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3 SaTCIP Publisher Ltd., 36210 Vrnjačka Banja, Serbia, ORCID: 0000-0002-9242-274X

Corresponding author:
Anatolii V. Usov
Odessa National Polytechnic University
Department of Higher Mathematics and Systems Modeling
Schevchenko av. 1, 65044 Odessa, Ukraine
phone: +38050 5043797
e-mail: usov-a-v@opu.ua

Received: 24 September 2019 Abstract
Accepted: 2 December 2020 This article summarizes the arguments and counterarguments within the scientific dis-

cussion on identifying the enterprise’s state to evaluate its effectiveness and optimize the
target functions in solving enterprise development problems. The proposed scientific and
methodological approach to modeling the enterprise development management system un-
der decentralization conditions and its practical implementation makes it possible to de-
termine the dominant development parameters of manufacturing enterprises that influence
the United Territorial Community and to timely track the impulses and space of the Unit-
ed Territorial Community state, taking into account the PS state as parameters for its
development. The proposed analysis of the Production System state within the United
Territorial Community framework and evaluating its development dynamics shows the ne-
cessity of forming a system of generalized vector-scalar, situationally oriented indicators.

Keywords
Development, manufacturing enterprise, system modeling, production system, strategic
planning.

Introduction

Formulation of the problem

Administrative-territorial reform and decentral-
ization, which is defined as an essential prerequisite
for the significant social and economic development
of Ukrainian territorial communities, impacts the
formation and development of manufacturing enter-
prises in the territory of the United Territorial Com-
munity (UTC). Today, it is becoming increasingly
apparent that the synergistic interaction of manu-
facturing enterprises and their territories of basing
and justifying priority areas of development are of
great importance in the application plan.

Managing enterprise development under decen-
tralization is classified as a poorly structured pro-
cesses because it is characteristic of it [1–4]:
• high dynamism and speed of change of the exter-

nal environment of the UTC in which the enter-
prise exists [5];

• the emergence and intensification of the impact of
processes of globalization of the world economy on
an individual enterprise [6];

• strengthening the impact of the linkage of com-
plex socio-economic systems, both domestically
and through integration into a single world eco-
nomy [7].
On the one hand, the process of enterprise devel-

opment is becoming increasingly poorly structured
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and random. On the other, there is a need to man-
age this process to survive and develop an aggressive
market environment.

Analysis of recent research
and publications

Many scientists are researching the issues of
enterprise development management. Purposeful
change of parameters, structure, and properties of
the system in response to perturbation of the exter-
nal and internal environment of the enterprise – so
determine the adaptive approach to managing the
development of the enterprise [8, 9]. The evolution-
ary approach to development management has been
well expressed by American researchers Aslim and
Nevapti [10]: “the imbalance and irreversibility of the
evolutionary processes taking place in the world re-
quire the emergence of new models of management
in the enterprise, and each new model must be bet-
ter than that which is being replaced”. An innovative
approach involves managing the development of an
industrial enterprise based on the activation of inno-
vative activity, analysis, and implementation of in-
novative achievements in all spheres of economic ac-
tivity of the organization. British researcher Barton
[11] in a 2003 study, showed that a comprehensive
approach to managing enterprise development aims
to simultaneously develop many aspects of manage-
ment in their relationship – technical, environmen-
tal, economic, organizational, psychological, and so
on [12]. When implementing a marketing approach to
enterprise development management, its internal as-
pects are not given sufficient attention. For example,
the needs of production and personnel are ignored,
the dynamics of environmental changes are not taken
into account, new challenges of globalized markets,
etc. [13]. Under the process approach to industrial
enterprise development management, offer to under-
stand a series of consistent, continuous, interdepen-
dent actions achieving the goals of the enterprise. In
[14] offered to understand a systematic approach to
managing an enterprise’s development by studying
the object as a system where each economic phe-
nomenon is considered and evaluated in interaction
with others. On the contrary, all other elements of
the object and the processes that occur in it are in-
terconnected, taking into account both internal and
external factors [15].

Constructive analysis of the enterprise’s state and
evaluation of its development dynamics shows the
need for the formation of a system of generalized
vector-scalar, situation-oriented indicators [16–18].
Each level of analysis and the problematic situation
is answered by an aggregate set of estimates that

consider both individual indicators and their differ-
ent groups.

Many indicators essential for identifying an en-
terprise’s state are used to evaluate the effectiveness
of its operation and optimize the target functions
in solving the problems of managing the enterprise’s
development [18].

To implement the management of the costs
of heterogeneous resources – input vector V =
(V1, V2, ..., Vn) – owned by the enterprise over time t,
based on the current state of the enterprise and ret-
rospective analysis of its activities:

V (t) = Vro(t) + Vrm(t), (1)

where Vro – resources of operation; Vrm – manage-
ment (development) resources.

Because of the above, it is forming a control sys-
tem V (t) for enterprise development under decentral-
ization conditions is to determine the time-ordered
state of the enterprise, which is estimated by the vec-

tor X(t) = (x1(t), x2(t), ..., xr(t)) and its change
dX

dt
when performing functional properties.

Problem statement

The purpose of the article is to develop a scien-
tific and methodological approach to modeling the
control system of a manufacturing enterprise’s dy-
namic state in the conditions of decentralization and
the formation of indicators of its development.

Research methodology and methods

During the development of an enterprise, its ele-
ments and the structure of all its properties change,
including integrative ones, i.e., the Y (t) vector that
determines the initial characteristics. As a general-
ized mathematical model for managing the dynamic
development of the enterprise can use a model of the
following form:

dx

dt
= f(t, x, v, y), (2)

where x(t) – an n-dimensional phase vector; v(t) –
the vector of dynamic enterprise development man-
agement; y(t) – the vector of a functioning enter-
prise’s output indicators.

The task of managing the enterprise’s perfor-
mance should be considered a kind of optimal man-
agement tasks, offering the optimal use at each stage
of operation of all resources possessed by the Pro-
duction System (PS) (labor, energy, information).
To achieve the main at this stage of the goal sub-
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ject to many restrictions. The tasks of conditional
PS control optimization can be written as:

X0 = argextrP (x), (3)

where P (x) – a utility function.
The set of admissible solutions tau is given based

on meaningful analysis of PS with the restrictions in
the form of inequalities:

hi(x, qi) ≤ 0, i = 1, n (4)

and equality:

gi(x, qj) = 0, j = 1, n, (5)

where X(t) – the controlled state-space variable of
PS; hi, gi – operators that determine the structure
of a mathematical model of the corresponding con-
straint; qi, qj – tuples of quantitative parameters of
corresponding restrictions.

Outline of the main material

Starting from 2015, based on the concept of
reforming local self-government and territorial or-
ganization of government in Ukraine approved by
the Cabinet of Ministers of Ukraine (resolution of
the Cabinet of Ministers of Ukraine No 333-r of
01.04.2014), practical implementation of measures
related to the tasks of reforming the administrative-
territorial system has begun. Ukraine, particular-
ly with changes in the system of administrative-
territorial units, which, by definition of the Consti-
tutional Court of Ukraine, is considered a compact
part of Ukraine’s single territory, which is the spa-
tial basis for the organ State local self-government
bodies [19].

United communities have a broader range of re-
sponsibilities, first and foremost – community plan-
ning and economic development, attracting invest-
ment, business development, and budgeting, land
management, building permits, development of local
infrastructure, the provision of housing and commu-
nal services, the maintenance of streets and roads in
the community, the organization of passenger trans-
portation and public safety by municipal police, fire
protection. Therefore, administrative-territorial re-
form and decentralization, which is defined as an es-
sential prerequisite for the significant social and eco-
nomic development of territorial communities, im-
pact industrial enterprises’ formation and develop-
ment in the communities’ territory [20].

The process of forming United Territorial Com-
munities (UTC) can be called dynamic: 159 UTCs
were formed in Ukraine in 2015; as of 2016 – 366;
as of 2017 – 665; as of 2018 – 806; and as of Au-
gust 10, 2019, 936 United Territorial Communities

(UTC) have been formed in Ukraine, 55 of which
await the CEC’s decision to appoint the first local
elections in their territories. The total number of
UTCs includes those formed with centers in region-
al cities – 75 territorial communities joined 34 cities
of regional importance. The 936 UTC, as mentioned
above, brought together 4330 local councils. As of
August 2019, the UTC territory formed more than
a third (40.3%) of Ukraine’s total area. Such com-
munities are home to over 10.1 million people (rep-
resenting 28.6% of Ukraine’s total population). The
average number of territorial communities united in
one UTC is 4.5, and the average population of one
UTC is 13313. The largest number of UTCs were
created in Dnipropetrovsk (62), Zhytomyr (55), and
Cherkasy (57) regions. In the Transcarpathian (6),
Lugansk (17), Donetsk (11), and Kharkiv (19) re-
gions, however, the consolidation of territorial com-
munities continues at a much slower pace [20].

According to the analysis conducted by the ex-
perts of the financial monitoring group of the Cen-
tral Reform Office of the Ministry of Regional De-
velopment of Ukraine (based on the U-LEAD with
Europe program and SKL International), which are
made for the situation in the country the lowest
financial capacity indicators are usually character-
istic of most small communities. The exception is
the small communities where large real-sector en-
terprises and budget-forming enterprises are located.
A relationship between population size and financial
capacity can be explained because these relatively
large communities are more actively developing small
and medium-sized businesses that focus on sufficient
labor resources, a more capacious local market for
goods and services, and better prospects for sustain-
able development.

One of the best options for further development
for communities with low financial capacity and de-
mographics is joining them to other territorial com-
munities and creating a larger UTC in size and size.
Even if there are no clear economic prospects for de-
velopment at such a UTC, such an association will
enable the optimization of the territorial structure
of local councils, increase the efficiency of territorial
management, improve the investment attractiveness
and increase the level of expediency of investments
into the territory [21].

A community with a diversified economy is de-
prived of monofunctional dependence on one enter-
prise and has a greater chance of sustainable develop-
ment. The presence of extensive, incredibly strategic
enterprises of multinational companies contributes
to the development of small and medium-sized busi-
nesses that serve them or perform intermediary or
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contracting work (supply, packaging, design, design,
sales, logistics, transport, food, advertising, trade,
support, security). Therefore, the more high-yielding
businesses with high productivity and high value-
added work in the community, the higher the quality
of life.

The decision to optimize the functioning of the
production system in the context of decentralization
is related to the definition of a metric in which the
quality of solutions is compared with the utility func-
tion.

The identification of the state of the enterprise
based on a comprehensive assessment of the state of
the enterprise takes into account the financial and
economic activity of the enterprise, the production
component of the enterprise, innovation, investment
and social aspects of functioning, and the impact of
the enterprise’s activity on the environment.

Developing a production system is sufficient if it
ensures the system’s development towards achieving
strategic goals. It means that the system’s integra-
tive property’s quantitative or qualitative character-
istics change toward improvement. Appropriate per-
formance indicators should be introduced as criteria
for the optimization of development management in
the form of maximum functional:

J(y) =

T∫
0

F (x, y)dt, (6)

where x(t), y(t) – managed and output state vari-
ables of the production system.

The function y(t) is constrained:

0 ≤ y ≤ x. (7)

Solving PS development management problems
requires information support provided by ACS. How-
ever, they are focused on maintaining the function-
ing of the enterprise and not on managing develop-
ment processes. It became a prerequisite for creating
a development management subsystem and a deve-
lopment strategy system as part of the ACS enter-
prise [22].

The formation of management for each group of
processes consists of the sequential implementation
of the stages: control, diagnosis, prediction of states,
the formation of control effects, the relationship of
which is shown Fig. 1.

Analysis of existing enterprise management sys-
tems [23] shows that they have several disadvantages:
• no functional development subsystem is allocated;
• interaction with the environment is not fully taken

into account.
The current topic of research on management

effectiveness is the assessment of the activities of
a single territorial community, on the territory of
which there are several enterprises, including the
city-forming ones in terms of indicators: the vol-
ume of own resources in the community budget per
inhabitant; economic self-sufficiency of the commu-
nity; community expenditures on management and
capital expenditures per capita [24].

Fig. 1. Connection of development and functioning of production system.
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Fig. 2. Structural diagram of a developing enterprise model in interaction
with the external environment.

United territorial communities and businesses
share a common goal of development – to increase
revenue, which is achieved by increasing competi-
tiveness and attracting innovative high-performance
investments that will provide a high level of added
value.

Therefore, by presenting UTC as an external en-
vironment, a developing enterprise model can be rep-
resented as the following block diagram (Fig. 2).

Here, UTC is a unified territorial community; X –
vector-function of production and technological pro-

cess of the enterprise;
dx

dt
– PS functioning; Vp2 –

production management system; Vp1 – development
management system; Vp3 – UTC interaction manage-
ment system; Vpk – a matching system that provides

the UTC – x(t)
dx

dt
interaction.

UTC restructures its state q(t) following the vec-
tor Vp1 acting in the form of initiating control. The
transformation of resources determines PS activity
into a final product. Resources and products are con-
sidered, for example, finance, material values, intel-
lectual and professional qualities of PS employees.

PS activities include various processes to get the
final product or result and cover all production func-
tions – planning, development, design, logistics, pro-
duction technology, verification, quality assurance,
and implementation. It uses the technologies of the
necessary process of activity and the corresponding
technological processes.

For different businesses in the territory of UTC,
their business process technologies are in place.

Besides, the enterprise’s fundamental processes
are implemented processes of management, commu-

nication, organization of production, and ensuring
interaction with the external environment (UTC).

Enterprises use in their work:
• basic processes – P1i;
• technology changes in staff quality and quantity –
P2i;

• organizational technologies (management, com-
munications, decision-making and implementation
technologies – P3i;

• interaction with the environment – P4i;
• Information Technology – P5i.

The development of enterprises to improve the
efficiency and competitiveness possible through in-
novation, products, and technologies.

Suppose that UTC contains n enterprises. Each
enterprise’s economic condition is characterized by
an m-dimensional vector: xi = (xi1, xi2, ..., xim)
variables that determine the i-th enterprise’s func-
tioning.

It is assumed that the random effects on the PS
are small enough and can be neglected. Each UTC
enterprise has complete information on macroeco-
nomic parameters. Interactions between different en-
terprises can be neglected.

Then there is a relationship between time and the
rate of change in economic indicators in the form of
a system [25]:

dxij
dt

= qf ij(xi, y), (8)

where y – output variables of PS; q – the rate of
establishment of microeconomic variables.

Thus, the enterprise as a dynamic system is main-
ly determined by the change in microeconomic va-
riables.
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For UTC, within which a city-forming enterprise
is located, it is essential to know how to manage sus-
tainable development to increase its efficient produc-
tion.

We consider the enterprise as a PS with variables
that characterize its functional activity. All variables
acting on or related to PS should be divided into
three sets:
• input variables v1, v2, ..., vm that characterize the

external influences on the system inputs;
• state variables x1, x2, ..., xn – internal variables,

the totality of which fully characterizes the prop-
erties of the system;

• output variables y1, y2, ..., yr, representing those
reactions to external influences and those states of
the system that relate to the system performance
indicators.
For example, input variables v1, v2, ..., vm of PS

can be all kinds of resources consumed by the system,
investments, innovations, advanced technologies, and
the updating of actual production means.

The state variables xi includes the depreciation
of fixed assets, the enterprise’s profitability, the effi-
ciency of using fixed assets, production capacity, and
their implementation efficiency.

The initial variables yi include financial coeffi-
cients PS such as product profitability, turnover indi-
cators, fund return, market stability indicators, com-
petitiveness, social, budgetary, and environmental ef-
ficiency.

The PS itself in the UTC structure can be repre-
sented as a “black box” with m inputs and r outputs,
each associated with a corresponding variable.

Consider the set of inputs as one generalized in-
put influenced by the vector v(v1, v2, ..., vm), and the
set of outputs – as a generalized output, character-
ized by the output vector y(y1, y2, ..., yr). State vari-
ables are related to the x(x1, x2, ..., xn) vector sys-

tem’s intrinsic properties and their
dx

dt
changes dur-

ing production.
PS, its inputs and outputs are three interrelated

objects determined in each case according to the sys-
tem’s description (structure and properties of com-
ponents or mathematical model of PS) and specify-
ing sets of input and output variables. Depending
on which object needs to be identified (including the
other two), the research goals may differ (Table 1).

Table 1
The tasks of research of the state of the production system.

Task Inputs System Outputs

Analysis + + ?

Synthesis + ? +

Diagnosis ? + +

The solution to any of these problems is related
to the PS status study.

Assuming the state PS is continuous at each time
t, we write the matrix equations that characterize the
operation of this system:

dx(t)

dt
= F [x(t)] ,

y(t) = U [x(t), v(t)] .

(9)

The first of expressions (9) is the equation-of-
state PS whose solution satisfying the condition x0 =
x(t0) gives the vector of PS development:

x(t) = ψ [x (t0) , v(t)] . (10)

The second equation determines the output vari-
ables depending on x(t) and v(t), and so it is called
the output equation.

Under UTC conditions, the production system is
additive, so equation (9) takes the form:

dx(t)

dt
= A(t)x(t) +B(t)v(t),

Y (t) = C(t)x(t) +D(t)v(t),

(11)

where A(t) – the system’s matrix (square n-th or-
der); B(t) – the size of control matrix (n×m); C(t)
– the size of output matrix (r× n); D(t) – the input
matrix of size (r ×m).

For stationary production systems, the elements
of the matrices A, B, C, D are expressed by constant
numbers, which are functions of the parameters of
the components of PS. A – the main matrix of the
system that determines the nature of production; B –
communication matrix; the structure of this matrix
determines the nature of the PS login relationship
to the various production system variables; C – the
matrix of the relation of PS variables to the output
variables of the vector function Y (t); D – the cou-
pling matrix that directly connects the input vector
v(t) PS with the output vector Y (t). The structure
of this matrix determines how compelling input fea-
tures (e. g., increasing PS innovation performance)
affect different outputs Y (t) (e. g., the profitability
of output) (Fig. 3).

The most complex structure are PSs with non-
linear dependencies between variables at their inputs
and outputs. The equation of state of such PS can
be represented in the form (11) [26]:

dx(t)

dt
= Ax(t) +Bv(t) + Fz(t),

f [x(t), z(t), v(t)] = 0,

(12)

where A, B, F – constant matrices; f(x, z, v) – a non-
linear algebraic equation whose solution regarding
the vector z(t) allows us to exclude this vector from
the differential equation.
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Fig. 3. Functional diagram of the production system.

Let PS be described by the equation-of-state
x(t) = Ax + Bv, a matrix entry of a differential
equations system with constant coefficients in the
standard form. Its solution, which satisfies the ini-
tial conditions x0 = x(0) for the state vector x(t)
and the output vector Y (t), has the form:

x(t) = φ(t)x(0) +

t∫
0

φ(t− r)Bv(r)dτ,

Y (t) = Cφ(t)x(0) +

t∫
0

Cφ(t− τ)Bv(τ)dτ +Dv(t).

(13)
The first additive in (13) corresponds to the reac-

tion of PS, depending on the initial conditions (pro-
duction operates in the regular mode), and the oth-
er additives – the reaction to the input influences
(for example, introducing investments in fixed capi-
tal, the number of advanced technologies used).

The fundamental matrix φ(t) = eAt = expAt is
called the transition matrix of the PS state. It reflects
the initial state of enterprise x(0) to some state for
the time t (at zero inputs), i.e., x(t) = φ(t)x(0).

When PS is started, when x(0) = 0 and the input
vector v(t) are not connected to the output vector
Y (t), D = 0, the relation describes the relationship
between the output and input response:

Y (t) =

t∫
0

Cφ (t− τ)Bv(τ)dτ =

t∫
0

g(t− τ)v(τ)dτ.

(14)
The matrix g(t) = Cφ(t)B is a generalized char-

acteristic of PS regarding its input and output vari-
ables. The reaction to the i-th output of the enter-
prise can be written in the form:

yi(t) =

t∫
0

[gi1(t− τ)v1(τ) + gi2(t− τ)v2(τ) + ...

+ g1m(t− τ)vm(τ)] dτ,
(15)

where gij(t) is the ij-elements of the matrix g(t),
which describes the effect of the corresponding in-
put parameter and is equal to the reaction yij(t) at
the i-output relative to the j-input, provided that all
other inputs zero, that is:

yij(t) =

t∫
0

gij(t− τ)vj(τ)dτ,

i = 1, r, j = 1,m.

(16)

The right side of equality (15) is a convolution
of functions g(t) × v(t) [26]. Given the properties of
the convolution of functions [26], the expression for
yij(t) can be written in four different ways, given
the simplification of the notation of scalar functions
yij(t)− y(t) and vj(t)− v(t):

y(t) = g(t)× v(t) =

t∫
0

g(t− τ)v(τ)dτ

=

t∫
0

g(τ)v(t− τ)dτ =

t∫
0

h(t− τ)v′(τ)dτ

=

t∫
0

h(τ)v′(t− τ)dτ,

(17)

where h(t) is a function whose derivative defines g(t)
by its argument, i.e.:

g(t) =
dh(t)

dt
, g(t− τ) =

d

d(t− τ)
h(t− τ).

The scalar functions g(t) and h(t) are called, re-
spectively, the impulse and transient characteristics
of PS. The economic interpretation of these functions
can be given by g(t) – an innovative short-term com-
ponent; h(t) – the PS state’s reaction and its initial
characteristic from the short-term use of an innova-
tive component.

Suppose the input vp(t) of the development re-
source at time τ is input to PS. Then, by the mean
property [26], the output response will be represent-
ed as:
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Y (t) =

t∫
0

g(t− τ)vp(τ)dτ = g(t−Θ)

t∫
0

vp(τ)dτ

= g(t−Θ)× Su,
(18)

where 0 < Θ < t, Su – the value of the component
vp(t) of the development resource.

Therefore, g(t − τ) can be considered as a reac-
tion of PS to the component vp(t) = δ(t−τ) function
applied at the input at time τ . If the D-matrix of
the relation of the input vector v(t) of PS with the
output vector Y (t) is not zero, ie D 6= 0, then the
characteristic g(t − τ) is vp(t) is determined by the
expression:

g(t) = CeAtB +Dδ(t),

h(t) = C(eAt − E)A−1B +D,

where δ(t) – a function of short-term input to the
PS input component vp(t) of the enterprise develop-
ment management resource; h(t) – the reaction to
the function δ(t) applied at the initial time t = 0.

This model allows estimating UTC impulses for
PS development while assessing enterprises’ perfor-
mance and their impact on UTC indicators.

Depending on the development goals of the enter-
prise, compromise criteria can be used in the UTC
structure. For example, in the initial stages of system
development, it is necessary to achieve the targets in
each development period and ensure the highest out-
puts.

The choice and the relative hierarchy of one or
another criterion are related not only to the specifics
of development and operation, the enterprise but also
to the general structure of its economic and math-
ematical models. The main groups of restrictions
within which the development and operation of the
enterprise are:
• resource constraints (resources, development

fund) and capacity constraints;
• balance constraints that link the individual ele-

ments and subsystems;
• restrictions on the value of technical and econom-

ic indicators characterizing various aspects of the
system’s development and functioning.
An essential step in the development of PS is the

assessment of sustainability. The problem of manag-
ing the sustainable development of business entities
is complex and diverse. According to Lyapunov, the
theoretical apparatus of stability analysis can not be
fully applied to the class of organizational and tech-
nical systems to which PS belongs. The concept of
sustainable development of the enterprise contains
components of efficiency of functioning and develop-

ment. However, there is some benefit to analyzing the
results of enterprise development modeling in terms
of controllability and observation of this process. To
do this, to the equation of a linear system describing
the state of PS:

dx(t)

dt
= Ax(t) +Bv(t),

y(t) = Cx(t) +Dv(t),

we apply the Laplace transform [26]. In the operator
form, the PS state looks like:

PX(p)−X(0) = AX(p) +BV (p),

Y (p) = CX(p) +DV (p).
(19)

From here, we obtain the solution for the state
vector X(p) and the source vector Y (p) in the im-
ages:

X(p) = (PE −A)
−1

[X(0) +BV (p)] ,

Y (p) = C (PE −A)
−1
X(0)

+
[
C (PE −A)

−1
B +D

]
V (p).

(20)

Here, the matrix φ(p) = (PE −A)
−1 is an image

of the transition matrix of the state φ(t).
Thus, the transition matrix PS φ(t) = exp(At)

can be calculated by converting the matrix F (p) =
PE − A and the subsequent transition from
(PE −A)

−1 to its original.
Provided that the state PS in the operator form

in the initial state x(0) = 0, the original vector takes
the form:

Y (p) = [Cφ(p)B +D]V (p) = F (p)V (p). (21)

The matrix F (p) = Cφ(p)B + D is called the
transfer function. This matrix’s economic meaning
forms the link between converting raw materials into
a product and the output variable – the profit from
the sale of finished products.

The image of the i-th source variable contains:

Yi(p) =

m∑
j=0

Fij(p)Vj(p). (22)

The elements Fij(p) of the transfer matrix F (p),
which can be scalar transfer functions from the i-th
input to the j-th output. Knowing:

Fij(p) =
Yi(p)

Vj(p)
. (23)

Fij(p) can be correlated between the V values of
investment costs and the transition characteristic Y
of the component vp(t) of the enterprise development
management resource and the response of the output
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vector Y (t). It could be a change in production prof-
itability, an increase in fixed assets’ value, and PS’s
profitability. It allows us to estimate the impact of
each production system on the development indica-
tors of UTC.

Thus, the transfer function Fij(p) is the image of
gij(t), and the image of the transition characteristic

hij(t) =
Fij(p)

p
.

To obtain gij(t) and hij(t), it is enough to go from
the image to the original using the Laplace inverse
transform [26] g(t) and h(t).

PS will be managed if all variables

x(t) = x (x1(t), x2(t), ..., xn(t))

depend on the input effects

v(t) = v (v1(t), v2(t), ..., vv(t)) .

A PS is called observable if xi(t) is associated with
at least one output yj(t). The full observation of
PS means that there is such an influence v(t) that
the reactions at the outputs y(t) at a time interval
0 ≤ t ≤ T can determine the initial state x(0) of the
system.

Conclusions

The proposed scientific and methodological ap-
proach to modeling the enterprise development man-
agement system under decentralization conditions
and its practical implementation will allow deter-
mining the dominant development parameters of
manufacturing enterprises that impact UTC and
to timely track the impulses and space of the UTC
states taking into account the PS state as parameters
for its development. The proposed analysis of the PS
state in UTC’s framework and evaluation of its devel-
opment dynamics shows the need to form a system
of generalized vector-scalar, situationally oriented
indicators. The presented PS indicators in the form
of state vector x(t), input v(t) and output vector
y(t) can be essential for identifying the enterprise’s
state and evaluating its functioning, and optimizing
target functions in solving problems. Strategic enter-
prise development. Identification of the enterprise’s
state based on a comprehensive assessment of its
state vector-functional components v(t), x(t), y(t)
allows taking into account the financial activity, pro-
duction, and investment-innovation activity of PS.
It will contribute to the development of both UTC
and manufacturing enterprises in their territories
and obtain the corresponding economic benefits: the
rise of economically backward enterprises and terri-

tories; the diffusion of new technologies, new prod-
ucts, and the development of the innovation sector;
increasing employment and increasing demand for
skilled labor, a qualitative change in modern life;
high cost-effectiveness and profitability; stimulating
new business.

References

[1] Durmanov A., Bartosova V., Drobyazko S., Mel-
nyk O., Fillipov V., Mechanism to ensure sustain-
able development of enterprises in the information
space, Entrepreneurship and Sustainability Issues,
7, 2, 1377–1386, 2019.

[2] Lankoski L., Alternative conceptions of sustainabili-
ty in a business context, Journal of Cleaner Produc-
tion, 139, 847–857, 2016.

[3] Olszewska B., Piwoni-Krzeszowska E., Factors in-
fluencing company relations with market stakehold-
ers, in the face of crises in company development,
Management and Production Engineering Review,
5, 2, 45–53, 2014.

[4] Lozano R., Holistic perspective on corporate sustain-
ability drivers, Corporate Social Responsibility En-
vironmental Management, 22, 32–44, 2015.

[5] Boadway R., Dougherty S., Decentralisation in
Globalised World: Consequences and Opportuni-
ties, OECD Working Papers on Fiscal Federalism,
No. 21, 2015.

[6] Chen A., Nicolaas G., The national and regional ef-
fects of fiscal decentralisation in China, The Annals
of Regional Science, 51, 3, 731–760, 2013.

[7] Villiers C., A new conceptual model of influences
driving sustainability based on case evidence of the
integration of corporate sustainability management
control and reporting, Journal of Cleaner Produc-
tion, 136-A, 78–85, 2016.

[8] Baskaran T., Feld L.P., Schnellenbach J., Fiscal fed-
eralism, decentralization, and economic growth: A
meta-analysis, Economic Inquiry, 54, 3, 1445–1463,
2016.

[9] Aslim E.G., Neyapti B., Optimal fiscal decen-
tralization: Redistribution and welfare implica-
tions, Economic Modelling, 6, 224–234, 2017, doi:
10.1016/j.econmod.2016.12.008.

[10] Moore S.B., Manring S.L., Strategy development in
small and medium sized enterprises for sustainabil-
ity and increased value creation, Journal of Cleaner
Production, 17, 276–282, 2009.

[11] Barton T.L., Shenkir W., Walker P., An integrated
approach to risk management: is it worth it to do [in
Russian], Moscow – St.P.: Williams, p. 208, 2003.

54 Volume 11 • Number 4 • December 2020



Management and Production Engineering Review

[12] Hamrol A., A new look at some aspects of main-
tenance and improvement of production processes,
Management and Production Engineering Review,
9, 1, 34–43, 2018.

[13] Taurino T., Using collaborative management in in-
dustrial clusters – case study of italian energy clus-
ter, Management and Production Engineering Re-
view, 9, 4, 138–149, 2018.

[14] Fiksel J.,A systems view of sustainability: The triple
value model, Environmental Development, 2, 138–
141, 2012.

[15] Crofton F.S., Educating for sustainability: oppor-
tunities in undergraduate engineering, Journal of
Cleaner Production, 8, 397–405, 2000.

[16] Dirks K., Lewicki R., Zaheer A., Repairing rela-
tionships within and between organizations: building
a conceptual foundation, Academy of Management
Review, 34, 1, 68–84, 2009.

[17] Navickas V., Malakauskait′e A., The impact of clus-
terization on the development of small and medi-
umsized enterprise (SME) sector, Journal of Busi-
ness Economics and Management, 10, 3, 255–259,
2009.

[18] Heitz V.M., Ukrainian economy: long-term devel-
opment strategy and policy [in Ukrainian], Kiev:
Phoenix, p. 1008, 2003.

[19] Melnik L.G., Fundamental bases of development
[in Russian], Sumy: Universitetskaya kniga, p. 288,
2003.

[20] Judgment of the Constitutional Court of Ukraine
of 13.07.2001 No. 11-rp/2001, https://zakon2.ra-
da.gov.ua/laws/show/v011p710-01 (date of appeal:
14.09.2019).

[21] Zhalilo E.A., Shevchenko O.V., Romanova V.V.,
Branch Decentralization: Medium-Term Agenda:
Analytical Report [in Ukrainian], Kyiv: National In-
stitute for Strategic Studies, p. 115, 2019.

[22] Decentralization of branch, http://decentraliza-
tion.gov.ua (date of appeal: 14.09.2019).

[23] Nekrasova L.A., New aspects of strategic develop-
ment of industrial enterprises of Ukraine in the con-
ditions of decentralization [in Ukrainian], Economics
of the Food Industry, 11, 2, 38–46, 2019.

[24] Storonyanskiy I.Z., Decentralization in Ukraine and
its Impact on the Socio-Economic Development of
Territories: Methodological Approaches and Evalu-
ation Results: Sciences [in Ukrainian], Storonyan-
skiy I.Z. [Ed.], Lviv: IRD of NASU, p. 144, 2018.

[25] Dubovy V.M., Kvetnyi R.N., Mikhalev A.I.,
Usov A.V., Systems modeling and optimization [in
Ukrainian], Vinnytsia: Edelweiss, p. 804, 2017.

[26] Oborsky G.A., Daschenko A.F., Usov A.V., Dmitr-
ishin D.V., Systems modeling [in Russian], Odessa:
Astroprint, p. 664.

Volume 11 • Number 4 • December 2020 55


