOIeMH YIIPaBIiHHS
PO3BUTKOM BHPOOHIYHX ITi AMPUEMCTB MTOKA3ye, 10 KOKHOMY PiBHIO aHAIi3y CTaHy MiANPUEMCTBA Ta OIIHKA JHHAMIKH
HOTO PO3BHUTKY Ta MPOOJIEMHOI CHTYaIlii BiIOBigae CYKyIHII Ha0ip OLIHOK, SKUH BKIIIOYAE K OKpeMi, IHIUKATOPH Ta
iX pi3Hi rpynu. B 0CHOBI NIeKHUTh Bask/IMBE BU3HAHHS CTaHY BUPOOHUYNX CHCTEM K OCHOBHOTO IapaMeTpa, 110 BIUIMBAE
Ha camy cTpykrypy po3Butky UTC. Mojenb BHKOPHUCTOBYE MOTYXHHII BEKTOPHO-(YHKI[IOHAJIBHUI MiAXif, IO
JIO3BOJIsIE OaraTOBUMIPHO OIIHIOBATH CTaH MiANPHEMCTBA. MOIEIIb NEPETBOPIOETHCS HA BiTUYTHY METPUKY, LIIO CIIPUSIE
NPUIHATTIO OOIPYHTOBAHMX PpillIeHb 1 IJIECHPSIMOBAaHMM BTPYYaHHSIM. AKTYaJIbHICTh JTaHOT HayKoOBOi IMpoOsieMu
MOJISITA€ B TOMY, IO TPOLEC YIPABIIHHSA PO3BUTKOM IIiNPUEMCTBA B YMOBax JClEHTpaizamii Mae OyTH OLIbII
CTPYKTYpOBaHHMM 1 MEeHII BUNaKoBUM. HeoOXiHO KepyBaTH LM HPOLECOM, 1100 BHXKHTH i PO3BHBATUCS B YMOBax
arpecuBHOIO PUHKOBOTO cepefoBumia. OnTHMallbHE KepyBaHHS BUPOOHMYMMH CHCTEMaMH SIK JUCKPETHUMHU
MaTPUYHUMH 00’€KTaMH Jla€ MOXJIMBICTH PO3IJsinaTy (DyHKIIOHYBAaHHS KOXKHOI 3 HHMX 3aJIS)KHO BiJl CTaHy IHIIUX Yy
MOMEHT 4Yacy t iX BUpoOHMITBa /10 yacy t + 1, mo MoB’sI3aHO 3 iX MOAAIBLUIMNM PO3BUTKOM Y ACLEHTPATi30BAaHOMY
cepenoBuILi. Pe3ynapraTy 1OCiKEHHS MOXKYTh Oy TH KOPUCHUMU ISl pO3pOOKH CHCTEM MOHITOPHUHTY Ta CTPATETIYHOTO
YIpPaBIIiHHSA MPOLECaMU PO3BUTKY BUPOOHUYHX IiNIPHEMCTB B YMOBaX JICLICHTpai3allii.

KuarouoBi cioBa: mignpueMcTBO, KOMIIaHis, (YHKIIOHYBaHHS, BHUPOOHMYA CcHCTEMa, JAepKaBa, 00 €qHaHi
TEepPHUTOpiaTbHI TPOMA/IH.
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