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Abstract

Methodology of systems analysis has received wide practical application as widespread uni-
versal methodology of scientific researches. Its effectiveness is shown in both researches and
elaboration of complex objects with large number of connections between structural compo-
nents, and in process of student learning, especially in higher education system. Features of
use of basic principles of system analysis for decision of problems of modeling of objects of
power engineering, in particular their representation in disciplines of electric specialties are
considered. Examples of definition of categories of systems theory (super system, system,
subsystem, element, process) which improve students' understanding of essence of modeling
in electro energetic are represented. Importance of consideration of relationships between
components of system model, possibility of change of efficiency of functioning of system, and
even its functions, when change both components of system and relationships between them
are explained. Definition of components of model of type “black box” and sequence of compli-
cation of structural model are considered on example of system “Power engineering”. Possible
variants of structural models at steps of detailing, their dependence on purpose of research or

discipline studied by students are shown.

INTRODUCTION

Systems approach as research methodology has
become widespread in almost all areas of modern
science and technology, especially in development,
improvement or research of complex systems. Sys-
tems theory and system analysis are included in
curriculums of many specialties [1-3], much atten-
tion is paid to use of system analysis as methodo-
logical basis for pedagogy of preschool [4], second-
ary [5, 6] and higher [1, 2] education.

Despite number of scientific and educational
publications, many issues on methodology of sys-
tem approach are still debatable: definitions of cate-
gories and concepts of systems theory, principles of
systems analysis, features of systems modeling are
defined more exactly. This state of problem is objec-
tive in nature and is explained by universality of
system analysis methodology. The majority of pub-
lished work is devoted to peculiarities of its applica-
tion in various fields of knowledge: pedagogy [7],
sociology [8, 9], agriculture [10], medicine [11] and
many others.

The effectiveness of the systems approach is evi-
dent in the effectiveness of research, such as envi-
ronmental or climatic problems of a planetary na-
ture, in the design of modern technical systems with
elements of artificial intelligence [9, 12], analysis of
safety factors [13, 14], in higher education - in teach-
ing almost any discipline.

Typical example of complex system is such
branch of economy of any country as electro ener-
getics. Application of methodology of system ap-
proach allows to find optimum and effective deci-
sions of difficult problems when solving problems
of development planning [15], innovative technolo-
gies [16], design [17, 18], research of processes both
in separate components [19-21], and in electro ener-
getics as whole [22, 23]. Teaching disciplines of elec-
tro energetics profile in universities on basis of
methodology of system analysis for long time con-
tributes to better understanding and assimilation of
material of disciplines of curriculums by students.

The purpose of this work is to consider the sys-
temic aspects of research in the power industry and
the application of a systems approach in the teach-
ing of disciplines of the power industry.
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MAIN CATEGORIES OF SYSTEMS THEORY

Among the categories of systems theory [24-27], we
distinguish the following: system, subsystem, ele-
ment, supersystem, process. There is currently no
general accepted definition of these concepts. We
give definitions [28, 28], which, in the opinion of the
authors, sufficiently allow to describe the processes
in the electric power industry, the electric power
industry itself, as a system, and its components.

We consider system as set of material or abstract
objects, phenomena, processes isolated from envi-
ronment, which have certain set of properties, and
interaction of which ensures achievement of certain
function over certain period of time.

Considering the structure of the system in its
composition, we distinguish subsystems and ele-
ments. A subsystem is a set of components selected
within the system, which have a certain set of prop-
erties, and the interaction of which ensures the im-
plementation of some component function of the
system. This function is considered as a subfunction
(component) of the system function. An element
(system, subsystem) is characterized by the fact that
in the study it is not divided into components, and
its interaction with other elements or subsystems of
the system provides the implementation of some
subfunction of the overall function of the system.

The interaction of the components of the system
is realized in some processes, the course of which
ensures the implementation of subfunctions and
functions of the system as a whole. That is, a process
is a set of successive actions (changes in the state or
values of the parameters of the components of the
system) to achieve a certain result (implementation
of the system function).

Any system is considered as a component of a
larger system - a supersystem. From the point of
view of this, in cases when research focuses on the
properties of a subsystem, in order to simplify the
explanation, we call it a system.

PRINCIPLES OF SYSTEM ANALYSIS

Among the principles of systems analysis [24, 27],
consider those that are most often used objects and
processes of electric power.

The principle of hierarchy is that the study of
complex systems is based on the idea of the hierar-
chy of their structure. Hierarchy means the ar-
rangement of parts and elements of a whole in the
order from highest to lowest and the relationship
between these parts and elements. For example, the
hierarchy of the control system of technological
integration of the integrated energy system in each
country has a conceptual significance and affects
both the efficiency of the energy industry and the
energy security of the country.

The principle of multidimensionality is that any
system has a large set of properties, grouped in
groups, each of which describes one or another of its
features. An objective description of the system
requires a study of the maximum number (ideally
all) of these groups. Note that the consideration of
the number of parts and properties of the system is
always limited to the purpose of the study, and in
the education system - the work program of a par-
ticular discipline. But the set of disciplines in the
curriculum of a particular specialty can be consid-
ered as the implementation of the principle of mul-
tidimensionality.

The principle of integrity is that the system is
studied in the unity of the interacting parts. A holis-
tic system discovers properties and modes of action
that cannot be explained by a simple summation of
the properties and modes of action of its parts. For
example, consideration of the power supply system
of a certain industrial enterprise in the unity of in-
teraction of its parts (external power supply system,
transformer substations, distribution points, distri-
bution network, relay protection and automation
systems, etc.) allows to fully ensure reliable power
supply of the enterprise.

The principle of maximum efficiency of the sys-
tem states that there is always a function of the val-
ue of the system as a dependence of its efficiency on
the conditions of construction and operation, and
this function has an extremum. For the power in-
dustry, this principle can be considered as a mini-
mum loss and the minimum cost of electricity, pro-
vided the reliability of electricity supply [30, 31].

The application of these principles in the consid-
eration of technical objects requires a combination of
structural and functional aspects of their study.
These aspects are the methodological foundations of
the systems approach.

The structural aspect includes solving two inter-
related tasks: identifying the components (subsys-
tems, elements) of which the system consists, and
determining how these components are intercon-
nected. Here the researcher analyzes the structure of
the system and its subsystems.

The functional aspect of the study also has two
directions: analysis of the internal functioning, the
mechanism of interaction of elements and subsys-
tems within the system under study; analysis of the
external functioning of the system, its interaction
within the supersystem.

FEATURES OF METHODOLOGY
OF SYSTEM ANALYSIS

In the practice of scientific research, the approach to
the study of unknown systems, processes and phe-
nomena from simple to complex has traditionally
developed. In systems analysis, an approach to the
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study of systems is adopted - from complex to sim-
ple. Namely, the consideration begins with a gener-
alized model of the system, then considers the most
important components of the system and the rela-
tionships between them. Then carry out the detail-
ing of components and connections, which “im-
merses” in the depth of the study of the problem.
The “depth” of the study (the degree of division of
the system into components) is determined by the
purpose of the study, that is, the researcher himself.
The most generalized model in systems theory is
the “black box” model (Fig.1) [24, 28]. The main
components of this model are: supersystem, system
boundaries, input flows, output flows, interference.
Assembly of a model of the “black box” type begins
with the allocation within a system of the object of
study, the establishment of its boundaries. The ob-
ject of study and its model are considered as a sys-
tem, and the system within which the object oper-
ates is considered as a supersystem for the system
under study. In the supersystem, the input streams
of the system under study and its output streams
are determined. Interference is also determined -
factors that under certain conditions significantly
affect the performance of the system (output flows).

o em mm am Em Em Em Gm Em B Gm Em Em Gm Em G En SS Em Gm B Gm Em Em =

Supersystem I

Interferance 1
—N

Black box

(system)

Figure 1. “Black box” system model

So, the “black box” model is a universal model,
which, at the first stage of research, allows you to
start considering any system [32-35]. At the next
stages, depending on the purpose of the study, it
acquires the necessary detail and binding to a spe-
cific subject area.

Detailing the model of the “black box” is to de-
termine its structure. Structure in systems analysis
means the many components that make up a system
and the many relationships between these compo-
nents. If we consider the components without con-
nections between them, then this is a model of the
composition of the system, which is the initial stage
of the study of the system. The next mandatory step
is to study the relationships between the compo-
nents of the system, that is, to consider its structural
model.

Connections play an important role in the struc-
ture of the system. With the unchanged composition
of the elements, different systems can be obtained

with different properties, or even with different
laws of functioning.

Thus, the main inherent in any structure is the
elemental composition, the presence of connections,
invariance (immutability) in time. This property
allows you to distinguish between the concepts of
system and structure (object and its model). The
structure is part of the system. It is important to
clearly indicate which part, which properties and
features of the system are structured (considered,
investigated), and which are not. The answers to
these questions, as already noted, depend on the
objectives of the study of the system.

Depending on the goals of the researcher, differ-
ent, time-invariant properties of the system are of
interest. It follows from this that different structures
(models) can be built for one system.

The implementation of a systematic approach
from simple to complex is traditionally used in
combination with the principle of hierarchy when
teaching disciplines of the specialty “Power engi-
neering”, “Electrical Engineering and Electrome-
chanics”. The study of such disciplines as “Electrical
systems and networks”, “Automated dispatch con-
trol systems”, etc., requires a model representation
of the electric power industry as a system. Consider
the implementation of the principle of hierarchy
using the example of the sequence of constructing a
structural model of the electric power industry

MODEL REPRESENTATION OF
POWER ENGINEERING AS SYSTEM

Let us consider examples of conceptual issues of
a systems approach to the consideration of electric
power using IDEF [27] modeling methodology.

The first step is level AO. Consider a generalized
model of the system “Energy in Ukraine” type
“black box” (Fig.1). We specify elements of this
model.

System boundaries. In our case, this is the territory
of Ukraine, where all the components (subsystems
and elements) of the system are located. Historically,
it so happened that within the boundaries of the
territory of each country is its “Energy in Ukraine”
system, the main task of which is to provide electric-
ity to consumers on the territory of this country.

Supersystem. What to include in the supersystem
depends on the objectives of the study. If this is an
examination of the processes of controlling the
flows of electricity, then the supersystems include
the power systems of neighboring countries with
which there are power flows. Power flows with
neighboring countries are an important factor in the
management of the interconnected power system.
Consideration of the issues of reliability of the pow-
er system requires taking into account climatic fac-
tors. In this case, we refer the climate of Ukraine to
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the supersystem. Other approaches to the considera-
tion of the supersystem are also possible.

Input flows. For the “Energy in Ukraine” system,
these are energy resources (nuclear fuel, gas, fuel oil,
coal, water resources, wind energy, solar energy,
etc.) from which electrical energy is produced.

Output flows. For the “Energy in Ukraine” system,
this is electrical and heat energy at the entrances to
its consumers. Output flows also include negative
factors in the functioning of the electric power in-
dustry, for example, factors affecting the environ-
ment.

The final element of the “black box” model is in-
terference - factors that lead to disruptions in the
normal functioning of the system. In our case, the
interference can be attributed to natural factors of
the external environment (ice, thunderstorm activity,
etc.), factors of a subjective-human nature, political
factors, etc. Specification of the consideration of
interference depends on the task of studying the
model of the system.

The second step is detailing the generalized
model of the AQ level, highlighting its main subsys-
tems and elucidating the connections between them.
The level of detail in this and all subsequent steps
depends on the purpose of the system study. Thus,
examining the main function of the “Energy in
Ukraine” system, which is to provide consumers
with electrical energy, it is possible to draw up a
structural model with four subsystems: Al is a
“Generation of electric power” subsystem; A2 is a
“Transportation of electric power” subsystem; A3 is
a “Distridution of electric power” subsystem and A4
is a “Utilization of electric power” subsystem

(Fig. 2).

Energy in Ukraine

Generation Transportation Distribution Utilization
—»| ofelectric —#| ofelectric ¥ ofelectric [—¥ of electric
pli“’(‘l'Al pl)“(’l' Az power A3 power Ad

AD

Figure 2. Detailing of model of system “Energy in Ukraine”

The third step of detailing is the consideration of
the structures of the A1-A4 subsystems, which were
identified as part of the system at the A0 level.

For the subsystem “Generation of electric pow-
er”, you can create structural models shown in
Fig. 3a and Fig.3b. According to the first option
(Fig. 3a), the “Generation of electric power” system
is investigated as part of two subsystems - “System
power stations” and “Local power stations”. This
approach makes sense in the case of investigating
the operational dispatch control of the mode of the
interconnected power system. Power plants of sys-

tem importance ensure the formation of the mode of
the interconnected power system in terms of voltage
and power balances. Local power plants do not
have a significant impact on the regime of the inter-
connected power system.

Generation Generation
of electric power of electric power
l Nuclear
System —»| power stations [—P
—p| power stations [—p Al1
A11 <
Thermal
+ — power stations —>
Local A12
—p| power stations |—p ¢
Hydroelectric
Al12
— power stations —>
Al3
Al Al
(a) ®)

Figure 3. Options of detailing of system “Generation of
electric power”

The second variant of the division (Fig. 3b) ac-
cording to the types of power plants (nuclear, ther-
mal, hydraulic, etc.) makes sense in the case of
studying the features of the technology for the pro-
duction of electrical energy.

The electricity transportation system (subsystem
A2 in Fig. 2) can be presented with various structur-
al models. For example, the division into regional
energy systems (ES) in Ukraine: Western ES (A21),
South-Western ES (A22), Central ES (A23) and other
energy systems. The second option is the division of
the “Transportation electric power” system into
components according to voltage levels: at a voltage
of 750 kV (A21), at a voltage of 500 kV (A22), at a
voltage of 330 kV (A23), etc.

The electricity distribution system (subsystem
A3 in Fig. 2) can be divided into components based
on local energy companies (in Ukraine: Lvovo-
blenergo, Kievoblenergo, Kharkovoblenergo and
others) or on the basis of voltage class (110 kV, 35
kV, 10kV, 0.4 kV).

The system of electricity consumption (subsys-
tem A4 in Fig. 2) is studied by students as a separate
discipline “Consumers of electrical energy”. In its
structure, there are characteristic groups of electrical
receivers (cities, city districts, transport, industrial
enterprises, etc.), which, in turn, consist of electrical
receivers (electric motors, stoves, lighting, etc.).

As a result of detailing the structural model of
the first level (Fig. 2), it is possible to obtain a vari-
ant of the structural model of the “Energy in
Ukraine” system of the second level, shown in Fig. 4.
Note that this model does not take into account the
links on electricity flows with neighboring countries.


https://en.wikipedia.org/wiki/Electric_power
https://en.wikipedia.org/wiki/Electric_power
https://en.wikipedia.org/wiki/Electric_power
https://en.wikipedia.org/wiki/Electric_power

35 Maiia Zbitnieva, Viacheslav Okhrimenko, and Igor Nosenko
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A4 — System «Utilization of electric power»

A41 — System «Consumers of electric power»

| A42 — System «Receivers of electric power» |

Figure 4. Variant of structural model of system "Electric
power" [28]

Note that the structural model of electric power
shown in Fig. 4 is not its only model. Depending on
the specific discipline of the curriculum of the spe-
cialty, and apparently from the topic of the same
discipline, the model may have a different composi-

tion and other connections between the components.

The methodology of system analysis, in addition
to the graphical one, provides for other forms of
presenting the description of systems. For example,
considering the relay protection function as a sys-
tem, its structure is presented as sub-functions by
enumerating the types of relay protection. The
structural model of the “Power Transformer Relay
Protection” system can look like this.

Function — “Power transformer relay protec-
tion” system.

Sub-functions (constituent functions) — subsys-
tems:

e “Protection against multiphase faults in wind-
ings and at their terminals”;

e “Protection against internal damage (turn
short circuits in windings and “steel fire”of
the magnetic circuit)”;

e “Protection against single-phase earth faults”;

e “Protection against overcurrents in windings
caused by external short circuits”;

e “Protection against overcurrents in windings
due to overload”;

e “Protection against low oil level”.

For a specific power transformer at a certain sub-
station, this structural model will be presented as a
list of specific types of protection, and in practice, as
an electrical relay protection circuit for this trans-

former with a description of the types of all compo-
nents and their operation.

Approaches to the analysis of electrical systems
and the use of one or another principle of systems
analysis depend on the discipline studied by the
student. So, for example, the principle of maximum
system efficiency in the course “Electrical systems
and networks” is considered primarily as a maxi-
mum with the electricity produced by power plants
and received by consumers of electrical energy. And
this presupposes the solution of the problem of ob-
taining minimum losses of electricity in the ele-
ments of electrical networks. And in the discipline
“Reliability of electrical networks” maximum effi-
ciency is considered as the maximum, economically
feasible uninterrupted transmission of electricity to
consumers.

Let's consider some features of the systematic
approach to teaching the discipline “Consumers of
electrical energy”. The first priority is to consider
the concepts of “electrical receiver” and “electrical
consumers”, the definition of which is given in the
PUE [28].

First, we consider the definition of the concept of
an electrical receiver - an electrical device “designed
to convert electrical energy into another type of
energy” [28] and build its model of the “black box”
type (Fig. 5). A generalized, model representation of
an electric receiver allows one to abstract from its
specific type and focus on: the value of the parame-
ters of the incoming flow (nominal voltage and
power), the value of the internal parameters of the
electric receiver, in particular, the efficiency n, ener-
gy at the input of the electrical receiver at its effi-
ciency.

Input‘flmivs: Output flows:
Ui L. S Electric receiver P, 1,1
parameters
Z,n

Figure 5. “Black box” type electric receiver model [28]

At the same time, the attention of students is
drawn to the fact that the receiver of electrical ener-
gy itself (its parameters and operating mode) affect
the parameters of the power supply system. For this,
a model of the interaction of the power supply sys-
tem with an electrical receiver is being built (Fig. 6).
In the future, when studying specific groups of
power consumers, this model makes it possible to
find out the parameters of the power receiver wors-
en the power quality indicators in the power supply
system and how the mode of its operation affects
the mode of operation of the power supply system.
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Figure 6. Model of interaction of electric receiver and
power supply system [28]

After shifting the concept of “electrical consum-
er” is considered as a set of electrical consumers
“located on a certain territory and united by a
common technological process” [28]. For example,
the procedure for constructing a model “Industrial
enterprise” is given - a consumer of electrical ener-
gy in the following sequence. Some electrical receiv-
er, for example, an asynchronous motor (AM) is
considered as an integral part of a lathe, in which
there are two asynchronous motors - one main sec-
ond auxiliary electric drive. The student's attention
is drawn to the fact that separately taken AM of the
main electric drive, as well as the AM of an auxilia-
ry electric drive, are electrical receivers, and togeth-
er and the AM as part of a lathe are electrical con-
sumers.

Further enlargement of power consumers, name-
ly a group of lathes at the turning section, create
power consumers “Section No. 1”. This section,
together with other sections, creates the “Mechani-
cal Shop” electrical consumers (Fig. 7). Considera-
tion of all shops creates a system of “power con-
sumers industrial plant” (Fig. 8).

Mechanical shop

Section Ne 1 Section N 2 Section Mo n

Lathing section
| Lathe Nen
| Lathe Ne 2 J‘
Lathe Nt

AM of auxiliary
electric drive

AM of main
electric drive

Figure 7. Model of electric consumer “Mechanical shop”
(28]

Industrial enterprise

Shop Ne 1 Ne 2 Ne3 Shop Ne N

Figure 8. Model of electric consumer “Industrial enter-
prise” [28]

Such a construction of the consumer model “In-
dustrial enterprise” from a simple “Electricity re-
ceiver” to a complex one - the consumer “Industrial
enterprise” makes sense for a better understanding
of the interaction of the components of the power
supply system (Fig. 6), in particular the influence of
the consumer on the mode of his power supply
system. At the same time, it is clear that the simple
sum of the installed capacities of the power con-
sumers of an enterprise differs from the calculated
power of the power consumers “enterprise”, be-
cause it is necessary to take into account the daily
schedule of power consumption of each electric
receiver at this enterprise. And these charts have
disagreements in the time of power consumption.

CONCLUSIONS

The application of the system analysis methodology,
in particular the principles of system analysis, in the
educational process when teaching disciplines in
electric power specialties allows students to focus
on the main issues, facilitates understanding the
essence of processes in complex, multicomponent
electrical systems and devices.

Understanding by students of the systemic as-
pects of scientific research contributes to the effec-
tiveness of training future researchers and scientists.
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CI/ICTeMHi ACIIeKT"1 HaYKOBI/IX JIOCJ'Ii)l)KEHB B eJIeKTpoeHepreTMui
Marsa 306iTHeBa, B’ staecitaB Oxpimenko, Irop Hocernko

Amnorariis. MeToosoris ccTeMHOI0 aHaJli3y OTpyMaJla IIMpOKe IpaKTHYHe 3aCTOCYBaHH: K PO3IOBCIOIKeHa YHiBep-
caslbHa METOJIOTIOTiSl HayKOBVX JIOC/DKEHb. [i epeKTVBHICTD IPOSIBIIETCS SIK TPV JIOCIH/DKEHHSIX i pO3pOOIIeHHsIX
CKJIaIHMX 00’ €KTIB 3 BEIMKOTO KiJIBKICTIO 3B'SI3KiB MiXK CTPYKTYPHVMMM KOMIIOHEHTaMV, TaK i B IIpolleci HaBYaHH: CTy/e-
HTiB, 0cOOJIVMBO y cucTeMi BUITIOf ocBiTH. PO3TIIsIHYTI 0cOOIMBOCTI 3acTOCYBaHHS OCHOBHIX IIPVHIINIIB CCTEMHOTO aHa-
JIi3y 717151 BUpiIIeHHs 3aBIaHb MOJIIIIOBAaHHS 00 €KTIB e/IeKTpOeHepreTKN, 30KpeMa B AVCHMIDIIHAX eJleKTpoeHepreTid-
HVIX creniaspbHOCTeln. Hamani mpyrkiiagy BM3HaYeHHs KaTeropiit Teopil cucTeM (HaficvicTeMa, CHCTeMa, ITicicTeMa, erte-
MEHT, TIPOTIeC), SAKi IMOJIIIIYIOTh PO3yMIHHS CTyAeHTaMI CYTi MOIIe/TIOBaHHS B eJIeKTpoeHepreTutli. PO3IIISHyTO BaXiIn-
BICTB PO3IJISIMY 3B SI3KiB MK CKJIQIOBMMI MOJIEIIi CMCTEMI, MOXKIIMBICTD 3MiHVI epeKTMBHOCTI (PYHKITIOHYBaHHS CYICTEM,
i HaBiTP 11 PYHKIIT, TP 3MiHi K CKJIIaOBIIX CUCTEMM, TaK i 3B s13KiB MK HuMM. Ha mpuxitazi cuictemm «EsrekTpoeHepre-
TVKa» PO3IJITHYTO BU3HAYEHHs CKJIaIOBVIX MOZENI TUITy «JOPHUI SIIVK» Ta MOCIIIOBHICTh yCK/IagHEeHHS CTPYKTYPHOL
moperi. [Tokasani MOXJIVBI BapiaHTV CTPYKTYpPHMX MOfeslell Ha Iarax AeTaslizaliii, IX 3aJIeXXKHICTh Bifl, MeTV JTOCIKeH-
HsI a00 IVCIVITIIHY, 0 BUBYAETBCS CTYAeHTaMIL

Ki1ro40Bi c/10Ba: eleKTpoeHepreTyKa, MeTOI0JIOris, pollec, CUCTEMHUN aHaJli3, CTPYKTypHa MOJIeIb.
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