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ABSTRACT

One of the main directions of systems research is systems analysis and systems approach. Systems theory, as a subdivision, is
one of its main concepts and, along with model theory, control theory, and information theory, belongs to the methodological base in
scientific research. It is essential to examine the laws and principles that facilitate effective research into the structural transformation
of research organization. In practice, a systems approach involves systems coverage, systems representation, and systems orientation
in research. System coverage requires considering the problem from different aspects and perspectives. Systems representation is
achieved by building a single model that can replace a real object and provide relevant information about the object being modeled.
Using systems analysis, an assessment of the network topology is carried out - the number of substations, line lengths, voltage levels.
The formation of systemology is based on a systems approach and is used in the construction of more intelligent control systems.
Ensuring the organization of research is of no small importance, which means identifying the problem; internal analysis of the
problem; external analysis of the problem; system identification: goals, constraints, trends, factors, properties; model synthesis;
model behavior analysis — system operation modeling; system optimization. Planning an optimization experiment, experimental
model identification. Analysis of the results of the experiment with the model. Interpretation of the results in relation to the system
solving the problem P. Solution implementation. Within the framework of the system approach, the tasks of analysis and synthesis
are interconnected, alternating with a given regularity and characterizing two sides of a single cycle in the research process. The
described cycle of problem solving applies to both the quantitative and qualitative system approaches. In this case, identification and
imitation are implemented at an intuitive, heuristic level. The main disadvantage of the qualitative approach is that counterintuitive
behavior that manifests itself in complex socio-economic systems is overlooked and not analyzed. The advantage of the qualitative
approach over the quantitative one is a significant saving of time and money for conducting research. The set of methodological tools
used to prepare and justify decisions regarding complex, scientific, and technical issues includes system analysis. System analysis is
defined as a set of methods for studying complex objects by presenting them in the form of systems and further analyzing such
systems. The order of stages of system analysis includes: problem formulation (choosing the object of study, determining the goal
and criteria for its study); isolation and structuring (or decomposition) of the system under study, i.e., dividing it into subsystems that
are relatively clearly described; creation of a mathematical model of the system. The article presents graphical and analytical stages
of making evaluative management decisions based on network modeling. The results obtained proved the feasibility of using a
structured system-parametric approach in the study of power supply systems. This is the difference between system analysis and the
local approach, which consists of studying the structure and functional features of autonomous, separately taken elements of the
system. The inability to comprehensively cover all parties, connections and «mediation» allows, during the system analysis, on the
one hand, to strive for maximum completeness of the description, and on the other hand, to carry out a reasonable simplification of
the object. This is especially relevant and appropriate in the field of research on processes in power supply systems.
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INTRODUCTION characterized by the widespread use of a systematic

approach to their study. A systematic approach is a

comprehensive study of complex technical systems

as a single whole from the perspective of systems
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The current stage of development of technical
systems, including electrical engineering systems, is
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for studying any objects by representing them as
systems and analyzing these systems.

The general methodological basis for studying
complex systems is the use of the deductive method
of studying object models. In this regard, the basic
concept in the scientific study of any object is the
object model, which represents a simplified
description or simulation of the structure of the
object, the process of functioning (behavior) of the
object in interaction with the environment. Thus, any
guantitative description of an object, which is
naturally incomplete, should be accepted as part of
the modeling process, i.e., a description of the
model, but not of the object. When describing and
studying an object, it is important to distinguish
between the concepts of an element and a system.
Any object functions in an environment.

The methodological specificity of the
systematic approach is determined by the fact that it
focuses research on revealing the integrity of the
object and the mechanisms that ensure it, on
identifying various types of connections of a
complex object and combining them into a single
theoretical picture. That is, researching its properties
as a single whole, a single system [1].

The environment consists of factors that are
external to the system and have a significant impact
on it. Considering the postulate of open systems—the
exchange of energy, matter, and information—it is
relevant to study the systemic approach in general
and systemic analysis in particular with regard to the
interaction of the object of study with the external
environment.

The purpose of this work is to study the
methodology of applying a systematic approach in
scientific research regarding the possibility and
feasibility of its implementation in the field of
analysis and synthesis of complex electrical
engineering objects using the example of a modern
power supply system.

RELATED WORKS

System analysis is a methodological tool that
allows identifying, describing, and optimizing the
structure, functions, and interrelationships of
complex technical systems. In the energy sector, the
objects of system analysis are electric power systems
(EPS), which include power sources (PS), power
lines, transformer substations, consumers, and
control systems.

According to the classic works of L. von
Bertalanffy and N. Wiener, any complex technical
system is characterized by integrity, structure, and
the presence of feedback loops [2], [3]. These

principles became the basis for the development of
system analysis in the energy sector, which took
shape in the 1960s-1980s in the works of J.
Forrester, R. Ackoff, D. Kleiner, V. Glushkov, and
other researchers [4], [5], [6]-

In modern energy, a systematic approach is
necessary to solve problems related to optimizing
the operating modes of energy systems, assessing
reliability, forecasting electricity consumption, and
managing power flows [7].

The domestic scientific school of systems
analysis in energy is represented by the works of O.
M. Sukhodol, S. I. Chumachenko, O. G. Melnik, S.
P. Denisyuk, and others.

Sukhodolia O. M. emphasizes that a systematic
approach allows formalizing the decision-making
process in planning the development of energy
systems and ensures coordination between technical,
economic, and environmental criteria [8].
Chumachenko S. I. (2018) emphasizes the
importance of systematic analysis for assessing the
reliability of energy systems, proposing methods for
modeling failures and optimizing reserves [9].
Melnik O. G. and others consider the energy system
as part of an ecological and economic complex in
which energy is a basic element of sustainable
development. The author notes that a systematic
approach allows for the consideration of inter-
sectoral links between energy, ecology, and the
economy [10]. Denisyuk S. P. studies the application
of a systematic approach in the context of the
digitalization of energy and the development of
Smart Grid. He defines smart grids as open, dynamic
systems that combine energy and information flows.
His research focuses on developing systems that
automatically respond to changes in the grid,
optimize energy flows, and ensure the stability of the
power system as a whole [11].

Fedorchuk S. O. and Nemirovsky 1. A. use
system analysis to model energy balances and
optimize distribution network configurations [12].

In foreign scientific literature, the systematic
approach is widely used for: planning the
development of energy systems; modeling energy
and information flows; analyzing the reliability of
electrical networks; optimizing the integration of
renewable energy sources [13]. Thus, Billinton &
Allan developed systematic methods for assessing
the reliability of electrical systems based on
probabilistic modeling. Lund's research is devoted to
the systematic planning of the integration of wind
and solar power plants into the grid, which requires
the use of a systematic approach to balance energy
production and consumption [14].
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RESEARCH METHODOLOGY

The history of the systems approach developed
primarily out of the need to develop a methodology
for studying complex (large) systems, which could
not be described using any specific mathematical
theory. General systems theory involves the
development of general methodological principles
for studying systems.

The following main tasks can be identified in
systems theory:

— development of a unified formalized method
for describing systems of any nature as a holistic
entity;

— building generalized models of systems and
their functioning processes;

— studying the internal organization of systems
at the level of the structure of goals, objectives, and
functions of the system;
research of information,
material flows within the system;

energy, and

— research into behavioral and management
processes;
— determining the properties and

characteristics of the system.

The tasks listed above are exclusively systemic
and were not developed by classical sciences prior to
the development of systemic concentrations. The
failure of attempts to define a system at the verbal
level is probably due to the complexity and diversity
of the manifestation of system properties. Therefore,
two concepts are currently emerging in the definition
of a system. The first concept is based on a complete
definition of a system based on a list of its most
general and essential properties. The second is based
on a broad interpretation of the concept of a system
at a level of abstraction that would allow us to cover
the entire diversity of existing systems. When
studying power supply systems, the basic principles
of a systematic approach are applied.

1. Integrity — viewing the power system as a
single entity, where the operation of each element
(generator, substation, consumer) affects the
efficiency of the system as a whole.

2. Hierarchy — the system is divided into
levels: national EPS — regional energy systems —
local networks — individual consumers.

3. Interdependence of elements — a change in
the load mode of one consumer affects the voltage,
frequency, and energy loss parameters throughout
the entire system.

4. Optimality — system analysis involves
searching for optimal solutions regarding network

structure, transformer placement, reactive power
compensation, etc.

System analysis in the field of power supply
systems usually includes the following stages [15]:

— setting the task — defining the research
objective (e.g., reducing electricity losses or
improving supply reliability);

— system model development — description of
key elements (source, network, consumer) and their
interrelationships;

— collection of initial
characteristics of equipment,
consumption graphs;

— analysis and synthesis of structure
determination of optimal network configuration,
selection of line cross-sections, transformer types,
backup schemes;

— performance evaluation — technical and
economic analysis of various system options
(minimum losses, maximum reliability, optimal
cost);

— decision-making and  optimization
selecting the best solution based on technical,
economic, and environmental criteria.

The practical application of the systematic
approach is used in the following areas: optimization
of the structure of electrical networks. With the help
of systematic analysis, the topology of the network
is assessed — the number of substations, the length of
lines, and voltage levels. For example, the use of
linear programming or simulation modeling methods
allows minimizing power losses in low-voltage
networks. In terms of analyzing the reliability of the
power supply system, the systematic approach
involves building models of component failures
(generators, cables, switching devices) and assessing
the probability of an uninterrupted power supply
system. Such calculations form the basis for the
creation of backup power supply schemes. The focus
on a systematic approach is reflected in the
construction of intelligent control systems. Recent
studies [16] demonstrate that system analysis is the
basis for designing Smart Grids-intelligent electrical
networks that integrate energy, information, and
communication technologies. Such systems use
system analysis algorithms to optimize energy flows,
balance loads, and reduce energy consumption.

One of the main general requirements of system
analysis is adaptability. Adaptability means that the
system must adapt to changes in consumption,
emergencies, and fluctuations in frequency and
voltage.

If an object model is defined only by describing
its behavior in the environment, then we will call

data technical
load parameters,
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such a model a system element. By defining an
object as a system element, we thereby abstract from
the internal processes occurring within the system.
With a more complete description of the object
(penetrating its structure and processes), the model
is interpreted as a system. This sufficiently
characterizes the feasibility of such an approach for
analyzing processes in systems that are difficult to
describe mathematically, such as the power supply
system.

The various definitions of the concept of an
«abstract system» can be summarized as follows [1]:
let Z be a certain property of an object, M be a
certain set of objects constituting it, and R be a
relation on the set M. If a certain relation R appears
on M, this does not mean that this set forms a
system. Objects meM form a system only if a
certain relation that interests us is satisfied on m.
This means that relation R must possess a certain
property that interests us. According to L.
Bertalanffy, this relation is a connection; in other
cases, it is a relation of order. Thus, a set forms a
system when a predetermined relation R with fixed
properties P is realized on it.

Using the property as a pair relation, M.
Mesarovic gave an even shorter definition: a system
is a relation or a proper subset of Cartesian products
on M [2]. According to the above, it is quite natural
to define a system as a relation in the language of set
theory (objects) M; forming the system, and relations
R; defined on this family of sets, each of which is a
subset of the Cartesian product of sets M, i.e.,
RcM;x...xM,.

The variety of possible objects and types of
relations encountered in real systems necessitates the
introduction of a universal (empirical) system of
relations. Let us call a system with relations a tuple
S=<My,....M;;R,...,R, >, whose components
are a family of sets of objects M, ..., M, and a family
of sets of relations Ri,...,Rm. If a tuple has one
relation R, then the model reflects one side, one
aspect of the system, then S=<M,R>. The
complexity of systems does not allow for a complete
description, so the system is presented in the form of
a model. A model of a system is a description of it in
terms of operations that connect objects (elements)
of the system, and modeling is the process of
constructing and studying the model. Modeling is
based on preliminary study of the object,
identification of its essential characteristics
(properties) from the perspective of the research
objective, and construction of a wverbal and then
mathematical model of the object and study of the

model. A mathematical model can be defined as a
set of mathematical objects and the relationships
between them. Systems theory models have a weak
mathematical structure (they do not provide a
detailed description of the system), but that is why
they have a commonality that allows them to
describe complex systems that are not amenable to
detailed mathematical analysis [17].

When choosing a model, it is essential to
determine the quality of the reflection of the
system's properties in the model's properties, i.e., the
adequacy of the model to the object. The adequacy
of the model is related to concepts such as
isomorphism and homomorphism. A model is called
isomorphic if its properties are identical to those of
the real system. Two systems or their models
<M,Ry,...,Ry > and <N,Q,....Q; > are
isomorphic if they are similar, i.e., they have the
same number (s=t) and separate relations (for

example, R(m;,m,) and Q(ny,n,)). In addition,
there exists a one-to-one mapping ¢:M — N such

that if n=¢(m;) and n;=¢(n;), then
m;Rm; < nin;.

Mutual unambiguity implies the existence of a
reverse reflection bLNSM. Mutual

unambiguity is a very strict condition, and due to the
complexity of systems, in many cases it is
impossible to implement it when building a model
[18]. Therefore, simplified modeling is used-the
construction of a homomorphic or similar model for
which only the condition of unambiguous
correspondence is preserved.

Thus, model building involves two stages. At
the first stage, the researcher constructs a verbal
homomorphic model of the system, i.e., a simplified
description of it, an abstraction, a departure from the
properties of the object that are irrelevant to the
achievement of the given goal. In the second stage, a
model is constructed that is isomorphic to the
previously  obtained = homomorphic  model.
Isomorphism as a relation has the properties of
reflexivity, symmetry, and transitivity and therefore
generates a class of isomorphic models [19], [20].

The model can reflect the internal structure of
the object and reproduce the relationships between
its elements. In other cases, when the internal
structure of the object is unknown, the model
reflects only its behavior or functioning, determining
the dependencies between the inputs and outputs of
the system. Such a model is called a “black box.” By
influencing the inputs of the system and observing
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its outputs, the researcher can construct a
relationship equation that gives an idea of the
processes occurring in the system. An example of
this research method is the construction of a
response  function  (regression  model) in
experimental design.

The structure of systems can be classified as
follows.

1. By the number of levels of division of the
system into subsystems. There are single-level and
multi-level systems. The latter, in turn, can be
homogeneous (the functions and characteristics of
subsystems of the same level are identical) and
heterogeneous;

2. According to the principles of management
and subordination. There are decentralized,
centralized, and mixed systems;

3. By functions performed and intended
purpose. A distinction is made between the structure
of planning, operational management, information,
and other systems. Depending on the constancy of
the number of system elements with fixed (rigid)
and variable (controllable or variable) structures;

4. By the principles of dividing system
elements into subsystems. A distinction is made
between the structure of systems in which elements
are combined according to functional and object
principles. In object division, the structure of

industry  systems, regional systems, etc. is
distinguished.
Graphical models are commonly used to

describe structures. The representation of a system
as a tree of subsystems is based on the concept of
system «separability». A graphical representation of
a decompositional model of a system (its structure)
is a tree-order graph (tree). Fig. 1 shows a three-
level graph.

Fig. 1. System decomposition graph

Source: compiled by the authors

The root area forms the first level (vertices
(Myy,...,M3). The surroundings of all vertices of
the first level form the second level
(My11,My,...,Maz ), @nd so on. In a system whose

mathematical model is a tree, the roots of the tree are
identified with the system itself, as something
integral. Selecting the first level of vertices means
selecting the first-level subsystems, selecting the
second level of vertices means selecting the second-
level subsystems, and so on.

In general terms, system decomposition can be
described as follows. The system is assigned a
certain set M°, for example, elements of a control

object. The set M° is divided into subsets Mil such
that U Mi,M; nM; =@ at iy =iy, where 1° is
iel
the set of indices of subsets.
The set M° and thus the control object as a
whole, corresponds to the central body (or control

unit), while the subsets M correspond to the first-

level control subsystems (or bodies, units). The same
applies to the division of second-level control

subsystems, etc. In step 1, each of the subsets Mi'

can be divided into subsets, and (I + 1)-level
management bodies can be formed. The root of the
tree corresponds to set M°, i.e., the central control
body.

The spatial graph of goals and objectives with
logic and/or is the most important tool for the
systematic analysis of complex goals, allowing the
formalization of the goal decomposition procedure,
the identification of alternative options for achieving
goals, and, finally, the identification of the best
solution from a set of alternatives [21].

The graph of goals and objectives is identical to
a tree graph, where the vertices correspond to goals
and objectives of different levels, and the edges
correspond to the relationships between them.

Fig. 2 shows an I-level graph of goals and
objectives (goals of any level can be considered as
objectives, the solution of which leads to the
achievement of goals of a higher level).

The graph of goals and objectives is a tree with
roots only on a subset of first-level vertices (formed
by non-intersecting subsets). At lower levels, there
are cross-links, indicating the interconnection of
solving I-level problems to achieve (I-1)-level goals.
However, when constructing a graph of goals and
objectives, in this case, the structure is also referred
to as tree-like if the connections provided by the
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formal model of the tree-like structure dominate
over others.

AT -1

Fig. 2. Graph of goals and objectives

Source: compiled by the authors
In column G =(X,R) of goals and objectives,
we will highlight the tuple X ={x°,x*,...x'"},

which consists of a set of goals of different ranks.
The rank in the column of goals and objectives is the
level of the tree vertices relative to its root. The rank
of a vertex is determined by its ordinal number along
the path from the root of the tree to that vertex, not
counting the root itself.

The X-corridor includes X° is the general goal

(zero rank) and X' :{X{,X;,...,Xﬁni} is a set of
goals of rank i (0<i<I-1). The multitude of arcs

of graph R:{riiv},OSji <m,1<v,<m,, are
relationships of conditions for achieving top-level
goals that have I logic.

According to the I logic, the goal of a higher
level, for example X°, is achieved if Xll and X%

other Xrlnl are achieved. Solid lines correspond to

the I logic graph. In the notation of arcs rl'v the

upper index indicates the rank of the goal from
which the arc originates, the first lower index j is the
number of the vertex of the i-th rank goal from

which the arc originates, and v is the number of the
vertex of the (i+1)-th rank into which the arc enters.
A graph of goals and objectives can be
constructed as an alternative if the top-level goal is
contrasted with a set of options for achieving this
goal at the lower level. In this case, the set of arcs of
i
graph R_{rm
achieving the top-level goals, corresponding to
logic, or, for example, goal X° is achieved if either

} represents the conditions for

X{ ....;or X; , etc. are achieved on the logic graph

or correspond to the dotted lines. If there are nj
solutions to problem Xi, n} solutions to problem

X3, ...and ny, solutions to problem X, , then the
total number N* of alternative ways to achieve goal

X%is equal to N* =nj*ng .. +np, .

There may be incompatible options in set N,
where the solution to one task excludes the solution
to another task.

A spatial graph of goals and tasks with logic
and/or is the most important tool for the systematic
analysis of complex goals, allowing the
formalization of the goal decomposition procedure,
the identification of alternative options for achieving
goals, and, finally, the identification of the best
solution from a set of alternatives.

The search for the best solution includes the
following steps: identifying incompatible options in
the set N; constructing planar target graphs of
compatible  solution options; analyzing the
effectiveness of achieving goals for each option and
ranking the options in order of preference. The last
operation requires setting an efficiency (optimality)
criterion, which in general can be vectorial.

Hierarchy is a type of management system
structure that assumes that:

1. The system consists of a family of interacting
subsystems;

2. The system has decision-making subsystems
(decision-making elements);

3. Decision-making elements are arranged
hierarchically, i.e., some of them are influenced or
controlled by other decision-making elements.

A block diagram of this type of system is
shown in Fig. 3. The level in such a system is called
an echelon. We will also refer to these systems as
multi-echelon systems.

A distinctive feature of the formal description
of hierarchy is the need for a more precise definition
of the vertical interaction between subsystems. In
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the decision hierarchy, there is formally one element
at each level. In an echelon hierarchy, there are
usually several elements at each level. In this case, it
becomes particularly important to correctly arrange
the elements of the system in accordance with the
priority of action.

Hierarchy of
decision-making

Dedisive (decision-
making) element

Coordination

\\ ~ .
“
Information = ”%Edidm 2
feedback N ~
Echelon 3
P I J—— I J. . .
Management
Y Y Y
» Process »

Fig. 3. Organizational hierarchy
Source: compiled by the authors

Let M be a family of systems S;,iel, where |

is a finite set of values of index i. If > is a relation
that partially (but strictly) orders I, then (M >) is
called a hierarchy of systems. A hierarchy (M >) is
called a decision-making hierarchy if the relation >
is such that i > j and S; has priority over S;. The

allocation of levels in the decision-making hierarchy
is performed using a strict (partial) order relation >,
which describes priority. The first level consists of
minimal elements with M. Family

Mt={S;:iel, c 1} is called the first level if i€l
is the minimal element in I. A similar set
M¥ ={S;:iel, <1} is called a k-th echelon if

iel, is the smallest element of the set
I —(LUILU...Ul_,).
Multi-level hierarchies can be defined as a

subclass of decision-making hierarchies. A decision-
making hierarchy (M, >) is a multi-level hierarchy if,
for any i and j from I, there is no more than one k €|

such that, for any | from I (I >i,1> j)=1>k.

This condition means that for any member of
hierarchy M in the echelon located directly above it,
there will be at least one element that has priority of
action over it. A multi-echelon hierarchy can be
interpreted in this way. If the relationship > is such
that i> j< S; = S;, then M is a multilevel system

in which lower-level systems are subsystems of
systems located at higher levels.

The most typical example of multi-level
hierarchical systems is organizational systems,

which represent a decomposable set of subsystems
of different levels characterized by hierarchical
relationships between the decision-making elements
of these systems.

The search for the best solution includes the
following steps: identification of a set of
incompatible options; construction of planar target
graphs of compatible decision options; analysis of
the effectiveness of achieving goals for each option
and ranking of options by preference. The latter
operation requires setting an efficiency (optimality)
criterion, which in general can be vectorial.

Moreover, the multi-vector application of the
system-parametric approach is reflected in modern
leading scientific publications [22], [23].

Network modeling methods are widely used in
the modeling of complex systems (Fig. 4). They are
practiced for the analysis of complex dynamic
systems in which independent devices operate in
parallel. The behavior of such systems becomes very
complex and non-deterministic. In this case, it is not
so much the function of the system that is modeled
as its structural characteristics and properties. The
system model must be structurally similar to the
object and is constructed separately, like the system.
Network methods allow studying phenomena in
complex parallel systems. One class of such models
is called Petri nets.

Petri nets allow modeling very complex
discrete dynamic systems, the description of which
can be represented using a specialized algorithmic
language. The mathematical apparatus of Petri nets
has powerful modeling capabilities.

The main concepts of event-driven models and
their representation in Petri nets are highlighted:

— Object — a real or virtual entity used in the
modeled system. Each object has a name and a set of
attributes;

— Attribute — a characteristic of an object.
Each attribute has a name and is characterized by a
set of possible attribute values. The set of specific
values of all attributes characterizes the state of the
object;

— An event is a momentary change in the state
of an object, consisting of a change in attribute
values. Each event has a name and may have its own
event attributes.

— Process — a stable, purposeful set of events
that transforms the state of objects.

Fig. 4 shows a schematic solution to problems
based on Petri nets.

By identifying heterogeneous sources of
electricity generation in the system that are
interconnected to achieve a specific goal, we can
form a Petri net. Using the properties studied, we
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have grounds for forming and analyzing a model
based on network modeling methodology.

[ \
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Fig. 4. Schematic representation of problem
solving based on Petri nets
Source: compiled by the authors

For example, let’s consider a verbal problem.
There are several substations that supply electricity
to an object. These substations are of different types
— wind, solar, and conventional (3 in total). The
substations operate at different times, depending on
the type: wind substations when there is wind, solar
substations when there is sun, and conventional
substations when there is not enough energy from
the previous two or when they are not turned on at
all. Question: the sequence of substation activation
to ensure uninterrupted operation of the facility with
minimal losses.

Let us consider the mathematical formulation of
the problem. Let T be the duration of time during
which the object is supplied with electricity.

Note that P, is the wind power source; c; is the

cost of electricity from the wind power source; W; is
the amount of electricity supplied by the wind power
source, which is a random number; f,(w;) is the
probability density of the volume of electricity when
the wind source of electricity is operating; P, is the
solar source of electricity; c, is the cost of
electricity from the solar source; W, is the volume
of electricity supplied by the solar source, which is a
random number; f,(w,) — probability density of the
volume of electricity when the solar source of
electricity is operating; P; — conventional source of
electricity generation; c; — cost of electricity from a
conventional source; W; — volume of electricity

supplied by a conventional source of electricity.
It should be emphasized that the considered
time intervals of operation of the power sources are

subsets of the total time
(0T;)=(0,T),(i=12). The
supply value of the object is set equal to W, .

According to the task, the amount of electricity
generated during the specified time period must be
no less than the specified value W, .

According to the terms of the task, power
supply to the facility’s power sources, since this
process is random, can have four options:

Option 1. All power sources are operating
simultaneously.

Option 2. The first power source, i.e., the wind
power source, is not operating. Other power sources
are operating.

Option 3. The second power source, i.e., the
solar power source, is not working. Other power
sources are working;

Option 4. The first and second sources of
electricity, i.e., wind and solar, are not working.
Only the conventional source of electricity is
working.

Fig. 5 shows a Petri net represented by
corresponding matrices.

interval, i.e.,
maximum  power

il

o

fLrs

po

7
» O

Fig. 5. Petri net

Source: compiled by the authors

Thus, we can note the relevance and
expediency of applying the methodology of
structural modeling of power supply systems.

CONCLUSIONS

Thus, systematicity provides tools for modeling
and obtaining optimal solutions in management
processes in technical systems such as power supply
systems, which are complex and dynamic in terms of
their functioning structure. In the course of this
study, scientific research in the field of a systematic
approach to structuring power supply system
modeling was further developed. System analysis is
a key tool for researching and improving power
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supply systems. Its application allows for: increasing
the reliability and efficiency of power supply;
optimizing the structure of electrical networks;
ensuring the rational use of resources; and
promoting the development of intelligent energy

systems. Thus, a systematic approach to the study of
electricity supply provides a holistic view of
processes, their interrelationships, and opportunities
for optimization, which is the basis for the
sustainable development of Ukraine’s energy sector.
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AHOTAIIS

OHUM 13 OCHOBHUX HAIPSMIB JOCITIKEHHS CUCTEM € CHCTEMHHI aHalli3 Ta CHCTEeMHUH miaxia, Teopis cucteMm, K Miapo3.IiT
€ OJHMM 3 OCHOBHUX ii NOHATH Ta IOPSAA 3 TEOpi€I0 MOAENEH, TEOpi€lo YNpaBiiHHSA, Teopiero iH(opMarii BiTHOCHTBCS IO
METOJIOJIOT1YHOI 0a3W B HAYKOBHX JOCIHIIKEHHSX. AKTyaJIbHUM € BUBYEHHS 3aKOHIB Ta IPUHIMIIIB, 32 JIOIOMOIOIO KX MOXIIMBE
e(heKTHUBHE JIOCHIDKEHHS CTPYKTYpPHOI TpaHcgopMalii opraHizailii nocimipkeHb. Ha mpakTwili CHCTEeMHHIA MiIXiJ — [ CHCTEMHE
OXOIUICHHS, CHCTEMHE IOJIaHHS, CUCTEMHA Opi€HTaIls JociiykeHb. CHCTeMHE OXOIUIEHHS BUMAarae po3risimy IMpoOjieMH B pi3HHX
acrieKTax 3 pi3HUX no3uniil. CucreMHe IOJaHHS IOCATA€ThCs IUIIXOM MOOYIOBH €JMHOI MOAEINI, 34aTHOI 3aMIIyBaTH peaabHUH
00’€KT 1 Ha/laBaTh aKTyallbHY iH(OpMaIlito Tpo 00’€KT, SIKHH MOJCIIOEThCA. B craTTi mpencraBieHi rpadivHO-aHATITHIHI €Taru
MIPUIHATTS OLIHOYHMX YIPaBIiHCHKHUX PIllleHb Ha 3aca/iax MepexeBoro MopemoBaHHsA. OTpuMaHi pe3ylbTaTH IO0BEIH IOMIJIbHICTH
3aCTOCYBaHHS CTPYKTYPOBAHOT'O CHCTEMHO-TIAPAMETPUYHOI'O IIJIXOAY TPH JOCTIJHKEHHI CKIQJHUX EJIEKTPUYHHUX 00 €KTIB Ha
MPHUKJIAJI Cy4acCHHUX CHUCTEM EJICKTPOIIOCTa4aHHS. 3a JIONMOMOIOK CHCTEMHOI'O aHali3y MPOBOMASATH OIIHKY TOIOJOTIi Mepexi —
KIiJIBKOCTI TIJICTAaHIIIH, JOBXWHH JiHiH, piBHIB Hampyrd. CTaHOBJICHHS CHCTEMOJIOTii IPYHTYETHCSI HA CHCTEMHOMY IiJIXOXi M
3aCTOCOBYETHCS B OOYIOBI 1HTENEKTYalIBHININX CHCTEM KepyBaHHs. He ManoBaykHNM € 3a0e3nedeHHs opraHi3aii JOCHiHKeHHS, 0
o3Haydae igeHTUdiKaIiro npodieMy; BHYTPIMIHIM aHami3 npoOiieMy; 30BHIMIHIN aHai3 mpoOieMy; iJeHTH(IKAII0 CHCTeMU: IIii,
0OMEKEHHS, TCHICHINI, (HaKTOpH, BJIACTHBOCTI; CHHTE3 MOJCIi; aHai3 MOBEIIHKH MOJCII — MOJCIIOBAHHA POOOTH CHCTEMU;
ONTHMI3allil0 cHCTeMH. [DlTaHyBaHHS ONTHMI3AIlIfHOrO EKCIEepPUMEHTY, ileHTH(IKalis eKClepuMeHTaIbHOI Moneni AHaii3
pe3yIbTaTiB €KCIEepPUMEHTY 3 MOJeIUTIo. IHTeprperarist pe3ynbTaTiB CTOCOBHO CHCTEMH, IIO BHpimrye mpobnemy P. Peamizaris
pimeHHs. Y paMKax CHCTEMHOTo MiIXO/y 3a1adi aHajli3y i CHHTe3y B3a€EMOIIOB’s13aHi, BOHH YePTYIOTHCS 13 337]aHOI0 PETYISIPHICTIO i
XapaKTepH3yIOTh JIBI CTOPOHHU €IMHOTO LUKy HPOIecy AochipkeHHs. OnucaHuil MUK BUPIMIEHHS MpoOIeMH BiJHOCHTBCS SIK 1O
KIJIBKICHOTO, TaK 1 JO SIKICHOTO CHCTEeMHOro mixxoxmy. IIpu mpomy ineHTHGikamist Ta iMiTalis peai3ylOTbCi Ha IHTYITHBHOMY,
€BPUCTUYHOMY piBHi. OCHOBHMM HEJIONIKOM SIKICHOrO MiJXOMy € Te, IO NPOTH IHTYITHBHA MOBEAIHKA, KA NPOSBIIETHCA Y
CKJIQJIHUX COLIaIbHO-eKOHOMIYHUX CHCTeMaX, YIYCKaeTbCs 3 BHAY 1 He aHali3yeTbes. llepeBaroro SIKICHOrO TMigXOAy Iepes
KiJIBKICHIM € CYTTEBa €KOHOMisi 4Yacy 1 KOWITIB Ha MpOBeAeHHs JjgociikeHb. CyKYIHICTh METONONOTIYHUX 3aco0iB, IO
BHUKOPUCTOBYIOTBCSI JUISI ITiITOTOBKH W OOIPYHTYBAaHHS pillleHb CTOCOBHO CKJIAJJHUX, HAYKOBOTO, TEXHIYHOI'O XapaKTepy MICTUTbH
cucTeMHHH aHaii3. CHCTEeMHHUI aHajli3 BU3HAYAIOTH SIK CYKYITHICTh METOJIB AOCHIPKEHHS CKIQIHUX 00’ €KTIB IUISIXOM IOJaHHS iX y
BUTJIIII CUCTEM 1 TIONAJBIIOTO aHaNi3y TakMX chUcTeM. IIopsiok eTamiB CHCTEMHOro aHalidy BKIIOYA€: MMOCTAHOBKY 3ajadi (BHOIp
00’€eKTa OCHIKEHHS, BU3HAYEHHS METH 1 KpUTEpiiB Horo BUBUCHHS); BUIUICHHS H CTPYKTYypH3alito (a00 IEKOMIIO3HUIIiI0) CHCTEMH,
sSIKa JOCHI/PKYETHCS, TOOTO MOALN 11 Ha MiJICHCTEMH, KOTPi BIIHOCHO YiTKO OMUCYIOTHCS; CTBOPEHHSI MAaTeMaTHYHOI MOJIEJI CUCTEMH.
VYV upoMy mnonsrae BiMIHHICTh CHCTEMHOrO aHali3y BiJl JIOK&JIBHOTO IiJXOAY, SIKMH NONSrac y BHUBYEHHI CTPYKTYpH W
(YHKILIi OHAJTBHUX OCOOJIMBOCTEW aBTOHOMHHUX, OKPEMO B3SITHX CJIEMEHTIB CHCTeMH. HeMOXKIIMBICTh TIOBHICTIO OXOMUTH BCi CTOPOHH,
3B’SI3KU 1 «OMOCEPEIKYBaHHS» JO3BOJISIE B XOA1 MPOBEICHHS CHCTEMHOTO aHalli3y, 3 OJHOr0 OOKY, IParHyTH MaKCUMaJbHOI TOBHOTH
OITHCY, 3 IPYroro — 3ifCHIOBATH PO3YMHE CIIPOLICHHs 00’ eKTy. Lle 0co0IMBO akTyaabHO Ta JOLIIBHO B cepi JOCHTiHKEHB TP OLEeCiB
B CHCTEMaXx eJICKTPOIIOCTaYaHHL.

KirouoBi cioBa: cucTeMHHMH aHami3; CHCTEMHHH IMiJIXiJ; METOAOJIOTIS; NPUHIMIY; TpadoaHaNITHIHI MeToAu; rpad;
MOJICITIOBaHH, YIPABIIHHS, Cy4acHa CUCTEMa eJIeKTPOIIOCTaYaHHs
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