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INFLUENCE OF ELECTROSTATIC WATER-REPELLENT COATING OF THE
PROPELLER BLADES ON ITS AERODYNAMIC CHARACTERISTICS

The article presents approaches to the development of a methodology for improving the main
aerodynamic characteristics of fixed and variable pitch propellers. The aim of the work is to improve the main
aerodynamic characteristics of fixed and variable pitch propellers by applying an electrostatic water-repellent
coating to the surface of the blades. The article solves the following tasks: analysis of the main ways to improve
the aerodynamic characteristics of an air rotor when using a surface coating that provides improvement of its
aerodynamic characteristics, substantiation of the method of reducing the drag of an air rotor, study of the
proposed method of reducing the drag of an air rotor when applying an electrostatic water-repellent coating to its
blades. The following methods are used: comparative analysis, experimental study.

The results obtained make it possible to reduce the drag of an air rotor and improve its aerodynamic
characteristics, which makes it possible to increase the efficiency of the propeller group and improve its fuel and
economic performance. The use of an electrostatic water-repellent coating on the blades of an air rotor makes it
possible to improve its aerodynamic characteristics and increase the efficiency of the propeller group. The results
of experimental studies have shown that when applying such a coating to the blades of an air rotor, it is possible
to obtain greater thrust by reducing its drag and improve the fuel and economic performance of the propeller
unit, namely, reduce fuel consumption.

KEYWORDS: surface quality, screw surface quality assessment, propeller, propeller blade, propeller
coating, propeller aerodynamic characteristics.

In cites: Solovei 1., Kuznietsov V., Cherniak K., Malakhov I., Romashkin D., Kompanets V. (2024). Influence
of electrostatic water-repellent coating of the propeller blades on its aerodynamic characteristics. Engineering,
(34), 6-16. https://doi.org/10.26565/2079-1747-2024-34-01
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Statement of the problem

The coating of propellers is an important
aspect of the aviation industry and has a major
impact on the efficiency, durability and safety
of aircraft. Propellers operate in difficult
conditions and are exposed to extreme
temperatures, high loads, vibrations and
corrosion. Therefore, the coating applied to
their surface must provide protection and
reduce wear and tear and increase their
efficiency. The efficiency of a propeller largely
depends on the correct selection of its
parameters, design, and surface coating of its
blades [1, 2].

Regardless of the type of propeller
(metal, composite, or other materials), the
coating always plays a key role in ensuring
their long-term use and flight safety. Properly
selected and applied coatings can significantly
improve the performance of aircraft.

The quality of the propeller surface
coating determines the degree of corrosion
protection, since the propeller is often exposed
to moisture and other aggressive environments.
The propeller surface coating also protects
against erosion due to dust and sand particles
that hit the blade surface during flight and
gradually wear out the surface [3, 4]. The
applied coating with a low friction coefficient

reduces the drag of the rotor, while improving
its aerodynamic properties. And heat-resistant
coatings can withstand high temperatures
without losing their properties [5]. An
innovative technological solution is
nanocoatings, which, thanks to new
technologies, allow for the application of
ultrathin layers of nanocoatings, which, due to
their improved aerodynamic properties, not
only provide protection against erosion and
corrosion, but also reduce airflow resistance.

A properly selected and applied coating
can significantly improve the performance of a
rotorcraft. For example, reduced drag and
erosion contribute to maintaining the optimal
blade shape, which ensures flight stability and
reduces engine load, as well as improves the
economic performance of the rotorcraft.

Modern methods of approaching the
selection and application of coatings on the
surface of an air rotor can significantly
improve the performance of aircraft, which
necessitates a comparative analysis of the
latest advances in this important area and a
comprehensive review of existing methods of
air rotor surface treatment. Thus, there is a
need to justify the use of an electrostatic water-
repellent coating of the propeller surface.

Analysis of recent studies and publications

Currently, many scientific studies are
being conducted to improve the efficiency and
reliability of propellers [6-8]. Innovations in
the industry include the use of nanomaterials,
composite alloys, and more environmentally
friendly coatings that open up new
opportunities to improve the efficiency and
reliability of aircraft components.

Nanocoatings are typically single- or
multi-phase solid structures deposited on an
overlaying surface with a thickness of about
100 nm or less, adding certain properties or
functions to the material. Different materials
exhibit unique properties at the nanoscale, such
as melting point, electrical conductivity,
magnetic permeability, hydrophobicity, and
chemical reactivity to erosion and corrosion,
but also reduce airflow resistance due to
improved aerodynamic properties [9-11]. The
effectiveness of the process of surface
protection based on nanotechnology specially
designed for aeronautical applications on

aircraft made of composite materials is
described in [12-14].

Sources [15, 16] consider issues related
to the aerodynamic design of propeller blades;
provide basic information on the vortex theory
of a propeller; present a method for accounting
for terminal losses; consider a method for
solving propeller aerodynamics problems and
performing a calculation check; analyze the
issue of choosing the most profitable propeller
with an infinite and finite number of blades;
propose methods and algorithms for
acrodynamic design of propeller blades.

Since aerodynamic characteristics are
important quality indicators, we analyzed
scientific publications on the principles and
methods of quality assessment. For example,
publications [17-19] present a methodology for
applying qualimetric methods for evaluating
various objects using nonlinear functional
dependencies. Scientific publications [20, 21]
present a methodology for quality assessment
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in mechanical engineering, which presents the
optimization of tolerances for the quality and
accuracy of machine parts.

Researchers at the Institute of
Aeronautics at Riga Technical University [22]
have developed a multilayer metal-ceramic
nanocoating called McBLADE, which can be
used to protect compressor and turbine blades
in modern titanium alloy jet engines. Each
layer of the coating is extremely thin and
performs a specific function. The first layer
increases adhesion to the base material, and the
second layer protects the titanium alloy from
oxidation. The top layer provides thermal
protection and abrasion resistance, which
allows the components to operate at high
temperatures.

Paper [23] presents a methodology for
using an aircraft surface de-icing coating to
reduce the labor intensity and cost of
performing work in the cold season. De-icing
aircraft in cold weather can be an expensive
and time-consuming process. Nanocoatings
have been developed that can repel water and
ice, resulting in maintenance cost savings. In-
flight tests on British Airways' Airbus A320
aircraft have demonstrated a 20-40%
improvement in surface hydrophobicity
compared to other commercially available
conventional coatings. In addition, innovative

coatings based on nanostructured carbon
materials (such as carbon nanotubes and
graphene oxide) reduce airflow resistance on
the aircraft surface. This reduces fuel
consumption and CO2 emissions.

A research project called ReSiSTant
(Large Riblet Surface with Super Hardness,
Mechanical and Temperature Resistance by
nanofunctionalization) [24], funded by the
EU's Horizon 2020 research and innovation
program, aimed to develop advanced
nanocoatings and application methods to
improve performance and provide abrasion and
corrosion resistance. The project focuses on
ribbed surfaces consisting of very small (2-100
microns) parallel grooves to reduce passive
surface drag in next-generation aircraft.

Paper [25] presents materials on
computational and experimental studies of the
propeller layout using numerical research
methods. The use of new methods for reducing
passive drag in aviation is one of the most
viable approaches to reducing aviation fuel
consumption, CO2 emissions, and noise
generation.

Thus, the aim of the article is to improve
the main aerodynamic characteristics of fixed
and variable pitch propellers by applying an
electrostatic coating on the surface of the
blades.

Summary of the main material

Currently, considerable attention is
devoted to mathematical methods for
modeling the dynamics of fluids and gases,
which allow replacing costly physical
experiments with numerical simulations with
a high degree of reliability. In many cases,
these methods yield results that are
unattainable through physical
experimentation.

The properties of a material at the
nanoscale are governed by intermolecular
forces such as the Van der Waals interaction,
hydrogen bonds, and electrostatic forces.
These intermolecular forces operate on small
length scales in the range of a few angstroms
to a few nanometers. When the dimensions of
the material become the same as the distances
between the molecular forces (i.e.,
nanoscale), the material properties change
dramatically [26]. Thus, coatings consisting
of nanoparticles or multiple layers at the
nanoscale make it possible to explore their

improved physical and chemical properties in
a wide range of new applications.

When the surface of a propeller
interacts with an incoming air stream, it is
necessary to create the least resistance, since
the particles of the solid surface of the
propeller will collide with particles of air
molecules. It is well known that in
heterogeneous systems, intermolecular
interaction within a phase and between phases
is distinguished. Electrostatic repulsion is a
consequence of the Coulomb interaction
between equally charged objects. This
phenomenon is fundamental to understanding
the behavior of materials in heterogeneous
systems, such as colloidal solutions,
biopolymers, and nanoparticles. Its control
allows us to create functional materials and
devices [27].

The interaction of atoms and molecules
within a single phase is called cohesion (from
the Latin cohesion) [28, 29]. It determines the
existence of substances in the condensed state
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and can be caused by interatomic and
intermolecular interactions of different nature
(chemical covalent bonds, hydrogen bonds,
electrostatic interaction forces, Van der Waals
forces). Cohesive forces are sometimes called
attraction forces. Van der Waals forces arise
from the interaction of short-term dipoles and
this bond is considered the weakest of all
types of bonds. A short-term asymmetric
distribution of charges is a temporary dipole.
This dipole can polarize neighboring
molecules and thereby induce new dipoles.
The ability to polarize depends on the
total number of electrons in the molecule. The
larger the molecule, the greater the number of
electrons and the greater the intramolecular
charge shifts that can occur. As a result, many
short-term partial electric charges
(instantaneous dipoles) are created, which
create an electric field, under the influence of
which  electrostatic  forces (forces of
interaction between two charged particles)
arise, causing the attraction or repulsion of
individual dipoles. The larger the molecule of
a substance, the more Van der Waals
interactions between molecules. The work of

cohesion is directly proportional to the energy
of formation of two surfaces [28]:

Wk = 20-’ (1)

where ¢ — surface tension of the surface.

The interaction between phases or
brought into contact surfaces of condensed
bodies of different nature is called adhesion,
which provides a certain strong connection
between two bodies due to physical or
chemical intermolecular forces. Taking into
account the adhesion between two liquids,
between a liquid and a solid, and between two
solids and air, adhesion occurs when the
system wants to reduce the surface energy, so
under appropriate conditions it is a
spontaneous process. The adhesion work W,
characterizes the strength of the adhesive
contact and is determined by the reverse
breaking work of this contact per unit area, and
is measured in the same units as the surface
tension, J/m’. Let's consider the diagram of the
change in interfacial surface tension, Fig. 1.

Fig. 1 - Diagram of changes in interfacial surface tensions during the separation of liquids 1 and 3, which
do not mix in a gas medium 2 [24]

To obtain the relationship between the
work of adhesion and surface tension, consider
two liquid bodies 1 and 3 in contact with each
other over an area S in a gas atmosphere 2
(Fig. 1) and characterized by an interfacial
surface tension ;3. When the contacting
liquids are separated, two surfaces are
obtained: liquid 1 with a surface tension of o1
and liquid 3 with a surface tension of 0,3, and
the interface with a surface tension of o3
disappears. Thus, the work of adhesion, i.e.,
the work required to separate a unit surface
area of one liquid from the other, according to
the Dupré equation, will be determined by
[28]:

W,=01,+0,3—0,,

@)

where o1, — surface tension at the
liquid-gas interface; 023 — solid body - gas; o1,
—and a solid body is a liquid.

Equation (2) defines the adhesion work
W., which characterizes the interaction of the
phases (W, is referred to as a unit surface area).
The surface tension will be directed
tangentially to the corresponding surface ¢ and
will be at a certain angle to the contact plane, it
is called the edge wetting angle. We denote the
value of the edge wetting angle by the letter 6.
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To determine the equilibrium work of adhesion
of a liquid, we can use the Dupré-Young
equation, which gives the calculation of the
work of adhesion W, based on the
experimentally determined boundary wetting
angle 0 [28]:

W, =o(l+cos8). 3)

When the blade operates in the air flow,
the interaction between the solid surface and
air will occur. To be able to visually observe
the action of electrostatic forces, let us
consider the interaction between the solid
surface and liquid. To do this, consider the
phenomenon of wetting, which occurs when a
solid comes into contact with a liquid as a
result of molecular interaction between them.
It is well known that the wetting phenomenon
consists in the fact that a drop of liquid that has
fallen on the surface of a solid spreads. The
mechanism of liquid spreading on the surface
of a solid differs from the mechanism of liquid
spreading on the surface of liquids, which is
characterized by molecular mobility. Liquids
spread over solid surfaces due to diffusion,
capillarity, liquid volatility, and other reasons.
If the molecules of a liquid interact with the
molecules of a solid more strongly than with

each other, the liquid spreads over the surface,
i.e., wets it. The spreading continues until the
liquid covers the entire surface or until the
liquid layer becomes monomolecular. This
phenomenon is called complete wetting.

There will be no spreading if the
molecules of the liquid interact with each other
much more strongly than with the molecules of
the solid. The liquid will collect in drops. That
is, when the repulsive forces between solid
molecules are greater than the attractive forces
between water molecules, there will be no
spreading of water on the surface and the water
will collect in drops. Between these cases,
there are transitional cases of incomplete
wetting when the droplet forms a certain
equilibrium angle with the surface of the solid,
called the edge angle, or wetting angle 6. The
edge angle @ is the angle formed by a liquid
droplet between the tangent to its surface and
the surface of a solid. The smaller this angle,
the better the liquid wets the surface of the
solid. The larger this angle 0, the less the liquid
wets the surface of the solid, and thus
electrostatic forces (forces of interaction
between two charged particles) create forces of
repulsion of individual dipoles between the
solid surface and the liquid. Consider the cross
section of a water drop in the Fig. 2.

0=90° 0> 90°

b N8

1 012

! 0

G233 1 9<90
013 G;.,c0s0

a)

b)

Fig. 2- Cross-section of a liquid droplet on a solid surface: a) in the cases of wetting of a solid
surface; b) non-wetting of a solid surface

Thus, there are three forces per unit length of
the wetting perimeter G12; 623 1 613. Then
the condition of equilibrium of forces,
expressed by the Young's equation, will be
[29]:

0,3=0,3+0,,C080 4)
From here.
O, -0
cos@=—22 13
o
1,2 (5)

The value of cosf, characterizing the
ability of a liquid to wet a surface, is called
wetting and is denoted by B. It is obvious that

when the 0 = 0°, B = +1, with complete non-
wetting 0 = 180°, B = — 1. Of the two liquids,
the one that wets a given surface better and
whose spreading decreases the surface energy

of the system by a large amount. Thus,
the wetting of a solid surface by a liquid can
occur only when the surface tension between
the solid surface and the liquid (o12) will be
less than the surface tension between the solid
and the gas (o13). Otherwise, the liquid will
not wet the surface of the solid. The closer the
polarity of the adhesive and the substrate, the
stronger the contact between them.

Electrical theory attributes adhesion to
the formation of a double electric layer

10
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between the adhesive and the substrate. The
theoretical assessment of adhesion is currently
very approximate, which is explained not only
by the imperfection of the equations that
calculate the forces of intermolecular bonds,
but also by the fact that it is impossible to
estimate the actual number of bonds per unit
area (it is always less than the theoretical one,
which indicates the possibility of increasing
the strength of the bond). In addition, it is
difficult to estimate the true contact area,
which, due to the roughness of the surface
layer, is sometimes much larger than what is
observed visually. To ensure the strength of
the joints, the roughness is often deliberately
increased by special surface treatment of the
materials.

Adhesion  performance can  be
determined by indirect methods, which are
especially convenient if at least one of the
interacting phases is a liquid, making it
possible to measure, for example, the edge
wetting angle 6. The wettability of some solids
with water is characterized by the following
edge angles: quartz - 0°, malachite - 17,
graphite - 55°, talc - 69°, paraffin - 106°, teflon
- 108°. According to the literature [25-27],
teflon and paraffin have the largest edge angles
and have better water-repellent properties.
Experimental studies were conducted to
confirm the theoretical provisions of the
possibility of reducing the attraction of liquid
or gas by solid molecules with their surface,
and hence reducing the drag of a propeller.

To conduct experimental studies of the
effect of the electrostatic water-repellent
coating of the propeller blades, a monobloc
propeller with a diameter of 125 cm and a
pitch of 57 cm was manufactured. The material
from which the propeller was made was pine
bars. The dimensions of the bar for making the
propeller are 12 cm x 5 cm. We glued the bars
together from several boards. For a workpiece
thickness of 5 cm, we took 2 boards 12 cm
wide, where one is 2 cm thick and the other is
3 cm thick.

Certain areas of the screw, such as the
blade tips, the leading edge near the tip, the
hub surface, the bolt holes, and the center hole,
require greater strength and hardness. For
example, when tightening the bolts to secure
the screw, the hub surface of the screw may be
jammed by excessive stress, and the leading
edge of the blade may be damaged if grass or

other materials are caught in the screw. To
provide strength and hardness to certain areas
of the blade surface, we treated them with a
universal waterproof adhesive. The glue is
applied to the ground surface of the screw in
the areas that need to be strengthened and
hardened. The adhesive is quite liquid, so it
penetrates deeply into the wood. Depending on
the type of wood, the adhesive penetrates to a
depth of 0.5 + 1 mm, which makes the surface
quite hard and durable.

A two-component polyurethane varnish
is used for the outer surface coating of the
propeller. The wvarnish is mixed with a
hardener in a ratio of 4 to 1. It is important to
add the optimal amount of hardener, as a
violation of the proportion will increase the
drying time of the varnish. The consumption of
the varnish per blade of a 125 cm diameter
screw per coating was 20 g. The application of
layers of varnish on the surface of the propeller
was carried out 2 times.

To assess the impact on the economic
and traction performance of the designed
propeller with a varnish coating and an
electrostatic water-repellent coating,
experimental studies of operation in real
conditions were conducted on a paramotor unit
with a Solo 210 engine with a power of 14 hp.
According to the passport data, the maximum
speed of this engine is 6200 rpm. The gear
ratio is 2.5. Sky-Country Moscito-4 wing. The
wing area is 27.5 m?. The appearance of the
paramotor unit is shown in the Fig. 3.

Initial  experimental studies were
conducted with a propeller with only a varnish
coating. The economic and traction
performance of the paramotor unit was
measured and recorded during a 5-hour flight.
The results of experimental studies of the
propeller with a varnish coating on its surface
are presented in Table 1. After the initial tests,
the propeller was removed from the paramotor
unit and a drop of water was applied to its
surface to assess the surface tension on the
propeller's varnish coating. A photo of the
water droplet on the propeller surface before
and after the varnish coating was applied is
shown in Figure 4, a. After the next
electrostatic water-repellent coating is applied
and cured, a water droplet is also applied to its
surface. A photo of a water droplet on the
surface of a propeller with an electrostatic
water-repellent coating is shown in Fig. 4, b.

11
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Fig. 3- Exterior view of a paramotor unit with a propeller 125%57 cm

a)

b)

Fig. 4- A drop of water applied to the blade surface: a) with a varnish coating;
b) with an electrostatic water-repellent coating

To visualize the wetting edge angle 6,
we draw tangent lines to the surfaces of the
water droplet for two variants of the propeller
surface - a varnished surface and a propeller
surface with an electrostatic water-repellent
coating. The tangent lines drawn to the
surfaces of the water droplet to represent the
edge wetting angle 0 are shown in Fig. 5.

As can be seen from Fig. 5, on the
surface of a lacquered propeller, the edge
wetting angle of the surface 6 is about 300, and
on the surface of the propeller, which is treated
with an electrostatic water-repellent liquid, the
edge wetting angle of the surface 6 is about
700.

To evaluate the effect of the propeller
surface properties, namely, the reduction of its
frontal resistance to air flow, repeated

experimental studies were conducted with a
propeller on the surface of which an
electrostatic ~ water-repellent  coating was
applied. During a 5-hour flight, the economic
and traction performance of the paramotor unit
was measured and recorded. The results of
experimental studies of the propeller operation
with two different types of surface coatings are
listed in the Table 1.

The treatment of the propeller surface
with an electrostatic water-repellent coating
according to the proposed method showed an
increase in the maximum engine speed during
the operation of the propeller installation on
site and in flight. According to the studies, the
use of an electrostatic water-repellent coating
can reduce fuel consumption by 4...6%.

12
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a)

b)

Fig. 5 - Image of the edge wetting angle 0 of the propeller surface for:
a) varnish coating of the propeller surface; b) electrostatic water-repellent coating of the propeller

surface

Table 1.

Results of experimental studies of the operation of a propeller with two different coatings of its

surface

Indicators

Screw 125 x 57 cm
The surface of the
propeller is varnished

Screw 125 x 57 cm
Propeller surface with
electrostatic water-repellent

The use of an electrostatic water-
repellent coating on the blades of an air rotor
makes it possible to improve its aerodynamic

13

coating
Edge wetting angle of the propeller 30 70
surface, 6, °
Increase in the edge wetting angle of 0 40
the propeller surface, 6, °
Maximum engine speed in place, rpm 6030 + 6050 6130 + 6150
Increase in maximum engine speed on 0 1.67
site, %. )
Maximum engine speed in flight at a N N
speed of 43 + 45 km/h (climb), rpm 5970 = 6000 6010+ 6030
Engine speed in cruise mode .
(horizontal flight), rpm 5200...5400 5200 + 5400
Thrust in place, kg 42 +44 43 +45
Increase in propeller thrust, %. 0 3.7+4
Flight altitude, m 100 + 200 100 + 200
Pilot weight, kg 92 92
Weight of the paramotor unit (dry), kg 23 23
Air temperature, °C 25 25
Fuel consumption for 1 hour of the N N
route flight, / 353,15 2,8+2,9
Fuel economy, %. 0 4+6

Conclusions

properties and increase the efficiency of the
propeller group. A methodology for evaluating
the electrostatic repellent properties of a
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material by using water-repellent phenomena
at its edge wetting angle is proposed.
According to the described method of using
the electrostatic water-repellent coating of
propeller blades, the studies were carried out
on a paramotor installation with a 14 hp Solo
210 engine and a Moscito-4 wing in flight
mode and during operation on site. The results

of experimental studies have shown that when
applying an electrostatic =~ water-repellent
coating to the blades of an air rotor, it is
possible to obtain a higher thrust by 4%,
reduce its drag and improve the fuel and
economic performance of the propeller
installation, namely, reduce fuel consumption
by 4 + 6%.

Conflict of interest

The authors declare that there is no conflict of interest regarding the publication of the
manuscript. In addition, the authors fully complied with ethical standards, including plagiarism, data

falsification, and double publication.

References:
1. Adebimpe, S 2023, Propeller Aerodynamic Design and
https://doi.org/10.20944/preprints202310.0418.v1. (Last accessed: 19 October 2024)
2. Rizzi, A & Oppelstrup, J 2021, “Introduction to Aircraft Aerodynamic Design,” in Cambridge
University Press eBooks, pp. 1-44, https://doi.org/10.1017/9781139094672.003.
3. Lukianov, P & Dusheba, O 2023, “Modeling of aerodynamic noise of quadrotor type aerotaxi,”
Aerospace Technic and Technology, (4):38—49, https://doi.org/10.32620/aktt.2023.4.05.
4. Cummings, RM & Bertin, JJ 2021, Aerodynamics for engineers. Cambridge University Press.
https://doi.org/10.1017/9781009105842.
5. Zhornik, O, Kravchenko, I, Mitrakhovych, M & Balalaieva, K 2022, “Comparative evaluation of the
efficiency of the ring-type and bucket inlet devicesfor a power plant with a turbopropfan engine,” Eastern-
European Journal of Enterprise Technologies, 4(1 (118)):6-12, https://doi.org/10.15587/1729-
4061.2022.263023.
6. Hoyos, JD, Alvarado, JP & Jiménez, JH 2021, “Propeller acrodynamic optimisation to minimise
energy consumption for electric fixed-wing aircraft,” The Aeronautical Journal, 125(1292):1844-1870,
https://doi.org/10.1017/aer.2021.51
7. Hoyos, J, Jimenez, JH, Echavarria, C & Alvarado, JP 2021, “Airfoil Shape Optimization:
Comparative Study of Meta-heuristic Algorithms, Airfoil Parameterization Methods and Reynolds Number
Impact,” IOP  Conference Series Materials  Science and  Engineering, 1154(1):012016,
https://doi.org/10.1088/1757-899x/1154/1/012016.
8. Mian, HH, Wang, G, Zhou, H & Wu, X 2021, “Optimization of thin electric propeller using physics-
based surrogate model with space mapping,” Aerospace Science and Technology, 111106563,
https://doi.org/10.1016/j.ast.2021.106563.
9. Smith, J & Anderson, P 2020, “Nanocoatings in aviation: Enhancing propeller efficiency and
durability,” in Journal of Aviation Technology, vol. 12, no. 4, pp. 45-59.
10.  Chen, L & Wu, X 2021, “Nanotechnology in aircraft propeller design: Future trends,” in Aerospace
Science and Technology, vol. 22, no. 1, pp. 78—89.
11.  Hussain, M, Abdel-Nasser, Y, Banawan, A & Ahmed, Y M 2020, “FSI-based structural optimization
of thin bladed composite propellers,” in Alexandria Engineering Journal, vol. 59, no. 5, pp. 3755-3766,
https://doi.org/10.1016/j.2¢j.2020.06.032.
12.  Bhat, A, Budholiya, S, Aravind Raj, S, Sultan, M T H, Hui, D, Md Shah, A U & Safri, S N A 2021,
“Review on nanocomposites based on aerospace applications,” in Nanotechnology Reviews, vol. 10, no. 1,
pp- 237-253, https://doi.org/10.1515/ntrev-2021-0018.
13.  Rashid, A B, Haque, M, Islam, S M M & Uddin Labib, K M R 2024, “Nanotechnology-enhanced
fiber-reinforced polymer composites: Recent advancements on processing techniques and applications,” in
Heliyon, vol. 10, no. 2, €24692, https://doi.org/10.1016/j.heliyon.2024.e24692.
14.  Zhu, H & Li, J 2024, “Advancements in corrosion protection for aerospace aluminum alloys through
surface treatment,” in [International Journal of Electrochemical Science, vol. 19, no. 2, 100487,
https://doi.org/10.1016/].ijoes.2024.100487.
15. Adkins, C N & Liebeck, R H 1994, “Design of optimum propellers,” in Journal of Propulsion and
Power, vol. 10, no. 5, pp. 676682, https://doi.org/10.2514/3.23779.
16.  Jiménez, J H, Hoyos, J D, Echavarria, C & Alvarado, J P 2022, “Exhaustive analysis on aircraft
propeller performance through a BEMT tool,” in Journal of Aeronautics, Astronautics and Aviation, vol. 54,
pp. 13-23, https://doi.org/10.6125/J0AAA.202203 54(1).02.

Optimization,

14



ISSN 2079-1747 Maumno6ynyBanss. 2024. Ne34 Metpostorist Ta iHopManiiiHO-BUMipIOBaIbHI TEXHOJIOTI]

17.  Trishch, R, Cherniak, O, Zdenek, D & Petraskevicius, V 2024, “Assessment of the occupational
health and safety management system by qualimetric methods,” in Engineering Management in Production
and Services, vol. 16, no. 2, pp. 118—127, https://doi.org/10.2478/emj-2024-0017.

18.  Trishch, R, Nechuiviter, O, Hrinchenko, H, Bubela, T, Riabchykov, M & Pandova, 1 2023,
“Assessment of safety risks using qualimetric methods,” in MM Science Journal, 2023(3),
https://doi.org/10.17973/mmsj.2023 10_2023021.

19.  Cherniak, O, Trishch, R, Ginevi¢ius, R, Nechuiviter, O & Burdeina, V 2024, “Methodology for
Assessing the Processes of the Occupational Safety Management System Using Functional Dependencies,”
in Lecture notes in networks and systems, pp. 3—13, https://doi.org/10.1007/978-3-031-60549-9 1.

20.  Kupriyanov, O, Trishch, R, Dichev, D & Kupriianova, K 2022, “A General Approach for Tolerance
Control in Quality Assessment for Technology Quality Analysis,” in Lecture notes in mechanical
engineering, pp. 330-339, https://doi.org/10.1007/978-3-031-16651-8 31.

21.  Kupriyanov, O, Trishch, R, Dichev, D & Bondarenko, T 2021, “Mathematic Model of the General
Approach to Tolerance Control in Quality Assessment,” in Lecture notes in mechanical engineering, pp.
415-423, https://doi.org/10.1007/978-3-030-91327-4 41.

22.  Labs of Latvia 2021, Nanocoatings for the New Generation of Aviation Engine Parts Developed by
RTU, https://labsoflatvia.com/en/news/nanocoatings-for-the-new-generation-of-aviation-engine-parts-
developed-by-rtu (Last accessed: 19 October 2024)

23.  QGu, Y, Xia, K, Wu, D, Mou, J & Zheng, S 2020, “Technical Characteristics and Wear-Resistant
Mechanism of Nano Coatings: A Review,” Coatings, 10(3):233, https://doi.org/10.3390/coatings10030233.
24.  Kiesel, L 2021, “Advanced air plasma spray TBCs for aerospace and industrial components,” in
Honeywell Aerospace Technologies, https://aerospace.honeywell.com/us/en/learn/about-us/blogs/advanced-
air-plasma-spray-tbes. (Last accessed: 19 October 2024)

25.  Kobayakawa, M & Onuma, H 1985, “Propeller aecrodynamic performance by vortex-lattice method,”
in Journal of Aircraft, vol. 22, no. 8, pp. 649—654, https://doi.org/10.2514/3.45181.

26.  Lopez, N R 2020, “Resistant project: How can nanotechnology reduce environmental impacts of
aircrafts?” in Open Access Government, https://www.openaccessgovernment.org/nanotechnology-reduce-
environmental-impacts-of-aircrafts/85311. (Last accessed: 19 October 2024)

27.  Israelachvili, J N 2015, Intermolecular and Surface Forces, Elsevier Science & Technology Books.
28.  Hunter, R J 2001, Foundations of Colloid Science, 2nd edn, Clarendon Press, Oxford, 806 pp., ISBN
0-19-850502-7.

29.  Kruk, T, Szczepanowicz, K, Kregiel, D, Szyk-Warszynska, L & Warszyniski, P 2016, “Nanostructured
multilayer polyelectrolyte films with silver nanoparticles as antibacterial coatings,” in Colloids and Surfaces
B: Biointerfaces, vol. 137, pp. 158—166, https://doi.org/10.1016/j.colsurfb.2015.06.016.

The article was received by the editors 10/20/2024
The article is recommended for printing 11/22/2024

15



ISSN 2079-1747 Maumno6ynyBanss. 2024. Ne34 Metpostorist Ta iHopManiiiHO-BUMipIOBaIbHI TEXHOJIOTI]

ICOJIOBEM 1. M., KaHAMIAT TEXHIYHUX HAYK,
JOLCHT Ka(i)e[{pn eﬂeKTpOTeXHOHOFiﬁ Ta eKcrmyaTaui'l' CHCPICTUYHOI'O YCTATKYBAaHHS
e-mail: iwan70@ukr.net ORCID: https://orcid.org/0000-0003-4715-3795
’KY3HELOB B. ]1.,

acripanT kadeapu MeXaTpOHIKH Ta eJIEKTPOTEXHIKH

e-mail: v.kuznietsov(@khai.edu ORCID: https://orcid.org/0009-0006-1145-9281
YEPHSIK K. M.,
acmipaHT Kadepu MEXaTPOHIKH Ta eJIEKTPOTEXHIKH
e-mail: k.m.cherniak@khai.edu ORCID: https://orcid.org/0009-0000-9225-9498

IMAJIAXOB. B.,
acripanT kadeapu MeXaTpOHIKH Ta eJIEKTPOTEXHIKH
e-mail: i.m.malakhov@khai.edu ORCID: https://orcid.org/0009-0005-5540-4840
POMANIKIH J. 1.,
acmipaHT Kadepu MEXaTPOHIKH Ta eJIEKTPOTEXHIKH
e-mail: d.d.romashkin@khai.edu ORCID: https://orcid.org/0009-0009-1410-4306
’KOMIIAHELD B. B.,
acripanT kadeapu MeXaTpOHIKH Ta eJIEKTPOTEXHIKH
e-mail: v.v.kompanets@khai.edu ORCID: https://orcid.org/0009-0002-6016-0244

! Bidoxpemnenuii nioposoin Hayionanvnozo ynieepcumemy 6iopecypcis i npupodoxopucmysanns Ykpainu
«bepesicancoruii acpomexnivnull incmumymy
Bepexanu, 47501, Ykpiina
’Hayionanvnuii aepoxocmivnuii yuieepcumem "Xapxiecvkuii agiayitinuti incmumym"
17 Byn. Baguma Manbka, Xapkis, 61070, Ykpiina

BILIMB EJTJEKTPOCTATUYHOI'O BOAOBIAIITOBXYBAJIBHOI'O IOKPUTTS
JIOTATEHA ITOBITPAHOI'O 'BUHTA HA NOI'O AEPOJJMHAMIYHI
XAPAKTEPUCTHUKMU.

VY craTTi mpeACTaBICHO MiAXOMU IO PO3POOJICHHS METOIUKH ITiIBUINCHHSI OCHOBHHX aepOIMHAMIYHUX
XapaKTepUCTHUK TIOBITPSHUX TBHUHTIB (PIKCOBAHOrO Ta 3MIHHOTO KpOKY. MeTolo poOOTH SIBISIETHCS
YIOCKOHAJICHHS OCHOBHHX aepOJWHAMIYHHMX XapaKTEPHCTHUK IMOBITPSHUX TBHHTIB (DIKCOBAaHOTO Ta 3MiHHOTO
KPOKY LIUISIXOM HAHECEHHS €JEKTPOCTATHYHOTO BOJOBIJIITOBXYBAJIbHOTO MOKPHUTTSI HA MOBEPXHIO JIOMaTei. Y
CTaTTi BUPIMIYIOTHCS HACTYIHI 3aBIaHHS: aHaldi3 OCHOBHHMX CIIOCOOIB TIiJBHINECHHS aepoJuHAMIYHHX
XapaKTEPUCTHK TIOBITPSHOTO TBUHTA MPH BUKOPUCTAHHI IOKPUTTS HOTO MOBEPXHI, SIKE 3a0e3Ieuye MOKPaIICHHS
Horo aepoavHaMiKu, OOIPYHTYBaHHS METOJY 3MEHIICHHS JIOOOBOTO OIMOPY MOBITPSHOTO TBHHTA, JOCIIKCHHS
3aMporOHOBAHOTO  METOJy 3MCHIICHHS JIOOOBOTO  OMOPY TOBITPSIHOrO TBUHTA IIPU  HAHECCHHI
CJIEKTPOCTATUYHOTO BOAOBIAMITOBXYBAJIBHOTO IMOKPUTTS HA HOro JonaTi. BHKOPHCTOBYIOThCS TaKi METOJU:
MOPIBHAIILHUH aHalli3, eKCIIEPUMEHTAITBHE JTOCITI KCHHS.

OTpuMaHi pe3ybTaTH O3BOJIIIOTH 3MEHIITUTH JIOOOBHUH OMIp TOBITPSHOTO TBUHTA Ta ITiIBHITUTH HOTO
aepoMHAMIYHI XapaKTEPUCTHKH, IO JO3BOJIIE MiABUINUTH €(EKTHBHICTh POOOTH TBHHTOMOTOPHOI T'PYIH Ta
MIJABUIIUTH 1] NAJMBHO-SKOHOMIYHI IMOKa3HUKU. BUKOpPHCTaHHS €IEKTPOCTATUYHOTO BOJOBIAIITOBXYBAJILHOIO
MOKPUTTS JIONMATEH TOBITPSHOTO TBHHTA JO3BOJIAE MiABHIIUTH WOTO acpONUWHAMIYHI XapaKTCPUCTUKHA Ta
HiABUIINTA €(EKTUBHICTH pPOOOTH TBUHTOMOTOPHOI rpymu. Pe3ynpTaTH EKCIEPUMEHTAIBHHUX JOCHIIKEHb
MOKa3aly, M0 MPH HAHECCHHI TAaKOro MOKPUTTS Ha JIONATi MOBITPSIHOIO TBUHTA MOXHA OTPUMATH OLUIBINY TATY
3a paxyHOK 3HW)KCHHS HOTO JIOOOBOT'O OIMOPY Ta MOKPALIUTHU MMATHBHO-CKOHOMIYHI TTOKa3HUKHA TBUHTOMOTOPHOL
YCTaHOBKH, a CaMe 3HU3UTH PO3XiJI MaJIuBa.

KIIFOYOBI CIIOBA: sxicmb nogepxui, oyinka SIKOCMI NOGEPXHI 26UHMA, 26UHM, JONAMb 28UHMA,
ROKpUMMS 28UHMA, AePOOUHAMIYHI XAPAKMEPUCTNUKY 26UHMA.

SAx muryBaTH: Solovei 1., Kuznietsov V., Cherniak K., Malakhov I., Romashkin D., Kompanets V. (2024).
Influence of electrostatic water-repellent coating of the propeller blades on its aerodynamic characteristics.
Mawno6ydysanns. 2024. Bum. 34 C. 6-16. DOI: https://doi.org/10.26565/2079-1747-2024-34-01

Konduikr inTepecis

ABTOpH 3asIBISIIOTH, 1[0 KOHQUIIKTY iHTepeciB moAo myOmikamnii pykomucy Hemae. Kpim toro,
aBTOPH TOBHICTIO JOTPUMYBAJIMCh CTHYHHUX HOPM, BKIIIOUAIOYH ILIariar, (aibcudikaiiio JaHUX Ta
MOJIBIMHY ITyOJIiKaIIif0

Crarrs Haaiduwia s pegakuii 20.10.2024 CraTTs pekoMeHI0BaHa 10 Apyky 22.11.2024
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PO3BUTOK HOPMATHUBHOI'O IIIAXOAY 10 OUIHIOBAHHS PU3UKIB
EHEPTOIIIAIIPUEMCTB

AHoTanis. AHani3 HOPMAaTUBHOTO MiJIXOAy OLIHIOBaHHS pHU3UKIB (YHKIIOHYBaHHS EHEPreTHYHHX
CHUCTEM JIJIsI TX MOAAJBIIOrO yIOCKOHAICHHS Ta PO3BUTKY.

VY craTTi pO3rISHYTO MiAXOAW A0 OLIHKM PU3MKIB Y (DYHKIIOHYBaHHI MICBKMX €HEPIeTHYHHUX CHUCTEM 3
METOI0 PO3poOKM e(peKTHBHOI cTpaTterii ymnpaBiiHHA Ha OCHOBI HOpPMaTHBHOro migxoxy. B crarti
MPOAHATiI30BAHO MiJXOIU OLIHIOBAHHS PU3WKIB Ta BUAUICHO HOPMATUBHHU MiAXiJ, SK OCHOBA JUIS YIPABITiHHS
pHU3MKaMH, IO MOTPeOye BIPOBAPKEHHS KBAIIMETPUYHOI OIIHKKM BIUIMBY 30BHINIHIX Ta BHYTPINIHIX (aKTOPIB,
SKi TIlepen0adeHi HOPMATUBHUMHY JTOKyMeHTaMHu. [IpoanarizoBaHO Ta BU3HAYEHO OCHOBHI MPOOJIEMHU YIIPABITiHHS
Ta OIIHIOBAHHS OIIIHKM PHU3UKIB, 30KpeMa HEOOXiTHICTh KOMIUIEKCHOTO ITIXOIy MO OIIIHKK PH3HKIB Ta
BXJIMBICTh OIIIHKH HE TiMbKW (DYHKIIOHYBAHHS OKPEMHX KOMITOHEHTIB CHCTEMH, aje ¥ B3a€EMO3B'SA3KIB MiXkK
HUMH Ta TPOIECaMH, IO MPOTIKAIOTh B MEKaxX CHUCTEMH i MAlOTh BIUIMB, K Ha TEXHIYHY CHCTEMY, TaK 1 Ha
HaBKOJIMIITHE CEPeOBHUINE. 3aIpOIIOHOBAHO PO3TIIATH HACIIAKH MOPYIICHHS HOPMAaJIbHUX YMOB €KCIUTyaTarii
CHEeprooONIaiHaHHs, SK PU3UK JUIA KBAaJIMETPHYHOI'O OIHIOBAHHS TEXHIYHMUX CHCTEM 4Yepe3 MOXKIUBOCTI
BIZIHOBJICHHSI, MOJIEpHi3alii oOiagHaHHs. B skocTi Mozeni ynpaBiiHHS pU3nKaMH (QYHKIIOHYBaHHS TEXHIYHUX
CHUCTEM TIIPOIIOHYETHCS MOJEb, IO 0a3yeThCsl HA IHTCHCHBHOCTI BIJMOB Ta WMOBIPHOCTI BiJHOBJICHHS
Mpane3aaTHOCTI CHEPTeTUYHOI CHCTEMHU. 3aIpPONIOHOBAHO MIKATY JAJIs OLIHIOBAaHHS HACTAHHS HEeOa)XaHOI MOl 3a
piBHEM Oe3MeKH Ta HACHIAKIB [UX IMOMAIA NUITXOM BPaxyBaHHS BIJHOBJICHHS SK TEXHIYHOTO KOMIIOHCHTY
CUTCTeMH (3 ypaxyBaHHSIM 4Yacy BiIHOBJICHHS), TaK 1 €KOJOTIYHHWX HACTIJIKIB 1 MOXJIHMBOCTEH iX yCYHEHHS,
BpPaxOBYIOUH Yac Ta piBEeHb 30UTKIB. J[JIs OMiHIOBAHHS 1 YIIpaBIiHHS ITPOAHAI30BaHO BILTUB 30BHIMIHIX (pakTOpiB
Ha (YHKI[IOHYBaHHS TEXHIYHOI CHCTEMH Ta 3aIPOINOHOBAHO OIIHKY BUKOPHCTOBYIOYHM MATPHIl pU3HKY. Takuit
X1 T03BOJISE OLIHUTH €(DEeKTUBHICTH BIPOBADKEHHS, OpraHi3allii Ta GyHKI[IOHyBaHHS CHCTEMH, a TOJIOBHE -
VIPABIISATH Ta MOKPAITyBaTH (GYHKI[IOHYBaHHS CUCTEMH Ha OYIb-SIKOMY €Tari ii )KHTTEBOT'O ITUKITY.

KIIOYOBI CJIOBA: pusuk, Hopmamuenuil nioxid, eHepeemuyHi NIONPUEMCMEa, YNPAGIIHHA,
OYIHIOBAHHA, MAMPUYL DUSUKY .

Ax muryBatn: ['pinuenxo I'. C., Kinopenko O. B., Heronos C. C., JIucernko A. ., Mazopuyk K. K., Hoc P. C.
P03BUTOK HOPMATHUBHOTO MIAXOIY JO OLIHIOBAHHS PU3UKIB CHEPromianpueMcTB. Mawnobyoysanns. 2024. Bur.
34 C. 17-30. DOL: https://doi.org/10.26565/2079-1747-2024-34-02

© I'pinuenxo I'. C., Kinopenko O. B., Herogos C. C., JIucenko A. f., Mazopuyk K. K., Hoc P. C., 2024
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INocTanoBKa mMpo0JieMH Ta i 3B’ S130K i3 BaXKIHMBMMH HAYKOBMMH Y1 NPAKTHYHHMH
3aBJaHHAMH

OuikyBaHe B HaWOMWKYl AECATHIITTS
3pOCTaHHSI BHYTPIIIHBOTO €HEPTOCIIOKHBAHHS
Ta  00cATy  EKCHOpPTYy  eJIEKTPOCHEpTii,
00MEsKEeHICTh 3amaciB OpraHiyHOTO MajuBa JJis
TEIUIOBUX  CTAHI[H, EKOJOIIYHI BHKJIUKH,
OB’ 513aHi 3 TEIUIOBOIO CHEPTETHKOIO, a TAKOX
BIICYTHICT B YKpaiHi 3HAYHUX HCBU-
KOPUCTaHUX TiIPOCHEPTETUYHUX PECYpCiB 1
MECUMICTHYHI TPOTHO3HU OO0 KOMEPIIHHOTO
BIIPOBA/DKCHHS  HETPAIUIIIMHUX  JDKepel
eHeprii BH3HAYAIOThH SIIEPHY EHEPIeTHKY SK
Oe3anbTepHaTUBHUAN HaIpsM, SIKAM
BUPI3HAETHCSI  BHCOKOIO  KOHKYPEHTOCHPO-
MOXHicTIO. BogHouac po3BHTOK aTOMHOI
EHEPIreTUKH CYNPOBOMXKYETHCA UHCICHHUMHU
YHEepeKEHHSIMH Ta CYNEepPedHOCTAMH, II0-
B’s3aHUMH 3 1i BUKOPHUCTAHHAM, 30KpeMa depes
MOTCHIIIHHI  3arpo3W  COLiadbHOI  Oe3meKH,
pU3UKK 3a0pyAHEHHS HAaBKOJHUIIIHBOTO Ccepe-
JIOBHIIIA Ta TEXHOJIOTIYHI MpoOIeMu Oe3MeKH,
SKIi  MOXYTb TNPHU3BOOUTH JAO CYTTEBUX
€KOHOMIYHMX BTpar. Yci I  acmeKkTu

BUMArarmTh TJIMOOKOTO aHaIizy Ta
3aCTOCYBaHHS HAYKOBO 00IpyHTOBaHUX
METO/IB OIIHKH PU3UKIB 1 MOXJIMBHUX 3arpo3.
Komnnexchauit aHami3 PU3HKiB
E€HEPreTHYHOTO 00’ekxTa JI03BOJISIE
MIPOTHO3YBATH MOTEHIIIHI 3aTPO3H I POOOTH
ATOMHHX CTaHIIIM HAa PI3HWX eTalax: I Jac
IUTaHyBaHHS POOOTH €HeproOJIOoKy, YIPOAOBXK
MIPOEKTHOTO TEPMIHY eKCIUTyaTallii, a TaKoX
IIpU TIPOJIOBXKEHHI TEPMIHIB eKCILTyaTamii 3
ypaxyBaHHSM 3MiH, II0 BHHUKIW IIiJ] dYac
poborun obOnamgHanHs. OIliHKa  37aTHOCTI
EHEePTeTUYHOT0 00’ €KTa, K CKIIATHOI CUCTEMH,
ajantyBaTHCS JIO MOXJIMBHUX 3arpo3 €
BRXJIMBOIO CKJIAJIOBOIO aHamiizy pmsukiB. lle
3abe3medye OUTBII TOYHY U EKOHOMIYHO
OOTpyHTOBaHY  OIIHKY  (DYHKIIIOHYBaHHS
CHUCTEMH Ta CIpusie po3polui edeKTUBHOI

AHaJIi3 OCTaHHIX JOCTIKeHb 1 my0aikamin

VYrpaBaiHHS Ta OIIHIOBAHHS pPH3UKIB
YMOBHO TONISIOTh HAa KiTbKA MIAXOMIB, SKi
3aCTOCOBYIOTBCS B COLIAJbHHUX Ta 1HKEHEPHUX
cucreMax. Cepen HUX: KUIBKICHHH aHai3, IO
0a3yeThCsl HA  CTATUCTHYHHAX  JaHUX 1
NPOTHO3YBaHHI HMOBIPHOCTI 3arpo3; SIKiCHHN
aHayi3, OpIEHTOBaHWH Ha BHKOPUCTAHHS
SKICHAX XapaKTePUCTHK; CIICHApPHUHA TiaXif,
AKUH Tiependadae MOAETIOBAHHS MOXKITUBOTO
PO3BUTKY  TOMii;  OI[IHIOBaHHSI  PU3UKIB
BIIMTOBITHO J0 HOPMATUBHUX JIOKYMEHTIB,
takux gk ISO 31000 a6o ISO 9001; a Takox
BUKOPUCTaHHS 1H(QOpMAIiMHUX TEXHOJOTiH
[1]. Ha mpakTuili koxeH i3 WX METOJIB Mae
CBOI TIEpeBaru Ta HEAOJIKH, TOMY iX 3a3BHYaN
3aCTOCOBYIOTh Y TO€JHAHHI JUISl JTOCSATHCHHS
O1TBII TOYHUX 1 KOMIUIEKCHUX PE3YJIbTATIB.

Cepen HaHTOMMUPEHIMUX KUIBKICHAX
METOJIB aHaJi3y PU3UKIB IHKEHEPHUX CHCTEM
BUJUIAETECS MeTo] MonTe-Kapno [2-6], skuit
JTO3BOJISIE MOJICITIOBATH HMOBIPHOCTI BiIMOB y
PI3HHUX CHCTeMax Ta BHOMpaTH ONTHMAJbHI
napamerpu. llle omHuM MmHMpPoOKO BUKO-
PUCTOBYBaHUM METOJIOM € aHaji3 JepeBa
BigMoB (Fault Tree Analysis) [7-12]. ¥V pobori
[7] 3ampomoHOBaHO 3aCTOCYBaHHS ILOTO
MiXOMY Ui BUSIBIICHHS JDKEpeNl HEeOe3NeKu B

cTparerii ~ yHpaBIiHHSA  pU3UKAMU IS
ITi IBUIIICHHS Oe3rmexu ypOaHi30BaHUX
CHEPreTHYHUX CHCTEM.
T ICHCTEMax MiCBKOTO TPAHCIIOPTHOTO

KOMILIEKCY 4Yepe3 aHalli3 THIIOBHX PU3HKOBUX
nofiH, sixi Oynu TpanchopMoBaHi B 0a€ciBChKi
MepeXi IS TOAIBIIOT0 KUTBKICHOTO aHaTi3y.

Hocmimkenns [10, 11] npomoHYyIOTH
OIIHIOBAaTH  PHU3UKKM  JWHAMIYHHX  Xapa-
KTEPUCTHK CUCTEM 3a JIOTIOMOT 010
aBTOMATHYHOI TEHepallii Ta KiJbKiCHOTO aHa-
T3y JUHAMIYHHX JCPEB BiIMOB, BPaxOBYIOUH
YacoBi XapakTEPUCTUKH Ta  HAIMIPHICTb.
ABTOMaTHYHa MOOY/IOBA NEPEB BIAMOB Ta iX
aHaJli3 CHOPUAIOTh e(EKTUBHIN 1meHTH(IKALT
KPUTHUYHO BaXXJIMBUX CJIIEMEHTIB, a TaKOX
JAIOTh MOXKITUBICTh IIOPIBHIOBATH aJbTEP-
HATUBHI KOHIeMii moOymoBu cucremu [11,
12].

Merton aHanizy nepeBa BiIMOB JI03BOJISIE
OIIiHIOBATH KOMIUICKCHUH PU3HK 13 JETAITBHOIO
IHIUKAIEI0 OKPEMHX HOro CKIAIOBUX, IO
MOXK€ CIIyI'YyBaTH OCHOBOIO IS TOJAJIBIION
OIIIHKM CTIMKOCTI, HaJIMHOCTI 00'€eKTIB Ta
iXHBOTO TEPCIEKTUBHOTO PO3BHUTKY, 3a0e3-
MEeYyI0un HeOOXiJHUN piBeHb OC3MEeKH.

SkicHUE aHaNmi3 PU3MKIB YacTO TOEN-
HYETHCS 3 KITbKICHUM JIJIST OITIHKH 1H)KCHEPHUX
cucreMm. [lpuknamamMu METOMIB  SIKICHOTO
aHamizy € SWOT-anamiz, matpuns Hmo-
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BIDHOCTI Ta BIUIMBY pHU3HKIB, a TaKOX
ekcneptHi omutyBaHHA [13-19]. SWOT-anani3
1 eKCIlepTHE  OIlIHIOBaHHS  3A¢OUTBIIIOTO
3aCTOCOBYIOTbCSI AJISl  OLIHKH DU3UKIB Y
COITIATbHO-EKOHOMIYHNX cHucTeMax [14-16],
TOAlI SIK Yy TEXHIYHUX CHCTEMax pPHU3UKH
MOB'SI3yIOTh 3 Oe3mekoro. JIJis OIIHKM TaKuX
PU3UKIB  BHUKOPHCTOBYIOTH  KBaJliMETpPHYHI
METONM, 30KpeMa MATPUYHHHA MiAXim s
MPUUHATTS pillicHs a00 Kaacudikaiii 00'exTiB
3a piBHeM pu3suky [13, 17-19].

OmiHka  pU3WKIB  BIANOBIAHO IO
HOPMATHBHUX CTaHAApTIB, Takumx sk ISO
31000 [20], IEC 31010 [21], ISO 9001 [22],
ISO 45001 [23], € BayKTMBUM HANpsIMKOM SIK Y
NPaKTUIHOMY, TaK 1 B HAYKOBOMY KOHTEKCTaX,
30KpeMa IMpH BIOPOBAKEHHI CHUCTEM YIpaB-

JIIHHS SKICTIO, 3a0e3meueHHi Oe3mekd Ta
30pOB’sl  TIPaIliBHUKIB, a TakKoX IS
MiABUINECHHS  S(EKTUBHOCTI  yMpaBIiHHS.

OmiHka pH3HKIB 3TiTHO 3 HOPMATUBHUMU

JOKYMEHTAaMH € THYYKHM IIPOLIECOM, IO
TIOJISITa€ y BU3HAYUCHHI BIJIITOBITHOCTI BUMOTaM
craagaptiB. Crammapta ISO € ocHOBOIO mJis
OLIHKM Ta YNpaBIiHHSI PHU3MKaMH, a HAyKOBi
TOCII/DKEHHST B I cdepi 30cepemKeHi Ha
po3po0Il  OOIPYHTOBAaHHMX METOMIB OLIIHKH
pPU3HKIB, ineHTH(iKaLil KpUTepiiB HeOe3meKH
Ta PU3HKIB, aHAIII31 KpUTHYHUX MO/ 1 3arpo3,
a TaKOX Ha NUIAXH CHCTEMHOI iHTerparlii Ha
MIIMPUEMCTBAX 1 CTpATErisfsX OINHKA IX
edextuBHOCTI [24-27].

KoxHa 3 HaBeleHHX TPYN METOJIB Ma€e
cBoi mepeBarm Ta Hemomiku (Pumc. 1), i
3a3BHYail 3aCTOCOBYETbCS B IIOETHAHHI IS
MiABUIICHHS TOYHOCTI pe3yJibTaTiB Ta 3a-
Oe3IeueHHS e(heKTHBHOTO YIIpaBITiHHS
pmsukamu. [ns BuOOpy onTHManbHOTO M-
XO4y, IO CIPHUATUME CTIHKOMY YIPaBIiHHIO
MiIIIPUEMCTBOM,  HEOOXiZTHO  BpPaxOBYBaTH
0co0IMBOCTI 00'€KTa
PHU3UK-MEHEIKMEHTY.

KiABKICHWN mioxi KomGi fo Y OpMaTUBHMIA NIAXIA, AHanis pusuKis 3a
inbKicHMiA nigxig y e e rs 7 Kom6iHoBaHuii nipxia . OB eI Aonomoroio
Llet nigxig 6asyetbea Ha GLIELID IS CueHapHuiA nigxia u P

HMCNOBMX AAHUX i
maTeMaTU4YHMX MeTogax ANs
OUiHIOBaHHSA MMOBIpHOCTI Ta

BM/INBY PU3KKIB.
XapaKTepuCTUKK:
BukopucToBYE CTaTUCTUYHI
mogeni, MMoBipHOCTi Ta

YMCNOBI 3HAYEHHS.
PesynbtaTv npeacrasnieHi y

BursAgi umcen (biHaHcosi
BTpaTH, MMOBIpHicTb asapii).
MeTtogu: AHanis
MMoBipHoCcTel (Hanpukiag,
metog, MoHTe-
Kapno).BukopucraHHs
icTopuuHmx gaHux. Metog
Aepesa HecnpasHocTel (Fault
Tree Analysis).
Mepesaru: Yitkictb Ta
BUMIpHicTb. Monerwye
NOPiIBHAHHA PU3KKIB.
Hegoniku: NoTtpebye ToUHMX

AaHUX, AKi MOXKyTb ByTi
HeAoCTyNHUMMU

Lie# nigxig 6asyetbes Ha
eKCnepTHUX OLiHKaX i
AKICHOMY aHanisi
XapaKTepuCTUK PUSUKIB.
XapaKTepucTmku:
Bukopucrosye onucosi
AaHi Ta cyb'ekTuBHI
OLiHKKU. PUsnkun
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Fig. 1- Risk assessment approaches
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MNiasuLeHa ToYHiCTb
aHanisy.
Heponiku: 3anexHictb
BiZ AKOCTi AaHUX.

o i KOHKpeTHi Yncnosi TOYAOMICTKUM. .
\ LA NOPIBHAHHSA. \ AT )\ PYyA BpaxoByBaTu Bucoki BuTpaTtn Ha
cneundiky Komnatii. BMNPOBa/PKEHHA.

Puc. 1- ITigxoau 10 OIiHIOBaHHS PH3UKIB

Omninka HacHiJKiB peamizawii 3arpo3 Ta
ix BIMBY Ha Oe3mepepBHICTH 3a0e3neucHHs
moTped CroXmBadviB (HAceleHHs, Oi3Hecy,
JepKaBH Ta CYCIUIBCTBA) y  IMAaJHBHO-
EHEPTeTUYHUX PECypcax € BaXJIUBUM eJie-
MEHTOM CHCTEMH eHepreTudHoi O6e3neku. Kpim
TOTO, BaXKJIMBUM € OLIHIOBAaHHS MOXKIIMBOCTEH
CyO'eKkTiB 3a0e3ledYeHHs] eHepreTuuHoi 0e3-
NEeKH I 3ano0iraHHs PO3BUTKY HETaTHBHUX
cIleHapiiB. YTpaBlIiHHS PU3UKAMHU € BU3HAHUM

y CBITI KOMIUICKCHUM  MiJXOJO0M, IO
nependavae po3poOKy BIAMIOBIAHMX 3aXOMiB 1
iX IHTErpamifo B JTOKyMEHTH JIEpKaBHOTO
IUTaHyBaHHS. Metoro €  3amobiranHs
BUHUKHCHHIO HOBHX PH3HKIB 1 3MEHIICHHS
HasBHUX  [UIIXOM  YIPOBAJDKEHHS  KOM-
IDICKCHUX 3aXOIiB Ha 00'€KTOBOMY, TalIy-
3€BOMY Ta 3arajbHOJICPKABHOMY PiBHSIX.
Hoceix Oaratbox KpaiH MiOTBEPAXKYE,
0 CTBOPEHHSI CHCTEMH YTIPABIIiHHS pU3UKAMHU
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Ma€ YMCIICHHI MepeBaru, i pU3UKOOPIEHTOBAaHI
MiIXOAW MIUPOKO 3aCTOCOBYIOTBCA B TIPO-
BiHUX Kpainax cBiTy. Hampukman, y €C y
2015 pori Oyyio 3aTBEPIHKEHO METOJHU OIIHKH
PHU3UKIB JUIS 3aXHUCTy KpUTHYHOI iH(ppac-
TpyKTypu [28], sSKi TPYHTYIOTHCS Ha aHai3i
3arpo3 i pu3MKiB.

Pusuk € HEBIAUIBHOIO YaCTHHOIO OY/1b-
SIKOT COITIAJTBHO-€KOHOMIYHO1 TiSITLHOCTI, TOMY
HOro HasBHICTb Ha MiANPUEMCTBI a00 B Oyab-
SIKOMY TIpolleCi HE € aHi HEeJIOJIKOM, aHi
nepenaror0. CydacHi MiIXOMU JO yIPAaBIiHHS
pU3MKaMU  TPYHTYIOTbCS ~ Ha  KOHIICTIIii
"OpUHHATHOTO PU3UKY', B3TiAHO 3  SKOIO
TOJIOBHOIO METOI0 € JIOCSTHEHHS  Mak-
CHUMAaJIbHOI HaIiWHOCTI BCIX BUAIB HiSUTBHOCTI
IUISXOM yTPUMaHHS CYKYITHOTO pHU3UKY B
MeXaX, BU3HAYCHUX CTPATETIEI0 PO3BHUTKY
COITIaTbHO-EKOHOMIYHOI cuctemu [1].

VY3aranpHeHWH ~ MiOXiL [0  OI[HKH
PU3UKIB BKJIIOYAE: 1MEHTH(]IKAIiI0 3arpos,
OIIIHKY dYacToTh (WMOBIPHOCTI) peaiizarii
KOXKHOI 3arpo3u; OIlHKY Bpa3duBOCTI [0
KOXKHOI 3arpos3y, 110 pa3oM 3 ii 4acTOTO
BU3HAYa€ WMOBIPHICTh 3aBAaHHS UIKOIU;
OITIHKY HACHiIKIB (IMIKOIW) I HaANTipIIoro
CIIeHapit0 Po3BUTKY monid. KoHmemniis pu3uk-
MEHE/DKMEHTY  TOJIsiTae  HE  TiIbKM B
imeHTudIKaIli Ta OIHII 3arpo3 i HACIIKIB, a
OXOIUTIOE OUTBII ITHPOKE KOJIO IPOIIECIB,
MOEHYIOUM PO3BUTOK Ta  YJOCKOHAJICHHS
MiAIPUEMCTBA 3 YpaxyBaHHSAM MOKIIHBHX
Hacmiakie [20-23]. Jns moOymoBu Mojenmi
PU3UK-MEHEDKMEHTY ~ €HEPreTHYHOTO  TIiJI-
PUEMCTBa, SKE € 4YacTUHOK CKIAJHOI CO-
I10EKOJIOTIYHOI CHUCTEMH, MOKHA BH3HAUYUTH
HACTYMHI eTany imeHTudikaIii Ta ynpaBiIiHHS
PHY3MKaMH 3TiTHO 3 HOPMaTHBHUM ITiXOJIOM Ta
MDKHApPOIHUX CTaHIAPTIB (puc. 2).

VYhpaBimiHHS pH3UKaMH MOXe OyTH
BIIPOBADKCHO Ha Oynb-sIKOMy eTami (QyHK-
[[IOHYBaHHS CHUCTEMH, TPH IOMY BaKIHBO
3UTYIUTH BCi piBHI €HEePTEeTUIHOTO
i IPUEMCTBA 10 IIOTO MPOIIECy, TOYNHAKYN
3 BHUIIOTO KEPIBHHIITBA, SKE& BH3HAYa€E
CTpaTeriro Ta BCTAaHOBIIOE MaKCHMAaJIbHUN
pPiBEHb CYKYITHOTO PH3HKY (BEPXHIO MEXKY).

BrpoBakeHHST  yNpaBIiHHS pU3HKaMH B
cucteMy (DYHKIIIOHYBaHHS E€HEPTeTUIHOTO
MiANPUEMCTBA TIOJIATAE, 30KpeMa, B TOMY, IO
70 LBOTO TPOLECY 3alyvaloThCsl MPAaKTHYHO
BC1 HOT'O TTiIPO3ILITH.

[lepmmit  eram moB's3anuit 3 dop-
MYJTFOBaHHSM crparerii EHEpPreTHYHOTO
MiNPUEMCTBA, SKa TOBHHHA 0a3yBaTHCS Ha
[MomiTurmi  AKOCTI  CHUCTEMH  yIPABIIIHHS
nporecamu. llomiTHKa SKOCTI BH3HAYAE UiTKI
IiJT1, 3MICT, TPOLEAYPH Ta BiIOBIIANBHICTh 32
il BUKOHaHHs. BoHa nmoBHHHA MaTH OQILIAHMII
CTaTyc, a BeCh INEPCOHAN — YCBIJIOMITIOBATH
BaXJIMBICTh KOXKHOI JISUIBHOCTI JUIS  3a-
TaJILHOTO PO3BUTKY, CTAJIOr0 (hyHKIIIOHYBaHHS
I ITPUEMCTBA Ta IiIBHUINEHHS SIKOCTI1, @ TaKOX
YCBIIOMITIOBaTH CBOIO pOJib K MpodecioHana
B I[bOMY MPOIIECi.

IadopmartiitHo-aHaTI THYHAT eTan
nependayvae MOCTIHHUE MOHITOPUHT (DaKTOPIB,
0 MOXYTh BIUIMBAaTH HA BHHUKHCHHS
PHW3HKIB, SIK 30BHIIIHIX, TaK 1 BHyTpimHix. Ha
IIbOMY €Tami TIPOBOTUTHCSA 30ip, 00poOKa,
nepeaaBaHHs Ta aHaji3 pi3Hoi iHdopMmarii, mo
JI03BOJISIE OLIHUTH KOJIO PU3HKIB, SIKI MOXYTb
BHHUKHYTH B CHEPIETUYHOMY ITiIIPHEMCTBI.
Jo BHyTpimHIX (aKTOpiB MOXKHA BiJIHECTH:
TEXHIYHUH CTaH CHEPreTUYHOTO OOJaJHAHHS,
WOro MOJEpHi3alilo, 3MIHH B peXUMax
poboTH, (QYHKIIIOHYBAaHHS CHCTEM KOHTPOIIO
Ta 3amo0iraHHs 3arpos, 3a0e3neyeHHs Oe3neKn
TEXHIYHUX TMPOLECIB, COLiajgbHI  (pakTOpH
(MoTHBaIliss TepcoHANy, WOTO HABYAHHII,
oprasizarisi poOiT Ta Oe3MeKH, IOTPUMAaHHS
mpaBMJI 1 HOpM O€3MEKH), HOPMATHUBHO-
METOAWYHE 3a0e3MeueHHs TpaBuil 3 Oe3MeKH
Tpaili, METOJJUYHE Ta HaBYAIbHE 3a0€3MeYeHHS
MpOIIeCiB TOLIO. 30BHILIHI (dakTopu
BKJTFOYAIOTh: C€KOJIOTIYHI 3arpo3m (ceiicMiuHa
AKTHBHICTB, TTOXKEXKI, TOBEHI TOIIO), 3MIHH B
opieHTalli 3aMOBHUKIB, KibepaTaky, BiliCbKOBi
KOHQIIKTH, (QOpc-MaKOpHI — cHUTyamii, Mo
MOPYIIYIOTh ~ HOpMajabHI  yMOBH  (pyHK-
IIOHYBaHHS CHCTEM, 3MIHH B HOPMATHBHO-
NpaBoBOMY  3a0€3MEYEeHHI  EHEepreTUYHOi
TiSUTBHOCTI TOIIIO.
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Bu3HauyeHHsA cTpaterii
OUIHIOBaHHA PU3MKIB

MoHiTOpuHr pakTopis
€HepreTYHoro

: 3

Bnaus Ha pusuK

MporHo3yBaHHA

HKa peanbHo

ks k1L bieheﬂ)l(\iCHT
(IS0 310b0' IEC 31010)

cTaHy

KinoKicHui
aHanis
PU3MKKIB

EKoNOriyHi

Hi (cTaH
obnapgHaHHA)

Puc. 1- Mozenp ynpaiuiHHS pU3MKaMH JJIsl eHepreTHYHOro ninnpuemcrsa 3rigao 3 ISO 31000, IEC

31010

Fig. 1- Risk management model for an energy enterprise according to ISO 31000, IEC 31010

Ha wactymHomMy eTami  JIOHIJIBHO
BU3HAYUTH KOHTEKCT DPH3HKY, II0 BKIIOYAE
1ICHTU(]IKALI0 PU3HUKIB €HEPreTHYHOTO Mifl-
pueMcTBa. Bu3HAuEHHS DPU3HKIB IPYHTYETHCS
Ha BUSBIICHHI MO, SIKi MOXKYTh BIUIMBATH (SIK
MO3UTHUBHO, TaK i HETATHBHO) HA JOCATHCHHS
uize,  chopMynbOBaHMX y  CTparerii
EHEPreTHYHOTO  MIANPHEMCTBA. Y  Mekax
CUCTEMH  YIPaBIiHHA SKICTIO OCHOBHOIO
METOIO € 3a0e3MeUYCHHS SKOCTI Ta CTa0lIBHOCTI
(OYHKIIIOHYBaHHS E€HEPreTHYHOIr0 iAT-
preMcTBa. TakuM YUHOM, KOHTEKCTOM PHU3UKY
MOJXHA BBaXaTH (HAKTOpH, MO TOB'sI3aHi 3
3a0e3meYcHHsIM  OC3MeKH, CTablIbHOCTI Ta
HAJIMHOCTI POOOTH €HEPreTUYHOro 00'€KTa, a

caMe  MOpYIICHHS  HOPMaJIbHUX  YMOB
eKCIUTyaTallii, BUHHKHCHHS  HEOE3IMeuHNX
CHUTYaIliH, TIePEeBHUILIEHHS HOPMaTHUBHHUX

MOKA3HUKIB, 110 BIUIMBAIOTh HA BHYTPIIIHIO
0e3MeKy CHCTEMH Ta HABKOJIMIITHE CEPEIOBUILIC
(mepeBUIIEHHS ~ aHTPONIOTEHHOTO  HaBaH-
Ta)KEHHS Ha EKOCHUCTEMH ).

Hacrymauii etan nonsrae y 300pi JaHUX
BIIIOBIIHO /10 BU3HAYCHOTO  KOHTEKCTY
pusukiB. Lleli eram, 3a3Buyaii, 3a0e3MeUyETHCS

MpeICTaBHUKAMHU BIJINIOBIHUX (GyHK-
LIOHAJBHUX MIAPO3AUIIB I Yac peryyspHoi
TUSITBHOCTI 200 TUTAHOBUX POOIT, BPAXOBYIOUH
KOHTEKCT  pH3WKiB. J[Ig  eHepreTHYHOro
MIIOPUEMCTBA  MPONOHYETbCS — 30ip  SIK
CTATUCTHYHMX, TaK 1 AUHAMIYHHX JAaHUX, IO
BIUIMBAIOTh HAa OONaJHAHHA Ta  Xapak-
TEPU3YIOTh HOr0 HAMIMHICTG TMPU  PI3HUX
pexuMax ekciryararii. /[l OmiHKH BILTUBY
Ha 30BHILIHE CEPEIOBUILE NPOMOHYETHCS 30ip
JIAaHUX TIPO AHTPOINIOTCHHE HABAHTAXXCHHS Ha
TEPUTOPIIO MiANpUEMCTBA (pamiamiiHuii (oH,
TEIUTOBUU OanaHC, BUKUAN 3a0pyAHIOBATIBHUX
pPEUOBHMH  TOIIO). BaXJIHBO TakoX Bpa-
XOBYBATH, K €KOJIOTi4HI (akropu (MIPHpPOIHI
PH3HUKH Ta 3arpo3u) BILIMBAIOTH HA TCXHIUHHIMA
CTaH €HeprooOJaHaHHS Ta CTaOLIBHICTE HOTO
po0OTH, a TaKoXK SK TEXHIYHI mpoOIeMHU
(mopymieHHs ~ HOpMaiabHOI  E€KCIDTyaTarii,
BiIMOBH, 3YIUHKH, MOIIKO/HKCHHS —00Ja-
IHAHHA Ta CHCTEMH) MOXYTh 3MIHIOBaTH
HaBaHTa)XCHHS Ha CKOCUCTEMH.

Jami HeoOXimHO mMpOBECTH SKiCHUI
aHai3 PU3WKYy, 10 BKIIOYAE BHSABICHHS
(akToOpiB PHU3MKY Ta OIIHKY HACIiAKIB iX
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peamizanii ans ctabinbHOrO (QyHKIIOHYBaHHS
€HEePTeTUYHOTO MiATpHUEMCTBA (BILIUB HA ITiJT1).
Ha mpomy erami BaXJIMBO BpaxOBYBAaTH BCi
00CTaBMHM Ta HACHIJKH PHU3UKIB, a TaKOK
BHKOPHUCTOBYBATH BCi JIOCTYITHI IHCTPYMEHTH
SKICHOTO aHaji3y pHU3WKIB Ta  OIIHKW,
BpaxoBylOud  coeuugiky — MpouleciB  Ha
€HEPreTUYHOMY MiATIPHEMCTBI.

Jns mpoBemeHHS KUTHKICHOTO aHami3y
PU3HKIB Ta IIBHUIIEHHA HOTO TOYHOCTI
MPOMOHYETHCS ~ BPaxOBYBaTH  HE  JIUIIC
HMOBIpPHICT, HACTaHHA HeOakaHO! MoAil, a i
HaCJiAKH Bil MOXJIMBHX 3arpo3 Ta BTpart.
PexomeHOyeThCS PO3MOMIIUTH BCi 3arpo3u Ha
TPH TUTIH:

o 3arpo3n 3 HeBiIBOPOTHHMH Hac-
JiIKaMM 78 TEXHIYHOI Ta eKOJOTidHOL
CKJIaJOBUX CHUCTEMH EHEPreTHYHOTO MiJl-
puemctBa. lle wMoxyTs OyTu momii, 1m0
NPU3BOIATE 1O HE3BOPOTHUX pYyHHYBaHb
eKocHCcTeMH (HAIIPHUKIIAI, TaKi, [0 HEMOXITHBO
BigHOBUTH TpoTsiroM 30 pokiB), abo 1o
MIOITKO/PKEHHST  €HeprooONafiHaHHA, SIKe He
MiIsrae peMOHTy abo 3aMiHi, IO CYTTEBO
BIUIUBa€E Ha POOOTY BCi€l eHepreTHYHOi
CHUCTEMH.

o 3arpo3n, moO NOPYWIYOTH HOP-
MaJIbHi YMOBH B €KOJIOTiUHil Ta TexHiuHil
CHCTEMAX, ajle 3 MOK/JIMBICTIO YaCTKOBOIO
BigHOBJeHHsi. Hampuknan, nepeBUILEHHS
HOPMAaTHBHHUX TIOKa3HUKIB 3a0pyJIHECHHS, SKE
MOXHa YCYHyTH ©O€3 HEBIIBOPOTHHX HAac-
JMiOKIB, ajle sKe Ma€ TIeBHHH BIUIMB Ha
HABKOJIMITHE cepefoBuiie. Takoxk IO IhOTro
TUIY HaJeXaTh MOPYIICHHS HOPMAJIbHUX YMOB
eKCIuTyaTarii eHeprooOaIHaHHS, JUTST
YCYHEHHSl SIKMX MOTPIOHO 3MIHUTH PEKUMH
eKCIUTyaTallii, M0 MOXe TMPHU3BECTH J0
3HWKEHHS eHeproe)eKTUBHOCTI abo
NOPYIIUTH CTANICTh QYHKI[IOHYBaHHS CHCTEMHU
0e3 MOXIIMBOCTI IIOBHOT'O BiTHOBJICHHS.

. 3arpo3u, 10 NPU3BOAATH 10
NMOpPyUIeHHS] HOPMAJbHHUX YMOB (yHK-
HiOHYBaHHSI €HePreTHYHOI0 MiNPHEMCTBA,
ajle 3 MOJIMBICTI) NMOBHOI0 BiJHOBJIEHHSI
cHCTeMH TicJsl ycyHeHHs 3arpo3u. Hanm-
pUKIaa, TEPEBUILNCHHS CKOJIOTIYHUX TOKa3-
HUKIB  (Hampukiag, eKOJOTIYHOTO  (oHY
teputopii AEC), mo He MaioTh 3HAYHOTO
BIUIMBY Ha €KOCHCTeMy abo M0 HIBHAKO
BiJTHOBIIFOIOTBECS 10 HOPMATHBHHUX 3HA4YCHb,
abo TmopyIIeHHS POOOTH TEIIOMEXaHITHOTO
oOnamHaHHS, SK€ IIBHAKO MOXHA 3aMIHUTH
abo BiJPEMOHTYBaTH 3aBASKH HAasBHOCTI
pe3epByBaHHS Ta MOZEpHi3alii cHUCTeM, IO

JI03BOJISIE MOBEPHYTH CUCTEMY bi(s)
HOMIHAJIbHUX MOKA3HUKIB ()YHKI[IOHYBaHHS.

Jtst  imimiamii  poOIT 3 ympaBiTiHHS
pU3MKaMH Ha CHEPreTUYHOMY IIiIIPUEMCTBI
HakazoM JIMpekTopa CTBOPIOEThCS poboua Ta
eKCTIepTHA TPYIH 3 YIpaBIiHHS pu3ukamu. 1o
CKJIaJy IMX TPyH BXOJATH NPOBiAHI ¢axiBui 3
BHCOKOO KBaJTi(DiKaIli€lo Ta JOCBIJIOM Y ramy3i
moOymoBM 1 YIIPaBIIHHS CHCTEMOIO MEHE]I-
JKMEHTY SIKOCTi, 37aTHI pPO3POOUTH CHCTEMY
YOpaBIiHHS  pH3MKaAaMU Ta  3a0€3MCUUTH
OesmepepBHUl  KOHTpoOdb. Poboua rpyma
po3pobiisse  mpoekt [lmany  ympaBmiHHS
pU3MKaMH IS KOXKHOTO BUJAY MPOIYKIIii
E€HEPreTHYHOTO MiAMPUEMCTBA.

[Ipu Bu3HAUCHHI HEOE3IIEK, ITOB'I3aHUX 3
KOXXHHM THIIOM 3arpo3H, BCTAHOBIIOIOTHCS I1X
BIIACTMBOCTI, a4 TaKOX SKICHI Ta KIIbKICHI
O3HakKW Ta (QYHKINi, MO MOXYTh HETaTHBHO
BIUIMHYTH Ha 0e3NmeKy (QYHKITIOHyBaHHS
mignpuemcta. lle mo3Bonse BW3HAUWTH U
BKa3aTH TpaHWYHI 3HAYEHHS Ta Xapak-
TEPUCTUKH I UX ¢akTopiB Hebesnekn. Ha
OCHOB1 aHamizy mIux (pakTopiB CKIaAaETHCS
MepesTiK BiJIOMUX 1 MOTCHIIMHUX HEeOe3IekK, 10
BHHHKAIOTh y Tporeci (QYHKITIOHYBaHHSI
miAnpueMCcTBa, 13 Kiacudikamiero  3a
MPU3HAYCHHSM.

Jns  xokHOI BH3HAYEHOI HEOE3MEKH
MIPOBOJIUTHCS OIIHKA HACIHIIKIB 11 peamizarii, a
TaKO)X BHU3HAYCHHS TIPUYMH 1 MEXaHi3MiB
BUHHWKHEHHs  Hebesmekn.  Kpim  Toro,
PO3POOJIAIOTHCS 3aX0H Ul 3armodiraHHs abo
3HW)KEHHS pU3UKY. 3i0paHi aaHi QikcyroTbes B
NPOTOKONi  «AHami3, OIiHKa 1 KOHTPOJb
PU3HKIB», SKUH O(QOPMITIOETHCS 1T KOXKHOT
HeOe3NMeKn KOKHOro Tumy. Ha  ocHOBI
BCEOIYHOTO aHAli3y IUX NAaHUX MPOBOIUTHCS
OIliHKA PU3UKY (PO3paxyHOK IHICKCY PHU3HUKY),
mo € KoMOiHAIli€elo JBOX KOMITOHEHTIB:
cTymneHs: Tshkkocti MoxauBoi mkoau (T) Ta
HMoBipHOCTI HacTaHH: 30uTKy (P), sika B CBOIO
gepry BKJIIOYa€ WMOBIPHICTH BIIMOBH Ta
HMOBIPHICTh BiITHOBJICHHS CHCTEMH.

Jns  OUiHKKM KWMOBIPHOCTI HAacTaHHS
30MTKY 3aCTOCOBYETBHCS IT’SITHOANbHA IIIKaJa
WMOBIpHOCTEH, sIKa BU3HAYAETHCS CKCIIEPTaMH
repe]T MPOBEJICHHIM OILIHKA WMOBIPHOCTI IS
KOJKHOI BCTaHOBJIEHOI HeOe3meku. L1 1ukama
HaBOAUTHCSA y Bl Tabmumi B Ilmami
YOpPaBIiHHSA PU3UKAMU JUTSI KOXKHOTO BHILY
3arpo3u. XapaKTePUCTHKH KOXKHOTO PiBHA
WMOBIpPHOCTI MalOTh YITKO  BimoOpaxkaTw
HMOBIpHICTh BUHHKHEHHS 30MTKY Ha OCHOBI
aHamizy  (QakropiB  HeOe3meKd, MNPHUYHH,
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MEXaHI3MIB Ta 3axXO[iB IIOJO0 iX 3HIKEHHS.
PamxyBaHHS piBHIB WIMOBIpHOCTI € YMOBHHM 1
MOJX€ HE IMOBHICTIO BifoOpakaTh (HaKTHUHY
HAMOBIpHICT, BHHUKHEHHS 30MTKiB. OpHak, 3
HAaKONMYCHHSAM  JIOCBiAy, aHaji3oM CTa-
TUCTUYHUX JAaHUX Ta YTOYHCHHSM OI[IHKH
HMOBIpDHOCTi, I IIKaja Ma€ IOCTYIIOBO
YTOYHIOBATHCSL.

Jns omiHKM WMOBIpHOCTI HebakaHOT
Mmoaii BHUKOPHCTOBYIOTH TaKi METOIH: aHai3
HAKONWYEHUX 3HAYYIIMX JaHUX, MPOTHO-
3yBaHHSI  HMOBIPHOCTI 32  JIOTIOMOTOIO
AHATITHIHUX METOJIIB 1 CUMYIIAMIMHNX TEXHIK,
a TaKoXX OLIHKY WMOBIPHOCTI ekcnepTamu. Y
BUTAJKaX, KOJIW WMOBIPHICTh BHUHUKHCHHS

30UTKIB MOke OyTH po3paxoBaHa KibKiCHO Ha
OCHOB1 3HAUYIINX MaHWX, IS TIOPIBHSHHS
pO3paxoBaHUX 3HaYEHb HMOBIPHOCTI 3 11’ IThMa
OMMMCOBUMH  PIBHAMH  WMOBIPHOCTI, IO
BHKOPHUCTOBYIOTHCS B METOAMIII OIIHKH SIKOCTI,
BHU3HAYAIOTHCS  Jliala30HM  3HAYeHb  WMO-
BIPHOCTI, BiJNOBiAHI KOXXHOMY 3 LHUX DiBHIB.
Le#t mpomec B3OIHCHIOETBCA 33  y4acTiO
eKCIepTiB - (axiBI[iB 3 BEJIMKHUM JOCBIIOM
poOOTH y BIAMOBIMHUX Taly3sX CHEPTETHUIHUX
cucrem. Ilix wac omiHkm HWMOBIpHOCTI
CTIOYATKY MPOBOJIUTHCSI CTaTUCTUYHA
IepeBipKka 3HAUYYIMIOCTI BHUXIAHUX JaHUAX 1
TOYHHHA PO3paxyHOK HMOBipHOCTEH (Tadm. 1).

Taoauna 1

[Tkana #MOBIpHOCTI HacTaHHS HebaXkaHOT Moii (3arpo3) Ha CHEPreTUIHOMY i ANPUEMCTBI

Table 1

Probability scale of an undesirable event (threat) at an energy enterprise

Ouinka HmogipHicThb Jianazon BuszHaueHHst
iiMoBipHoOCTI

P1 MarnoiiMoBipHa <1x10”? Bucokwuii piBeHs 3a0e3neueHHs Oe3neKu
TEXHIYHOI CKJIa10BO1, MATOWMOBIpHi
3arposu

P2 Jyske HU3bKa 1x10°-1x10® JlocTaHill piBeHb 3a0e3MeUeHHS OE3IIEKH,
HHU3bKa HMOBIPHICTB 3arpo3

P3 Cepennsa 1x108-1x107 VMoBipHi moouHOKi mozii (3arposn),
HEJIOCTaHIi PiBEHb 320€31CUCHHS
Oe3meku

P4 Bucoka 1x107-1x10* He0e3mneka Bucoka, MOBTOPIOBAHICTh
3arpo3 BUCOKO MMOBiIpHA

P5 Hanzuaaiino >/=1x10* Bucokwuii piBeHs HeOe3neku Ta

BHCOKA HMOBIpHICTh HACTaHHS MOJiH (3arpo3)
Jns  OmHKKA  CTymeHsS  TSKKOCTI WMOBIpHOCTI 30MUTKY Mae OYyTH IPOBEIACHHIA

MoxyBuX HachiakiB (T) BHUKOpPHUCTOBYeETHCA
cucTeMa 3 I'SITH PiBHIB, IO PAHXKYIOTHCA, SIKi
BU3HAYAIOTHCS Ta XapaKTepU3yIOTHCS
eKCIIepTaMH 10 TIPOBEACHHS OI[HKH HMO-
BipHHX 30MTKiB. Ll cucTtema mpexacTaBieHa y
Burnsai  tabmumi B Ilmami  ympaBmiHHA
pu3nKaMH. XapaKTePUCTHKHA KOXHOTO PiBHA
CTYTICHS TSDKKOCTI TTOBWHHI JIO3BOJISAITA HYITKO
BiJHECTH KMOBIpHHH 30MTOK 110 OXHOTO 3
ISITA PIBHIB, TPYHTYIOUHCHh HAa OIHCI ITHOTO
30uTKy. CTYIIiHD TSDKKOCTI HMOBIPHOTO 30UTKY
BU3HAYAETHCS SIK OIL[IHKA HaliicepHOo3HIIOro
HacIiAKy HeOe3neKku (SKIIOo iX Kijabka). AHami3
CTYTICHS TSDKKOCTI Ta

TAaKAM YHHOM, IO0 MOJETHIUTH TPUHHSATTS
pIlICHHS 1IOAO0 3HIDKEHHS pPHU3UKY Yepes
3MEHIIICHHS CTYTEHS TSKKOCTI HACIHIiJKIB abo
3HIKCHHSI UIMOBIPHOCTI iX HacTaHHs (Tabi. 2).
3acrocoByloun Mm'ATHOANBbHY IUKamy  JUIA
OLIIHKA HMOBIpHOCTI 30MTKiB Ta iX TSDKKOCTI,
PO3pPaxOBYEThCSI MATPHIIS OLIHKU PU3HKY, SKa
npeactaBnena y Ttabmmmi 3. Li  30HEM
BIJIMOBIIalOTh Jialla30HaM 3HAYEHb PH3HKY,
10 BiIMOBITAIOTH BHUIIE3a3HAYCHUM PIBHSM, 1
MaTpHI BKIOYAEThesl N0 [lnany ympaBniHHS
pU3UKAMH SHEPTeTUYHOTO i ANMPUEMCTBA
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Taéauns 2

SIKicHI XapaKTepUCTHKH HACHIIKIB HeOaXKaHHX MO Ha EHEPreTHYHOMY ITiAIIPUEMCTBI

Table 2

Qualitative characteristics of the consequences of undesirable events at an energy enterprise

Ouinka Hacaigkn

Busnauenns

T1 | He3nauni

Brumus Ha ekocucTeMy MiHIMABLHUM, HE CIPUYHHSE 3HATHUX
HACJIIKIB JUIS TIEPCOHATY Ta HaCETICHHS, TEXHIYHI TOMKOKCHHS HE
CTaHOBJIATH 3arpo3u Oe3Melli MpalliBHUKIB, ICHYIOTh HONEPEKYBajIbHI
3aX0JIM, a TAKOXK Pe3epBYBaHHS JUIsl MPOIICCiB/00aTHAHHS.

T2 | Husbki

MaJto3HauyHi MOLIKOKEHHsI Oe3 yCKIIaqHeHb, HE3HAUYHHI BIUIUB Ha
EKOCHCTEMY, CUCTEMH BiJTHOBIIOIOTHCS IMIBUJIKO, O€3 3arpo3u Jyis
0e3IeKy IepCoHATY Ta 370POB'S, TEXHIYHUHN CTaH €HEProo0IaTHAHHS
HIBUJKO BiJHOBIIOETHCS, BUCOKA HMOBIPHICTh PEMOHTY UM 3aMiHHU,
CIIPUYHMHEHHS MiHIMAJIBHOI MOPaJTbHOT 200 MaTepiaIbHOT IIKOTH.

T3 | IowmipHi

BruiuB Ha eKOCHCTEMY TIOMITHHI, ajie CUCTEMa MOJKE BIJHOBUTHCS
MPOTATOM TIEBHOTO Yacy ad0 4YaCTKOBE BiJHOBICHHS HAOIMKAETHCS JI0
MIOYATKOBOTO CTaHy. 3arpo3w, 10 BUHUKAIOTh, OyJIM BPaxOBaHi Iij] 4yac
MIPOEKTYBaHHS a00 MOJIEpHi3allii eHePreTUYHOTO MM AMPUEMCTBA. €
MOJKJIMBICTh ITOBHOT'O BiJTHOBJIEHHS CUCTEMH JI0 HOMIHAJILHHX
napaMeTpiB, TEXHIYHE 00JIQIHAHHS T1/IJISATae PEMOHTY, MOXKITUBE
3aMIIEHHS OKPEMHX KOMITOHCHTIB 32 YMOBH IIEBHUX €KOHOMITHHUX
BHTpAT (BPaxOBYIOYH Yac MPOCTOI0, MaTepiaabHI BUTPATH TOIIIO).

T4 | 3Hauyni

BruB Ha ekocucTeMy 3HAUHHMA, TPOTE MOKIIMBE YaCTKOBE
BigHOBIEHH:. IcHYy€ 3arpo3a Oe3meni Ta 310poB'I0 IEPCOHATY
eHepreTnyHoro o0'exra. IloBHE BiTHOBIICHHS CHCTEM, TIPOIIECIB U
o0JaTHaHHS TICIISI HACTAHHSA TOi1 HeMOXIBe. EHepreTnyuHe
o0nagHaHHS Ma€ HU3bKY HMOBIpHICTH pEMOHTONPUAATHOCTI, 1
MoAajbIa podoTa B HOMIHAIBHUX PEKUMaxX HE 3iHCHIOETRCS. Lle
CIIPUYMHSE 3HAYHI €KOHOMIYHI BTPATH Yepe3 TOMTKOKECHHS, TPUBAI
MPOCTOi, 3aMiHy Ta MOJICpHi3aIlit0 00JIaIHaHHS. Y CYHEHHS HACIIiIKIB Y
KOPOTKHI TEPMiH HEMOKJIMBE

T5 | Kputnani

[Ipu BUHUKHEHHI 3arpo3 BiIHOBICHHS CHCTEMH HEMOXKJIVBE.
Exocucremi Oyme 3aBIaHO HEBIIBOPOTHI 3MiHH, ICHYE BUCOKHUI piBCHB
3arpo3u 1 OC3MEKH Ta 3/I0POB'sl HACEICHHS 1 IepcoHany. TexHiuHe
obOnaHaHHSA HE MiAJIATae BITHOBIEHHIO a0o 3amiHi. Lle mpu3Beae mo
3HAYHUX MaTePiaIbHUX BTPAT Ta IHIINX CEPHO3HUX HACTIAKIB.

Tabnuus 3
Martpuiist OIiHKY PU3HKY IJIsi CHEPTETHYHOTO MiIIPUEMCTBA
Table 3
Risk assessment matrix for an energy enterprise

T2 T3 T4 T5 Inoexc puzuxy:
Pusuk nenpumycrumuii (PH)
Pu3uk npakTu4yHO NpUIHATHHH, ane

PIIIT | PIIIT | PH PH moTpedye MOCTIHOTO MOHITOPUHTY Ta

PH PH PH PH Pusuk npuitaatauii (PIT)

Wmosipaict | T1
b 3arpo3 /
HACIIIKIB
P1 PI1
P2 PIIIT | PIIIT | PH PH PH kouTtposo (PIIIT)
P3 PIIIT
P4 PH PH PH PH PH
P5 PH PH PH PH PH
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Cnig 3a3Ha4YMTH, 110 L€ HE KIACUYHUN
BapiaHT  MaTpHIli, IO po3podIIeHO 3
ypaxyBaHHSM  TMiABUINEHUX  BHUMOT  JUIS
E€HEPreTHYHOrO IiAMPUEMCTBA, SIK I 00’ €KTa
migBuiieHoi HeOe3nekn. Ha OCHOBI BHCHOBKY
1010 KOYKHOTO PU3HKY TNPHUHMAETHCS OIHE 3
JIBOX pillICHb:

SIKIIo OIiHeHUH PU3UK € TOCUTHh MaJTuM
(imgexc pU3HMKy TOTpaIuBie B Jiana3oH PiBHA
NPUUHATHUX PU3WKIB), TO Il PHU3UK MOXKHA
MPOITHOPYBaTH, 1 HE TOTPIOHO PO3POOIATH
3aX0[1 JJIsl IOTO 3HMIKEHHSI.

SO0 pu3MK € JOCUTh  BEJIHMKHM,
HEOOX1THO BH3HAYHUTU Ta BXKHUTH 3aXOMIB I
HOro KOHTPOJIIO.

Y pa3i [OpUHHATTA = pilleHHS Tpo
HEOOXiZAHICTh 3HWKEHHS PIBHSA PUBHKY UIs
MeBHOI HeOEe3MEeKH, CiJ BXKUTH 3aXOMIB IS
HOTO KOHTPOJIO, MO0 3HU3UTH WOTrO [0
MPUUHATHOTO a00 JI0 TMPAaKTHUYHO HU3BKOTO
piBHA.  3axomd  OOA0  IOTEPEIKCHHS,
3HIDKEHHS a00 YTpHMaHHS PH3HKYy B MeXKax
KOHTPOJIbOBAHMX 3HA4YCHb  PO3POOIIIIOTHCS
(haxiBIFIMH EKCIIEPTHOI Ta pPoOOYOi TpyIL.
IIpormec po3poOKH ITUX 3aXO0iB MMOYMHAETHCS 3
BUBUCHHS MOMJIMBOCTI  3HIDKCHHS  PiBHSA
PU3UKY 32 YMOBH pealizaiii BCiX JOCTYITHUX
3aco0iB.

SIKII0 BCTAHOBIIEHO, IO 3HU3UTH 1HJIEKC
PU3MKY 10 PiBHS TOPUHHSATHUX PHU3UKIB
HEMOXXITBO, PO3POOISAIOThCS  3aXOIU  JUIS
3HIDKCHHS  IHOEKCY  PHU3UKY O  PIBHS
MPUMHATHUX Ha TPAKTUI[I HU3BKUX PHU3UKIB.
Ilicns  BUKOHAaHHS  3a3HAYCHUX  3aXOIliB
MIPOBOJUTELCS OIlIHKA 3QJIMITKOBHX PHU3WKIB 3
ypaxyBaHHSAM BXKUTHX 3ax0/liB JUTS
3ano0iranHs abo 3HIKEHHS PU3HKY.

[licns BXUTTA 3aXO0iB MO0 3HIKEHHS
PU3HKIB MOXYTh BHHMKHYTH TEXHOJIOTiIUHI Ta
TEXHIYHI  3MiHM, 3MIiHM B  Mpolecax
(yHKUIOHYBaHHS MIiANPHEMCTBA, a TaKOXK Y
3axofax 1 cucreMax KoHTpomro. Ili 3miHm
MOXYTh TPHU3BECTH JI0 BUHUKHCHHS HOBHUX
03HaK 1 OYHKUIHA, TOOTO HOBHUX YHHHUKIB
HeOe3MeKH i MOB'sI3aHNX 3 HUMU pU3HKiB. Tak,
HallpUKJIad, MOJICPHI3aIisl EHEPTeTUIHOTO
oOnalHaHHS MOXKE TPHU3BECTHU JO BHUSIBJICHHS
HOBUX 3arpo3, 3HIDKCHHS pIBHSA O€3IeKH,
3aCTOCYBaHHSI HOBUX PECYPCiB, IO BIUIMBAIOThH
Ha CEKOHOMIUHICTb Ta eHeproe(eKTUBHICTh

tomo. Il[o6 mepekoHaTucs, MO B TpoIleci
BIIPOBA[)KCHHS 3aX0/IiB 1100 3armo0iraHHs ado
3HIDKCHHS PU3HKIB HE 3'IBUIMCS HOBI (hakTOpH
HeOE3MeKH, TPOBOJUTHCS TOBTOPHUM aHai3
PH3HKIB.

[licms mpoBemeHHs 3aXOIiB  IIONO
3armo0iraHHs i 3HKEHHS PU3HKIB, BU3HAUYCHUX
y Ipoleci opraHizauii KOHTPOJIIO PU3HKIB, a
TaKOX OIIIHKH KOXKHOTO 3aJUIIKOBOTO PU3HUKY,
poboya Tpyma 3 YIOPaBIHHI pPU3HKAMHU
3MIACHIOE 3arajibHy OIIHKY 3aJIMIIKOBOTO
pusuKy. JlJIs BU3HAYECHHS KPHUTEPIiB MPUHAHS-
THOCTI  3arajlbHOTO  3QJIUIIKOBOTO  PHU3UKY
EKCIIepTaMu PO3POOIISETHCS BIIOBIIHA TIKAa
JUTSL KO)KHOTO (hakTopa 3arpo3u. MakcuMaibHe
3HAYEHHS [IKATH OTPUMYETHCS  IUIIXOM
MiICyMOBYBaHHS 3HaYCHb 1HIEKCIB PUUKY IS
BCiX BCTAaHOBJICHMX HeOesmek. OTpumany
IIKaly eKCIePTH MAUIATh Ha Jialma30HH, 0
BIIMIOBIIAIOTh NPUHHITHAM pPH3UKaM, IPHH-
HATHUM  HA  TPaKTUI[l  pU3UKaM  Ta
HEMPUAHATHIM PU3UKAM.

Or1riHKa AOCBiMY Ta MEPEOIliHKa PU3HKIB
MTPOBOJUTHCS Y TAKUX BHITAIKAX:

o NPy CHUCTEMAaTHYHOMY Meperyisiai Ta
OHOBJICHHI TUIAHY YIIPaBJIiHHS PU3UKAMH;
. y pasi 3MiHM HamioHaJNBHOI abo

MDKHApOJHOI HOpMAaTHUBHOI 0a3u y cdepi
PU3UKIB Ta OC3MEKH,

. Mpyd  OTPUMaHHI  HE3aJOBUIHPHHUX
pe3ybTaTiB MOHITOPHHTY IpoLecy
YIIPaBIiHHS PU3UKAM;

. y pa3i BUHHKHCHHS HeOE3MCUHUX
CUTYyaIlii;

. TIpH MOZCPHI3aIli 00IamHaHHs, 3MiHI
PEKUMIB eKCILTyaTalii ToIo;

. Opyd  M[epenpu3HavYeHHI  TEepPMiHiB

eKCIUTyaTarlii eHepreTHIHOTO T IPHEMCTBA.

OnHi€ro 3 OCHOBHUX YMOB €(heKTHBHOCTI
Ta Pe3yJbTATUBHOCTI YIPABIiHHS PU3UKAMU Ha
NiANPUEMCTBI € HaleXHA OpraHizamis Ta
MITPUMKA CHCTEMHU pealtizarii, KOHTPOIIO Ta
OLIHKK 1pOoro mpouecy. DyHKUis opraxizamii
YIpaBIiHHS pU3UKaMH, 3a0e3neueHHs
HEOOXITHUMH pecypcaMi, BKIFOYAIOUN KBai-
(dikoBaHWII TMepcoHAN, a TaKOX CHUCTe-
MaTHYHUH KOHTPOJb Ta OIlHKA JiSUTBHOCTI 3
VIpaBIiHHSA pH3HKAMHU, JSKHTh Yy cdepi
BIJIITOBIIaJTLHOCTI BHIIIOTO KEpiBHHUIITBA
E€HEPreTHYHOTO MiAPUEMCTBA.
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CyuacHuit CTaH EHEepPreTUIHUX
mianpueMcTB nmoTpedye eheKTUBHUX CTpaTerii
VIOpaBTiHHS IS 3a0e3ledeHHs Oe3leku Ta
craiocti (yHkmionyBaHHsA. Peamizamis 1ux
CTpaTeriii MOKJIUBA HA OCHOBI BITPOBaKCHHS
MiIXOMIB /IO VIPABIIHHA Ta OIIHIOBAHHS
PU3HKIB IO IPYHTYIOTBCS Ha HOPMATUBHOMY
MiIXO0Mi, a caMe 3aCTOCYBaHHS MiXHApOIHUX
cTaHzapTiB 3 ynpasminas skicTio [SO 9001 Ta
pusuk-meHepkmenty ISO 31000, IEC 31010.
Ha ocHOBI 1mux cTaHAapTiB 3alpOTIOHOBAHO
MOJICHb YIpaBIiHHS pU3UKaMH VTS
EHEPTeTHYHOTO TIiMPUEMCTBA Ta PO3TIISTHYTO
KOXXKHUH eranm 11 peamizamii. Ha erami
OIIIHFIOBAHHSI PU3UKIB 3alPOITOHOBAHO 3TiHO 3
HOPMATUBHUMH JOKYMEHTaMU SIKICHUH Ta
KUIBKICHUH aHami3 WMOBIPHOCTI HACTaHHA
HeOakaHMX TMOAIH (3arpo3) Ta BpaxyBaHHA
HACNIJKIB. B OCHOBY aHami3y NpONOHYEThCS
BpaxOBYBaTH  BIUIMB  TEXHIYHHX  3MiH
eHeprooOIagHaHHsI Ta EKOJOTIYHWM BIUINB

Bucnosku

MIPOTIOHYETHCS BPAXOBYBaTH K BHYTPIIIHI
BIUTUBH, a CaM¢ MOXIJIUBICTh BiJHOBJICHHS
obnagHaHHA, MOJCpHI3aIli, 3MIHH PEXUMIB
eKCcIUTyaTarmii TOIMO, TaK 1 BIUIMB Ha
HAaBKOJIMIITHE ~ CEpPEIOBUIIE B  PE3yJbTaTi
HACTaHHS MOXIIMBHUX HeOaxaHwx momin. [lis
OIIiHIOBaHHSI MMOBIPHOCTI HACTaHHS TOMIA Ta
HACJIAKIB 3aCTOCOBYIOTh INKAIy, SKa Mae 5
piBHIB 0O€3MeKM Ta BIANOBIMHI KUIBKICHI
XapaKTEePUCTUKH WMOBIPHOCTI  3arpos, Ta
IT ATHOQBHY  INKaJdy  ONKCOBHX  PIBHIB
HACJIIJIKIB ISl HABKOJIMIITHLOTO CEPE/IOBHINA T
TEXHIYHOTO 00JaJHAHHS SHEPTOIiIIPUEMCTBA
(BT MOXIJIMBOCTEH MTOBHICTIO BiTHOBJICHHS IO
HEBiABOPOTHUX 3MiH). BU3HAaYeHHS KOXXHOTO
PiBHSI pU3HKY MPOTOHYETHCS B paAMKaX CHUCTEM
YIIpaBIiHHS pU3HKaMU (HOpPMAaTHBHOTO
MIXOMy) BH3HAYATH W  XapaKTepHu3yBaTH
eKCIIepTaMy  TiJT 4Yac TPOBEACHHS Tepio-
JMYHOTO Ta CUCTEMATUYHOTO MOHITOPUHTY Ta
KOHTPOJIIO MapaMeTpiB SHEPTeTHYHUX CHCTEM

(Hampuknax, HECHPHUATINBI YMOBH HaBKO- JUIS  OIIIHKKM  WMOBIpHOCTEW  3arpo3 Ta
JUIIHEOTO CEPEIOBUINA, CEWCMOAKTHBHICTD HACJIIJIKIB, o BHHUKAIOTh npu
tomo). Ilpw omiHIOBaHHI HACHIIKIB IOPY- (dhyHKITIOHYBaHHI SHEPTreTUIHOTO TiI-
IICHHS YMOB (hyHKITIOHYBaHHS TeX MIPUEMCTBA.
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DEVELOPMENT OF A REGULATORY APPROACH TO RISK ASSESSMENT OF
ENERGY UTILITIES

The article considers approaches to risk assessment in the functioning of urban energy systems to develop
an effective management strategy based on the regulatory approach. The article analyses risk assessment
approaches and highlights the normative approach as a basis for risk management, which requires the
introduction of a qualitative assessment of the impact of external and internal factors provided for by regulatory
documents. The main problems of risk management and assessment are analyzed and identified, in particular, the
need for an integrated approach to risk assessment and the importance of assessing not only the functioning of
individual components of the system, but also the interrelationships between them and the processes that occur
within the system and have an impact on both the technical system and the environment. It is proposed to
consider the consequences of violating normal operating conditions of power equipment as a risk for the
qualimetric assessment of technical systems through the possibility of restoration and modernization of
equipment. As a model for managing the risks of technical systems, a model based on the intensity of failures
and the probability of restoring the power system's performance is proposed. A scale for assessing the
occurrence of an undesirable event by the level of safety and the consequences of these events is proposed by
taking into account the restoration of both the technical component of the system (taking into account the
restoration time) and the environmental consequences and the possibilities of their elimination, taking into
account the time and level of damage. For assessment and management purposes, the impact of external factors
on the functioning of the technical system is analyzed, and an assessment using risk matrices is proposed. This
approach makes it possible to assess the effectiveness of the system's implementation, organization, and
operation and, most importantly, to manage and improve the system's functioning at any stage of its life cycle.

KEYWORDS: risk, regulatory approach, energy enterprises, management, assessment, risk matrices.
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OIIHIOBAHHA AKOCTI MEXAHIYHOI'O OBPOBJIEHHS IIIJIAXOM
BU3HAYEHHS 3AKOHY PO3IIOALTY TOYHOCTI

B cratTi 3anpormoHOBaHO METOIHUKY IO OI[iHIOBAHHS SIKOCTI 0OpOOIIOBAaHUX JeTalleH IIJITXOM BU3HAYEHHS
3aKOHY PpO3MOJUTY TOYHOCTI JIMCHHMX PO3MIpiB JeTayneil. 3HaHHA 3aKOHY PpO3MOJUTY BHIAIKOBHX BEIMYHMH
pO3CiOBaHHS AIMCHUX PO3MIpIB JeTaled Micis MEXaHIYHOI OOpOOKM € BaXKIMBHM, 0O II¢ A€ MOMKIJIHBICTh
YIPaBILSITH SIKICTIO 1O Manux BHOipkax. J[is BH3HAuCHHS 3aKOHY PO3IMOJUTY NPOIOHYETHCS BUKOPUCTOBYBATH
kpusi Ilipcona. Ha macoBux ekcnepuMeHTax MNEpeBIPEeHO TiNOTe3y NPO BIANOBIIHICTH 3aKOHIB PO3MOALTY
NEBHUM KBaJiTETOM TOYHOCTI. IIpONOHYETBCS U1l BH3HAYEHHS 3aKOHY PO3IOJUTY AIHCHUX PO3MIpIB Micis
MexaHiqyHOoI 00poOku BukopuctoByBaTH KpuBi IlipcoHa. Hamano ¢opmynu Ta METOIUKY AJsi BU3HAYCHHS
Koe(illieHTIB acuMeTpii Ta eKcIlecy 3a eMITPUYHUMH 3HadeHHsAMHU. [IpoBeneHuWi aHaii3 3 BHUKOPHCTAHHSIM
MacCOBHUX €KCTIICPUMEHTIB IMiITBEPINB TOCTIKSHHS B TOMY, IO TIPH TPyOUX METoIaX 0OPOOKH 3aKOH PO3IOIIITY
TIACHUX PO3MIpIB AeTanei OMM3bKHA 0 HOPMAIBLHOTO, & IPH TOYHUX MEeToAax 00poOkH - 10 3akoHy CiMIICOHA i
piBHO1 HiMOBipHOCTI. IJIsT po3moaiay piBHOI HMOBIpHOCTI KBazpar acuMeTpii mopiBHIOE 0, a eKciiec MOPiBHIOE
1.8. JIns posnoniny CiMricoHa KBaapat acuMeTpii qopisHioe 0, a exciiec nopiBHIoe 2.4

KIITFOYOBI C/IOBA: sixicmb mexnonozii, mouHicms, Mexauiune oopodienns, mani udipku.

Ax muryBarn: I'pinuenxo I'. C., I'pinuenko B. B., Kosnos M. C., I'epacumos €. B., 3axapos C. O., Tecnos O.
A. OuiHIOBaHHS SIKOCTI MEXaHIYHOTO OOpOOJICHHS [UISXOM BH3HAYCHHS 3aKOHY pO3MOJUTY TOYHOCTI.
Mawnob6ydysanns. 2024. Bumn. 34 C. 31-38. DOI: https://doi.org/10.26565/2079-1747-2024-34-03

IMocTanoBKa npo6JaeMu Ta ii 3B’ 930K i3 BaXKINBUMH HAYKOBUMH YH NMPAKTHYHUMH
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OmHuM 13 HAWBAKIIMBIIINX ITOKA3HUKIB TEXHOJIOTIYHHN  TPOIEC  MICTUTh  HH3KY
SKOCTI B TEXHOJIOTIi MAaIIMHOOYAyBaHHS € OpraHi3amifHNX, TEXHOJOTIYHUX 1 TEXHIYHUX
TOYHICTh MeXaHi4HOI 00poOku. byab-skuii 3ax0[iB, IO 3a0e3MeuyroTh 3aJaHy TOYHICTb
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0o0poOKHM, peamizamis iX Ha KOHKPETHHUX
poboUMX MiCIIX € YMOBOIO HEOOXigHOIO, aje
HE JIOCTaTHBOIO JIIS 3a0e3MEeUeHHs 3aJ1aHoi
TOYHOCTI 00poOKH. [[s1 MOCATHEHHS BHUCOKOI
TOYHOCTI MEXaHIYHOi 00poOKM HEOOXiITHO
BpaxOByBaTH  KOMIUIEKC  YHHHHUKIB, IO
BIUIMBAIOTh HA KiHLEBUHA pe3ynbraT. PakTHyHa
TOYHICT 3aJICKUTH Bifg Oe3midui  pi3HUX
YUHHUKIB, PE3yJIbTAT Mii SKUX CIIPOTHO3YBATH
JIyXe Baxko. JIo HUX HajekaTh KOPCTKICTbH
TEXHOJIOTTYHOT CUCTEMH «CTaHOK—
MPUCTOCYBaHHI—IHCTPYMEHT—3ar0TOBKAY,

TETIIOB1 nedopmartii, BiOparrii, 3HOC
IHCTpPYMEHTY LI0 piKe, a TaKOXK CTaOLIBbHICTD
pexumiB 06podku. KpiM TOro, BaxiuBy poib

BiZIrpaloTh TOYHICTH BHMIPIOBaHb 1 KOHTPOJb
FCOMETPHYHHUX IIapaMEeTpiB BHPOOIB Ha BCIX
eramax  TEXHOJOTIYHOTO  mporecy.  Pe-
3yJbTaTOM BIUTUBY UYWHHHKIB € PO3CIFOBaHHS
MIACHAX  pO3MipiB, K€ BHBYAIOTH 34
JTOTIOMOTOFO 3aKOHIB PO3IOILITY.

3abe3neueHHS 3aJ1aHoi TOYHOCTI
00poOKM BHMarae CHCTEMHOTO MiAXOMy, SIKHH
MOEJHY€E pETeNbHE IUIAaHYBaHHS TEXHOJIOT-
TIYHOTO  TIPOIlECy, KOHTPOJb SKOCTI Ha
KO)KHOMY  €Tamli, YAOCKOHAJIIEHHS TEXHO-
JOTIYHOTO  OCHAIICHHS Ta  3aCTOCYBaHHS
CyYacHHX METOMIB BHMIPIOBAaHHS 1 MOHI-
TOPHUHTY TapaMeTpiB 00pOOKH.

AHaJIi3 OCTaHHIX JOCTIUKeHb 1 myOJrikanin

OpmHi€r0 3 KIIOYOBHX TCHICHINNA Yy
Cy4acHOMY MAaIIMHOOYIyBaHHI € TOCSTHCHHS
BUCOKUX CTaHIAPTiB TOYHOCTI Ta SKOCTI
00OpOOKH  IMOBEPXOHb, II0  OOYMOBIICHO
JKOPCTKMMH BHMOTaMH 10 HAIiHHOCTI Ta
JIOBTOBIYHOCTI ~ JeTajeidi B  yMOBax  iX
ekcroryartariii. L{e cTocyeThbes K ITiBUIIICHHS
TOYHOCTI TEOMETPUUYHHMX IapaMmeTpiB, Tak i
3a0e3neueHHs ONTHMAJIBHUX ¢izuko-
MEXaHIYHUX  BJIACTUBOCTEH  IMOBEPXHEBOTO
mapy, Takux SIK TBEPIICTh, 3HOCOCTIHKICTD Ta
omip kopo3ii [1-3].

Jns MOCATHEHHS LHX IJIeH aKTUBHO
BIIPOBAKYIOTHCS HOBITHI TEXHOJIOTi{
MeXaHIgHOi 00pOOKHM, 30KpeMa: BHCOKOTOYHE
nuripyBaHHs Ta TOJIpyBaHHS, Ja3epHa Ta
EJeKTPOICKpOBa 00pOOKa, METOIU KOHT-
POIBOBAHOTO IIIACTUYHOTO JeOpMyBaHHS, a
TaKOXX aBTOMAaTH3aIlisl BUPOOHUYMX IPOIIECIiB
i3 BUKOPHUCTaHHSIM YHCJIOBOTO MPOTPaMHOTO
KepyBaHHS Ta IHTETpaIlis CHCTEM MOHITOPHHTY
SKOCTI [4-7].

Kpim Ttoro, pospoOka iHHOBaLiHHX
MartepialiB Il pi3aibHUX 1HCTPYMEHTIB [8,9]
Ta BIIOCKOHAJICHHS MaCTHIIEHO-0XO0JIO-
JOKYBaNbHUX PIJUH CHPHUSIOTH 3MCHIICHHIO
3HONIYBaHHS IHCTPYMEHTY W JOCATHCHHIO
OuThII  CTAOIIBPHUX  PE3YNBTATIB  O0OPOOKH
[10,11]. Bci 1 acmekTH  JTO3BOJISIIOTH
i ABUIIUTH e(EKTHBHICTb BHUPOOHUYNX
MpoIleciB  Ta aJanTyBaTd ix 10 TOTped
CyYaCHHUX PHHKIB.

PazoM 3 TuM, MIiABUINEHHS SKOCTI Ta
TOYHOCTI y MalIMHOOYAYBaHHI 3 TOYKH 30pY
MPaKTUIHUX  MIAXOMIB  TIPYHTYETHCA  HaA
TEOPETUYHUX JAHUX CTATHCTUYHOTO aHali3y.
Tak, y poOoti [12] mocCHiKeHO MIXOAH 0

OIIIHKM MOJENi TOYHOCTI  BHUTOTOBJICHHSA
JeTajaei 3 ypaxyBaHHSM ii amekBaTHOCTI. J[ms
MEPEeBIpKA  aJICKBAaTHOCTI  3aIllPOMIOHOBAHO
3aCTOCOBYBATH YYTJIMBY XapaKTEPUCTHKY, SKa
JIO3BOJISIE  TOYHINIE  OMHCATH 3aKOHU
po3nominy. MacoBi eKCIIEpUMEHTH  TiAT-
BEpIWIN TiNOTe3y MPO BiANOBITHICTH 3aKOHIB
pO3MOAUTYy OKPEMHUM  BHJaM  MEXaHIIHOI
00poOKM Ta WIOAO 3aKOHY HOPMAIbHOTO
pO3MOiTy BiIMOBiae PO3MOALT  TIHCHHX
po3MipiB HeTanelt y pasi rpyOMx KBaTITETiB
(BoceMoOTO 1 Tpy0ime). 3a CbOMOTO KBANITETY,
pO3CitOBaHHSI PO3MIPIB  MiAMOPSAKOBYETHCS
3akony CiMricoHa, a 3a OUIBII BHUCOKOI
TOYHOCTI 00pOOKH, 3aKOHY PiBHOI HMOBIPHOCTI
[13, 14]. Lle moscHKOIOTH (i3HYHUM CEHCOM,
OCKUTBKM TIiJ] Yac BHWTOTOBJICHHS JIeTancu
rpyOMX KBaJiTETIB BUHUKAE BEIUKa KUTBKICTH
MTOXHOOK (po3mipHe CITpaItbOBYBaHHS
IHCTpYMEHTY, HEpiBHOMIpPHICTb  NPHUITYCKY
3arOTOBOK, HEOJHOPIMHICTb TIOBEPXHEBOTO
mapy 3aroToOBOK Ta 1H.), BIUIUB KOXHOL
He3HauyHMUH. SIKI10 Ha AificHUI po3Mip BILTMBA€E
3aKOHOMIPDHO MIiHJIMBa TOXHMOKA, IO 3pPOCTaE
CITOYATKy YTOBUIBHEHO, a MOTIM MPHCKOPEHO,
TO PpO3MOALT PO3MIpiB BimOyBaeTbcs 3a
3akoHOM CimricoHa. Lleii posmonin Moxke MaTH
MiCIIe 3a CIUIBHOI [ii PO3MIPHOTO 3HOCY
IHCTPYMEHTY M0 Pi’KE€ 3 CHILHO BHUPAKCHOIO
(ha3010 MOYATKOBOTO 3HOCY 1 301MbIIEHHS CHIIH
pi3aHHS HANMPHUKIHI CTIHKOCTI iIHCTPYMEHTY B
pe3ynbTaTi HOro Mporpecyrdoro 3aTyTIeHHS
[8-10]. 3a Takux yMOB KUIBKICTb YHHHUKIB
3MEHIIYETHCS, OCKIIBKH TPOLIEC MEXaHIYHOTO
00po0OIIeHHS € HaITiBYNCTOBUM abo
OCTAaTOYHHUM, IHiJ 4ac SIKOro Oe3jiu YMHHUKIB
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HeUTpammi3yBajucs Ha IMONEPeIHii omepaii
(1opHOBIit).

Jns  moxuboK, 110  PIBHOMIPHO
3poCTaroTh (MOXUOKHM, CIIPHYMHEH1 PO3MIpHUM
3HOCOM pI3aJIbHOTO 1HCTPYMEHTY), PO3MOJILI
BiIOyBAETHCS 32 3aKOHOM PiBHOI MMOBIpPHOCTI.
Hanpukman, y pas3i ycTameHoro 3HOCY
pi3albHOTO 1HCTPYMEHTY 3MEHIIEHHS HOro
po3MipiB y  dHaci T ITOPSIIKOBY €THCS
MPSAMOJTIHIMHOMY  3aKOHYy, IO  BiJITOBITHO
30inpmrye abo 3MmeHmIye niametp  o0Opo-
OmroBaHMX 3aroToBok [2, 8, 9, 12]. 3HaHHA
3aKOHY pO3MOJUTY JIy)KE Ba)JIMBE  JUIS
PO3B'sI3aHHS MPAKTUYHUX 33734 Y TEXHOJOTIT
MaIIMHOOYAyBaHHSA, TOMY IO L€ OCHOBHA
YMOBa JUUIsl PO3B'SI3aHHS 1UX 3a]1a4 32 MaTUMH
BuOipkamu. Takoxk, 3a BIIOMOTO 3aKOHY

pO3MOJiTy 3HAYHO  CIPOIIYETHCS  METO
PO3B'S3yBaHHS MPAKTUYHUX 33/1a4 32 PaxyHOK
3aCTOCYBaHHS TMapaMETPUIHUX KPHUTEPIiB, sKi
3a0e3neueHi MeTOANYHO 1 TaOyIbOBaHi.

VYV mpomeci aHamizy BHAUICHO KIFOYOBI
npoOjeMd BHPOOHWIITBA JIETaJeid, 30Kpema
YUHHHUKHW, 1[I0 BIUIMBAalOTh HAa  SKICTh
TEXHOJNIOTiYHUX  mporeciB  [15-17].  Omi-
HIOBAaHHS TAaKWX YWHHUKIB € CKJIaJHUM
3aBIaHHSAM, BUPIMICHHS SKOTO 3IIHCHIOETHCS
IUITXOM BHKOPUCTAHHS IapaMeTpiB  po3-
CIFOBaHHS (haKTHYHUX pO3MipiB, 110
JMOCHIDKYIOTBCS 32 JIONOMOTOIO  3aKOHIB
posnominy. Ile mo3Bonsie  mMpOTHO3YBaTH
BiJIXUJICHHSI, IiJBUIIYBATH TOYHICTH OOpPOOKH
Ta 3a0e31edyBaT BUCOKY SKICTh MPOTYKITIi.

MeToa BU3HAYEHHS 3aKOHY PO3MOAiTY po3ciloBaHHA Po3MipiB aeTaseil micjist 00podku Ha
HAJIAITOBAHUX BepcTaTax

Jns BuU3HA4YeHHS 3aKOHY pO3IMOMLTY
icHye Kimpka migxomiB. [lepmmii 3acHOBaHWMIA
HA MaTeMaTUYHOMY aHalli3i, B OCHOBI SIKOTO
JeKUTh miAdip BiamoBimHOT (yHKI s
OmHCy  eMIIpudHoro  posmomimy. s
BU3HAYCHHS TOTO, HACKIJIBKU IPABWIBHO IS
¢GyHKUOig ~ omMcye  AOCHIAHUH  PO3MOMIM,
BHUKOPHUCTOBYIOTH  Pi3HI  KpHUTepii  3roam
(ITipcona, Konmoroposa, Mizeca Ta iH.).

Hpyruil minxin IpyHTYEThCS Ha TOMY,
0  KOXXHOMY  TEOPETHYHOMY  3aKOHY
PO3MOAUTY BiAMOBINAIOTH IMUIKOM TIEBHI YMOBH
(YHKUIOHYBaHHA TEXHOJIOTIYHMX TPOLECIB.
3HAKOUM I1i YMOBHU, MOXKHA 3HAWTH BiJIOBIIHI
iM 3akoHU posnoniny. Llel migxim mictaB cBiit
po3BUTOK y poborax A.b. Sxima, H.A.
boponauona, b.B. I'nenenka, A.M. I'aBpunosa
Ta iH.

Ille omwH miaxim OyB MpeaCTaBICHHI
AHTIIACHKOIO IITKOJIOIO MaTeMaTHYHOI
cratuctuku (®. TlampTon, K. Ilipcon, P.
®inrep), 110 MIIUIA HUIIXOM 00YI0BH POJUH
cimeicTB IHTEPHONALI HHUX KPUBUX
po3moniny, sKi HE MarTh OOIPYHTOBaHOTO
3BSI3Ky 3 pEaJbHUMH YMOBaMH BHUHHKHEHHS
JOCTIDKYBaHUX po3moautB. 3akoH [ayca B
il cXoJMacTU4HIM «cucTeMi», 3aIpOIIOHOBaHII
1 po3pobueniit K. ITipconom, Oyiio 3BeeHO 10
poJli  ONHOTO 3 YHCICHHHUX PI3HOBHIIB
MOXJIMBHUX MaTeMaTHYHHX KpUBUX. CHCTeMy
KPUBHX PO3MONIITY JETaIbHO PO3POOHIIH,
3a0e3Mmeymii ~ BETUKMMH  JTOBIAKOBUMH 1
PO3paxyHKOBUMU TaOIUIIMU, 10

MOJICTIIYBAJIO TPAKTHYHE iX BUKOPUCTAHHS.
Posrngaemo neit miaxiza GibIn AeTanbHO.
o y=f(x)
HlinbHICT 1MOBIpPHOCTI ,
rpadik SKOi HANEKHUTh CIMEHCTBY KpuBHX K.
[lipcona, € po3B's3KOM aU(EPEHIIaATHLHOTO
PIBHSIHHS

ldy  x+¢ |
ydx  cy+ex+e,x’ M

JIe TOYaTKOM BIUIIIKY UII X CIyTYE
CepeaHE 3HAYCHHS.

BignoBimHO 10 po3moiny  KOpEHiB
. Cy +Cx +c,x°
IpaTHOTO  TpUYICHA
po3pizustoTs 12 tumiB posmonimiB Ilipcona.
Bun poss'ssky piBHsHHA (1) 3aneXuTh BiAg
MOCTIMHUX BEJMYWH, SKiI MOB'S3aHi MMPOCTHUMH

CIIBB1IHOLICHHAMU 3 MOMEHTaMH
BiJIIIOBITHOTO PO3MOiITY HMOBIPHOCTEH:
o = 0_2(4772_3771)
’ 2(5772_6771_9)’
o = O\ (772 +3 )
1 2(5772_6771 _9)’
c 2n,-3m, -6
y =
2(5772 — 61, — 9)

b

ac
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m=w =

b

U, = Jxkf(x)dx
h k:2’3’4

(ILIOZI’/'IIZO)‘

Bemumunman 1 1 2 € HIKHBOIO 1
BEPXHBOIO  MEXaMH MpHPOMHOI  o0macTi

BH3HAYEHHS II1IJILHOCTI f (x) .

3Bincu BUILIHBAE, 110 po3noain [lipcona
MOBHICTIO BU3HAYAETHCS MEPIIUMU YOTUPMA
MOMeHTaMu. ToMy  JOCTaTHBO  3HAWUTHU
KoeQIIIEHT acUMETPii Ta KoedilliEHT eKciecy,
mo0 Bu3HAUMTH TUN Ii€i KpuBoi. Takum
YUHOM, SIKIIO B3JIOBX OCEM JeKapToBOl
CHCTEMH KOOPAWHAT BiAKIANATH BiAPI3KH, IO

BIAIOBIAAIOTh BEJIWNYHUHAM 771 1 Up , TO B

TUTOIIMHI >, piHuM Tunam kKpuBux K.
Ilipcona BigmoBimaTHMyTH 00JIACTi, KPUBI Ta
TOYKH.

Ha pucynky 1 mpeacraBieHo 00macTb

(7719772), e Th.

IUIOIMHHU KBazpar

koedillieHTa acUMETpii, m . Koe(IIiEHT
excuecy. Ilin wac BuOOpy Mozeni B IbOMY
BUTIAJIKy TIPOIOHYETHCS  BHUKOPHCTOBYBATH
ICTOTHY BiMIHHICTB PI3HHX KJIACiB pO3ITOILIIB
3a CKOIIICHICTIO Ta OCTPIBIIEM.

s BuObOpy Mojeni 3a Takoro MiJXOy
HEOOXITHO 3a BHOIPKOIO BEIMKOTO OO0CATY

OOYMCIIUTH OIIHKYA TIOKa3HUKIB acHUMeETpii !

Ta eKCIleCy 2 1 BIANIYKAaTH TOYKY Ha puc. 1,
IO BIANOBia€ OTPUMAaHWM OIIHKaM. 3a

BEITUKUX BHOIPOK OOYHCIICHHS OIMHOK | 1 2
HE CKJIAJIa€ TPYAHOIIIIB:

Y  po0OTi  3ampomOHOBAaHO  3aCTO-
coByBatu KpuBi Ilipcona miss BU3HAaYCHHS
3aKOHY PO3IOAUTYy MIMCHHX PO3MIpPIB JeTajneit
micns MexaHiyHoi oOpoOKH. 3amponoHOBaHO
METOJUKY I PO3paxyHKy Koe(dilieHTiB
acUMeTpii Ta eKCIiecy Ha OCHOBI eMIIpHYHUX
JIAHHX, 10 JO3BOJISIE TOYHO OIIIHUTH XapakTep
po3noiny.

AHamni3 MacOBUX
MiATBEPIUB BUCHOBKH:

EKCIICPUMCHTIB

Jh = By M
| (lu;)s/z. ) (lu;)z

b b

*

Hy OLIIHKA LIEHTPAJILHOTO MOMEHTY

BUIIAJIKOBOI BEIMIMHHU k- IO MOpAIKYy, sKa
Ma€ BUTTIAL:

. 1 < -
Hy :E;(xi _X)k

b

ne M o6'em BuGipxku ta X BHGIpKOBa
cepenHs

_ 1 n
X=— .
n,-z_llx'

BuxopucroByroun MacoBi
BHNPOOYBAaHHSA MO0 TOYHOCTI MEXaHIdHOTO

b

00poOiieHHs, OyJ0 3HAHACHO bl i 2. Yci
MacoBi BUIPOOYBaHHS T ITBEP AVUITH
nmociipkenHs Maramina A.O. B ToMy, 10 B
pa3si TpyOMX METOmIB OOpOOJIEHHS 3aKOH
po3moaily  AiHCHUX  pO3MipiB  jaerainei
OJIN3BKHUI 10 HOPMAJILHOTO, & B pa3i TOYHUX
METOJIiB 00po0IeHHs - 0 3akoHy CiMmIicoHa i
piBHOI #WMOBipHOCTI. Momeni IUX 3aKOHIB
po3moniny HajexaTb 00JIaCTi HEpIIOTO THITY
kpuBoi IlipcoHa, OCKiIBKM IS HOPMAJIBHOTO
po3MoalTy KBaApaT acuMeTpii mopiBHioe 0, a
ekcriec mopiBHioe 3. s posmomiry piBHOL
HAMOBIPHOCTI KBaJpaT acUMeTpii JopiBHIOE 0, a
ekcriec  gopiparoe 1.8, s po3momimy
Cimmicona kBafapar acumeTpii mopiBHioe 0, a
eKkcIiec JIopiBHIOE 2.4 (uB. puc. 1).

BucHoBku

Hdns  rpyOMX  METOAiB  MEXaHI4HOI
00poOku  po3moain  gificHMX — po3MipiB
HaOJIMKAETHCSI 10 HOPMAJIBHOTO 3aKOHY.

Jiisi TOYHUX METOHIB CIIOCTEPIraeThes
BiAMmoBigHICTE 3akoHYy Cimricona abo piBHOL
HAMOBIpHOCTI.

3anpornoHoOBaHi MIX0Id AEMOHCTPYIOTh
NpPaKkTUYHY LIHHICTh y MiIBUILEHHI TOYHOCTI
Ta  HagifHOCTI  MPOTHO3YBaHHA  SKOCTI
MexaHIgHOi 00poOku. BHUKOpHCTaHHS KPUBHUX
Ilipcona  mo3Boysie  THOMOMmIE  JOCHITUTH
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3aKOHOMIPHOCTI PO3CiIOBaHHA pO3MIpiB Ta BUPOOHHUIITBO, 30KpeMa B aBTOMAaTHU30BaHI
320€3MEYUTH  ONTHUMI3AIII0  TEXHOJIOTTIHHUX CHCTEMH KOHTPOJIO SKOCTI, IO 3a0€3MeUHTh
MIPOIIECIB Y MAITMHOOY TyBaHHI. MiIBUMIECHHS  €(EKTHBHOCTI  BHPOOHHYUX

OTtpumani pe3ynbTaTH MaroTh npoLeciB i KOHKYPEHTOCIPOMOKHOCTI
HEePCIICKTUBU ISt BIPOBAKCHHS y HPOYKIIi.
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Puc.1- OGmacri B TUIOIIHHI JUTSI PI3HUX PO3IOIITIiB

Fig. 1- Regions in the plane (771 1> ) for different distributions
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ASSESSMENT OF MACHINING QUALITY BY DETERMINING THE LAW OF
ACCURACY DISTRIBUTION

The article proposes a methodology for assessing the quality of machined parts by determining the
distribution law of the accuracy of the actual dimensions of parts. Knowledge of the law of distribution of
random variables of scattering of actual dimensions of parts after machining is important, as it makes it possible
to control quality by small samples. It is proposed that Pearson curves be used to determine the distribution law.
The hypothesis that the distribution laws correspond to certain accuracy qualifications has been tested in mass
experiments. It is proposed that Pearson's curves be used to determine the distribution law of actual dimensions
after machining. The formulas and methods for determining skewness and kurtosis coefficients from empirical
values are presented. The analysis carried out using mass experiments confirmed that with rough machining
methods, the distribution law of the actual dimensions of parts is close to normal, and with precision machining
methods - to Simpson's law and equal probability. For the equal probability distribution, the skewness square is
0, and the kurtosis is 1.8. For the Simpson distribution, the skewness square is 0, and the kurtosis is 2.4.
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IHTEI'PAIIA KBAJJIMETPHYHUX IIAXOAIB Y
CYYACHI IH®OOPMAIINHO-BUMIPIOBAJIbHI TEXHOJIOT'TI OCBITH

B ymoBax OesmnepepBHOro 3pocraHHs 00cary iHpopMamii Ta DIBHAKMX 3MiH Yy Tally3l TEXHOJIOTiH,
0COOJIMBO BaXKJIMBO MaTH €()EKTHBHI METOJW OIIHIOBAHHS, SIKi MOXKYTh 3a0€3MeUYNTH BUCOKHI PiBEHb TOYHOCTI
Ta o0'ekTuBHOCTI. KBamiMerpis, mo (HOKyCyeThCs Ha KUTbKICHHX METOJaX OIHKH SKOCTi, HaJla€ MOMIIMBICTh
CHUCTEMATHYHOTO Ta HAYKOBO OOIPYHTOBAHOTO IiJXOXIy IO aHaJi3y SIKOCTI OCBITHIX MpPOIECIB i MPOMYKTIB.
BuxoprctanHs KBaJIMETPUYHMX METOMIB y TIOEMHAHHI 3 CyYacHUMH iH(OpMAIiHO-BUMIPIOBAIbHIMH
TEXHOJIOTISIMU JT03BOJISIE 3a0€3MeYUTH OUTBIIN TOYHE Ta HAiHE OILIHIOBAaHHS, IO € KPUTUYHO BAXKIUBUM IS
e(heKTUBHOTO YTPaBJIiHHS Ta BIOCKOHAJICHHS OCBITHIX CHCTEM.

VY crarTi JOCHIPKYETBCS IHTETpallist KBaJJIMETPUYHUX MIAXOAIB y Cy4acHI iHpOpMaIiiHO-BUMipIOBaIbHI
TEXHOJOT11. PO3risiaoTbesi MOXKIMBOCTI 3aCTOCYBAHHS KBaJJIMETPHYHHUX METOIB JUIS MiJBUIICHHS TOYHOCTI Ta
00'€KTUBHOCTI OLIHIOBAHHS SIKOCTI OCBITHIX TIpoueciB 1 nNpoxaykriB. [IpoaHamizoBaHO MOTEHLIAN IHMX
IHCTpyMEHTIB y MOAEpHI3allii, MiJBUIIEHH] €(QEKTHBHOCTI YINpAaBIiHHS SKICTIO Ta CTBOPEHHI yMOB IUIS
MOCTIHHOTO BJIOCKOHAJIECHHS IIPOLECY AisiabHOCTI. HaBeneHo mnpukiagy BIPOBaUKEHHS KBaJTiMETPHUYHHUX
METOJIB, SIKI MIATBEPIKYIOTh iX €(EKTHUBHICTH 1 MEPCIEKTHBHICTh. Pe3ynbTaTH JOCIIKEHHS JEMOHCTPYIOTS,
o iHTerpamis KBIIMETPUYHUX IMIXOIIB CHPHUSAE 3HAYHOMY TOKPAIICHHIO TOYHOCTi, HAMIHHOCTI Ta
00’ €KTUBHOCTI OI[iHIOBAHHS Pi3HOTO POy NapaMeTpiB.

PosrmsimaeTscst KBaNmiMeTpisl K HayKa TPO KiJTbKICHE OIIHIOBAHHS SKOCTI, IO TPOTIOHYE e(eKTHBHI
IHCTPYMEHTH JUTSl aHaJi3y SKOCTI OCBITHIX MPOIIECIB i MPOMYKTIB. ABTOPH MOCIHIIKYIOTh METOIU Ta IiAXOIU
KBaJIIMETpil, IXHIO TEXHIYHY peami3allifo Ta iHTeTrpalilo B CydacHi iH(GOpMaIiiHO-BUMIPIOBAIBHI TEXHOJIOTII.
IHTerpamis KBaliMETpUYHUX MiAXO0MIB B iH(QOpPMAIIHHO-BUMIPIOBAIbHI TEXHOJIOTII Tependadae 3acTOCYBaHHS
CTaTUCTUYHHUX METO/IB, MaTEMaTHYHUX MOJIENEH Ta CIeliali30oBaHOro MPOrpaMHOro 3abesnedyeHHs A 300py,
00poOku Ta anamizy nanux. Lle mo3Bossie oTpuMyBaTH 00'€KTHBHI i peNpe3eHTATUBHI PE3YJIbTATH, SIKI MOXKYTh
OyTH BUKOPHCTaHI JUIsl NPUHHATTS OOIPYHTOBAHUX YIPABIIHCHKHUX pimleHb. TakuM 4MHOM, 3a0e3leuyeThcs He
TLTBKY T1IBUIIICHHS TOYHOCTI Ta 00'€KTHBHOCTI OI[IHFOBAHHS, aJ¢ i CTBOPIOIOTHCS MEPEIYMOBH sl IOCTIHHOTO
MOKPAIIEHHsS SKOCTI OCBITHBOTO IIPOLIECY ILUIIXOM BUSIBJICHHS CHWJIBHMX Ta CJIA0KUX CTOpiH, BHU3HAYCHHS
HaAIpPSMIB JIJIs1 BAOCKOHAJICHHS Ta BITPOBAKCHHS 1HHOBAITIH.

KIIFOYOBI CJIOBA: xsanimempuuni memoou, OYiHKA, AKICMb, Memo0002is, NOKA3HUK SKOCHMI,
neoazoziuna OYinKa, KeaiimempuiHa oyiHKa.

Ax umuryBatm: I'pingerxko I'. C., Mampko A. M. IHTerpamis KBaJliMEeTpHYHUX IAXOMIB y Cy4acHi
iH(hOpMAIIfHO-BUMIPIOBAIBHI  TEXHOJIOTii ocBiTH. Mawnobyodysanns. 2024. Bum. 34 C. 39-50. DOI:
https://doi.org/10.26565/2079-1747-2024-34-04

ITocmanosxa npodnemu

OmauM i3 KJIIOYOBHX  aCIEKTIB 00'ekTa OIIHKU Ta pO3poOJIEHHS 00'€KTHBHUX
KBAIMETPii € BCTAaHOBICHHS 3B'SI3KYy MK MaTeMaTHIHUX 3ICKHOCTCH.
BUMIPIOBAaHUM IIOKa3HUKOM SIKOCTi Ta HOro OnvH 3 OCHOBHUX BHKIIMKIB TOJISITAE Y
OIIIHKOI0 Ha Oe3po3MipHiil ImKaji, HomiOHe TOMYy, IO TIOKa3HUKH SKOCTI HE 3aBXKIU
3aBIaHHS BHMAara€ peTeIhLHOTO TOCIIHKEHHS PO3MOAiJIEHI PIBHOMIPHO Ta HE 3aBXIH MAIOTh

JMiHIMHY MaTeMaTH4Hy 3aleXHICTh 3 iX
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OIIIHKOI, TOMY OUIBIIICTh HASBHUX METOJUK
OITIHIOBAHHS SKOCTI BUKOPHUCTOBYIOTH IOCHTH
HaOmwKkeHi (QopMmynu, sSKi MOXYThb ClIabKo
BiIOOpaKaTH OCHOBHI iJICONOTIUHI MPUHIIUITN
mporecy omiaoBaHHsA. CamMe TOMy aHani3
HasBHUX  KBAJIMETPUYHHMX  IMAXOMIB O

OLIIHIOBAHHA SIKOCTI Ma€ Ha METl BHUSABJIEHHS
mpo0JieM Ta MOJKJIMBOCTEH IMX METOIHK, a
TaKOK PpO3POOKY pEeKOMEHIAIll IMomo iX
ONTUMAJBPHOTO BUKOPHCTAHHS Ta TOJANBIIOTO
BIIOCKOHAJICHHS.

Ananiz ocmannix 00cioHcens

3a ocTaHHI AecATHpiyYsl 0arato HayKOBIIB
MPUAUBIIO yBary IOCHIDKCHHSIM TII0B’S3aHUM 3
OIIiHIOBAHHSIM SIKOCTI KBATIMETPUIHUMHU
METOJIaMU, aJie JJIs PO3YMIHHS Camoi KOHIICTIIIii
«KBaJIMETPUYHOTO  BUMIPIOBAaHHA» HEOOXiTHO
YiTKO BH3HAYUTH CYTHICTH IbOTO MOHATTA. B.IL.
Motano Ta Bb..  CragHuk  po3rasAaroTh
KOHIIENTYaJIbHE TTOHSITTS "KBaJIIMETPHYHI
BUMIPIOBaHHA" SK 3HAYHMA KPOK Y PO3BUTKY
Cy4acHHX METOMIB BUMIpPIOBaHb, BOHH apry-
MEHTYIOTh, II0 TaKi BHUMIPIOBaHHS MOETHYIOTH Y
co01 mimxomu KBaJgiMEeTpii Ta METPOJIOTii, IO
n03BOJIsIE  ©(EKTUBHO  OLIHIOBATH  SIKICTh
NOPOAYKLiI Ta MOCAYyr 3 TOYKM 30py IXHBOI
BIIMIOBIIHOCTI ~ cTaHAgapTtaM 1 Bumoram [l1].
Ksamimerpuani BUMIpIOBaHHS CTBOPIOIOTH
MOKJIMBICT, HE JIMIIE OO'€KTUBHO OILIHIOBAaTH
XapaKTePUCTUKH TPOAYKIIii, a W 3a0e3medyroTh
0a30By iH(OpPMAILIIO IS MTOJAJIBIION0 aHali3y Ta
BIIOCKOHAJICHHS BHUPOOHMYHX mporeciB. Llei
MiIXiJT BIAKpUBAaE HOBI TEPCHEKTUBU  JIIS
MMIIBUINEHHS SKOCTI TPOMYKITi Ta ONTHMi3allii
BHPOOHMUYMX TIPOIECIB Yy  PI3HUX  TaIy3sax
mpomuciioBocti. T.0. JlykiHa BKka3ye 10
KBaJIIMETPisl PO3IJSINAETHCS SK YacTHHA Teopii
YIIPaBIiHHS SKICTIO Ta TEOpii MPUHHSITTS PIIICHD

[2]. 3a cmoBamm T. Jlykinoi, kBaimeTpis
TPYHTYETLCS Ha BHOOPI HAHOUIBII ONMTHMaTbHUX
METOMIB 1 3aco0iB BIUIMBY Ha 00 €KT 3 METOIO
MIABUILEHHS IX 30aTHOCTI 3aJ0BOJILHATH HasBHI
Ta MaiOyTHi morpebm moneil. Konnenryanbhi
OCHOBH KBaJIIMETPHUYHOI OIIIHKH OYyJIO BHUCBITICHO
B pobotax P. 3agopoxnoi, O. Anydpiesoi, K.
Bopucenko, I'. Imurpenko, A.Tpim, O. Karpuy,
[0 CTaJ0 OCHOBOIO JIUIS JAHOTO JOCHIKEHHS [3-
8].

3rigHo 3 BUCHOBMIOBaHHIM . JlerTsphoBoi,
IUIA OLIIHKH Oy Ib-sKOT KOMIIETEHTHOCTI
BHKOPHCTOBYIOTHCSI KPUTEPii, TOKA3HUKHU Ta PiBHI
ix chopmoBanocTi" [9].

Bucsitimoroun KOHIIEMI IO KBaJliMe-
TPUYHHUX BHUMIPIOBaHb, y CTaTi OyiIM BpaxoBaHi
PI3HOMaHITHI MiIXOAW Ta METOMU, IO OyIn
3alpoNOHOBaHI PI3HUMU BYCHMMH B LiH ramysi.
AmHamiz HayKoOBUX AOpPoOOK [3-8] CBiMUUTH, IO
KBATIMETPUYHI BHUMIPIOBAaHHS € 1HHOBAIIHHUM 1
MEPCIICKTUBHUM  HAIMPSIMKOM Y  PO3BUTKY
HAyKOBHX JOCTIIKEHB, OCKIIIBKH BOHH
JTO3BOJISIIOTH €(DEKTUBHO OIIHIOBATH PiBEHB SAKOCTI
Ta BIANOBIAHICTE TMPOAYKLii CcTaHgapTaMm Ta
BAMOTaM STKOCTI.

n

Dopmynioeanna yinei cmammi

MeTor0 HaHOI CTaTTI € CUCTEMAaTH3allisa Ta
aHalli3 HAasBHUX KBATIMETPHUYHUX TMiIXOMIB [0
OLIHIOBAHHS  SAKOCTI, BCTAHOBJEHHS  IXHBOI

e(DeKTUBHOCTI Ta MOMKJIMBOCTI 3aCTOCYBaHHSA B
pizHuX cdepax.

Buxknao ocnoenozo mamepiany

KpamimeTpis, SK Hayka, IO JOCITIIKYE
METOIM BUMIPIOBAHHS Ta OIIHIOBAHHS SKOCTIi, Ma€
IIMPOKAH  CNEKTp  MiAXOAiB, fAKi  BUKO-
PUCTOBYIOTHCS ISl JTOCSTHEHHS Pi3HOMaHITHUX
iIed JoCTipKeHHsI. Y IbOMY KOHTEKCTI, METOT
EKCHEePTHUX OL[IHOK Ta METOA CTATHCTUYHHUX
BUNpOOYBaHb BiJirparoTh KIOYOBY pOJb Y
BH3HAYCHHI SKOCTI 00'ekTiB. st po3ymiHHSA
Cy4YaCHUMX TEHJCHIIIH PO3BHUTKY KBaTiMETPUYHUX

METOMIB PO3TIITHEMO 7 HAYKOBHX ITIXOIIB IO
3aCTOCOBYIOThCA Y KBasiMeTpii [10-13].

MeTto eKCrepTHUX OIIHOK 0a3yeThcs Ha
3HAaHHAX Ta JMJOCBiAi (axiBIiB, SKi OI[HIOIOThH
00'eKT 32 BH3HAYCHHMH KPUTEpPisIMHU siKocTi. Lleit
mAXig B1J3HAYAETHCS MIPOCTOTOIO Ta
JIOCTYTHICTIO, a TaKOX 3IaTHICTIO OI[iHIOBATH
SKICHI XapakTepUCTHKH 00'ekta. OmHaK, cepen
HOT0 OCHOBHUX HENOJIKIB BapTO BUAUTUTH
CyO'€KTUBHICTh OIIIHOK Ta MOXJIMBHN BIUIHB
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30BHIIIHIX (akTopiB. Hampuxian, pesynbratu
OIIHKKM MOXYTh 3aJIeKaTH Bl OCOOHMCTHX
ymomo0aHb  KCHEPTiB, AKi  HE  3aBKIH
B1100pakaroTh 00'€KTUBHY AKICTH MPOAYKIIT [ 14].

Meton CTAaTHCTUIHUX BUIIPOOYBaHb
BUKOPHUCTOBYE CTAaTHCTUYHI METOIHU JUISl OILIHKHU
WMOBIpHOCTI TOTO, IO OO'€EKT BiAMOBimae
BUMOTaM SKOCTi. OCHOBHUMH IIepeBaraMu IbOTO
METOJTy € HOro OO'€KTUBHICTH Ta MOXKIIHUBICTbH
OIIIHIOBAaTH HWMOBIPHICTh BIAMOBIMHOCTI 00'€KTa
TIEBHUM CTaHmapTaM skocTti. IIporte, mmsa ioro
3aCTOCYBaHHS HE0OXiJHa BelrKa BUOIpKa Ta icHye
MOXJIMBICTH TOIYIICHHS MTOMIIIOK [ 15].

Mertoau BHUMIPIOBaHHA Ta OIIHIOBAHHS
SIKOCTI € BHJIOM JOCHIJKCHb, IO 3a0e3MeUyIOTh
00'€eKTUBHE Ta CHUCTEMHE PO3YMIHHS Xapak-
TEPUCTUK 00'eKTiB. BOHU [103BOJIAIOTH HE JIMIIIEC
OIL[IHUTH SIKICTB, aje 51 3a0€31CYUTH
BJIOCKOHAJICHHS Ta ONTHMIi3aIlito mpoiecis [16].

Metoa BUMIpIOBaHHS MapaMeTPiB € OJHUM
3 HaWOLIBII TMOIMHMpPEHHX Ta e(OEeKTHBHUX,
0a3yeTbcsi Ha OO'€KTHMBHHX KIUIBKICHHX Xapak-
TEPUCTHKAX O00'€KTa, IO JO3BOJSE TPOBOJIUTH
ToyHi Ta 00'ekTUBHI BuUMiproBaHHA. OJHAK,
HEOOXiIHO  BpaxoByBaTH, IO  HE  BCi
XapaKTePUCTUKH TiIIAI0ThCSI BUMIPIOBAHHIO, Ta
BHKOPHUCTAHHS BIIIIOBITHUX METOIB Ta
1HCTpYMEHTIB Moxe OyTH ckinagauM [17,18].

MeTou TIOPIBHSUIBHOTO — aHANi3y HaJae
MOJJIMBICTh OIIIHATH SKICTH O00'€KTa IIUIIXOM
TOPIBHSAHHSA 3 aHAJIOraMH a0o0 ETAJTOHHUMU
3pa3kaMmu, BiH JIGMOHCTPYE HAOYHICTH Ta
MPOCTOTY, ajie oMY BIIACTHBA CKJIAJHICTh BHOOPY
aHaJoriB a00 eTaJOHIB, a TaKoXX MOXKJINBICTh
cyO'extuBHoOCTI [19].

MeTo MOJIENIOBaHHS, Y CBOK YEpry,
IPYHTYEThCS HA  CTBOPCHHI  MAaTEeMaTUYHUX
MoOJeNel, IO JO3BOJSIOTH OIIHIOBATH SKICTh
o0'exTa 3a JIOTIOMOTOFO KOMIT'FOTEPHHUX
po3paxyHKiB. ['Hy4KiCTh Ta MOXJIHMBICTH OIIi-
HIOBaTH CKJIQJHI XapaKTEPUCTUKU € BaXITUBHUMHU
mepeBaraMu  I[bOTO  METOAY, NpPOTe  HOMY
MpuTaMaHHa CKJIAJHICTh CTBOPEHHS MOJENCH Ta
MOXUIMBICTh TTOXHOOK Y TIPOIECi MOICITIOBAHHS
[20].

MeTton TecTyBaHHSA, SK MiAXiA 1O OILIHKH
SIKOCTI, Iependadae IMPOBEACHHS BUIPOOYBaHb
o0'ekta. Lleii MeTox € OO'€KTHBHMM Ta MOXKE
BUSIBUTH HENOJIKH, ajie BiH TaKOX TPYIOMiCTKHI
Ta BUMarae 3HagyHuX BUTpaT [21].

MeTo CHCTEMHOTO aHalli3y po3rJisiac
00'€KT SK CHCTEMYy Ta OI[HIOE WOTO SIKICTb,
BPaxOBYIOUHM  B3a€MO3B'S3KM Ta  B3aEMOJIIO
eleMeHTiB. Xoda TIeW MiAXig Mae CHUCTeMHI
TepeBard, BIH TaKOXX BHMAara€ TJIIMOOKOTO
PO3YMiHHSI CHCTEMHU Ta CKIAIHOCTI B peaiizarii
[22].

Bubip HayKOBOT'O miaxony 10
KBJIIMETPUYHOI OINIHKH 3aJIGKUTHh BiJ KUIBKOX
KIIOYOBHX  (haKTOpiB, SKI BHU3HAYAIOTh IPH-
JATHICTE 1 €(QEeKTUBHICTb METOAY I KOHK-
petHoro nociiypkeHHs. Pi3HI 00'€KTH MOXYTh
MaTd pi3Hi  (i3uyHi, XiMiuHi, OlOJIOTiYHI,
comianbHi ab0 IHIN  XapaKTePUCTHKH,  SIKI
MoTPeOyIOTh CHEIU(IYHOr0 MiAXOMY JO OIHKH.
Hanpuknan, nist ¢pizuanux 00'eKTiB MOXYTh OyTH
BHKOPHCTaHI METOIA BUMIPIOBAHHSI, B TOW Yac sIK
JUIS COIiaTbHUX a00 EMOIMHUX XapaKTePUCTHK
MOXYTh 3aCTOCOBYBATHCSI METOIU aHKETyBaHHS
abo crmoctepeskeHHs [23]. SIkmo meTa mosrae y
BH3HAYCHHI 3arajbHOL SIKOCTI, MOJKHA
BUKOPHCTATH KOMIUIGKCHUN METOJI, IO OXOILIIOE
pi3HI CTOPOHM SIKOCTi. Y BHUNAAKY OILIIHIOBaHHS
KOHKPETHHX  XapaKTepUCTHK  BapTO  BHKO-
PUCTOBYBaTH  CHEMiali30BaHUN  METOJN, IO
IO3BOJIAE  JOOKJAOHIIIE BHU3HAYMTH I Xa-
paKkTepuCTUKU. Tako BaXIMBO BpPaxOBYBaTH
HasBHICTh KBaJi(hiKOBAaHOTO TIEPCOHATY IS
3aCTOCYBaHHS KOHKPETHOTO METOJYy  OIIIHKH
SKOCTI.

Ksanimerpuani T TX 0T B OCBITI
BUSIBIISIIOTHCSL  HAQ/I3BUYAWHO e(DEKTHBHHMU Yy
KOHTEKCTI iH(opMauiiHO-BUMipIOBATEHIX TEXHO-
JIOTiM, Taki MIXOOW TOEAHYIOTh Yy  co0i
KOHIICNITYaJIbHI TPUHIMIN TCJAroTiKu, BUMi-
pIOBaHb, MAaTEeMAaTUYHOTO MOJICIIIOBAaHHS  Ta
MaTeMaTHYHOI ~ CTaTUCTHKH 3 MIHPOKUAM
BukopuctanusM  IKT. BoHu  103BOjsIOTH
NPOBOAWTH TIUOOKHIA aHami3 Ta OLIHKY BIUIMBY
pi3HHUX (QaKkTOpiB Ha HaBUAIBHHHA MpOIIEC,
pPO3pOOIIATH ONTHMABHI CTpaTerii HaBYAHHSA Ta
(hopMyBaTH iHAMBIAYaNbHI OCBITHI TPAEKTOPII.

OCHOBHHI BHECOK HAYKOBUX JIOCIIJKCHD Y
rajxysb KBajgiMeTpil moiisirae B igeHTHDIKaIli
pI3HHX METOIB OITIHIOBaHHS, SIKIi MOXYTh OyTH
3aCTOCOBAaHI JUIsi BHU3HAUYEHHS SKOCTI ITiITOTOBKH
(haxiBIiB y 3aKjIagax CIPIMOBAaHHUX Ha BHUBYCHHS
iH(pOopMaIIiHO-BUMIPIOBAIbHUX ~ TEXHOJOTIH. 3
MPOBEJCHOTO aHali3y MOXHA BHIUINTH TPH
OCHOBHI Tpymu Takux Metonis (Puc. 1).

[Mepmia rpyma MeTOIB, IO PO3TISIAETHCS,
e CeBPUCTHYHI METOIW, sKi 0a3yrThcs Ha
eKCIICPTHUX  OIliHKaX, AaHKeTyBaHHI, CIIOC-
TepexkeHHI Ta Oecimax. Lli Meromu mMO3BOISIOTH
oTpuMata iHGOpPMAIlIO Big eKcHepTiB  abo
CTYACHTIB  Oe3mocepenHbo, IO  JIO3BOJISIE
OTPHMATH NIUPOKUH 00CAT JJAaHUX.

Hpyra rpyma - MareMaTWdHi METOIH, SKi
BKIIIOYAIOTh B ce0c pamKyBaHHS, t-KpUTepiit
CrpiomeHTa, KoeQilieHT JiHIHHOT — Kopemsuii
ITipcona Tomro. L{i MeToau 6a3yr0ThCs Ha 00POOITI
KUTBKICHHX JJAHUX Ta CTATUCTUYHUX METOJaX, IO
JIO3BOJISIE TIPOBOAUTH OO'€KTUBHE TOPIBHSIHHS
PiBHIB HIATOTOBKH.
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Tperss rpyma - iHCTpyMEHTalIbHI METOIM,
SKI BUKOPHUCTOBYIOTh TEXHIYHI 3acO0M, Taki K
KOMITIOTEpHE TeCTyBaHHs, iH(OpMarliiiHi Ta
KOMyHIKaIliiiai  TexHojorii. BoHM  HagaoTh
MOJXKJIUBICTh TPOBOJUTH MIBHJAKE Ta SHEKTUBHE
OLIIHIOBAaHHS, BUKOPHCTOBYIOUM CYyYacHi 3acoOu
TEXHOJOT1H.

[HTerpamist KBamiMETpUYHHUX MiOXONIB Y
cydacHi iH(opMaIiiiHO-BUMIpPIOBaTbHI TEXHOJIOTI]
BIIKPHWBAE MHUPOKI MOXKIIMBOCTI JUISI TIOKPAIIECHHS
SIKOCTI HaBYaHHSA Ta €()EKTUBHOCTI YIpPaBIiHHS
HaBuaJbHUM IpouecoM [4, 5, 9, 11]. IIpore, uei
MPOIIEC CTHKAETHCA 3 PSJOM BHKIHKIB, SKi
MOTPeOYIOTh YBark Ta po3poOKH CTpaTerii I ix
nogosaHHa. OmuH 13 HaAWOUIBIIMX BUKIIHKIB
MOJIATaE Y PO3BUTKY HOBHX METOJIB aHANI3y Ta

iHTepHpeTanii  JTaHuX, OCKUTBKH obcsru
MeToAu OLiHIOBaHHS Y
KBanimeTpii
PaHxyBaHHS

MaTtemMaTuyHi meToaun

KoediuieHT niHiliHOI
Kopensuji MipcoHa

t-kpuTepili CTbrogeHTa

iHpopmanii, mo 30uUpalOThCI B paMKax
iH(pOpMaLiHO-BUMIPIOBAIEHUX TEXHOJIOT1H,
MOCTIHHO 3pOCTaIOTh, HEOOX1AHO PO3POOIISITH HOBI
MiIX0AU J0 iX 00poOKM Ta aHaji3y, IO 3BICHO XK
BUMarae cmiBmpani Mk ¢axiBuamMu 3 obnacti
OCBITH, iHpopMaLiiHUX  TEeXHONOTiH  Ta
CTaTHCTHKH I  CTBOPCHHS  IHTETPOBAHUX
METO/OJIOTiH OIIHKM HaBYAIBHUX JOCSITHEHb.
OxpiM  1BOTO, BaXIUBHUM  BUKIMKOM €
3a0e3nedeHAsT KOHQIASHIHHOCTI Ta Oe3meKku
nannx, 00 B iH(OpMaIiitHO-BUMIPIOBATHHUX
TEXHOJIOTIsIX  30epiraeTbcsi BeJNWKa  KiJIBKICTB
ocobuctoi Ta KOHQIACHIHHOI iH(pOpMAIlil Mpo
CTYyJICHTIB Ta HaBYaJbHI 3aKiIaigd, HEOOXiTHO
po3po0nATH e€(PEeKTUBHI CHUCTEMH 3aXUCTy ILHX
JaHWX BiI HECAaHKLUIOHOBAaHOTO JOCTyIy Ta
BHUTOKY [24].

EkcrniepTHi oLiHKWK

OnuTyBaHHA Ta aHKeTH

EBpUCTNYHI MeToan

CnocTepexeHHs Ta
iHTEpB'to

Puc. 1- Ctpykrypa knacudikamii MeToIiB KBATIMETPIYHOT OI[IHKH
Fig.1- The structure of the classification of qualitative assessment methods

Hampuknan BUKOPUCTOBYIOUH
PaHmXUPYBAHHS MOXKHA OINIHUTH PAHT IiJTOTOBKH
¢axiBuiB. Mogenb paHXyBaHHS MoOXe OyTu
npeacTaBiIeHa HACTYIHOIO (POPMYIIOL0:

R=YL,w'xX!
R - 3aranbpHMH paHr;
w' - Bara, SKa HaJA€TbCS KOXKHOMY

TTOKa3HUKY SKOCTI;

X' - 3HaYEHHs OKA3HUKA AKOCTI;

N - KITBKICTh MIOKA3HUKIB SKOCTI.

Hampukiian, Hexail OINHIOETBCS — SAKICTB
MIArOTOBKM (haXiBLIB 3 KOMII'FOTEPHHUX HAyK 3a
TaKMMH TIOKa3HUKAMH: YCIIIIHICTh BUIYCKHUKIB
Ha punky npami (80%), piBeHb 3HaHb 3
nporpamyBanHs (70%), Ta HaBUYKH pOOOTH 3
6azamu ganmx (90%). Barum W, MoxHa
BCTaHOBUTH, Hanpukman, sk 0.3, 04 i 0.3

BianoBiaHo. [ligcTaBuMo 3HaUYeHH Y HOPMYITY:

R=0.3%80%+0.4x70%+0.3%x90%=0.24+0.2
8+0.27=0.79R=0.3x80%+0.4%70%+0.3x90%=0.2
4+0.28+0.27=0.79

OTxe, 3aranpHU  paHr  HiATOTOBKH
(haxiBIliB 3 KOMI'IOTEpHUX Hayk gopiBHioe 0.79.

Takox y KBaiMeTpii 9acTo
BUKOPHUCTOBYEThCS,  METOA  KBaTiMETPUYHUX
CIIIBBiAHOIIEHb,  HANpPWKIAA, KOJIM  3MiHA

KUIBKOCTI  TIPOAYKIli BiJHOCHO €KBiBaJICHTHA
3MiHI TIOKa3HWKa SKOCTi, MIOJ0 €()EKTHBHOTO
BUKOPHUCTAaHHS TPOAYKIi. Y BHIAAKy, KOJIH
HEMO>KJINBO BH3HAYHMTH KOe(IIliEeHTH BaroMocTi 3a
JIOTIOMOTOI0  BiJIOMHX PO3paXyHKOBHUX METO/IIB,
3aCTOCOBYETBCS  €KCHEpTHWUH  minxin. Bapro
BIBHAYMTH, IO €KCHEPTHI METOOM Xapak-
TEPU3YIOTHCSI TOYHICTIO pPE3yNbTaTiB. Excmeptn
BU3HAYAIOTh KOE(ili€eHTH BaroMoCTi NMOKa3HHUKIB
SKOCTI y Oanax (3a IIKajow BiJ I'ATH a00 JeCATH
OamiB, y dacTtkax onuHUIl Ta iHme). I[loTim
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O0YHCITIOETHCS CepelHE apuPMETHYHE 3HAYCHHS
KoeQillieHTa, MPU3HAYCHOTO SKCIIEPTHOIO TPYIIO0
UL  1-TO TIOKa3HWKa SKOCTi, 3a HACTYITHOIO
dhopmyioro:

1 n
o = NZ j=1%j
JI€ N — YHUCTI0 IMMOKA3HUKIB SKOCTI TPOIYKIIIT;
N — 9HuCII0 EKCIIePTiB;
ajj — MapaMeTpH BaroMocCTi i-I0 MMOKa3HUKA,
na"i j-M excrmeproM. HopmoBani koediumieHTH
BaroMOCTI PO3paxoBYyIOTh 3a Gopmysoro| 18]:
_t
=10
VY TakoMy BUIaJKy BPaxOBYETLCS YMOBa, 32
SKOI cyMa HOPMOBaHUX KOe(Dilli€HTIB CTAHOBUTh
OJVHHUIIO, NPH LBOMY >KOJCH i3 HUX HE MOXE
OyTu piBHUM Hy0. KoedinieHT Baromocti Moxke
OyTH BHW3HAYCHUH PI3HUMH METOJaMHU: 3a
JIOTIOMOTOI0  TIEPEBar, paHXyBaHHS, MOMAPHUX
MOPIBHSAHB, MOCIIJOBHUX MOpPiBHSAHBL Tomo. [lin
gac OOpOOKM pe3yNbTaTiB EKCIEPTHUX OIlHOK,
KOJIW TIOKa3HUKH PAHKYIOThCS 32 3POCTaHHIM
MipH BaXJIUBOCTI a00 OTPUMYIOTb paHTH BiX
ekcrepTiB (32 MeTomoM  mepeBar  abo
pamKyBaHHS), 3HAYCHHS KO)KHOTO BCTAHOBJICHOTO
KoeQillieHTa BarOMOCTI 3HAXOAATh 32 JIOTIOMOTOFO
HacTynHOi popmymu[18]:
R;2(t-1)

 XLR;207D)

ne Ri — pasr i-ro mokasnmka abo #oro
MOPSAKOBUI HOMEp y TaONHIll TOKA3HUKIB;

L — gucno excnepTis.

[Ipu oriHIl MOKAa3HUKIB 3a iX IMOCTYIIOBOIO
BJIMBICTIO, KOJHM MEHII CYTTEBI TOKAa3HUKHU
PO3TAIIOBYIOTECS MicHA OBl CYTTEBUX (3a
METOJIOM TOCIIIIOBHUX IOPIBHAHB), KOE]Ili€eHTH
BHU3HAYAIOThCSI 332  JIOTIOMOTOK)  HACTYITHOI

¢dopmynu [18]:

m; =

m;

R;2(1-Ro)

Y, R;2(-R)

3arampHa TeOpis KBaJMIMETpii po3rismaec
KOHIICTII{ TIOKa3HUKIB SKOCTI, SIKI MOXYTh OYTH
OJVHOYHHMMH, CKIagHMMHU abo OazoBumu. B Toit
gac SK OJMHOYHI TIOKa3HUKH SIKOCTI CTOCYIOTHCS
JMIIe opAHiel BJAcTHMBOCTI 00'€ekTa, CKIamHl
MTOKa3HUKHU BiZOOpaKalOTh B3a€MO3B'sI3aHi
acleKTH fAKOCTI. ba3oBl IOKa3sHHUKH SKOCTI
BHUCTYMAlOTh SK TIIOCHWJIAHHS B TMOPIBHSUIBHUX
OIlIHKAaX, BH3HAYAIOYM CIIBBIJHOIIECHHS BiJ-
HOCHHUX MHOKa3HMKIB SIKOCTI. BiZHOCHI IMOKa3HUKHU
SKOCTI  BH3HAYalOTh  CIHIBBIJHOIIEHHS  MIDK
IOKa3HUKOM SIKOCTI 00'ekTa Ta 0a30BHUM IIOKa3-
HUKOM, 1[0 BUPAKAETHCS Y BIJHOCHUX OJUHHMIISAX.
Lli moKa3HWKH MTO3BOJISIOTH BiJICTEIKYBATH 3MiHU

m;

IHIVBIAyalbHUX 3HAYeHb KOMIICTCHTHOCTEW Ha
Pi3HHUX eTaax HaBYaJILHOTO mpotecy [25-27].

CknaJiHuil TOKAa3HUK yTBOPIOETBHCS HA
OCHOBI OJTMHOYHHUX TOKA3HUKIB Ta/a00 CKIAJHUX
MOKA3HUKIB, 1 MOXe OyTH MPEICTaBICHUHN Y TaKHUi
cnocio:

1. TooBHUI TMOKa3HUK, SKWUH BimoOpaxkae
(yHKUiIOHAaNBHY TPUAATHICTB, a came
KOMIICTCHTHICTh BUITYCKHHUKA.

2. 3BaxeHI cepemHi, fAKI KOHCOJNIIYIOTh
OJTMHOYHI Ta/ab0 CKIaJHI TOKa3HUKH 10
OJIHOTO 4YHCJa, BimOOpakarouum OKpeMy
SKICTh 00'€ekTa (OKpeMy KOMIETCHTHICTB)
3 ypaxyBaHHSIM i1 BiTHOCHO1 BayKITHBOCTI.

OCKUTbKM CTaH sIBHIA, & CaME& OCOOUCTHIA
npoiah KOMIETEHTHOCTI, HE MOXe OyTH
a0COIOTHO TOYHMM Yy KIIBKICHHX —OITIHKaX,
CKIIQJIHMH TOPTPET BU3HAYAETHCS  pi3HOMA-
HITHUMH €JICMEHTaMH, J[ialla30HOM Ta pPIiBHEM
KOMITETCHTHOCTEH, 10 BimoOpaxaroTh SKiCHI
aCTeKTH CTyJeHTa. EJIEMEHTH Yy3TOJKYIOThCS 3
NOKa3HWKaMW B  CTPYKTypi iHAEKCY 1HIU-
BilyalTbHOI ~ KOMIIETCHTHOCTI, IIi  ITOKa3HUKHU
MOXHa TIOAUINTA Ha NIBI TPYIHU: TO3UTHBHI, SKi
MPU3BOJIATH JI0 3POCTAHHS 3HAYCHHS 1HIEKCY MPHU
3pOCTaHHI IXHIX 3HAa4YeHb, 1 HETaTHBHI, KOJIU IcH
3B'130K € 00epHEHO mponopIinauM [28].

IadopmaniitHO-BUMIpIOBaIbHI  TEXHOJOTI]
BKIIIOYAlOTh B cebe 1HCTpyMeHTH s 300Dy,
0o0poOKHM Ta  aHamizy JaHuX. [HTerpamis
KBATIMETPUYHUX METOIB IO3BOJISIE ITiIBUIIATH
TOYHICTh ~ OWIHOK 1  TNPHUHATTA  pillleHb.
Hampukiian, BUKOPUCTaHHS CHCTEMH YIpPaBIiHHSI
HapuanHsM (LMS) wMoxke OyTH JOIOBHEHE
KBJIIMETPUYHIMH METOJIAMHU IS OI[IHFOBaHHS
e(eKTHUBHOCTI KYypCiB Ta YCIHILIIHOCTI CTYJCHTIB
[29].

Posrnstaemo MIPHUKIIA] 3aCTOCYBaHHS
JMHIAHOI  perpeciiiHOl  Momemi Jis  OIHKH
YCHIMTHOCTI cTyAeHTiB. Hexait y Hac € maHi mpo
VCIHIMTHICTh CTYICHTIB 32 TAaKUMH IapaMeTPaMH:
yac, BUTpadyeHuid Ha  HapuaHHa  (X1),
BiIBiAyBaHicTh 3aHATH (X2) 1 ywacth Yy
MMo3aKJIaCHUX 3axofax (X3).

Mopenb, 110 ONMHCYE 3AICKHICTh MK IIUMH
napamMeTpaMy Ta YCIIIIHICTIO, Y BUTTISAL

n:ﬂ0+ﬂl><XI+,82XXZ+,B3XX3+E

Ie:

1 — YCIIIIHICTB;

Bo - orpaBKa;

B1, B2, B3 - koedimieHTH, SKi BiZ0Opax)aroTh
BILIMB KOXKHOTO MapaMeTpa Ha YCIIIIHICTh;

X|— YJac Ha HaBYaHHI,

X2 — BIIBITyBaHICTB;

X3 — y4acTh y 3aX0J1ax;

€ - IIOMHWJIKA MOJEMI.
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s M™Momenb J03BOJIIE HaM  OLIHHTH,
HACKITBKM KOXEH 3 BKa3aHUX MapaMeTpiB
BIUTMBAa€ Ha YCIIIIHICTH CTyIEHTiB. Hampukmian,
MO3UTHBHE 3HaUYEHH: KoedilieHTa [ MoKa3ye, 1110
30iJBIIEHHST Yacy, BHUTPAYeHOrO0 HA HaBYaHHS,
CIpUs€ WiJABUIIEHHIO YCIIITHOCTI. AHAJOTIYHO,
3HaueHHs KoedilieHTiB > Ta B3 BiA0Opa)karoTh
BIUIMB BiJBiAyBaHOCTI Ta ydacTi y 3axojax Ha
YCHILIHICT CTYIEHTIB BiAIOBIAHO.

[IpoananizyBaBim MeTOIM KBaJIIMETPHYHOI
OLIIHKH, 3aMpONOHOBAaHO CHUCTEMAaTU3yBaTH
METOJIH BiATIOBITHO O MOJIMBOCTI 3aCTOCYBaHHS
iX B OCBIiTI Ta MPUAATHOCTI A0 aBTOMATH3aIli. Y
pe3yabTaTi LBOro aHamizy OyJo BHSABJIEHO, IO
JOesiKi  MeToAM  MOXYTb OyTH  e(EeKTHBHO
BHKOPHCTaHI IS OINIHKHA SIKOCTI HaBYAJIBHOTO
MPOIECY Ta pEe3yNbTaTiB HaBYAaHHS CTYJICHTIB,
TOoml AK  IHIN  OUIpllle  MAXOOATH IS
BHYTPIIIHBOT'O MOHITOPHUHTY Ta BIOCKOHAJICHHS
ocBiTHIX nporpaM (Tabmurs 1)

Tadauus 1
CucTtemMaru3aiisi METOJiB KBaJIMETPHYHOI OLIHKA
Table 1
Systematization of qualimetric assessment methods
I'pyma meTomis Meton 3acTocyBaHHS B OCBITI Tpuparmicts HO KomenTapi
aBTOMAaTH3aLii
EBpuctuuni metoqu | ExcnieptHoi ominku | OiHIOBaHHS SIKOCTI YacTkoBO MosxnuBa
HaBYAILHUX MPOTPaM, Cy0'eKTHBHICTH OIIHOK,
JIEKIIHA 3aJIeXKHICTh BiJT JOCBiTY
EKCIIePTiB
AHKeTyBaHHS Origka Tak [IBunke 30upaHHs
3aJJ0BOJICHOCTI JIAaHUX, MOXKJTABA
CTYJICHTIB, 3BOPOTHUI aBTOMATH3AIlis
3B’5I30K
CrnocrepexeHHs AHaii3 noBeiHKN Hi Bucoxka norpeba B
CTYJICHTIB TiJ 4ac JIIOJICBKHX pecypcax
HAaBYAHHSI
Becinu Owidka MOTHUBAIII], Tak ITapopmaruBHicTh
notped CTyICHTIB 3aJICKUTh BiJl
MiATOTOBKH iHTEPB'IOEpa
Maremaruysi PanxyBanHs OuiHKa yCHinIHOCTI Taxk OO'exTHBHICTB 32
METOIN CTYJICHTIB, HasIBHOCTI BEJIMKOL
BHUKJIaa4iB KIITBKOCTI TaHUX
t-KpuTEPii CTaTUCTUYHUN aHaTi3 Tak BuxopucTtanus st
Crpr0/IeHTa JIAHUX YCIIITHOCTI TIOPiBHSHHS TPy
Kopensmiitamnii Buznauenns Tak Jomnomarae BusiBUTH
aHai3 B32EMO3BS3KIB MiX (dakropw, 1110
3MIHHUMH BIUIMBAIOTh Ha
pe3yNbTaTu
[HCcTpy™MeHTanbHi Komnrorepne OuiHKa 3HaHb Taxk Bucoxka eexTuBHICTS,
METOIH TECTYBaHHS CTYICHTIB MOJKJIUBICTh
MacuTabyBaHHs
IKT MMigrpumka Tak ITigBuIeHHs
HABYAIBHOTO MPOIECY IHTEPaKTUBHOCTI
HABYAHHS
Merton IopiBHsAHHS 3 OuiHka SKOCTI YacTkoBo BaxmmBo MaTH 4iTKO
HOPIBHSUIEHOTO €TaJIOHaMH OCBITHIX IIpOorpam BU3HAYCHI CTAaHIAPTH
aHai3y
Meron Maremartuuni IIporno3yBaHHs Tak Bucoka ckiagHicTh,
MOJICITIOBAHHS Moemi pe3ynbTaTiB HaBYaHHS noTpedye cnenudiaHnx
3HaHb
MeTton TecTyBaHHS Bunpobysanus ITepeBipka 3HaHb, Tak TpynomicTkwmid,
HaBUYOK oTpedye pecypey
MeTox CHCTEMHOTO Cucremunii mmiaxin | OriHka iHTErpOBaHUX YacTkoBO Bumarae koMIiekcHOTO
aHai3y OCBITHIX CHCTEM i IXOAY 10 OIIHKH
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Meroau, sKi BKIIOYAIOTh aHAIITHYHI
IHCTPYMEHTH Ta aJIrOPUTMH OOPOOKH IaHHX,
MaroTh BEITUKUHT MOTEHITiaN JUIS
aBromMaru3amii. BoHW MOXyTh 3abe3nmeunTa
OUTBII TOYHY Ta OO'€KTHUBHY OINIHKY OCBITHIX
MOKA3HUKIB, CIPUSITH BHIBJICHHIO CIAOKMX
MICIb Y HaBYAJILHOMY IPOIIECi Ta TOTIOMaratu
B po3poOIli cTparerii mis X yCYHCHHS.
ABTOMaTH3amiss [HUX METOMIB JIO3BOJIUTH
3HM3UTH BIUIMB JIFOJICBKOTO  (hakTopa Ta
T IBAIITATHA e¢(DEKTUBHICTh CUCTEMU
OIIIHIOBaHHS.

OnHUM 3 TaKUX METO/IIB € 3aCTOCYBaHHS
MITYYHOTO 1HTEJIEKTY Ta MAIllIMHHOTO HaBYaHHS
JUISL aHaNi3y BEIMKHAX OOCATIB MAaHWUX IIPO
YCHILIHICTh cTyNeHTiB. Lli TexHomorii MOXyTh
BUKOPHCTOBYBATHUCS JUTST BUSIBIICHHSI
3aKOHOMIPHOCTEH Y HaBUAILHUX JIOCSITHCHHSX,
MPOTHO3YBaHHS MAaHOyTHIX pe3yNbTaTiB Ta
HAJaHHA TICPCOHATI30BAaHUX PEKOMCHIAIliH
JUIS TIOKpAIIeHHS YCIIOTHOCTI. TakoX BOHH
MOXXYTb JIOTTOMOTTH B aBTOMAaTH3AaIlii IPOIIECiB
3BOPOTHOTO 3B'SI3KYy MK BHKJIaJ[auaMU Ta

Y pe3yabTaTi  1BOTO  JOCTIKEHHS
BUSIBIICHO, IO KBAJIIMETPUYHI TiAXOIU B
KOHTEKCT1 iH(pOpMaLi THO-BUMiPIOBAILHUX
texHosorii (IBT), BUABIAIOTECSA HaA3BUUANHO
epeKTHBHUMH. byno BHIiNIEHO TpU OCHOBHI
rpynu TaKuX METOJIIB: €BPUCTHYHI,
MaTeMaTH4yHi Ta iHcTpyMmeHTanpHi. KoxHa 3
HHUX Ma€ CBOI mepeBaru Ta 0OMEeXeHHsI 1 MOXe
OyTH 3acTOCOBaHA 3aJEKHO BiJ KOHKPETHHX
YMOB Ta 3aBJaHb OLiHIOBaHHA. [IpoTe, mpouec
iHTerpamii  KBaJiMETPUYHUX  MIAXOMIB Y
cydacHi IBT Takox BHOCHUTH CBOI BHUKJIHKH.
30kpemMa, HEOOXiIHO pO3BHMBATU HOBI METOIHU
aHayi3y Ta iHTepnpeTanii JaHUX,
3a0e3neuyBaTd KOH(QiAEHIIHHICTL Ta Oe3meKy
JIAaHUX, a TaKOXK 3MIMCHIOBATH CITIBIIPAITIO MiX
(haxiBIFIMH 3 PiI3HHX 00JIACTEH IJIsI CTBOPEHHS
IHTETPOBAHUX METOOJIOTIH OITiHKH
HaBYaJIbHUX JOCSITHEHb. Po3pobxa
epeKTUBHUX CHCTEM 3axXUCTy JaHHX Ta
MOCTIfHE BIOCKOHAJICHHS METOMIB aHAJI3y
JaHUX € BOXIMBUMU 3aBAAHHAMM IS
HOJANBIIOT0  PO3BUTKY  KBaJIMETPHUUHHUX
MIXOMIB ¥ cepi OCBITH.

CTyJICHTaMH, 3a0e3Medyrlourd I[IBUIKANH Ta
edexTuBHUI 00MiH iH(OpMAILIi€TO.

Kpim toro, metoau, mo 6a3yloTecsi Ha
CTATUCTUYHOMY aHaTi3i Ta MOJCITIOBaHHI,
MOXYTh OYTH 3aCTOCOBaHI JJIsl OIIHKH SKOCTI
HaBYAILHUX  MporpaM Ta  BUKJIQJAIlbKOl
TsSUTBHOCTI. BOHM  J03BONSIFOTH  BU3HAYHMTH
KJIFOYOBI (paKTOpH, IO BIUTMBAIOTH HA SKICTh
OCBITH, Ta PO3POOUTH BIAMOBIIHI 3aXOMH JJIs
iX  TOKpamieHHs. ABTOMAaTH3allii  TaKHUX
METOJIIB JIO3BOJIUTH 3HU3UTH HABAHTAKCHHS Ha
aIMIHICTpaTHBHUHN TepCOHAN Ta 3a0e3MeunTH
OUTBII ONEepaTWBHY peaklilo Ha 3MiHH B
OCBITHBOMY CEPE/IOBHIII.

TakuM YMHOM, CHCTEMATH3AlLlisl METOIB
KBaJIIMETPUYHOI OIIIHKH 32 KPHUTEPisIMU 1X
MPHUJIATHOCTI JI0 3aCTOCYBaHHS B OCBITI Ta
aBTOMaTh3allii € BaXJIWBUM KPOKOM JIO
T IBUIIIEHHS SIKOCTI HaBYaJIBHOTO TIporiecy. Lle
JIO3BOJIUTH HE TIILKU MONIMIITUTH KOHTPOJIb 32
SKICTIO OCBITH, ajle ¥ 3abe3meuutn 1i
MTOCTIHHUN PO3BUTOK Ta BIOCKOHAJICHHS, IO
BIJINIOBi/Ia€ BUMOTaM Cy4YacHOT'O0 CYCHIJIbCTBa
Ta pUHKY Tpari.

Bucnoexu

4 LBOMY JOCIiKEHH] OyIo
MPOaHa i30BaHO TEOpil0 KBaIiMETpii, 10
JOCTIKY€E KOHIICIIII MOKa3HUKIB SKOCTI Ta
ixHii BIUIMB Ha €QEKTHBHICTb OCBITHBOI'O
nporecy. 3po0JeHO BUCHOBOK, IO TOKa3HUKU
AKOCTI  MOXYTb OyTH  Pi3HOMaHITHUMH,
BKJIFOYAIOYM OJWHOYHI, CKJaJHI Ta 0a3oBi, i
mo iX pO3MIAAaHHS [A03BOJNSE O0'€KTUBHO
OIIIHUTHU PiBEHB IITOTOBKY CTYJCHTIB. Takox
OyJlo  [NOCHKEHO BHKOPHUCTaHHS  iH(}O-
pMauiiHO-BUMIPIOBAUIGHUX  TEXHONOTIH Y
HaBYAJIBHOMY TIPOLIECI Ta IXHIO iHTErpaiio 3
KBaJliMeTpu4HUMHU MeTofamu. [lokazaHo, mio
Le CHpHsi€e MiABUILECHHIO TOYHOCTI OLHOK Ta
e(eKTHBHOCTI YIIPaBIiHHS HABYAHHSIM.

Kpim Toro, 3a momomoror NpUKIaLy
3aCTOCYBaHHS JiHIMHOI perpeciiHOi Mozeni
MIPOUTIOCTPOBAHO, SK MaTEMaTHYHI METOIH
MOXYTh OyTH BUKOPHUCTaHI I OIlIHKH
YCHIIIHOCTI CTYACHTIB 3a pi3HIMHU
napamerpamu.  Lleii  mpukmag — mokasye
BRKJIMBICTh aHaJIi3y BIUIUBY DPi3HUX (aKTOpIiB
Ha Pe3yIbTATUBHICTD HaBYaHHS Ta
MOIIMBICTb ~ HPUHHATTS  OOTPYHTOBAHHX
YIPaBIiHCHKUX PillleHb Y cepi OCBITH.
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[HTerpamist KBaJiMETPUYHHUX MiAXOIIB Y
CydJacHi iH(opMaIliitHO-BUMIipIOBaIBHI
TEXHOJOr1I OCBITH JO3BOJIMTH IIiABUIIUTHA
00'€KTUBHICTh 1 TOYHICTH OLIIHIOBAHHSA SIKOCTI
OCBITHIX TPOMECIiB 1 TPOAYKTIB, IIOAO
BUKOPUCTAHHS MATEMATHYHUX MOJIETICH, TAKHX

AK perpeciiHuii  aHami3 Ta  JO3BOJATH
KUJIBKICHO OIIIHIOBATH BIUIMB Pi3HUX (haKTOpPiB
Ha SIKICTb OCBITH 1 TIpHiiMaTH OOTPyHTOBaHI
pilleHHss  OIs1  TOKPAlIeHHS  OCBITHBOTO
nporiecy.
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MOBHICTIO JOTPUMYBAJINCh €TUYHUX HOPM, BKIIOYAIOUH IUIariat, (anbcudikalio JaHuX Ta NOABIHHY

myOJTiKaIio

Cnucok eukopucmanoi rimepamypu

1. Motano B.II., Mortano A.B, Cragauk b.I. MeTpoutoris, KBaiMeTpist Ta KBaTiIMETPUIHI BUMipIOBaHHS:
Teopis i mMpakTukKa. MeTpoJioris, KBATIMETpis Ta KBAIIMETPUYHI BUMIPIOBAHHS: TEOPis 1 MpakTHKa. Bumyck
76.2015.

2. Jlykina T.O. Ksanimetpis // Ennuksonenis ocity / Ham. akan. nea. Hayk YKpaiHu: 2-Te BUJ, TOTIOB.
Ta nepepo6. Kuis : FOpinkowm Iurep, 2021. — C.437-438.

3. Zadorozhna, R., Kepko, V. Methodology of the project management as a base of qualimetric analysis.
Efektyvna ekonomika, No.8, 2021. doi: 10.32702/2307-2105-2021.8.93

4. Anyopiesa O. JI. KBaniMeTpryHHI HiIXiJ A0 OLIHKHM PiBHS KOHKYPEHTO3AATHOCTI 3aKijaxy BHIIOT
ocsitu [Enexrponnnii pecypc] / O. JI. Anydpiesa // The 4th International scientific and practical conference
“Dynamics of the development of world science” Perfect Publishing, Vancouver, Canada. — Vancouver,
2019. — Pp. 73-85. — Pexxum noctymy : https://cutt.ly/pfZUcq2.

5. Bopucenko K. b. BumiproBanus cpopmoBaHOCTI (axOBUX KOMIIETEHTHOCTEH MaHOyTHIX y4HTENiB
reorpadii 3acobamu kBanimetpii / K. b. bopucenko // TIpobiemu imkeHepHO-TIeAaroriyHoi OCBiTH : 30. HayK.
mp. / Ykp. imK.-mien. akaa. — Xapkis, 2018. — Ne 61. — C. 23-35.

6. Jmutpenko I'. A., Anydpiesa O. JI., bypnaeako T. 1., Meagine B. B. KBanimeTpis B ynpaBiiHHi:
TYMaHICTHIHUA KOHTEKCT : HaB4. 1moci0. / 3a 3ar. pexa. I'. A. Jlmutpenka. Kuis : Arpapna ocsita, 2016. 335 c.
7. Katpuu O. O. Po3BUTOK KBJIIMETPHYHUX METOJIIB OL[IHIOBAaHHS IPOLIECIB CHCTEM YIIPABIiHHS SKICTIO
HIiANPUEMCTB BIANOBIIHO 10 BUMOT MIXKHAPOJIHHUX CTAHJIAPTIB : JHC. ... KaHA. TexH. HayK : 05.01.02 / O. O.
Katpuu ; Ykp. imx.-nen. akan. — Xapkis, 2015. — 163 c.

8. Karpuu O. O., Tpim A. P., Jenucenko A. M., inenko H. B. Ksamimerpnunuii iHCTpyMEHT
OLIIHIOBAaHHSI SIKOCTI MpoIeciB pi3HOT npupoau. MammnoOynyBanss. 2015. Ne 16. C. 115-121.

9. JertapooBa I'. A. Po3Burok iHpopMaIiifHO-KOMYyHIKaI[iHHOT KOMIIETEHTHOCTI BUUTENIB (DITOJIOTTYHUX
JUCITUILTIH Y CUCTEMI MiCISIAUTIIIOMHOT ocBiTH : MOoHOTpadist / I'. A. JlertaproBa. — Xapkis : Mauymin, 2016.
—584c.

10. Ginevicius, R., Trisc, R., Remeikiene, R., Zielinska, A., Strikaite-Latusinskaja, G. Evaluation of the
condition of social processes based on qualimetric methods: Ginevi¢ius, R., Tri§¢, R., Remeikiené, R.,
Zielinska, A., & StrikaitéLatuSinskaja, G. (2022). Evaluation of the condition of social processes based on
qualimetric methods: The COVID-19 case. Journal of International Studies, 15(1), 230-249.
doi:10.14254/2071-8330.2022/15-1/15

11. Karshiyev A.A., Mamatkulova U.E, Shobutayev Q.S. Implementation of a qualimetric approach in
managing the quality of education of students of a modern university. European Journal of Research and
Reflection in Educational Sciences Vol. 7 No. 12,2019

12. Kim, N. Generalized indicator of qualimetry objects quality of various nature. Ukrainian Black Sea
region agrarian science, 2021, Vol. 109, pp. 94-101.

13. Kozlov, V. Ie, & Kozlov, Yu. V. (2018). Metod vyrishennia zavdan pedahohichnoi kvalimetrii
Zbirnyk naukovykh prats Natsionalnoi akademii Natsionalnoi hvardii Ukrainy — Collection of scientific
works of the National Academy of the National Guard of Ukraine, 2 (32), 34-39 c.

14. Hrinchenko, H., Trishch, R., Mykolaiko, V., Kovtun, O. Qualimetric approaches to assessing
sustainable development indicators, E3S Web of Conferences, Aug. 2023, vol. 408, p. 01013,
doi:10.1051/e3sconf/202340801013

15. N. I. Kim, A. M. Denisenko, A. R. Trishch, n.d. KBanimeTpuunuii miaxix 10 OLIHIOBAHHS SKOCTI
00’€eKTIB pi3HOI NMPUPOIM CTaTHCTHYHMMH MeToxamu. CHCTEMH yNpaBiliHHA, Hapirauii ta 3B’s3Ky, 2017,
BUITyCK 4(44).

46



ISSN 2079-1747 Maumno6ynyBanss. 2024. Ne34 Metpostorist Ta iHopManiiiHO-BUMipIOBaIbHI TEXHOJIOTI]

16. Bynanos I1.®., I'pinuenko I'.C., HeuyiiBitep O.I1., boiiko T.I'., [fluxanoBchka [.B. 3acTocyBanHs
METOMIB KBAJIIMETPii JUI1 OIIHKA KOMIUICKCHHX TOKa3HHKIB SKOCTI OaraTomapaMeTpuyHHX OO0'€KTIB.
Mamuno6yayBanns. 2022. Ne30. C. 73 -84. DOI 10.32820/2079-1747-2022-30-73-84

17. Kyne B. P., Cromspuyk II. T'., Ipysrok B. M. Ksamimerpis. JIpBiB: BumaBHunTBO JIBBIBCHKOT
nmoJitexHiku, 2012. 256 c.

18.  Omnopuwuit koHcnekr sekuiit «Ksamimerpis» [Enexrponnuii pecype] / Yinazaui : JI. M. Onapuenko, €.
B. Cokonosa — Enekrpon. nani. — X. : XJIVXT, 2020. — 1 enekrpon. ont. auck (CD-ROM); 12 cm. — Ha3ga 3
tut. Expana

19.  Oripko, 1.B., Aciacekuii, M.®., Scinceka-Hdampi, JI.M., Oripko, O.l., indpopmarmiifHi TeXHOJOTIi
kBastiMeTpii. KoM torepHi TexHoorii apykapctsa 2019/2 (42) ¢.89-99

20.  Cherniak, O., Sorocolat, N., Fatieieva, L., Bahaiev, 1., Trishch, Y., 2023. APPLICATION OF THE
INTEGRATION METHOD TO OBTAIN A COMPLEX INDICATOR OF LABOR SAFETY. Bicank HTY
“XIII” 60—67. https://doi.org/10.20998/2413-4295.2023.01.08

21. Tonosenko T.M. KBamitosnoris BHpOOIB Jerkoi NPOMHCIOBOCTI: HaBuasbHMH mociOuHuk / T.M.
Tonosenko, O.B. [Taxomok, JI.I'. baptki, O.B. llloskomyn. — JIyuek: JIHTY, 2023. — 245 c.

22. R. Trisch, E. Gorbenko, N. Dotsenko, N. Kim, A. Kiporenko. Development of qualimetric
approaches to the processes of quality management system at enterprises according to international standards
of the iso 9000 series. Eastern-European Journal of Enterprise Technologies.2016.

23.  Poik M. B. Orusig nporpaMHuX 3ac00iB CTAaTHCTUYHOTO aHai3y nanux [Enexkrponnwuii pecypc]/ M. B.
Poik, 0. L. TIpucsxHIOK, B. 0. JleHucrok. - Pexum JIOCTYITY
http://www.economy.nayka.com.ua/?op=1&z=5676

24.  Jlynsuek B.E., Heayiiitep O.I1., Py6an H.I1. OninroBanHs cpopMOBAHOCTI KOMIIETEHTHOCTI y cdepi
OXOPOHH 1 3aXHCTy TPAB iHTEJIEKTYaIbHOI BIACHOCTI y BukiaaadiB 3BO 3acobamu kBamimeTpii. «[Ipobnemu
IHXKEHEepHO-TIeIaroriaHoi ocBiTm», Ne 68, 2020

25.  Hanna Hrinchenko, Natalia Didenko, Valentyna Burbyga, Tetiana Lesina and Yana Medvedovska
Ensuring sustainable education through the management of higher education quality indicators. E3S Web of
Conf., 558 (2024) 01029. DOI: https://doi.org/10.1051/e3sconf/202455801029

26.  Trishch, R., Nechuiviter, O., Hrinchenko, H., Bubela, T., Riabchykov, M., Pandova, 1. (2023)
Assessment of safety risks using qualimetric methods. MM Science Journal. October 2023, 6668. DOI:
https://doi.org/10.17973/MMSJ.2023 10 2023021.

27.  Trishch, R, et al. Qualimetric method of assessing risks of low quality products. MM Science Journal,
2021, pp. 4769-4774.

28.  Topchiyiv, O., et al. Methodological scheme of qualimetric assessment of recreational clusters. J. of
Geology, Geography and Geoecology, 2023, Vol. 31, pp. 749-760

29.  Guraliuk, A., Varava, 1., Holovko, S., Shapenko, L., Oleshchenko, V. (2023). Expert Assessment of
the Quality of Remote Educational Resources. International Journal of Engineering Pedagogy (iJEP), 13(1),
pp- 34-44. https://doi.org/10.3991/ijep.v13i1.36121

Crarrs Haaiduwia s pegakuii 09.10.2024 Crarts pekoMeH10BaHa 10 apyky 11.11.2024

47



ISSN 2079-1747 Maumno6ynyBanss. 2024. Ne34 Metpostorist Ta iHopManiiiHO-BUMipIOBaIbHI TEXHOJIOTI]

THRINCHENKO H., Ph.D.,
Associate Professor of the Department of Automation, Metrology and Energy Efficient Technologies

e-mail: hrinchenko@uipa.edu.ua ORCID: https://orcid.org/0000-0002-6498-6142
IMATSKO A.,
Postgraduate student of the Department of Automation, Metrology and Energy Efficient Technologies
e-mail: am.matsko@knmu.edu.ua ORCID: https://orcid.org/0000-0002-0559-304X

'V.N. Karazin Kharkiv National University
Svobody square, 4, Kharkiv, 61022, Ukraine
INTEGRATION OF QUALIMETRIC APPROACHES INTO
MODERN EDUCATIONAL INFORMATION MEASUREMENT TECHNOLOGIES

In the context of continuous information growth and rapid technological advancements, it is particularly
crucial to have effective evaluation methods to ensure high accuracy and objectivity. Qualimetry, focusing on
quantitative quality assessment methods, provides a systematic and scientifically grounded approach to
analyzing the quality of educational processes and products. Using qualimetric methods in conjunction with
modern information measurement technologies enables more precise and reliable assessments, critically
important for effective management and improvement of educational systems.

The article explores the integration of qualimetric approaches into modern information measurement
technologies. It discusses the potential applications of qualimetric methods to enhance the accuracy and
objectivity of assessing the quality of educational processes and products. The basic principles of qualimetry and
their technical implementation are described, including statistical methods, mathematical models, and
specialized data collection, processing, and analysis software. The potential of these tools in modernizing
educational systems, enhancing quality management efficiency, and creating conditions for continuous process
improvement is analyzed. Examples of implementing qualimetric methods are provided to validate their
effectiveness and potential.

Qualimetry is considered as the science of quantitative quality assessment, offering efficient tools for
analyzing the quality of educational processes and products. The authors investigate the methods and approaches
of qualimetry, their technical implementation, and integration into modern information measurement
technologies. Integrating qualimetric approaches into information measurement technologies involves the
application of statistical methods, mathematical models, and specialized software for data collection, processing,
and analysis. This allows for obtaining objective and representative results that can be used for making well-
founded managerial decisions. Thus, not only does it enhance the accuracy and objectivity of assessment, but it
also creates prerequisites for continuous improvement of the quality of the educational process by identifying
strengths and weaknesses, determining directions for improvement, and implementing innovations.

KEYWORDS: qualimetric methods, assessment, quality, methodology, quality indicator, pedagogical
evaluation, qualimetric assessment.
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HNIAXO01 10 EOEKTUBHOI'O IHHKEHEPHOI'O YIIPABJIIHHA SAKICTIO
3ABE3NIEYEHHA BE3ITEKU EHEPITETUYHUX OBEKTIB

Anomauyin. B poOOTI poO3rIIAAAIOTECA MIIXOMU 10 KOMIUIEKCHOTO €(EKTHBHOTO YHPABIIIHHS SIKICTIO
CHEepPreTHYHUX O0’€KTIB HA MpPHUKIANi AaTOMHHUX €JEKTPOCTAaHLIH 3 METOH 3a0e3le4YeHHS CTajoro
(yHKITIOHYBaHHS. 3alpOIIOHOBAHO MOJEIh IHKEHEPHOTO MEHEPKMEHTY sKa BKIIOYAE €JIEeMEHTH MOHITOPUHTY
Ta OIIIHIOBAaHHSA TEXHIYHOTO CTaHy CHEPreTHYHOro OOJaJHAHHA, IUTAHYBaHHSA POOIT 3 TEXHIYHOTO
OOCITyroByBaHHS Ha pe3yibTaTaXx OLIHIOBAHHS, IIPOTHO3YBaHHS IIOPYIUICHHS HOPMAaJbHHX  yMOB
(yHKITIOHYBaHHS Ta Ha OCHOBI ITMX JaHWUX YIPABIIHHS XKUTTEBUM ITMKJIOM €HEPTrooOIaJHaHHS Ta BU3HAYEHHS
SKOCTI Ta €()EeKTHMBHOCTI TPUHHATTS IH)KEHEPHHX pillleHb. B OCHOBY MoOjelNi iHXXEHEPHOIO0 MEHEIKMEHTY
MOKJIaJICHO KOMIUIEKCHHUH IIJXif, KM OXOIUTIOE BCl €Tany >KUTTEBOTO LUKy 00JiaJHaHHS. SIKIIO po3risaaTH
TEXHIYHMH CTaH Ta Jerpajauilo oOJiaJHaHHS Ha NPUKIAAlI TypOOreHepaTropiB, SK OKPEMOro UWMHHHKA, IO
BIUIMBaE€ Ha e(EeKTHBHY pOOOTy 00’€KTa, TO YyHpaBiiHHA ()aKTOpaMH IOUIKOJKEHHS OOJaJHaHHS Ja€e
MOXJIMBICTb MIJIBUIIUTH SIK O€3MEKY, TaK i e)eKTUBHICTb €KCIUTyaTalii BCiel eHeprocHCTEMHU.

K/TIO4YO0BI CJIOBA: enepeemuuni 06’ckmu, 6e3neka, I[HIHCEHEPHUL MEHEONCMeHM, MEeXHIYHA
diaenocmuxa.

Ax nutyBatu: Ouapo O. O., Korenesenps K. A. Iligxomu 10 epeKTUBHOTO IHKEHEPHOTO YIIPABIIIHHS SIKICTIO
3a0e3meueHHsT O€3MeKHu EHepreTHYHuX 00€KkTiB. Mawmnobyoysanus. 2024. Bun. 34 C. 51-60. DOI:
https://doi.org/10.26565/2079-1747-2024-34-05

[ocTaHoBKa nMpo6JieMH Ta ii 3B’ 530K i3 Ba)KITUBUMH HAYKOBUMM Y MPAKTHYHUMH
3aBIAHHAMH

3a0e3neucHHs CTaJOCTI YIIPaBIiHCHKHAX pIITICHB. 3mificHeHHS

(OYHKI[IOHYBAaHHS €HEPreTHYHUX KOMILICKCIB B
CyYacHHUX peaisx € KIIYOBOK 33/1a4cio, II0
BKIIIOYA€ BUPINICHHS psJ [UTaHb, K TO
TeXHIYHY [IaTHOCTHKY Ta MOJEPHIi3allio
eHeprooOaIHaHHS, 3a0e3meueHHs
eHeproe(peKTUBHOCTI MPOIIECIB, BUKOPUCTAHHS
CTaIMX peCypciB, IO MalOTh MiHIMAJIbHHHA
HETAaTUBHUU BIUIMB JJI1  HAaBKOJIUIITHBOTO
cepenoBuila TOmo. Po3B A3aHHS LKMX MUTaHb
HEOOX1THO pobutn KOMILIEKCHO 3
ypaxyBaHHSM TIOTpeO CyCIJIbCTBA Ta i3
3aCTOCYBaHHSM  HOBITHIX  TEXHOJNOTIH i
MIPUHITUIIB €HEPTETHYHOTO MEHEHKMEHTY [1-
3]. Cranmii pO3BHTOK aTOMHOI CHEPTETHUKH
nepeaoayvae BIPOBAHKCHHS HOBUX TEXHOJIOTIN
Ta METOHIB Ul TMOKpalleHHs e(eKTUBHOCTI,
Oe3meKu Ta TIPUHHATTS BIIITOBITHUX

e(EKTHBHOTO EHEPreTUYHOTO MEHEPKMEHTY
s 3abesnedeHHst Oe3meku (YHKUIOHYBaHHS
EHepreTHYHNX KOMIUIEKCIB HEMOXIINBO 0e3
ypaxyBaHHS JOCBiy €KCIUTyaTarlii, CBoe4acHoOi
TEXHIYHOI 1IarHOCTUKY Ta MPUHHSITTS HAyKOBO
oOrpyHTOBaHMX Dpilmens [4-5], mo 3apa3 €
aKTYaJIbHOIO 33]1aueto.

3aBHaHHS JAaHOTO JIOCHIJDKCHHS €
po3pobka Momeni e(hEeKTUBHOTO IHXCHEPHOTO
meHemxmMenty AEC 1o 6a3yerbest  Ha
3a0e3necHHI Oe3neKu 3a paxyHOK
MOCIIZIOBHOT peatizamii KOHIEMIl TIINO0KO
CIIEIOHHOTO 3aXHUCTy, 3aCHOBAaHOTO Ha 3ac-
TOCYyBaHHI CHCTEMH TEXHIYHHX 1 opra-
HI3alIWHUX  3aXOAIB  IIOAO  3amoOiraHHs
aBapiiHUX CHUTyalil, 3 METOI 3aXHUCTy
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nepcoHauty, HaCCJICHHA, HaBKOJIMIITHBOI'O

CEpEeIOBHINA 3aIJI51 CTIMKOTO PO3BUTKY Taly3i.

AHaJi3 OCTaHHIX T0CTiTKeHb i myOaikamii

Jns  3abe3meueHHs  HAgIMHOCTI W
CTIHKOCTI €HeprocucTeMn YKpaiHu i 11 3B'SI3KiB
3 EHEepProCUCTEMaMH IHIIMX ~ JepXkaB
PO3pOOIAIOTECS  JOBIOCTPOKOBI Ta MIOpPivHI
IUIAHK ~ TEXHIYHOTO  Mepeo30poeHHs, IO
BH3HAYalOTh O0'€eKTH, BHAM HW  00CATH
IHKeHepHUX po0iT, cTpoku ix peamizaumii,
JoKepena  ¢GiHAHCYBaHHS  3axOJiB  Ta €
CKJIaIOBOIO 3arajbHOTO 1H)KEHEepPHOT 0
MeHeKMeHTy. (OCHOBHOIO METOI0  iHXKe-
HEPHOTO MCHE/DKMEHTY Ha BCiX eTamax
xkutteBoro 1wy AEC € crBopeHHS W
MiATpUMKa KOMILIEKCY KOHKPETHHUX Mip 1 Aiif 3
Oes3meku, CHOpSAMOBaHMX Ha 3a0e3medyeHHs
HOpPMAaJIbHOI ~eKCIDTyaTallii, Ha 3amo0iraHHs
BUHUKHEHHS MOpyIIEHb HOpPMAaJBHOI
eKCIUTyaTallii, aBapiiiHUX cuTyaliil, aBapiii, Ha
3amo0iraHHs PO3BUTKY NPOEKTHHUX aBapiil y
MO3alpOEKTHI W  OOMEKEHHsS  HACHTIJIKIB
MO3alPOEKTHUX  aBapiil.  Buxomsum 3
KOHIleTIii Oe3nekyu, HOpMaMHu, TpaBUIaMH U
CTaHIapTaMH TI0 SACpHIA 1 pamiamiiHii
Oe3merli BCTAHOBIIOIOTHCS MPUHIIAIN, KPUTEPil
i BHMOTH Oe3mekd, TOOTO Taki 3HAYCHHS
mapamMeTpiB, XapaKTepUCTHK 1 yMOB, TIpH
BUKOHAHHI SKHX 3a0e3MeuyeThcsl SAepHA W
paniamiitna 6esneka AEC [6-11]. [lorpumanas
IIAX HOPM Ta KPHUTEPIiB € OCHOBOIO
IDKEHEPHOTO0 MEHEKMEHTY Ta ToTpedye
MPOBEJICHHS POOIT 3 JIarHOCTUKH TEXHIYHOTO
CTaHy eHeprooOIajHAHHS [UJIS  BUSIBIICHHS
MOJKJIMBHX 3arpo3, 1[0 MOXYTh MPHU3BECTH IO
MOpYIIEHHS YMOB eKCIDIyaTalii, a TaKoX
CBOEYACHOTO YIpaBIiHHS TEXHIYHUMHU
mapamMeTpaMu IS 3aroOiraHHs  aBapilHMX
BimmoB [12,13].

IIutaHHAMH TEXHIYHOI J1arHOCTHUKHU
EHEprooOJa/IHAHHS  3aliMAlOThCA BYCHI 3
PI3HEX TO3MINH Ta MiAXOMAIB, IO OXOIUIIOIOTH

MEXaHIKY, CIEKTPOTEXHIKY,
MaTepiaio3HaBCTBO, a TaKOXX MaTeMaTHYHE
MOJICJIIOBAaHHsI TpoleciB. 30KpeMa, B podoTax
[14-16] anami3ylOThCS 3MiHM TIapaMeTpiB
obnaTHaHHS i T gac eKcIuTyaTartii,
BH3HAYAIOTh MOXKIIMBI 30HM TIOIIKO/KECHb 1
MPOTHO3YIOTh 3aJIMIIKOBUH pecypc eleMEHTIB
TaKuX SK TPyOOIIPOBiIHI CHUCTEMH, TOJOBHHMA
OUPKYJSIIIAHUNE ~ HAcoc  TOIIO. Takuit
KOMIUICKCHHI TMiAXiJ] JO3BOJIIE PO3POOISTH
Cy4YacHI METOM JiarHOCTHKH, SIKi BPaXOBYIOTh
K (Di3MKO-MEXaHiuHI 0COOJIMBOCTI MaTepialiB,
TaKk 1 BIUTUB 30BHIIIHIX ()aKTOPiB, TaKuUX SIK
Temneparypa, BiOpawis, Koposis Tomo. B
poboti [17] TPOMOHYIOTBCS TMiAXOAU O
MiJBUIIEHHS SKOCTI aBTOMATW3alii CHCTEM
YIOpaBIiHHS, MO0 pPOOWUTH 3HAYHUHA BKIAJ B
e(EeKTUBHICTL POOOTH EHEprooOaJHaHHSA Ta
nporecu Aerpazaamii. B poborax [2, 4,13,18]
MPOMOHYIOTHCS HayKOBO 00TpyHTOBaHI
TEXHIYHI 1 KOHCTPYKTHBHI pilleHHS TIO
3MEHINICHHIO BIUTUBY (DaKTOPIB, M0 HETATUBHO
BILJINBAIOTh Ha (yHKUIOHYBaHHS
eHeprooOnaJHaHHs, SK TO 3aCTOCYBaHHS
JOJITATKOBHMX OTOp, (hiKcallisi eJIeMEHTIB, 3MiHa
pexuMiB ekcruryarariii tomo. Ile cmpuse
M ABUILEHHIO HagildHOCTI pobotu
CHEePTeTHYHHX CHCTEM Ta 3MEHIIICHHIO PH3HKIB
aBapiii, IO OCOONMBO BAXINBO B YyMOBax
CY4acHHUX BHUKIHKIB y cepi eHepreTuKd Ta
CTaJIOTO PO3BHUTKY.

Pazom 3 THM, BaXJIMBUM 3aHINAIOTHCS
MUTaHHS PO3POOKHM  3arajibHOT  KOHIIEIIIIT
TEXHIYHOT JIarHOCTUKH Ta €(QEeKTUBHOTO
YIIpaBIiHHS MIpOIIeCaMHu Jerpasarnii
CHEeprooONaHaHHA 3 METOI TOJAJIBIIOro
YAOCKOHAJIGHHS  METOMIB Ta 3aco0iB 3
YpaxyBaHHSIM CYYaCHUX HAayKOBO-TEXHIUHUX
PpIIIEHB.

Buxian ocHoBHOro marepiaJy.

EHepreTndHi KOMIUIEKCH Ta CTPYKTYpHI
i PO3IiIH, 0 BXOAATH JI0 HUX, HAIEKATH JI0
00'ekTiB miABUIIEHOT HeOe3mekw 1 10 HHUX
MPEI'SIBISIIOTECS  OCOOJIMBI  BUMOTH  IIIOJO
3a0e3meueHHs O€3MEKM Ha BCIX  eTramax
JKUTTEBOTO IUKITY: MMPOEKTYBaHHS, BBEJCHHS B
eKCIUTyaTallifo, eKCcIUTyartamisi B  paMKax
NPOEKTHUX TEPMiHIB, 3HATTS 3 eKCIUTyartamil
abo kX pobOTHM B HAINPOEKTHI TEPMiHH.

Besmeka pobOTH  BCHOTO  EHEPTETHYHOTO
KOMIUIEKCY  3aJIe)KUTh  Bil ~ MPaBHILHO
OpraHi3oBaHol poOOTH B IIOMY 1 HaziiHOI
pobOTH OKpeMuX eneMeHTiB cuctemu [17-19].
Hnst 3a0e3neveHHs €PEeKTUBHOTO MeXaHi3My
IH)KEHEpHOTO  MEHEIDKMEHTY  eHEeprobiIoKy
HEOOXiTHO  MaKCHMaJbHO  ONTHUMI3YBaTH
mpoliec WOro eKcIuryaTtaiii, Mmoo 3a0e3neynTu
Oesneky (YHKLUIOHYBaHHA €HEproOJoKy 0e3
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HOro 3ynMHKHM Ha TPUBAIMH Yac i MOB'SI3aHUX
13 MM €KOHOMIYHHUX BTPAT, 3TiTHO 3 MEKAMH
i ymoBamHm OesrmeyHoi  eKcIuTyaTartii
eneproomoky AEC. [lns uporo HeoOXimHa
OITiIHKA TEXHIYHOTO CTaHy W 3aJIMIIKOBOTO
pecypcy oOnagHaHHS, SKa 3IHCHIOETHCS B
pamkax  pobiT 3 KOHTpOJIO,  OLIHII,
MPOTHO3YBAaHHIO ¥ KEPYBAaHHIO PECYPCHUMHU
XapaKTEePUCTHKAMHU CJIEMEHTIB €HEepProOJIoOKy i
MIPOJIOBKEHHIO CTPOKY eKCIDIyaTtarlii OJIoKy
aTOMHOI CTaHIIl.

Jns BpaxyBaHHS (pakTOpiB, IO i€ HA
TeXHIYHUH CcTaH OONaIHAHHSA TPOIMOHYETHCS
MOJICHb IHXEHEPHOTO MEHEPKMCHTY
eHeprooOaHaHHS Ha ATOMHUX
enektpoctanmisx  (AEC), ska  BriIodae
KOMIUIEKCHUM MAX1T o YHOpaBIiHHSI
eKCIUTyaTalli€lo, 00CITyTOByBaHHSIM Ta
MOJCPHI3AITIEI0 00JIaTHAHHS TUTS
3a0e3reuents  Oe3mexkw, HaIIMHOCTI  Ta
epextuBHOCTI pobotu (puc. 1). Llg momens
CIIpsSIMOBaHa Ha 3a0€3MEYeHHST BUCOKOTO PIBHS

HamgiiiHocTi oOmamHanus AEC, MiHIMI3aIio
aBapiiHUX CHUTYyaIlii, M1 IBUIIEHHS
e(eKTUBHOCTI  poOOTH Ta  JAOTPUMAHHS
CYBOPHUX BUMOT 3 O€3IMEKH.

OmHuM 3 KIIOYOBUX KOMIIOHEHTIB
MOZENI  IEKEHEPHOTO  MCHEIKMEHTY €
JOCHIDKEHHSI CTaHy €HeprooOnagHaHHS 3a
KIIIOYOBUMH (DaKTOpaMHu, TaKUMH SIK BiOpaid,
TeMmIreparypa, THCK TOIIO, JUIs 3a0e3NeUeHHs
0e3ImeyHoi Ta AKiCHOT eKCInTyaraiii. 3pocTarodi
NoTpeOu B ENEKTPOCHEPrii Ta HEMOXKIIHMBICTH
301JIBIIEHHST €HEPTOMOTYKHOCTI 3MYIIYIOTh J0
MIIBUIICHHS ©()EKTUBHOCTI POOOTH IIFOYMX
00'ekTiB eHepreTukd. OCHOBHMM (aKTOpoM
HeeEeKTUBHOTO BUPOOHUIITBA E€JIEKTPOCHEPTil
Ha aTOMHHUX €JIEKTPOCTAHIISIX € TOIIKOKESHHS
typborenepatopiB (TT'), mo 3HaYHO 3HIKYE
BHUPOOJICHHS €JICKTPOCHEPTIi. Sxio
po3risinaTy 1ei paxTop, SK OKpeMUl YHMHHUK,
TO YNPaBIiHHS UM YHHHUKOM JIA€ 3MOTY
3a0e3neunTd  e(peKTUBHE EHEpProKepyBaHHS
BCI€I0 €HEPTOCUCTEMOIO.

CucrteMa eHepreTHYHOTO MEHEKMEHTY
JiarHocTHka ;
Ta MOHITOPHHT [TnanyBaHHS TEXHIYHOTO Pusnk-
o0aHaHHs
MoHITOpHHT TapaMeTpiB B O6CHXFOBYB3HH51 Ha IMOBibHICHA OiHKA
pexmmi «Real-timey OCHOBI PEAILHOIO CTaHy p L
a0o npo¢inakTuyHe 6esnexu (I0b)
Amnaui3 BiOpaifHux, 06CITyroByBaHHS
. MonentoBaHHs
TEMIIEPaTypHUX Ta 1HIINX o o
napameTpiB IS IInanyBaHHS PEMOHTIB 1 ABAPIFIHIX CUCHAPIIB
. T ; 151 MiHIMi3aLi1 pU3UKiB
CBOEYACHO]I 1HAUKAIIL MOZCPH13aIlll Ha OCHOBI A aip
MO>KJIMBHX TTOPYIICHB aHamsy pU3HKIB 1
KCILTyaTawii HOIEPEHIX BIIMOB.
[HKeHepHe KonTpoip crapiHHs Ta 3HOILEHOCTI €HEePreTHIHOrO
ynpaBﬂiHH;[ 00JIaTHaHHS.
KUTTEBUM ITUKJIOM
00JIaTHAHHS Ouinka HeOOX1IHOCTI MOZEpHi3alii a00 3aMiHU KIIFOUOBUX

KOMIIOHEHTIB JIJISl TiATPUMAaHHS HAJIS)KHOTO PiBHS OE3MeKn

[ OwuiHrOBaHHS SIKOCTI Ta €(peKTUBHOCTI (PYHKIIOHYBaHHS CUCTEMHU

Puc.1- Mojenb iHKHHIPUHIOBOTO YIIPABIiHHS €HEPreTHYHUM 00JIaIHAaHHAM
Fig. 1- Model of engineering management of power equipment
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Hdo  ¢dakropiB  MOWIKOKEHHS, IO
BIUIMBAIOTh HA CTPWXKHI OOMOTKH CTaTropa
TypOOTreHeparopa, BiJTHOCSITHCS TaKi
JerpajauiliHi Gpaxkropu:

TEMIIEpaTypHI  pEeXAMH  Tig  dbac
eKcruryaTariii  obimagHaHHSI,  BKIIOYHO 3
MOKJIMBUMHY IUKIIYHUMHU KOJIMBAHHSIMU;

HECTIPHATINBI  BiOpOAMHAMIYHI  KOJH-
BaHHS HA BY30J1 «KOJEKTOP IUCTWIATY -
maTpyOku -  3O0BHIIIHI  TPyOOIPOBOII
KOHCTPYKIIi  JTOOOBMX  YacTUH  OOMOTKH
cTaropa;

BIUIUB TEPMOMEXAHIYHUX HAIMPYKEHb,
0 BUHUKAIOTh B OOMOTII CTaropa Tij dac

CTPIKHIB  OOMOTKM  cTaTtopa, HasBHICTh
MEXaHIYHUX JIOMIIIIOK y CKIIafi
OXOJIOJDKYBAIILHOTO ~ TUCTHIISITY, — ITiJIBHINEHI

BiOpamii Ha BWUBOJIAX IIMH OOMOTKH CTaTopa
TOIIIO. Jos 3a0e3MeYeHHS Oe3nekun
(yHKIIOHYBaHHS €HEProoOIaJHaHHI HE00-
X1THO po3pOoOUTH KOMIUICKCHHI HOPMATHUBHUN
MiIXiT OO TPOBEACHHSA POOIT 3 TEXHIYHOI
TIarHOCTUKH 3 ypaxyBaHHAM (aKTOpiB, IO
BIUTMBAIOTh Ha JeTpajamiiiHi TmpomecH Ta
3a0be3neyarb €(QEKTUBHICTb Ta  CTaliCTh
TTOAAJTBINO] eKCILTyaTaIllii.

JliarHOCTHKAa CTaHy CTPWKHIB TypOo-
TeHepaTopiB Ha aTOMHUX EJIEKTPOCTAHIIISIX

OaraTopazoBUX  3MiH  HaBaHTaXXyBaJIbHHUX (AEC) € KpUTHYHO  B@KIMBOIO  JJIS
PEXKUMIB; 3a0e3nedecHHs] Oe3rmeku Ta eGEeKTUBHOCTI IX
BIDIMB XiMIYHO aKTUBHUX PEUOBHH; ekciutyaTarii. Bona mo3Bonsie  CBO€YacHO
MeXaHIuHl [OIIKOMKEHHI IMif 4Yac BUSBIISITH Ie(DEKTH Ta OLIHIOBATH 3aJTUIIKOBUN
MIPOBEICHHS] PEMOHTHHUX 1 MOHTXKHHUX POOIT. pecypc  obmamnanHs. OCHOBHI  METOIH
Sk mpaBmio, agerpanmamis IPOTIKAE TMIarHOCTUKH  CTPIKHIB ~ TypOOTeHepaTopiB
IHTCHCHBHIIIIE 32 OJHOYAaCHOTO BIUIMBY Ha AEC T1a ix mepeBarm Ta  HEIOJIKA
o0J1aHAHHS KIJIbKOX (DaKTOPIB MOIIKOKECHHS, MIPEACTABIICHO B TAOMMIII 1.
HaIPUKJIAA: HAsSBHICTH JIOKAJHHUX TICPETPiBiB
Ta6auns 1.
Mertonu niarHOCTUKH CTPHKHIB TypOorenepatopiB AEC
Table 1
Diagnostic methods for NPP turbogenerator rods
Bun meTony XapakTep 3acTOCYBaHHS ITepeBaru Ta HEOTIKK
Enexrpuuni Meton BuMiproBanHsa | [lepeBarm:
METOIH omopy i3oasuii: mo3Boise | [IpocToTa Ta MBUAKICTS BUKOHAHHS.
OIIIHUTHU CTaH 130JAIIAHUX | JI03BOJIsIE BUWSABWTH JIerpajallito 130J1ii  6e3

MmarepiainiB 0OMOTOK.
[MoripreHHs 130511iT MOXe
MPU3BOIUTH 10 KOPOTKHX

JIEMOHTAXy O0JIaTHAHHSI.
Heponixn:
He 3abe3medye TOYHOTO BH3HAYCHHS MICIIA

3aMUKaHb. TIOTITKOJPKECHHSI.
UyTnuBuid 10 30BHIMIHIX (aKTOPiB, TaKUX SIK
TEeMITepaTypa Ta BOJIOTICTh.
TaHreunc Brpar | IlepeBaru:
AieJIeKTpHKa (tgd): | Bucoka uyyTnuBiCTh 70 3MiH CTaHy 130JIsLii.
ouiHioe BTpaTH eHeprii y | [HpopMaTHBHICTB Ui OLIHKY CTApiHHS 13015
BUIJIS1 TeIa, o | Hemoaikm:
CBIIUUTHL TIPO CTapiHHg abo | He mae indopmarii mpo wmexaHiuHi medexTn
IMOIIKOIKEHHS 130JIA1LIi1 MIPOBITHUKIB.
Bumarae crierianizoBaHoro o6afHaHHS.
IMnyabcHa IlepeBaru:
pediekTomerpis: BusBisie | MOXKIMBICTE  TOYHOTO  BH3HAUYEHHS  MiCHA
JNeeKTH TPOBITHUKIB 1 | MOMIKOMKEHHS.
MicCIIeBi normkopKeHHs | LIBuakuii 1 ehekTHBHUI aHAITI3.
Bomsimii 32 momomororo | Hemoutiku:
aHayi3y BigOuTux | CKIaAHICT, Yy 3aCTOCYBaHHI Ha BEIIMKUX Ta
IMITYJIBCIB PO3raTy’)KEHIX CUCTEMAaX.
ITotpebye JIOCBITY TUTS iHTepIpeTartii
pe3yIIbTaTIB.
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Bun metony XapakTep 3acTOCYBaHHS [TepeBaru Ta HEOTIKU
MarsitHi MmeTogu | Merox marHiTHoi mam'saTi | [lepeBarn:
metaany (MIIM): Bussise | HeinBasuBHMIA  MeTOn, 1O HE  MOTpeOye
HATPY>KEHO- JEMOHTaXY.
nehopMOBaHHIA cTaH | Moke BUKOPHCTOBYBaTHCS Oe€3MMOCEpelHbO IIix
Marepiary CTPIDKHIB | 9ac eKCIuryaTarii o0Ia HaHHS.
MTUISIXOM ananizy | Hemosiku:
3aJIMIIKOBUX MarHiTHUX | [ToTpeOye  crmemianbHOrOo  OONagHaHHA — Ta
T0JIiB kBasTi(hikoBaHUX (axiBIIiB.
MeHii eheKTUBHUH JIJIs1 HEMAarHiTHUX MaTepialisb.
MarsiTonopomkoBmii IlepeBarm:
KOHTPOJIb: Bucoka TOYHICT, BHSBICHHS MOBEPXHEBHX
BUKOPHCTOBY€ETHCS IS | MeeKTiB.
BUSIBJICHHSI IOBEPXHEBUX Ta | BigHOCHA MpocTOTA 3aCTOCYBaHHS.
OJIN3BKOTIOBEPXHEBUX Heponikn:
TPIITUH Y MaTepiai 3aCTOCOBYETHCS JIATIIE TS MarHiTHUX
MaTepiais.
[ToTpeOye miArOTOBKU MOBEPXHI.
BiOparuiitna BiOpauiitanit anani3 | IlepeBarm:
TiarHOCTHKA JTO3BOJISIE OIIiHNTH | BUsABIIAE AK MeXaHiuHI, TaK i JUHAMIYHI 1eeKTH.
MEXaHITHHHA cran | He morpebye mpunuHeHHS pob60TH 002 THAHHS.
CTPUXHIB, BusButu | Hemosriku:
MO>KJTHB1 3cyBH, | Bucoka YyTIMBICTH 10 IIIyMiB HABKOJHUIITHHOTO
mocjabJIeHHs KPIIJICHb a00 | cepeoBHIIA.
acuMeTpii, 10 MOXYTh | BuMarae ckiiagHOro aHamizy Ta CIeIialbHUX
BIUIMBaTH  Ha  poOOTy | alrOpPHUTMIB JUIA iHTEpIpeTalii.
reHeparopa.
AKycTHuHI AKyCTHYHA emicisi: | IlepeBaru:
METOTU BUSIBIISIE aKTHUBHICTh | J[03BOJISIE BUABIATH NeEKTH Y peaTbHOMY Yaci.
nedektiB y  matepianm, | [TiAX0oauTh Aj1s paHHBOT JIarHOCTUKK TPILIKH.
Takux sk Tpimuan, 1o | Hemosiku:
PO3BUBAIOTHCS mig | Bucoka 4yTnuBicTh 10 CTOPOHHIX IIYMiB.
HAaBAaHTAXKCHHSAM, NUIAXOM | Bumarae cremianizoBaHoro o0iaHaHHS.
peecTpaii
BHCOKOYACTOTHUX XBHIIb.
YabTpa3BykoBa IMepeBaru:
TiarHOCTHKA: TouHe BUSsIBICHHS BHYTPILIHIX 1e(EKTiB.
BUKOPHCTOBY€ETHCS Uit | 3aCTOCOBYETBhCST ANl IIMPOKOTO  CIEKTpa
BUSBIICHHS BHYTpIIIHIX | MaTepiaiiB.
nedekriB, Takux sk nopH, | Hemomikm:
TpIirHA a00 BKITIOYCHHS. 3aJIeKUTh BiJl IKOCTI KOHTAKTy 3 TIOBEPXHEIO.
Bucoka BapTicTh 00J1aTHAHHS.
TennoBiziiHuit BuxopuctoByeTbes i | IepeBarn:
KOHTPOJIb BUSBIICHHS ~ aHOMajbHUX | HeiHBa3WBHICTP 1  MOMIJIMBICTH  BUKOHAHHS
30H HarpiBaHHS BHACIIJOK | JIarHOCTHKH ITiJ 9ac poOOTH 00JIaTHAHHS.
JIeQeKTiB i3omsnii, | lIIBuaKe BUSIBJIEHHS 30H NeperpiBy.
HaaMmipHoro TepTs  abo | Hemoaikm:
3HOITYBaHHS. OOMeXeHHST y BHSBIICHHI AC(EKTIB BCepeauHi

Marepiary.
3ajexHiCT  BiZ ~ yMOB  OCBITJICHHA  Ta
TeMIIepaTypH HaBKOJIMIIHBOTO CEPEIOBHUINA.
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Bun meTony XapakTep 3acTOCYBaHHS [TepeBaru Ta HEOTIKU
MeToau OLiHKH Muxaiuni BunpodyBanns | IlepeBarn:
3QJIAIITKOBOTO mia HaBaHTa;KeHHsIM: | BigoOpakae peanbHy TMOBEHIHKY OOJIaTHAHHS ITiJT
pecypcy JTIO3BOJISIFOTH  OI[IHUTH, SIK | HABAHTAXKCHHSM.
CTpWXKHI ~ pearyioTb  Ha | Jl03BOJIsi€ MPOTHO3YBATH 3aJUIIKOBHI pecypc.
eKcTpeMabHi ymoBH | HemoJtiku:
poboTwu. TpymoMiCTKICTB i BUCOKA BapTiCTh.
He 3apxam MOXIMBE BUKOHAHHS IIiJ[ dac
eKCIuTyaTarii.
MopaeoBaHHs IlepeBaru:
aerpagamii: aHamiz 3MiH | [l03BOJNsE OIIHUTH BIUIUB JOBTOCTPOKOBHX

XapaKTePUCTHK MaTrepiary
miJi BIUIMBOM  TPUBAIHX
eKCIuTyaTaIitHux

(akropis, TaKnuX SIK
TEIUVIOBHM, MEXaHIYHUH 1

eKCIUTyaTallifHuX (aKTOPiB.
Moxe OyTH  BUKOHaHE  3a
MIPOrpamMHOTo 3a0€3MEICHHS.
Heponikn:

3aeXUTh BiJ TOYHOCTI BXITHUX TaHUX.

JOITOMOTI' OO

pamiariiHuil BIDTUBU Moxe BHUMaratd 3HAYHUX OOYHCITIOBAIHLHUX
pecypcis.
Bizyanbnuii Ta Bussnse MexaHiuHi | [lepeBaru:
€HIOCKOITIYHUT MOIIKO/DKEHHS,  Kopo3ito | [IpocTora BUKOHAHHS.
KOHTPOJIb a0o iHmi Buaumi aedekTd | MOXKIMBICT, BHSBJICHHS OYECBHIHUX Je(EKTiB,

Ha TIOBEPXHI CTPIKHIB abo
B BXKKOJJOCTYTTHHX MICIIIX.

TaKUX SIK KOPO3isl UM MEXaHIYHI MMOIIKOKCHHS.
Henouiku:

OOMeXeHICTh BUSBIICHHS MTPUXOBAHUX NE(EKTiB.
3anexuTh BiJ KBaTi(ikarii gpaxiBiis.

BuxopucTtanas koMOiHaIli IIUX METOIIB
JI03BOJIIE OTPUMATH KOMIUIEKCHY iH(pOpMaLito
Opo CcTaH CTPWXKHIB  TypOoreHepartopa,
BUSIBUTH MOTEHLIiKHI mpoOieMu Ta po3poOHuTH
3axX0M AN iX YCYHEHHs, IO € KIIOYOBUM
¢akTopom y 3abesnedeHHi Oe3mepebiitHOT
pobotu Typborenepatopis Ha AEC.

OTxe, Ha mepmioMy eTami MoJeni
IHKMHIPUHTOBOTO MEHEKMEHTY HE00XiJHO
BU3HAUNUTH (aKTOpH, IO BIUIMBAIOTH Ha
TEXHIYHUH CTaH EHEPreTUYHOro oOJaTHaHHS
Ta METOAU JiarHOCTHKH
€HEeprooOMaJHaHHA Ta TMOAAJBIIOTO MOHI-
TopuHTy. SIK Oyno mokazaHo, IO KOMOiHaIlis
(dakTopiB  BIJIMBY MOXE CHHEPIETHYHO
BIUIMBATH Ha 3araJlbHUN CTaH, Pa3oM 3 TUM i

TEXHIYHOT

KOMOiHaIliI METOMIB KOHTPOJIIO ITiABUIIYE
TOYHICTh OIIHKK. OTXKE, HEOOX1THO PO3POOHUTH
QITOPUTM  3aCTOCYBaHHS THX YU
METO/IiB KOHTPOJIFO 3 ypaxyBaHHSIM
crucreMartu3amii gakropis BIumBy (Puc. 2).
3anpormoHOBaHA CHCTEMAaTH3aIlisl Jae
MOJJIUBICTb BKITIOUUTH B MOJIEITh
IH)KEHEPHOTO MEHEJDKMEHTY aNrOpUTM
0oOpaHHA METOIy IIaTHOCTHKH
BHUXOJSYM 3 BHU3HAUCHHS (PAKTOPIB IO MaIOTh

1HIITAX

TEXHIYHOT

HaiOlIbIIMii BIUIMB Ha EHEProeeKTUBHY

pobory  obOmagHanHa. Pazom 3 THM,
chUCTeEMaTu3allld BHABIE  clIaOKI  MicI
JIarHOCTMKM Ta € IIJACTaBOI0 JIO YJIOC-
KOHaJIeHHS miAXomdiB Ta PO3poOKH

BiJIMOBITHOTO HOPMATHBHOTO 3a0€3MECUYCHHS Ha
OCHOBI OOpOOKHM CTATUCTUYHHMX JaHHUX II0
XapakTepHuM (akropam aerpagamii CTpIKHIB

TypOoreHepaTopa.
Buxoasun 3 MpeaCTaBICHOT
cucTeMaTu3amii, TaKoX BaKJIMBUM €TarloM

MOJENi  IHKEHEPHOTO  MEHEIKMEHTY €
IUIaHyBaHHS pOOIT 3 TEXHIYHOI MdiarHOCTH
BUXOJASYM 3 IMOBIpHICHUX CLIEHAPiiB PO3BUTKY
moii (MpoIeciB aerpaaaiii, CTapiHHS TOIIO).
BpaxyBanHs pH3MKIB Ha OCHOBI IIpOT-
HO3YBaHHS PO3BUTKY IOMIA N1a€ MOXKIIUBICThH
BH3HAYUTH TICPIOJU KOHTPOIIO TEXHIIHOTO
CTaHy eHeproooaHaHHS, MUISXOM
kinacudikamii iX 3a piBHEM pPH3HKY Ta
BIIMIOBITHO BNPOBAPKCHHS KOPETYBaIbHUX
3aX0diB  (3MIHM pPEKHMIB HaBaHTAKCHHS,
3MEHIIICHHS  BIUIMBY  (DaKTOpiB,  3MiHHU
CKIIagy HOCIiB, MOJEpHi3aIis
o0aHaHHS TOIIIO).

XIMIYHOT'O
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3anponoHOBAHUMA MMIAXiA 1HXEHEPHOTO
MEHEDKMEHTY J1a€ MOXKJIMBICTH peatizyBaTh
ANTOPUTM MPOTHO3YBaHHS MOJIAITBINOT
OesrmeyHoi  eKcIuTyaTarii IUISIXOM — aHaJli3y
OTPUMaHHUX JAHUX B PEXKHMMI PEATbHOTO Yacy
JUIS HaNO1IbII HeOe3NeYyHnx 9
BIANOBIMAIBHUX TIISHOK OOJIaIHAHHS, IO
JIO3BOJISIE  BUSIBJIATH  O3HAKW  TMOTEHIIHHUX
HECIIPAaBHOCTEeHW 1 3abe3ledyyBaTH CBO€YACHE
TEXHIYHE TMOoJanblie OOCIYyrOByBaHHS Ta
nepeadayuTy  BiAMOBH abo Kiacu(ikyBaTu
o0naIHaHHS 32 PIBHEM PU3UKY. 3aCTOCOBYIOUH

Bucnosku

IIO3BOJISIE  aHAMI3yBaTH  Pi3HI  IMMapaMeTpH
pobotu oOMamHAHHS, MiJABHIYIOYA TOYHICTh
MPOTHO3IB 32 JIOTIOMOTOI0 0araTboX MOJEICH.

Takwii miaxin, iHTETPOBAHWMA 3 TaHUMHU
B PpeXHMi  pealpHOrO0  Yacy, CYTTEBO
i ABULIUTH e(EeKTHBHICTD YIpaBIiHHSL
CHEPreTHYHIMU CUCTEMaMH 1 JIO3BOJHUTH HE
JUIIEe  INIBHAKO  JIarHOCTYBaTH  IOTOYHI
npobjemMu, ane W NPOTHO3yBaTh MaiOyTHi
3001, CTBOPIOIOYM MOKJIUBICTH 3am00IXKHOIO
00CIyroByBaHHS Ta ONTHMI3alii rpadikis
TEXHIYHOT M ATPUMKH.

IIOIIKOKEHHS 1T
4ac peMOHTY/
eKcIuTyaTarii

T

MOHITOPUHT B
pexxumMi «Real-
time»

3aCTOCOBYETHC
s IMJT 9ac
PEMOHTIB,
3YIHHOK,
MOHTaXy

|

METOJIM  IMOBIPHICHOI  OIlIHKM  Oe3reKu
Brms

TEMIICpPATypHIX P Enexrpuuni metonu
PEKHMIB TTi]] Yac LI
eKcIuTyaTarii f
o0nagHaHHs

Maruitai metoan
Bibponunamivni
HaBaHTAKEHHS -

Bib6pariitna

I1arHOCTUKA
Bruius .

) AKYCTHUYHI METOJIA
TePMOMEXAHITYHUX
HaIpy>XeHb ,
“ TennoBi3iHHMHA

KOHTPOJIb
Boons xiMidHO-
AKTUBHUX PEYOBUH s =t

mooe -
r Meroau OLiHKU
-~
r 3JIMIIIKOBOTO PECYpCy

MexaniuHi

BizyanbHuii Ta
€H/IOCKOTIYHHA
KOHTPOJIb

Puc. 2- Cuctemaru3aliisi METOIiB TEXHIYHOI AIaTHOCTHKY CTPIXHIB TypOoreHepaTopa
Fig. 2- Systematization of methods for technical diagnostics of turbogenerator rods
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APPROACHES TO EFFECTIVE ENGINEERING QUALITY MANAGEMENT OF
SAFETY ASSURANCE OF ENERGY FACILITIES.

Abstract. The paper considers approaches to integrated effective quality management of power facilities,
such as nuclear power plants, to ensure sustainable operation. The paper proposes an engineering management
model that includes elements of monitoring and assessment of the technical condition of power equipment,
planning of maintenance works based on the assessment results, forecasting of violations of normal operating
conditions, and, based on these data, management of the life cycle of power equipment and determination of the
quality and efficiency of engineering decision-making. The engineering management model is based on an
integrated approach that covers all stages of the equipment life cycle. If we consider the technical condition and
degradation of equipment in the example of turbine generators as a separate factor affecting the efficient
operation of the facility, then the management of equipment damage factors makes it possible to improve the
safety and efficiency of the entire power system.
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MJIAXA MABAIEHHSA ITOKA3ZHHUKIB SIKOCTI (TEILJIOBO1
EKOHOMIYHOCTI) EJIEKTPOCTAHIIN

VY craTTi MpOBEACHO aHali3 MOKAa3HUKIB SKOCTI POOOTH TEIUIOBHX i aTOMHHX EJICKTPOCTAHIIN, a came
TEIJIOBOI €KOHOMIYHOCTI Ta BH3HAYEHO OCHOBHI WUIAXM IX miaBuieHHs. [lokazaHo, 110 pereHepaTUBHUI
HiAIrpiB ’KMBUIIBHOT BOJY 3aCTOCOBYETHCS Ha YCiX MapoTypOIHHMX YCTaHOBKaxX Ta iCTOTHO MiJIBUILYE TEIUIOBY i
3arajbHy €KOHOMIYHICTh YCTaHOBOK. UMM BWIIi TMapaMeTpH Mapu Iepen TypOiHO0, TUM OiUTBIIWK iHTEpBaT
TEeMITEpaTyp, Ha KU MOXe OyTH 31MCHEHHH MiIirpiB KOHIEHCATY, 1 OLTBIINH e(eKT BiJ 3aCTOCYBaHHS CXEMU 3
pereHepaTHBHUM MiAirpiBoM. BusHaueHo, 1o pereHepaTHBHUHN MiTirpiB >KUBUIILHOT BOJAM B IHKIII 3 TIEPETPITOIO
nmapoto Takox migsumnye koedimieHntT kopucHoi nmii (KKII), mpote tepmiunmii KKJ[ pereHepaTHBHOTO IHKITY
nieperpitoi napu 3amxan Hwkde KKJI muxiry KapHo mpu oHUX 1 THX K€ TTOYaTKOBUX 1 KiHIIEBUX TEMIIepaTypax.
JloBemeHo, MmO MpU OJHINA 1 TiH ke TeMmIepaTypi XKUBWIBHOI BOAM, YAM MEHIIEC HEJOTPiBaHHSI, THM OijbIle
poboTa MOTOKY mapu BigOOpPY i THM BHIIOK € TEIJIOBA €KOHOMIYHICTh YCTAHOBKH, a HAMOUTBIINIA eQEKT Bif
pereHepauii Oyae mpH 3acTOCyBaHHI MiAirpiBauiB 3MinryBajibHOro THIy. [lokasaHo, mo s TypOiH 3
NPOTUTUCKOM PEreHepaTUBHUI MiAIrpiB IiJBHUILYE EKOHOMIYHICTh YCTAaHOBKM TUIBKM TOJXI, KOJIM BIH
3IICHIOETBCS JIOJJAaTKOBOIO BHUTPATOIO NapH, IMOHAaJA HEOoOXiaHy Juii morped BUpoOHMUTBA. Y TypOiHax 3
peryiaboBaHUMHM BiJOOpaMy pereHepaTuBHI BiIOOPH, pO3TAIIOBaHI MiCiIsl IPOMHUCIIOBOTO, B PO3PAaXyHKY Ha OJHY
1 Ty  KUIBKICTh HapH, IO BinOMpaeTbesi, MaioTh Outeiimii BB Ha KKJ[ i TomMy iHOAI 3acTrocyBaHHS
pEereHepaTHBHOTO MiJIrpiBy >KUBHIIBHOT BOJIW Moske Tpu3BecTH 10 30umbmenHs KK] HaBiTh npu geskomy
3MEHINICHHI BUTPATH Iapu CIIOKMBaueBi. BUKOHAHO cHCTEMaTH3allil0o Ta aHali3 HasBHUX METOMIB OIlIHKU
TEIJIOBOI €KOHOMIYHOCTI €JIEKTPOCTAHIIIN Pi3HUX THUIIIB, MIOKAa3aHO BIUIMB BUTPAT €HEPTil Ha BJIACHI TOTpeOU HA
3HaueHHs KKJ] enekTpocTaHiiii.

KIIFOYOBI C/IOBA: nokasnuxu sKocmi, enepeo30epeicens, eKOHOMIYHICIb, e1eKMPOCMAHYIA.
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IHocTanoBka nmpo0seMHu Ta ii 3B'5130K 3 BaXKJIMBHMH HAYKOBHMH Ta NPAKTHYHAMH

3aBIaHHAMH
3apa3  oueBMAHIIIMM  cTae  (akT 3a0e3medye 3HWKCHHS BUTPATH TajJuBa Ta
B3a€MO3B'A3KY eHepro30epeKeHHs, 10 eHeprii Ha  OOWHHUIIO NPOAYKWii, MIO
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BUPOOJSIETBCS, 3 TI00aNbHOIO MPOOJIEMOIO
€KOJIOT1l IUIaHETH. 3TiAHO 3 JOCHIHKEHHSIMU,
SIKI TIPOBOJMIIMCH BemyduMu kpaiHamu CBity,
NOTEHIIal  EHEepro30epe’keHH  CTaHOBHUTH
0im3pko  1/3 BCbOro 00CATY CHOKHBAHHX
MIEPBUHHUX PECYPCIB.

BurpaTta nmepBHHHUX €HEPropecypciB y
PO3paxyHKy Ha OJMHHUINI0 BajlOBOTO BHYT-
pIITHBOTO TPOAYKTY B HamIii KpaiHi mpuo-
mu3HO B 1,3 pasa Ourpma Hik y CIHA, 1y 2
pasu BHIIE TOPIBHIHO 3  IEPEIAOBUMH
3aX1THOEBPOIICHCHKUMU KpaiHaMu Ta
SnoHiero.

Cepen  OCHOBHMX TpPHYMH  HeOma-
TOTIOJIYYHOTO CTAaHOBHUINIA B Taly3i €Hep-
TOEMHOCTI E€KOHOMIKHM CJiJ Ha3BaTH TIpaK-
THYHO  TOBHY  BIiJICYTHICTh  JIepKaBHOL
NOJMITHKM y 1ii HaWBaIWBIIIKA ramysi.
HacmigkoM 115010 € Maiike IMOBHA BiJICYTHICTH

MPHUHIIMIIB PAI[iOHATBHOTO BUKOPUCTaHHS Ta
€KOHOMIYHOTO BHUTpavYaHHs TajuBa Ta CHEPTii
SK IPH BUPOOHMIITBI €HEprii, Tak ¥ npu ii
CIIOYKUBaHHI.

OcobmBO 1€ CTalo BiAYYTHIIIE 3a
3MIHH CHCTEMH YIIPABIIHHSI CHEPTCTHKOIO Ta
¢opMaMK BIACHOCTi, 32 BHCOKOTO CTYIEHS
3HOCY OCHOBHOTO Ta JONOMDKHOTO o00Jaj-
nauasg TEC ta AEC.

[IpobmemMu  eHEpro30epeKECHHS —3alld-
mamTees 1 OyayTs y 21 crTomitri y HeHTpi
yBard CBITOBOi TPOMAJCHKOCTI. BupimeHHio
miei  mpoOmemm  mpucBideHo  OCHOBHI
MOJIOKEHHSI CHEPreTUYHOI cTpaTerii YKpaiHu
Ha mepion mo 2035 poky [1]. Lls mpobnema
MIPU3BOJUTE, 30KpeMa, JO HEOOXITHOCTI
aHaji3y MOKa3HMKIB TEIUIOBOI e(EeKTUBHOCTI
CIIEKTPOCTAHIIII Ta TMOIIYyKYy NUIAXIB iX
ITi IBHIIECHHS [2].

AHaJIi3 0CTaHHIX JOCTIKeHb 1 myOaikamin

Y HampsMKy eHepro30epexeHHs Npu
reHepatii eJIeKTPUYHOI Ta TeTJIOBO1 eHeprii Ha
SJCKTPUYHHUX CTAHINSAX BEAYThCS 1 IHTEHCUBHO
PO3BUBATHMYTHCSA JTOCIITHHUIBKI, KOHCTPYKT-
TOPCHKI Ta MOHTaXHI poOOTH 3 ITiIBUIICHHS
ekoHoMmigHocTi HasBHuXx TEC Ta AEC,
OCKIBKM OiNbIlla YacTUHA OCHOBHOTO Ta
JIOTIOMDKHOTO 00aHaHHs eHeproo/okis 200
ta 300 MBT BuUpoOMIIO CBill pecypc ((hizmuHO
Ta MOPAJIEHO 3aCTapiyio), TO 3 METOI0 Oe3IeKu
napaMeTpH Mapy Ta BOAW B HUX 3HIDKEHO. Lle
npu3zBeno 1o 3umkenHs ix KK/ na 4 1 6inpe
BiJICOTKIB.

Ocoba yBara TPUAUIIETECS TTHTAHHIM
aBTOMaTH3aIii  TEXHOJOTIYHUX  IPOIICCIB
EJeKTPOCTaHIli, SK OJHUM 3 OCHOBHHX
IUIAXIB IiJBHUIICHHS €HEProe(GeKTHBHOCTI Ta
Hami#HOCTI [3, 4]. IIpoBOAUTRECS ONMTHMI3aIlis
MOKa3HUKIB SKOCTI CHCTEM KepyBaHHA [5], Ta

BIIPOBAKEHHS MIPEeM31HHAX CHUCTEM
kepyBaHHs [6]. Cepex TEXHONOTIYHUX MPO-
LECIB B HANPSMKY MiABUIICHHS €(eKTHBHOCTI
poboTtu €JICKTPOCTAHITIH, TIPUAUTSIETBCST
cucTeMaM HH3bKOMOTCHIIHHUX KOMIUIEKCIB
[7], obnajgHaHHS KOTEILHUX YCTAHOBOK [8] Ta
y3arajgpbHEHHS PIICHh 3 METOIO ITiABHIIICHHS
eneproepektuBHOCTI  [9].  Posrmsmarorbes
MMUTaHHS aBTOMATHU3aIlil PO3paxyHKy TEIUIOBOI
epextuBHOCTI  edekrpocranmiii  [10] Ta
MOIOBXEHHA PEeCypCcy TeIUIOEHEPTeTHYHOTO
oOnamHauHs [11].

HesBakaroun Ha 1€, MOTEHIian eHep-
rosGepexxeHHss He BHUepraHo. Moro Tpeba
ITyKaTH ¥ HaJal IJIs MiIBUIIECHHS TOKa3HUKIB
AKOCTI, ONTHUMi3alii TEeMJIOBUX PEKUMIB
pobotn oOnmamHAHHS EJIIEKTPOCTAHINNH Ta B
YAOCKOHAJIEHHI CHUCTeM KEpyBaHHS 3 METOIO
rapaHTOBAHOI MiITPUMKH [UX PEKHUMIB.

ITocTaHOBKA METH Ta 3aBJAaHHSA J0CTiIKEeHHS

Metoro pobOTH € aHami3 MOKa3HHKIB
TEIJIOBOT EKOHOMIYHOCTI EJICKTPOCTAHITIH Ta
BH3HAYEHHS NUILXIB X IiJBMIICHHS, IO JACTh
3MOTY 3HHM3UTH COOIBapTiCTh BHPOOJICHHS

Buxkian ocHoBHOro Matepiajiay
1.AHai3 MOKA3HMKIB TeIIOBOI eKOHOMIYHOCTI eJ1eKTPOCTAHIII

Temnsosa CKOHOMIYHICTh KEC
xapaktepusyerbcs 3HaueHHAMH KK/, muromoi
BUTpPATHU TEIlJIa Ta MUTOMOI BUTPATH YMOBHOIO

eHeprii Ta T ABUILIUTH
KOHKYPEHTOCTIPOMOKHICTh BITUYM3HIHUX
BHPOOHHMKIB.

mamuBa (mms AEC — 3HaYeHHAM TATOMOL

BUTpaTH siiepHOro mnanusa). Ilpm mpomy Ha
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3puyaiiinx TEC nuToma BUTpaTa yYMOBHOIO
MAJTMBa € OCHOBHHUM MTOKa3HUKOM).

IToBri KKJ| enekTpocTaHiiii MOXYyTh
OyTH BU3HAYCHI TaKuM criocobom [11].

Jl1s enekTpocTaHIlii, Mo MpaIoTs Ha
OpraHiYHOMY TTaJIHBI:

77CT :nenmnm( (1)
s nBoxontyproi AEC:
77CT = nen,’Tpnmn”I‘pnpy N (2)

TyT:
- abcomotHuit  enexktpuuHuid  KKJ]
TypOOreHepaTopHOi yCTaHOBKU:

ne = 77[7701'77M771“ = n[nM”F = ntnOe ’ (3)

- TEepPMIYHHN KK TypOiHHOT
YCTaHOBKH:

7,=(90=49.)/ 4y )

ne ¢, 1q,— Kinekicte  Teriorw,

miaBeneHa 1o 1 kr mapa B KOTii abo peakrtopi i
BiIBEICHE BIJ HBOTO B  KOHJACHCATOPI
BIMOBIAHO (U1 HAWMPOCTIMIOI yCTAaHOBKH,
IO TMPAIOE 3a ieanbHUM IUKIOM PeHkiHa):
(i) i (it A
= = )/ (5
0 e 0 b

I€ [y»>ixs — CHTAJBIIS BOIW Ha BUXOII 3

KOHJIEHCATOpa Ta TICIsI Hacoca BiIIIOBITHO;
i0>ix, — CHTAJbIIA Iapu mepen TypOiHOW Ta
HAa BXOJi B KOHJCHCATOP IPH aaiabaTUIHOMY
po3uupeHHi B TypOiHi);

- HasBHWM (amiabaTwuHWi) Tepemna
SHTAITBITIH:

Ha =10 Ixa>s

- BUTPATH SHEPTii B HACOC1, BIIHECEHI IO
1 xr. Boqu TipH ii amiabaTHIHOMY CTHCKaHHI:

Hapn = Ixe " lx>

-BHyTpiHii BizHocHuit KK/ TypOinu:
_mi_ Li (6)

b
Ha La

ne p; 1 [;— BHKOPHCTAaHHMII Tmepenasy

7 oi

SHTaJIBIIII Ta BHYTPINTHSA MUTOMa pobOTa Hapu
y TypOiHi;
(zassuuait  77,,=0,80-0,90, a s

Cy4acHHUX MOTY>KHHUX TypOiH pu
HOMIHAJTLHOMY HaBaHTaXKCHHI
1, =0,85-0,90);

- BHyTpimHIA  abcomotHHi KK
TypOiHM, IO XapakTepU3ye 4YacTKy TeIla,
NEePEeTBOPEHOr0 Ha pobOTYy B  pealbHil
napoTypOiHHIH YCTaHOBIII:

7= Lif 40 =1000:5 (7)

n,,— mexanigyanid KK Typ6inm (s

cysacanx Typ6in 77, =0,97-0,99); n -
KKJ  remeparopa  (mpu

oxonomwkenni 77, =0,97-0,98);

MOBITPSIHOMY

- BIIHOIICHHS ENCKTPUYHOI €HEeprii, 10
BUpOOISIEThCA 1 K mapa 70 poOoTH L, M0

301HCHIOETBCA pH afiabaTHIHOMY
PO3LIMpEHHI i€l napu:

7706 = 770[77M771" ) (8)

M., — KKI 1pybonposouis, mo

BpaxoBy€ TiIpaBiiuHi Ta TEIUIOBI BTpaTH Y
TpybompoBogax (a1 TEC Ta IBOKOHTYpHHX
AEC nm=0,97—0,98); n. — KKI

[IapOBOr0 KOTJa (3a3BU4ail JIEKHUTh B MEKax
0,90-0,93); 7. — KKJI mnaporeneparopis
AEC, mo BpaxoBye BTpaTH Temja B
HaBKOJIMIIHE  cepeloBHIIEC  (3a3BHYAil  He

nmepeBuIryioTh 1%) Ta BTpatw 3 BOAOIO
MPOyBaHHS:

an = DO.Hp(iO.Hp - iC.B) 5 (9)
1€ Donp — KUIBKICTB NPOIYBHOI BOIIH,

IO HAaAXOAHWTL 3 OXOJIOAKYyBada IMPOJAYBaHHS,

fonp — EHTAIBIISA BOMM IICIS OXOJOKYBava

MPOAYBAaHHA; {,, — CEHTAIbIIS CHPOI BOAM;

M, — KKI peakropHoi yCTaHOBKH, IO

BpaxoBy€ BTpaTH TeIUla Y HABKOJIUIIHE
CEpeJIOBHINE, BTPATH 3 BOJOK MMPOAYBaHHS
peakTopa, BTpaTH TOB'sI3aHI 3 OXOJIOKCHHIM
OIOJIOTIYHOTO  3aXUCTy, BTIpaTH y  CIIO-
BUTbHIOBAYI Ta Yy JACSIKUX IHIIUX EJIeMEHTaX
ycranoBku (KK/[ peakTopHUX YCTaHOBOK THITY
BBEP cranosuts 0,32-0,33) [2].

AGcomoTHUHA enektpuunuii  KKJ]
KOHJCHCAIIHHOI ~ TypOOreHepaTopHoi  ycTa-
HOBKM MOXe¢ OyTH BH3HAYEHUH TaKoOX i3
CHIBBIIHOLICHHSI ~ €JIEKTPUYHOI  TMOTY>KHOCTI
yCTaHOBKH N, Ta Kiekicts Temiotn (),

MiJIBEZICHOTO 3 MMapor0 10 TypOOoreHeparopa B
OJIMHUIIIO Yacy:

ne:NC/QO’ (10)
a KKJI craHmii — 3 aHaAJIOTIYHOIO
CITIBBIIHOIIECHHS:
UCT:Ne/QCT' (11)
V 1mx 3ajIeKHOCTAX:
Q0=D0(i0_i>!(.B); (12)
QCT:QO/UBTP’ (13)
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Ae 1], — KoedilieHT, 10 OLiHIOE BCi

BTpaTH, NOYMHAIOUM Bix maposoro kotia TEC
ab6o peaktopa AEC 1o TypOinu.
Jl71s1 yCTaHOBOK Ha OPTaHIYHOMY ITaJTUBi:

Marp = M Tp > (14)
1u1st nBokoHTypHOI AEC:
77B'[‘p :npyn,'rpnnrn”'rp’ (15)

ne 7', 1 ", — KKJII tpyGonposonis
HEpILIOro Ta IPyroro KOHTYPiB.

3nauennsa 77, (3), (10) Ta 77 (1),(11)
HE BpPaxOBYIOTh BHTpPATH €JCKTPOCHEprii Ha
noTpedu €JIEKTPOCTaHIII], i TOMY
posrisaaTbes sk KKJI 6pyTro.

SIKIIO TOTYXHICTh MEXaHi3MiB BIIACHHX
norpe6  cranoButh  AN,,, To KKJI

€JICKTPOCTAHIII{ 77:T 3 ypaxyBaHHSM €HEpTii,

BuTpaueHoi Ha BuacHi motpeou (KK
€JIEKTPOCTaHIIIi HETTO) BU3HAYAETHCS SIK:

Mo =(Ne=ANwi)/Oe » (16)
abo
Mo =1 (1-B,.) (17)
ze yacTKa MOTYXHOCTI, 110
BHUTPAYAETHCS HA BJIACHI ITOTPEON CTaHIIIl:
B, =AN../N.. (18)

KK/l HerTo enexTpocTaHilii Moke OyTh
TaK0X BU3HAUCHUH 3aJICKHO Bi:

Mo =Nl (19)
ze KK BJIACHUX notped
€JIEKTPOCTAHIIII:
Mon = NY/Ne, (20)
abo
Mon =1 B - (21)

2. OniHka Tem10Boi eKOHOMIYHOCTI

O1iHKa TEIIOBOI €KOHOMIYHOCTI
YCTAaHOBKH IIPOBOJUTHCS TaKOX 3a IMHTOMOIO
BUTPATOI0 Temuia. Y pO3paxyHKax 3a3BUYail
pPO3rIAAa0Th IUTOMY BUTpary TeIUla Ha

TypOOreHepaTopHy yCTaHOBKY ¢, Ta IMTOMA
BUTpaTa TEIla MO BCI €JIEKTpOoCTaHUii ¢ .

I1i BenmmumHN BU3HAYAIOTHCS 3 BUpas3iB [11]:

436000,/ N- (22)
q.=36000_/N.. (23)
Tyr g, 1 q_.. BupaxaioTeca y kJ[x Ha 1

kBT TO.
3 ypaxysanssaMm (10) Ta (11) otpumaemo:
q.=3600 /7. (24)
473600 /1., (25)

[TuroMa BUTpaTa yMOBHOTO TaluBa JUIs
€JIEKTPOCTAHLI Ha OPraHiYHOMY TaJIHBI MOXeE
OyT BHU3HaueHa 3 PIBHSIHHSA TEIUIOBOTO
OayaHCy eIeKTPOCTAHITIT:

H
BQp =36OONe/UCT, (26)
Je B — 3araibHa TOAWHHA BHUTpaTa
MajinBa, KI/TOL; Qg — HIDKYA IIATOMA TEIIOTa

3TOpSIHHS NaynBa, KJK/Kr.
IIuToMa BUTpaTa maivBa NP IHOMY:

b =B/N.=3600/0%; 27)

a Ui YMOBHOTO TMajuBa (3 HIKYOIO

Tennototo sropsuns O = 29300 kJlx/kr ):
by =3600/293007_, ~0.123/n,,

JKr/x JIx (28)
Butpara snmeproro manmBa Ha AEC €
TUM camMuM MOKa3HUKOM TETUTOBOT

C€KOHOMIYHOCTi, fK 1 BHUTpara yMOBHOIO
najuBa, T.K. MPH PO3MOALTI Bcix smep 1 Kr
ypaHy 3aBXIH BHIUIETBCS OTHE 1 Te X
KinbKicTs Tema — 7,9 - 1010 kJIx.

3a3Bnyail BBaXKAIOTh BUTPATy IAJIMBA,
0 BUTOPLJIO, B cepeqHpoMy Ha 15% Oinbime
i30TOmiB, MmO po3auUTMiINCa. Tomi KiJTBKICTh
TEIia, 0 BUAUISIETHCS B PO3PaxXyHKY Ha 1 KT.
BHTOPUJIOTO SICPHOTO TAJMBa MOXE OyTH
TIPUAHATO PIBHUM:

0,,=0.85:7,9-10° =6,7-10" xlbx/xr

10
Qﬂ.n.:%:1786'107 KBT'FOI[/KF

BignoBimro mo 3amexHocti (1.27),
MUTOMa BUTpaTa SACPHOTO TMalWBa, MIO
BUTOPLJIO:

60 360 5410°  w

_ _ , (29
on. 6710°;, n, KBF-TOH( )
a00

b=
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0,054 r
7.  MBr-rox

. (30)

Bu3HaueHHS THTOMUX BHTpAT TelUa i
najMBa 10 EJEKTPOCTAHIIAX 3 YypaxyBaHHIM
BUTpaT  e€Heprii Ha  BJacHi  NHOTpedu
3MiHCHIOETRCA 3a 3anekHocTsMu  (22)-(30),
MpOTe TPH IIOMY B PO3PAaXyHKOBI (popMyH

BBOJATBLCS 3HAYEHHS N 1 77:T (19)-(20).

3arampHa BuTpara manuBa Ha AEC, sk
BiJIOMO, 3HaYHO TMIEPEBHIIYE KiJIbKICTh MMaIHBa,
110 BUTOPLJIO.

3arampHa BUTpaTa SICPHOTO TIaJIHMBa
MOKe OyTH BH3HAauYCHA 3aJCKHO BiJ TITHOMHU
BUTOpsIHHS a (y KUlorpamMax BHIOPLIOi
peYOBUHMU, IO OUIHTHCA Ha 1T manua) (T/pik):

Ne'tT

am s 31
Ba. 1,86-107UCT-a GD
abo
byuN. T
Byn=""", (32)
a

ac r — YHUCJIO TOAWH BHUKOPUCTAHHA

BCTAHOBJICHOT TIOTY>KHOCTI Ha PIiK.

Yacto cymapHe BUIOpSHHS IajauBa
BUpaxaloTh y MBT-106 Ha 1 T1. ypany. B
OOMY  BUNAIKy  3aJEKHICTh  3arayJbHOi
BHUTpATH TajgnuBa BiJl MTOTY>KHOCTI
enekTpocTaHlii (y MeraBatax) BHU3HAYaE€THCS
BUpa3oM (T/pik):

Ne'T
Bun=7—"—". (33)
24K 11y
ITpu NPUAHSITUX MPUITYIEHHSIX

BuropstHAS 1 KT 235U 00yMOBITIOE:

1.86-10-(24-10°)~775 MBT-106/xT.

Le o3Hauvae, M0 3B'I30K MK CyMapHUM
BuropsHasM  nanmuBa K (MBt-mo0/T) i
ITTHOMHOI0 HOTO BHUTOPSHHS BHU3HAYA€THCS
BUPA30M:

K =775a (34)

3. BIutuB pereHepaTUBHOIO MiAIrpiBy Ha TeMJIOBY €eKOHOMIUHICTH €J1eKTPOCTAHIIT

PerenepaTuBHUN MIICPiB  KUBUILHOT
BOJIM 3aCTOCOBYETHCSI Ha yCiX MapoTypOiHHUX
yCcTaHOBKax.  Takwil  MOIrpiB  iCTOTHO
MiABUIIY€E TEIJIOBY 1 3arajbHy €KOHOMIYHICThH
YCTaHOBOK. Y cXeMaX 3 pereHepaTuBHUM
MiJIrpiBOM MOTOKH TMapH, IO BiJBOIATHCSA 3
TypOiHn pereHepaTuBHi migirpisadi,
3;[1171CH10I0TL poboty 06e3 BTpaT B XOJOJTHOMY
L[)Kepem (KOHﬂeHcaTOpl) Hpu  mpomy s
omHiel 1 Ti€l K ENEKTPHYHOI TOTYKHOCTI
Typboreneparopa N., BUTpaTa mapu B
KoHeHcaTop 3MeHmyeThest 1 KKJ] ycranoBkm
301IBLIYETHCS.

KinmpkicTs mapu, mo BigOupaeTbes 3
BiOOpIB,  3aNEXUTh  Hacammepen  BiX
TEMIIepaTypH, A0 AKOI MOKe OyTH MiAirpiTHi
KOHJCHCAT TypOiHHM. YuM BHIII IapaMeTpu
napu nepea TypOiHOIO, TUM OUTBIINK iHTepBal
TEeMITepaTyp, Ha SIKHHA MOXe OyTH 3IiHCHEHUI
migirpiB  KOHAEHcaTy, 1 OUTbIIKMK edekT Bix
3aCTOCYBaHHSI CXEMH 3 pPEreHepaTUBHUM
migirpiBoM. 3a3BHyai, Ha EIEKTPOCTAHIIISAX
CEepeIHIX MapaMeTpiB TeMIepaTypa KUBHUIBHOT
BOJIM 3HAXOAUTHCA B Mexkax Big 150 mo 170°C;
NpU BUCOKHX THCKax — Bix 225 mo 275°C (mpu
HOMIHAJIFHOMY HaBaHTa)KEHHI Ta HOMiHAJIHHUX
napameTpax mapu nepen TypOiHoIo).

Ha napoTypOiHHUX YCTaHOBKaxX
€JIEKTPOCTaHIIIH, 10 MPaLIOIOTh Ha
OpPraHiYHOMY TaJIUBi, 3aCTOCOBYIOTh TUIBKU
MeperpiTy Tmapy; B AaTOMHIA €HEpreTHIN
IIMPOKO BHKOPHUCTOBYIOTH TAaKOX HAaCHYCHY
napy.

Ha puc.la, HaBeneHO TEOpPETHUHY CXEMY
MigirpiBy JKMBWJIBHOI BOIM TNPH  TPHOX
pereHepaTWBHUX  IifirpiBadax. 3a M€l
CXEMOI0 pereHepaTHBHUI MiNirpiB BeAETHCS
BCIM IIOTOKOM POO0OYOTO CepeIOBHUIA. 3a TaKO1
OpraHisauii —mpoLECy — pereHepaTvBHI -
nirpiBaui, TpOXiAHI mepepi3u BimOOpiB Ta
KOMYHIKAIliii TpoMi3aki, a BTpaTH B HUX Ha
TepTss HaAMipHO Benmki. Kpim Toro, 3pocrae
BOJIOTICTh TIAPW B OCTaHHIX MAOJISIX TypOiHH.
ToMy B pealbHHX yCTaHOBKaxX pereHepaTHBHI
MiTirpiBavi BiIBOAUTHCS HE BECh MOTIK MapH, a
JIIe HeBeNMKa ioro vactuHa (puc.10). Tyt
151 IIapa KOHJEHCY€EThCS, BIIA0YH CBOE TEILIO
KUBHIIBHIA Bozi. KoHmeHcar, IO yTBOPUBCS
Opd LbOMY, BBOISTH B 3arajbHUN MOTIK
JKUBHJILHOT BOJM. 3a TaKOi CXEMH BHUTpaTa
mapu B TypOiHI 3MEHIIYEThCS BiA OAHOTO
BiIOOPY po immoro. Just oxmiei i Tiei
NOTY)KHOCTI TypOIHM 3arajibHi BUTpaTH napu
3pOCTar0Th, OCKIJIbKM IIOTIK, BUBEIEHUH B
pereHepaTuBHy CHCTEMY, 3[1HCHIOE MEHIY
pobOTy, HDK TOTIK, 0 HAMIWIIOB Y
KOHJICHCATOp. B pesybTaTi BUCOTA JIOMATOK y
gactuHi BHcokoro Tucky (UBT) Buxomuthb
OLTBIIIOIO, HIXK TS TypOiHH 0e3
pereHepaTuBHUX BigOOpiB, a y 4YacTHHI
Hm3pkoro tucky (UHT) — menmoro. Ile, sk
BiJOMO, 30UIbLIye BHYTPILIHIA BiIHOCHHH
KKJ 70 Takum uuHOM, cXema, IO
3aCTOCOBYETHCS Ha PEAIbHUX YCTaHOBKaX, HE
TIJBKH YCYBA€ HEHONIKH LHUKIY 3 MOCTIHHOIO
BUTPATOI0 TMapu, aje 1 Ja€ MOXKIUBICTh
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BUKOHATH MPOTOYHY YACTHHY TYpOiHM OiNbIm
JIOCKOHAJIOI.

Ha puc. 2 y 7T-s miarpami 300pa)ceHi
pereHepaTHBHI LWKIM TpH aniadaTUaHOMY
PO3IIMPEHHI HACHYCHOI Ta MEperpiToi Mmapw,
KOJIM TiJIITPiB )KUBHUIBHOI BOAH 3IHCHIOETHCS
1300apudHo y Oarathox mimirpiBadax. Ilpm
Takiii cxeMmi HJs HACHYCHOI TMapH, KOJH
KUTBKICTh TIITPiBaviB HECKIHUYEHHO BEJIHKE,
HarpiBaHHs BOAW MOXKe OyTH 3AIHCHEHO J0
Temneparypu napu 7o i cximgacta minis CD
(puc.2a) pobodoro mporecy MepPeTBOPIOETHCS
Ha IUIABHY KPUBY, CKBIJMCTAHTHY KpPHUBOIO
MiAITPiBy KUBWIBHOI Bomu AB. OTpuManwmii
[IUKJI HAa3WBAIOTh IPAHUYHUM pPEreHEPATHBHUM
LIUKJIOM HacuueHol mapu. Jlerko 0auyuTH, 110
KKJ wporo uumxmy pnopiBaioe KKJI mwmxmy
Kapmo.

PerenepaTuBHUN MIICPiB  KUBUILHOT
BOIM B LUKII 3 MEPETPITOI0 Mapoio TaKOX
migsuntye KKJI, npore tepmiunmit  KKJI
pereHepaTUBHOTO IHKIYy MEeperpiToi mapu
3aBxu Hwx4ye KK nuxny KapHo npu ogHux
1 THX K€ IIOYaTKOBMX 1  KIHIEBHUX
TeMriepatypax. HarpiB >KMBWIBHOI BOIU TYT
MOXe OyTH 3HIHCHEHHH 10 TeMIepaTypH,
OJIN3BKOI IO TeMIeparypu HACUYCHHS 70,uac,
sKa 3a3BH4Yail 3HAYHO HWXK4YE IOYATKOBOI
Temrneparypu napu 7o (puc. 20).

3 po3misiy poboUYoro NMporiecy napu Juist
CXeMH 3  pereHepaTHBHUM  MiJirpiBoM
JKUBUIIBHOT BOZH BCTaHOBJIEHO, 10
pereHepatuBHMUA TixirpiB  36umbmye KK

MiABEAEHHS TTapu /

d

BiBEIEHHS

a)

YCTaHOBKH, HE3BaXKAIOUM HA TE, IO BUTpaTa
mapu Ha TypOiHYy TpU IBOMY 3POCTaE.
KinpkicHa 3amexHicTh Mk 3HaueHHSIMU KK]|
pereHepaTuBHOI Ta HaHmpocCTimol
KOHJICHCAITIHHOT ~ YCTAaHOBOK  MOXE  OyTH
OTpPUMaHa 3 HACTYITHUX CITiBBiTHOIICHB.

Jiia cxemu 3 pereHepaTUBHUM
MiAIrpiBoM XKUBHIBHOI BOAM Y MiAirpiBayax
(muB. puc. 20) BHyTpinmHii abcomoTHI KK/]
7];p BU3HAYAETHCS BUPA30M:

z
aio—it)+ D i plio=iy)
1
z
aK(ZO_lK) +zaj,p(i0_ij,p)
1

1€ jp 1 ox— YacTKa 3arajbHOl BUTPATH
napu Ha TypOiHy, 10 BiAOUpaeTbes B j-i
B110Ip 1 1110 MOCTYIIA€ B KOHACHCATOP
BIJIMIOBI/THO; I, , — €HTANbITIA TAPH j-TO
BiOOPY.
PiBusaus (35) MOXKHA TTOJIATH Y BUTIISII:

z
zaj,p(l’()_l’j,p)
H 1+ 1 H
aK(iO_iK) ax(io_iK)
- . . 4
a (lo_l ) , .
K € zaj,p(l()_lj,p)

1 1
T aio—1)

» 3%

ni,p

(36)

MiJIBEJICHHS Tapu

0)

1 — TypboreHepaTopHa yCTaHOBKa; 2 — KOHICHCATOP; 3 — pereHepaTUBHUN MixirpiBad; 4 — HacocC.
1 — turbogenerator unit; 2 — condenser; 3 — regenerative heater; 4 — pump.
Puc. 1 — Cxemu pereHepaTHBHOTO MiAIrpiBy >KUBHILHOI BOJM B TPHOX PEreHEPAaTUBHUX IMiIirpiBadax mpu
BiJIBEJIEHHI B TiAirpiBavi BChOro MOTOKY Mapu (a) (TEOpeTHIHUH UKIT) Ta TP BiJABEACHHI B HUX HEBEIUKOT
YaCTHHHM NapH 3 BigOopiB TypOinu (0).
Fig. 1 - Schemes of regenerative heating of feed water in three regenerative heaters when the entire steam
flow is diverted to the heaters (a) (theoretical cycle) and when a small part of the steam from the turbine taps is
diverted to them (b).
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a)
Puc. 2 — PerenepaTuBHHI UK 1711 HACUYEHOT (a) Ta meperpiToi (0) mapw.
Fig. 2 - Regenerative cycle for saturated (a) and superheated (b) steam.

s cxemMu 3 pereHepaTUBHUM
MiIITPIBOM JKABHIBLHOI BOIM Yy MiAirpiBagax
(muB. puc. 20) BHyTpiHii abcomorHuit KKJ]
7;p BA3HAYAETHCS BUPA30M:

V4
ax(l’o—iﬂ)“‘za/,p(l'o_ij,p)
1
z
ax(io_ix)+ zaj,p(io_ij,p)
1

Ie Qjp 1 o — JacTKa 3arajbHOI BUTPATH
napu Ha TypOiHy, WO BiAOMpaeTbcs B j-i
BigOip 1 MmO TmocTymae B KOHAEHCATOP

M= ,(35)

BIMIOBINHO; i, , — CeHTAJIbIA Wapu j-TO
BimOOpYy.
PiBusnast  (35) MokHAa momaTH Yy
BUTJISAII:
4
zaj,p(io_ij,p)
1
. «H 1+ . +H
aK(ZO_ZK) aK(lO_lK)
Nip= ( ) . . (36)
ax\io—1i .
ero : zaj,p(l()_lj,p)
1+
a.(io—ix)
Bupas:

z
Zaj,p(iO_ij,p)
1
. +H
aK(ZO_lK)

=4, (37

TO,Hac | D

0)

€ BIJHOIIEHHSAM POOOTH BCIX IOTOKIB
Tapy, M0 BIIBOASATHCSA Y BiIOOPH, M0 POOOTH
KOHJICHCAIlIHHOTO TIOTOKY, a BiJHOIICHHS
(io—i:)/(io—iK) — KKJI waiinpocTinioi
KOHJICHCAIIIHHOI yCTaHOBKH (03 pereHepartii).

Takum unHOM, piBHAHHS (36) HaOyBae
BUTIISTY:

Dip =10 (14 4,) 1 (14 40m,,) |- 3®)

3 piBasHEs (38) BHAHO, IO Yy BCiX
Bunajakax, konu 4,>0, KK/ perenepatusHoro
MUKy >7Jic. UM OUIBIINIA CHEPreTUYHUN
koeimieHT A, (To0To podoTa MOTOKIB Mapw,
gkl y  BigOip) mpotu  poboTH  mapu
KOHJICHCAIIIHHOTO TIOTOKY, TUM Oinbiie edekt
BiJl 3aCTOCYBaHHSl pPEreHepaTUBHOIO MiTIrpiBY
(@ip=0,7mp=mix) AHaJOriyHHHA pe3ynabTaT
Oyme W y TOMy BWIAAKy, KOJM Ha TiJIirpiB
JKUBHJILHOT BOJM BIABOIWTHLCS CBiXka mapa (3
miHil 10 TypOiHM), OCKIIBKH TPH LBOMY io—
i;p=0 1 cHepreTMYHUH KOCQILIEHT TaKOK
TOPIBHIOE HYJTIO.

PerenepatuBHi  migirpiBadi  MOXYTb
OyTH 3MIITyBaJbHOTO Ta TIOBEPXHEBOTO THIIIB.
Y  migirpiBadyax — 3MINIYBIBHOTO  THITY
Teloniepeada  Big  Tapd 10 PIOUHHU
3OIHCHIOETBCSI B mpoleci OapOoTaxy Ta
KOHJICHCAIllEl0 Tapu  Oe3nocepesHbo  Ha
CTPYMEHSIX 1 Kpamisix Bomu. JKuBHWibHa Boja
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opu  ObOMYy MoOke OyTu Harpita 10

TeMIlepaTypd  HACHYCHHS  Tapu,  SKHH
HAJXOIUTh 3 BitOOpy TypOiH.
[MigirpiBaui MTOBEPXHEBOTO TUILY

OyBalOTh 3 OXOJIOZKYBauaMH IEPerpiToi mapu
1 6e3 mei. Ilpm BiICYTHOCTI OXOJIOKyBada
neperpitoi  mapu  WOTIK 3 BigOopy
KOHJICHCYETHCS Ha BCIX MTOBEPXHSIX
TEIIOOOMIHY 1 TeMIepaTypa BOJHM Ha BHXOI 3
migirpiBada  3aBkau  Ha  3-5°C HWKUE
TEMIIEPATypHU HACUYCHHS napu, 101(0)
KOHJICHCYEThCsI. Y TifirpiBadax 3 OXOJIO-
JOKyBa4eM TEperpiToi MmapH Iicis MiTirpiBy B
YaCTHHI MiJirpiBaya, 1o o0irpiBaeThCs Maporo,
10 KOHJCHCYETHCSI, MOTIK BOJIU NPOXOIUTH IIe
yepe3 TOBEpXHI, JO SKUX IiABSIACHUI
neperpita mapa. ToMy TyT HEIOTpiBaHHS JO
TEeMIIepaTypd HAacHUYEHHS Mapu BiAOOpY ty
BUSBISETHhCS HIDKYE. OHAK OCKUTBKM BATpAaTa
Mapy TYT BiIHOCHO HEBeNHKa (y MOPIBHSIHHI 3
BUTPATOI0 KUBWIILHOI BOIHW), TEMIIEpaTypa
BOAW  IICNSA  TOBEPXHEBUX  IiAIrpiBadiB
3a3BMYall 3aJUIIAETHCS HIKYOKO fy.

I[lpu omuiit 1 TiH ke TeMmepaTypi
JKUBWJIBHOT BOJIM, YUM MECHIIIE HEIOTPiBaHHS
0 ty, THM Oinblie pobOTa IOTOKY MapH
BinOopy i, sk BuAHO 3 piBHAHHA (38), THM
BUILIOIO € TEMJIOBA €KOHOMIUHICTH YCTaHOBKH.
3 1[bOr0 BUILIMBAE, 10 HAUOLIBIIHNHI epeKT Bi
pereHepamii  Oyme Mpy  3aCTOCYBaHHI
MiAirpiBaviB 3MilIyBaldbHOTO THITY.

3anexuicte  (38) omepkana  uIA
KOHJICHCAITIHHOT YCTaHOBKH, IO Ma€ JINIIE
pereHepatuBHi Bimbopu. Skmo mopan i3
BigOopaMu Ha pereHepaTHBHUI WiAirpiB y
MApOCHJIOBIH YCTAHOBIII € BIiTOOpPW IMMapu Ha
MIPOMUCIIOBI MOTpeOM Ta Terwiogikalio, TO
sanexnicte Mk  KKJ[ i3 BupoOHuITBa
eJIEKTpPOCHePril 7;Ten U 1€l YCTaHOBKH 1
KK 7« amg  9UCTO  KOHAEHCAIiHHOT
YCTaHOBKH Ma€ BHUTJISI;

_ 1+ 4,+ A
iren = Mix 1 +77i,1<(Ap+ Am) ,(39)
zaj,n(io_ij,n)
;He Am= 1 (40)
a.(io—i)

1. BukoHaHo cHCTeMaTU3AIliI0 Ta aHATI3
HAsSIBHUX METOMIB OIIHKHA IMOKA3HHUKIB SKOCTI
CJICKTPOCTAHIIIH  PI3HUX THIIB, a caMme
TEIIOBOI E€KOHOMIYHOCTI, IIOKA3aHO BILIUB

€ BITHOLICHHS POOOTH MOTOKIB MapH,
10 BIABOJSATHCS O TEIUIOBOTO CIIOKHMBAya, 10
po6OTH KOHACHCAIIITHOTO ITOTOKY.

3 piBasaEs  (39)  BHmHO, 1O
pereHepaTUBHUKA MiMIrpiB KUBWIBLHOI BOAM Ha
YCTaHOBKAaX 3 KOMOIHOBaHMM BHUPOOJICHHIM
CJIEKTpPOCHEprii Ta Temwla B TEIJIOBOMY
BIJHOIIGHHI TakoX eQEeKTUBHUH 1 THM
OUTBIIIOI0 MipOIO, YHWM BWINE 3HAYCHHSA
EHEepreTHYHOro Koedirieara A, OpHak 3a
OJHMX 1 THX XK€ 3HaueHb Ap, BIIHOCHA 3MiHa
KK/ 3 BupoOHmITBa enekrpoeneprii Ha TEIL]
mitep MeHme  3miam KK 7 gns
KOHJICHCAITIHHOT YCTAHOBKH.

Eneprernuni xoedinientn Ap, 1 Am
3alie)KaTh SK BiJl BIZHOCHUX BUTPAT MOTOKIB
rapy, 10 CTIPSIMOBYIOTBCS Y BinOip, Tak i Bifg
repenamgy SHTaNBIIT (io—i)), 110
BUKOPUCTOBY€TbcA B TypOiHi. Uum HimKue
THCK Y BigOOpi, THM IPH OTHAKOBHX BHUTPATAX
mapu y Bimbopi BuIne aOCOTIOTHE 3HAYCHHS
koedimieHTa 1  Oimpmmid  edekr, KU
HazaeTbes Binobopom Ha 3miny KK. Tomy nis
TypOiH 3 TPOTHTHCKOM pereHepaTHBHUI
MiTICPIiB MiABUIIYE €KOHOMIYHICTh YCTaHOBKH
(30inbIIye BHpOOJICHHS €JIEKTPOCHEprii Ha
TEIUIOBOMY CITOKMBAHHI) TUIBKH TOMi, KOJH
BiH 3HIHCHIOETBCS JOJATKOBOIO BUTPATOIO
mapu, TOHaJ HEOOXimHy aAns  moTped
BUpOOHMITBA. Y TypOiHaX 3 peryibOBaHUMH
BimOOpaMHM pereHepaTHBHI  BiAOOpH, PO3-
TaIIOBaHi MicJsl MPOMHCIOBOTO, B PO3PAXYHKY
HAa OOHY 1 Ty > KUIBKICTH TapH, IO
B1IOMPAETHCSI, MatOTh Oibiinii Bruive Ha KK/
mitey 1 TOMYy  1HOAI ~ 3aCTOCYBaHHS
pEereHepaTUBHOTO MIrPiBy JKUBHIIBHOI BOIH
Moke mpu3Bectd A0 30inbpmenHs KK/ HaBiTh
Opd  JAESIKOMY 3MEHIICHHI BHUTpAaTH MapH
cnoxkuBaueBi D, OpHak mo0 HE 3aBAaTH
KO TEIUIOBOMY CIIOKHMBAu€Bi, BHUTpaTa
napu Dy 3MEHIIyBaTH HE CIiJ] 1 pereHeparniio B
111704 YCTaHOBKAax TaKOXK moTpiOHO
3MIMCHIOBATH, 30LIBIIYIOUM 3arajibHi BHTpaTH
napu Ha TypOiHy.

BucHoBKH

BUTpaT €Heprii Ha BJAacHI mMoTpeOM Ha
3radeHHs KK/ enekrpocTanitiii.

2. IlpoaHami3oBaHO BIUIUB pereHe-
paTUBHOIO MiJIrpiBy >KUBWJIBHOI BOOM Ha
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TEIJIOBY  CKOHOMIYHICTH  E€JIEKTPOCTAHIIIi;
MOKa3aHo, 10 pEreHepaTHBHUMA  IJITPiB
maporo 3 BigOopiB TypOiHm 30impmrye KKJI
TETJIOCHEPTeTUYHOI yCTAaHOBKH, HE3BAXKAIOUH
Ha Te, IO BHUTpaTa Iapu 4epe3 TypOiHy mpu
IIbOMY 3pPOCTAE.

3. IIpoananizoBaHO BIUIMB HEIOTPiBY
napu JI0 TEeMIIepPaTypy HACHYCHHS TEIUIOBOI
€KOHOMIYHOCTI  TCIUIOCHEPTeTUYHOI  yCTa-
HOBKH; BCTaHOBJICHO, IO HAHOUThIIMN edeKT
Bim pereHepamii Oyae TpH 3acTOCYBaHHI
i TIrpiBaviB 3MIITyBaIbLHOTO THITY.
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ABTOpH 3asIBIISAIOTH, 10 KOH(IIKTY IHTEpeciB o0 myoiikamii pykonucy Hemae. Kpim toro,
aBTOPH TNOBHICTIO JOTPUMYBaINCh €TUYHHUX HOPM, BKJIIOYAIOYW IUIariaT, ¢anscudikamilo JaHUX Ta
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Kanjuk G., Mezerya A., Fursova T., Chyrochkin D., Epik O. Ways of increase indicators of quality (heat
economy) of power plants

The article analyzes performance indicators of thermal and nuclear power plants, namely thermal
efficiency, and identifies the main ways to improve them. It is shown that the regenerative heating of the feed
water is used in all steam turbine plants and significantly increases the thermal and overall efficiency of the
plants. The higher the steam parameters in front of the turbine, the greater the temperature range for which
condensate heating can be carried out, and the greater the effect of using a scheme with regenerative heating. It
was determined that the regenerative heating of the feed water in the cycle with superheated steam also increases
the efficiency, but the thermal efficiency of the regenerative cycle of superheated steam is always lower than the
efficiency of the Carnot cycle at the same initial and final temperatures. It has been proven that at the same
temperature of the feed water, the less underheating, the greater the work of the steam selection flow and the
higher the thermal efficiency of the installation, and the greatest effect from regeneration occurs when using
mixing type heaters. It is shown that regenerative heating increases the installation's efficiency for turbines with
back pressure only when it is carried out by additional steam consumption beyond what is required for
production. In turbines with adjustable withdrawals, regenerative withdrawals located after the industrial one,
based on the same amount of steam withdrawn, have a greater impact on the efficiency, and therefore sometimes
the use of regenerative heating of the feed water can lead to an increase in efficiency even with a slight decrease
in the consumption of steam to the consumer. The systematization and analysis of the existing methods for
assessing the thermal efficiency of power plants of various types is carried out, and the influence of energy
consumption on own needs on the efficiency of power plants is shown.
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AHAJII3 IIOKA3HUKIB AKOCTI EJJEKTPOCTAHIIN ITPH MOJIEPHI3AIIII

B poGoTi BCTaHOBJCHI CIIBBIAHOMICHHS, $Ki JO3BOJIIIOTh BH3HAYAaTH OCHOBHI TIOKA3HUKUA SKOCTI
€JICKTPOCTAHINIH TpH iX MOJEpHi3amii Ta PEKOHCTPYKIlii, O SKUX BiIHOCATHCS, HacaMIlepel, TEXHiKO-
€KOHOMIYHI TIOKa3HUKH, 10 MOXKE CKJIACTH OCHOBY IS aHaJi3y MOKa3HHKIB SKOCTI MojepHizamii. Busnaueni
OCHOBHI TNPUYMHM BUHHUKHEHHS NEPEBUTPATH MallMBa IIPH MOJEPHi3alii Ta PEKOHCTPYKILIi: BHMYyLIEHE
3MEHILCHHS! CHEPreTUYHOI'0 HABAHTAXKEHHS 4epe3 YacTKOBI Ta MOBHI BiIMOBM ii €JEMEHTIB Ta HOTipLICHHS
EHEePreTUYHUX XapaKTePUCTHK Ta XapaKTEPUCTHUK MIIHOCTI BHACHIIOK (Pi3MYHOrO Ta MOPAJIbHOTO 3HOIIYBaHHS
oOnasHanHsl. BceraHOBIIEHI 3ale)KHOCTI, SIKI BM3HAYalOTh PEHTAOCNIBHICTH MOJEpHI3alii Ta PEeKOHCTPYKLIT
oOJiasiHaHHs eneKkTpocTaHuii. HaBeneHi ButTpary, siki € CyMO0 piYHHMX BUTpAT 1 HOPMATUBHOTO IIPUOYTKY, TOOTO
XapaKTepu3yloTh BUTPATHY CKJIaZ0BY e€(EeKTUBHOCTI MOAepHi3alii. Bu3HaueHO 101aTKOBI BUTpATH NajkBa, sSKi
BUHUKAIOTh TIpW KOHcepBallii oOmagHaHHS. Bu3HaueHO, IO TOTIPIICHHS SKOCTI IMaauBa MPHU3BOAMWTH JIO
HEOOX1THOCTI 30UTBIICHHS IMiACBIYyBaHHSI Ta3oM abo MazyToMm. [Ipu 1boMy 301IBIIEHHS IIiJICBiTyBaHHS
NPU3BOJKUTH 10 30UIbIICHHS BUTPATH MANNBA, SIKE OB'SI3aHE 3 MiJCYIIYBaHHSM [1aJMBa Ta PO3MMICHHIM Ma3yTy.
TTokazaHo, Mo BHUTpaTH TMaJMBa, SKi MOB'SA3aHi 3 TEPEBUTPATOI0 TAIMBA MPU EKCIUIyaTallii eHeproOJIOKiB B
CTAIUX PeKUMax poOOTH MPU YaCTKOBUX BiIMOBAX, 3aJI€KaTh BiJl CEpEeIHHOI0 3HAYCHHS KOe(illieHTa KOPUCHOT
nii. HaBeneHo, M0 BUTpaTH €JIEKTPOSHEPTii Ha BIACHI OTPEOH 3HAYHOIO MipOIO 3aJICKUTh BiJl PEKUMY poOOTH
€HeproOJIOKy, Bill HOro HaBaHTakeHHS. YacTi MyCKM Ta 3YNUHKH €HEProOJIOKiB, 3HMIKCHHS Ta 301IbLICHHS
HaBaHTAXXCHHS MPU3BOJATD /10 3HAUYHKX MEPEBUTPAT MaJIMBa B 3aJISKHOCTI Bijl X 4acToTH i TpuBajiocti. TooTo
NepeBUTpPaTAa TajuBa 3aJICKUTh Bill poOOTH eHeprobioka (y Hepio MycKy Ta 3yHHHKH) Ta KUIBKOCTI IyCKiB Ta
3YIHMHOK.

KIIFOYO0BI CJIOBA: noxasuuxku sxocmi, eKOHOMIYHICb, eNeKmpOCmanyis, mMexXHiKO-eKOHOMIYHI
NOKA3HUKU, MOOEPHI3ayis, eHep2o30epedicents

Ax nuryBatu: Kantok I'. 1., Meseps A. 10., Bitep B. C., Mamora B. €., Hacupos C. B. AHaJi3 nmoka3HUKIB
SKOCTI  €JIeKTPOCTAHIIH Tpu MojepHizamii. Mawmnoodyoysanns. 2024. Bum. 34 C. 72-81. DOL:
https://doi.org/10.26565/2079-1747-2024-34-07
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IHocTanoBka mpo0seMHu Ta ii 3B'51I30K 3 BaXKJIMBHMH HAYKOBHMH Ta NPAKTHYHAMHA
3aBJaHHAMH

Y mpormeci ekcrutyatamii  00J1aHaHHS
€JICKTPOCTAaHIIIH BiAOYBa€eThCS WOTO MOpaJIbHE
Ta (hi3UYHE CTAPiHHA.

HamionansHa enepretnyna Crpareris
Yxpaian o 2035 poky mepenbadae HIopiuHi
IHBECTHITIITHI BKJIAJICHHS Ha PEKOHCTPYKITIIO Ta
MOJICPHI3AIII0 HasIBHUX CHEPTeTUIHUX
00'extiB, epeBaxHo TEC o0csrom 0mu3bko 1
mipx mon. CkiagHe eKoOHOMIUHE Ta iHaHCOBE
CTaHOBHIIE €HEPreTUYHOI Talry3i HE JO03BOJIIE
3a0e3neynTd  (PiHAHCYBaHHA 32 PaxyHOK
BJIACHUX HAKOMHMYEHb UM OFOJKETHUX KOIITIB.

OpHi€ro 3 KIIFOYOBUX TIPOOJIEM PO3BUTKY
EHEPIeTHKH € 3TyUYeHHS JOJaTKOBHX PECYpPCiB
SIK 30BHIIIHIX, TaK 1 BHYTpilIHIX. 3 OMNIALy Ha
1me MiHeHepro TPOBOIUTH  IOCIHITOBHY
MOJITUKY ~ 3ally9eHHS KOINTIB  1HO3EMHHUX
IHBECTOpIB Ta KpeAWTOpiB A pealbimiTamii
TeHEePYIUNX JOKepen €JIEKTPOCHEPTii.
Haitbinmbm JIOCTYITHUMU KpeIuTOpaMu
BusiBiiucs CBITOBHI O0aHK Ta €Bporeichkuii
0aHK PEKOHCTPYKLil Ta PO3BHUTKY, MOJITHKA
SKUX CIpsIMOBaHa Ha PO3BUTOK
iHQpacTpyKTypu Yy KpaiHax i3 MepexigHOIo
€KOHOMIKOIO.

MogpepHizallis  BHPOOHHIITBA IIPOBO-
TUTHCS 3 METOI0 YAOCKOHAJIEHHS
XapaKTepUCTUK EHEPreTHUYHOro OONagHaHHS,

sKe [Ie He BUPOOMIIO TEXHIYHUHN pecypc, aje 3a
TEXHIKO-€eKOHOMIYHIMH  TOKa3HUKaMH  He
BIJIMTOBi/Ia€ Cy9acHUM BHUMOTaM. MoJiepHizalis
MOXe BimOyBaTHCA B TepioJ KamiTalbHUX

PEMOHTIB EHEePro0JIOKiB, BKJIIOYAIOUN
PEKOHCTPYKITIIO BY3IIiB Ta €JIEMEHTIB abo ix
3aMiHy.

OCHOBHMMU 3aBIaHHSAMH MOJICPHi3aIlii
CHEePro0JIOKIB €:

- MIOBUINEHHA TEXHIKO-€KOHOMIYHUX
nmokasuukiB (KKJI, muromux Butpar, maivsa
Ta TETUIOTH);

- 3MCHIICHHS HETaTHMBHOIO BIUIMBY Ha
JOBK1JUIS BiZITIOBITHO JI0 M>KHAPOTHUX HOPM;

- IIABUIIEHHSI HAOIHHOCTI;

- 30UIBIIICHHS TEXHITHOTO PECypCy.

KoxxHe 3 mepemdeHWXx 3aBAaHb BHPIi-
IIyeThCS 3a JOTPUMaHHS BHUMOT, cdop-
MYJIbOBAaHUX y HACTYITHUX 3a7a4ax.
Hampukmnan: T IBHUIICHHS TEeXHIKO-
SKOHOMIYHHX TOKa3HUKIB Mae BinOyBaTHCS 3a
JOTPUMAaHHS BHUMOT €KOJIOTii, HaJiiHOCTI,
JIOBFOBIYHOCTI.

VY 3B’sA3Ky 3 TUM, MUTAaHHS BU3HAYCHHS
TEXHIKO-CKOHOMIYHHUX IMOKAa3HHKIB npu
MOJIepHi3allii OOJIagHAHHA € AaKTyaJbHOIO
3a/1avero Ta BiMIOBIAE CYIaCHUM TCHIICHITISIM
PO3BUTKY KpaiHU.

AHaJIi3 OCTaHHIX ToCTiTKeHb i myOaikamii

AHamizy Ta TIBUINCHHIO TEXHIKO-
exoHomiuyHNX moka3HukiB (TEII) TemmoBux i
ATOMHHX EJICKTPOCTAHIIIN MPUCBIYCHO BEIUKY
KUTBKICTh HAYKOBUX Ta HAayKOBO-TIPAKTHYHHUX
pobitr. [limBuWIEHHS TEXHIKO-CKOHOMIYHUX
MOKAa3HUKIB € OJHOI 3 OCHOBHUX 3ana4 Hooi
Crparerii po3BUTKY YKpaiHHM Ha TEpioa [0
2035 poky [1].

Baxxmsimmm MUTAHHSM, SIKOMY
MPUJTUISETHCS yBara, € aHaji3 Ta IiJBUIICHHS
TEXHIKO-CKOHOMIYHHX ITOKa3HHUKIB EJIEKTPOC-
TaHIil B crammx pexmMmax [2, 3, 4, 5].
Ilpoomutbest  kopekmist  TEIT  [6] Ta
EKCIICPUMEHTANIbHI  JTOCHI/DKCHHS 3 METOI0
nokparerass TEIT [7]. [ligBumryeTbest sSKiCTh
aBTOMATHU30BaHUX CUCTEM KepyBaHHS
TETUIOBHX €JICKTPOCTAHITIN MUITXOM YTOYHEHHS
KPUTEPiiB  ONTUMAIBHOCTI  TEXHIKO-E€KOHO-
MIYHHX TIOKa3HUKIB [8] Ta 3ampoBaKyIOThCS
3aX0/Y, IOMO TPAKTUYHOI peamizamii 3amaq
po3paxyuky Ta ananizy TEII [9]. OctanrimM
4acoM, BHACIIJIOK OOWOBUX i, aKTyaJIbHICTh

HaO0yBae  THUTaHHA  BIPOBADKEHHS  Ta
eKCIUTyaTalii po3MoMiICHUX EHEPrOCUCTEM, Y
3B’SI3KY 3 YUM, IIPOBOAWTHCS ONTHMI3allis
TEXHIKO-EKOHOMIYHHUX IMOKA3HUKIB JIOKAIBHUX
CHUCTEM EJIeKTPOXXHUBICHHS, B TOMY YHCIi 3
TpaH3aKTUBHUM KepyBaHHsM [10].

[TopymieHHsT IITATHAX PEKUMIB POOOTH
CIIEKTPOCTAHIIN MPU3BOIUTH 10 HEOOXiTHOCTI
MepeBeJeHHd 1X B MAaHEBPOBUM PEXUM.
Amnanizy, onrumizamii ta migBumeHHO TEIT
€JIEKTPOCTAHIIIH Ta OKPEMHUX EHEPToOJIOKIB B
MaHEBPOBUX PEKUMAaX MPHIISETECS BEIUKA
yBara [11, 12, 13].

Bepyun g0 yBarm  TpoekTH 3
PEKOHCTPYKITi Ta MOIEpHi3amii eIeKTpoc-
TaHLiW, $Ki OyAyTb BIPOBAIXKCHi, B TOMY
gucmi, €BporerickkuM CotozoM B YKpaiHi
micas 3aKiHYeHHS OOMOBHX Iiii, BCTAa€ MUTAHHS
CKOHOMIYHOI  e(D)eKTHBHOCTI  MOJCpHI3allii.
ToMy aHami3 TEXHIKO-€KOHOMIUYHUX MOKa3-
HUKIB E€JIEKTPOCTAHIIIH TMPH iX MoOIepHizamii
HaOyBae aKTyalbHOCTI.
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ITocTaHOBKA METH Ta 3aBJAaHHSA J0CTiIKEeHHS

MeTtoro po0OTH € aHaTI3 TEXHIKO-
€KOHOMIYHHX ITOKa3HHUKIB €JIEKTPOCTAHIIIH MPH
MOJICpHI3aIlii Ta peKOHCTPYKIIii, 1110 1aCTh
3MOT'Yy BU3HAYaTh €KOHOMIYHY €()EKTUBHICTh

MOJIEpHi3allii 3a pi3HUMU BapiaHTaMH
MOJEpHi3aIlii (4acTKOBa, TOBHA) Ta ITapaMeTPH
IHBECTHIIIIHOT TTPUBAOIIMBOCTI.

Bukian ocHoBHOTo MaTepiaiay

B  skxocti KpuTepiiB = €KOHOMi4HOI
e(heKTUBHOCTI IHBECTHITIN IPUWHATI: PUOYTOK
(I]) — edexT B aOCONIOTHUX BEIMYWHAX, STKHHA
orpumae TEC B pesynbraTi MonepHizanii. Bin
XapaKTepU3y€eTbCcA IEPEBUILCHHAM JO0XOJiB
TEC w©am BuTpaTamMH 3 BHPOOJICHHA Ta
BIJIITyCKY TETJIOBOI Ta €JIEKTPUYHOI €Heprii.

Jist ouinky mpuOyTKY MIOPIYHO ab0 JUIst
XapaKTEPHUX POKIB PO3PAXyHKOBOTO IEPiomry
(mepmmx  poOKiB  eKCIUTyaTallii, HaWOUIBII
npuOYTKOBOTO POKY, KiHIIA MEPIOAy), a TAaKOXK
JUIS IHBECTHINIMHKUX IPOEKTIB 3 HETPUBAIHMMH
tepMmiHamu  OymiBHuiTBa (1-2  poku) Ta
NPaKTUYHO TMOCTIHHUMHU LIOPIYHUMHU JI0XO-
JaMH Ta BHUTpaTaMH, 3pyYHHM KpUTEpIEM
e(DeKTUBHOCTI  KamTaAIbHUX  BKIAICHL €
YUCTUH PIYHUHA TPUOYTOK:

1= ﬂ -3 ) (1)

Ie /[ — BapTICTh peati3oBaHOl MPOXYKIIil
Ta iHII JOXOXM TPOTATOM POKy; 3 — piuHi
BUTpaTH Ha BUPOOJICHHS EJIEKTPOCHEeprii, sKi
CKJIQ/Ial0THCA 3 HACTYITHUX EJIEMEHTIB!

3=B+EK, 2)
ne B — mopiuHI  eKCIuTyaTalliifHi
BHUTpaTH (BKITFOUAIOUH aMopTH3aIliitHi

BijpaxyBaHHsS Ha peHoOBauUilo); £ — Hopma
mpuOyTKy (0aHKIBChKa BIJICOTKOBa CTaBKa); K
— KamiTaJlbHI BKJIAICHHS Y TIPOEKT.

PentaGenpHicTh (R), Ka y CBOIO 4epry
MOJINSAETECA HA JIEKITbKAa BHIIB: peHTa0eNb-
HICTh IHBECTHIIIH, TUCKOHTHA PEHTAOCIIbHICTH
IHBECTHIII, 3arajbHa pPEHTA0CNBHICTH 32
npuOyTKOM,  BHYTpIIIHS  HOpPMa  pEHTa-
OenpHOCTI, BimoOpa’kae 4YacTKy BHTpaT, IO
MMOBEPTAETHCS IIOPIYHO Y BUTIIAMI TPUOYTKY
TEC abo AEC:

I
R=—. 3
K ®)

[lepion moBepHennst kamitany (7)

(TepMiH  OKYNHOCTI  IHBECTHIiH,  SKHH
BKJIAJICHO B MOJICPHI3aIIII0):
|
T=—=—. 4
R K

Skmo Tmepiofg TOBEPHEHHS KalliTamy
MEHIIIMKA 3a TEPMIH CIOyXOW, TO IHBECTHIIIi
MOJKHA BBa)aTH e(eKTHBHUMHU.

HaBeneni Butpatn (3), siKi € CyMoOIO
piuHuX BUTpAaT (co0iBapTOCTi) i HOPMATHBHOTO
NpuOyTKy, TOOTO XapaKTepH3YIOTh BUTPATHY
CKJIaJI0BY €(heKTUBHOCTI MOJICPHi3aIlii.

Po3mip, mo Xapakrepusye HIKHIO
OJIMHUIIIO BapTOCTI pPeaji30BaHOI MPOMYKIIii,
KON BiH 3IIHCHIOE I1HBECTHINI PIBHOIIIHHO
ANMBTEPHATUBHOMY pO3MIIICHHIO KammiTaly 3
HOPMAaTHBOM €(PEeKTUBHOCTI £

3=EK+21, &)
ne K — kamitanbHi BKIameHHsd, [
IIOPIYHI BUTPATH HA BUPOOJICHHS €IICKTPUIHOL
Ta TerioBoi eHeprii Ha TEC, mo BKIIOYAOTh
aMOpTHU3aLiiiHi BijpaXyBaHHS Ha PEHOBALIIIO.

Hapeneni BHWTpaTH € CyMOIO PIYHHX
BuTpaT (cobiBapTOCTI Ta  HOPMATHBHOTO
npubytky). ILlopiuni  BuTpaTH  MOXHa
BU3HAYUTH 32 TAKOIO (POPMYIIOIO:

XI=I_+1+I  +I +1, L+

€KOIT
(6)
CtpykTypa BHTpaT Ha BHPOOHHIITBO
eneprii Ha TEC, sk 3araabHOI TEXHOJOTIYHOT
CXeMH, TaK 1 TIJCHCTEMH Ta OKPEMHX
€IEMEHTIB  OJHAKOBa 1 CKJIANa€TbCs 3
HaWO1IBIT XapaKTEPHUX CTaTEH.
YkpynHeHa cyMa BUTPAT Ma€ BUTIISI:

Zli :IKi +IT[ +Ie1<ci . (7)

OpHak, BpaxOBYHOUM 3HAYCHHS [0
BHMOT €KOJIOTii Ta HaIifHOCTI 3poCTae,
BUHHUKAE HEOOXITHICTH y BUJIJIEHH]
(BimOKpEeMIICHHI) BUTpAT Ha IIi CTATTi:

XL =1,+1 +1 ,+1. . +1,, (8

eKci €KON

ne [I. — BurpatH TOB's3aHI 3

Il
HAJIMHICTIO, SKI MOXYTh BXOJIUTH JI0 CKJIATY
OyIb-SIKMX 3 BHIIE IIEPEPaXxOBaHUX BUTPAT.
Aie KOMITJIEKCHUH MAX1T bi o)
ontuMizanii morpebye BUAiIEHHS BUTpAT [ y

camocTiiHy  crattio.  CTaTTiO  BUTpar,
TTOB'SI3aHUX 3 aMOpPTH3AI[ITHUMHU
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BinpaxyBaHHamMu  ([/,), Amd  OKpeMHX

MiJICUCTEM Ta C€JIEMEHTIB BU3HAYUTU BaXKO,
aje TpW TIOCTANHIA Ta  IOCIIEMEHTHIN
onTHUMIi3amii I CKJIa0Ba HEOOXiaHA.

Butpatn mnamuBo, € OCHOBHUMH st
TEC. BoHr BH3HAYamOTBCSA 3 ypaxyBaHHSIM
HaWIMOBIPHIIIIUX  BapiaHTIB  BUKOPHUCTAHHS
EHEPreTHYHOTO YCTATKYBAaHHS €HEeProOIOKiB.

Piyni BUTpaTH Ha ManuMBO 3aJieXKaTh Bij
BHUTpPATH TAJINBa, HOTO BUIIB, IKOCTI Ta IIHU:

:Zl:Bri.HTi’ (9)
1

ne B, — Butpara i-ro BHIy manuBa, 3a
aHani3oBaHMH mepiox, T; [] . — BapTicTh i-TO
BUJy TaJlMBa, 3a TEPiOf, IO PO3TIISIIAETHCS,
TPH/T

3arampHa =~ BUTpaTa  HATypPajbHOTO

MajnBa eHeprodIoKa Moxke OyTH BH3HAUCHA 32
(bopMyJIOIo:

ZB =YB = 2123QHy -10°E,,
7701 nci
(10)
P

re (), — TEIIOTAa 3TOPSHHS i-r0

namuBa, kJDx/kr; E = ZM -7, — KIIBKiCTb
EJICKTPOCHEPTii BUPOOJCHOI HA i-My TMaJNBi,
kBT'ron; 7, —4ac poOOTH Ha i-My NauBi, FOJ.

Jis BU3HAYCHHS BUTpaTH TNaldBa Ha
TEC, 3 ypaxyBaHHSIM 3MiHH HaBaHTaXCHb,
MyCKO-3yIMHHNX  ONEpalii,  KOHcepBarii
o0agHaHHSA, a TaKOXX 3MIHM SKOCTI IIaJIiBa
MOYKHA CKOPUCTATHCS BUPA30OM:

Y
AB, =3B, -B=| 1B %
ncqi QH
P
QH;’ r Z N _ E
QH 770'{1' 770

3a pmomomororo dopmyiu (13) moxna
BU3HAYaTH 3MiHYy BUTpATH TNalluBa, SK TpHU
MepEeBE/ICHH]  €HEepro0Jioka Ha IOCTIHHHA
(TpuBanuMii) peKMM eKCIUTyaTamii, Tak 1 Ha
TUMYACOBUH, M0 BHUKIIMKAETHCS MPUBATHUMH
BiJIMOBaMH B CHEPTEeTHYHOMY 00JIaTHAHHI.

Ilpu KOpOTKOYWAacCHUX, aJie YacTUX
3HIKCHHSIX HaBaHTaKEHHS HEOOXiTHO Bpa-
XOBYBaTH 30UIBIIEHHS BHTpaTH TajliBa B

pesynbTaTi IycKO-3ymuHHUX omnepauiil (AB

), TOOTO JUIS LILOTO BHUIIAIKY:

2B =B +AB,+AB_+AB,_ +AB,,
(1)

ne 2B, - Butpara namusa Ui

3a0e3MmeueHHs MOPOEKTHOT'O HABAHTAXKCHHA, T,

AB _

A BTpPaTH

(mepeBuTpaTa) MaluBa,

IOB'S3aHi 31 3MIHOIO HaBaHTaXeHHS, T, AB &~ —

BTpaTu najJimBa npu IIYCKO-3yIIMHHUX

T, AB_ — Brpatu mnanuBa

oTeparLisx, e

BHACITIJIOK TPUBAJIOTO pe3epBY (KOHCEpBaIllii),
T; ABQ — BTpaTH TMajudBa BHACIIJIOK 3MiHH

SIKOCTI, T.
[Ipu TpUBAJiH eKCIuTyaTartii
CHEepro0JIOKiB Yy  pEeKMMax  YacTKOBHX

HaBaHTA)KCHb, OOYMOBIICHHUX CTapiHHAM Ta
3HOIIIYBaHHAM  oOjamHaHHS, BiZOyBaeTbes
30iJBIIICGHHST BHUTpPAaTH TaliBa  BHACIIIOK
3HIDKCHHS €KOHOMIYHOCTI [8].

Y 1pOMYy BHIAAKY BUTPATH MAJIBHOI'O
MO’KHA BU3HAYMTHU TaK:

B =Sh . Z:123 Qiy
.

ac buii IIUTOMa BHUTpaTa IaJiMBa IIPpU

N,-7,-10°, (12)

Y4aCcTKOBOMY i-My HaBaHTaxkeHHI; 77, . — KKJ|

CTaHIli TIPH i-My YaCTKOBOMY HAaBaHTa)KCHHI;
T, —4ac YaCTKOBOT'O i-F'0 HABAHTAKEHHS.

3MiHa BHTpaTH MNajuBa TOPIBHSHO 3
HOMIHAJIBHUM peXUMOM (IN) 3a mepioa dacy
7 =2.7,, Gy/e NpeJCTaBIATH Pi3HHULIO:

12305,
n. O

Nz |-10° =

=123N

O, (sN, 1 1 ()

Z i, - .10—6

P

QH N 77 cui 770

AB_=AB +AB_ . (14)

3navenns  KKI  (77.;)

BH3HauaTHcs abo 3a JOMOMOTOI0  EHep-
TeTHYHUX XapaKTEPUCTUK EHEProOJIOKiB abo
AHATITHYHO.

BTrpatn manmBa 3a yac  3amycky
EHEPro0JIOKy BH3HAYAIOTHCS ILIAXOM IiJICY-
MOBYBaHHS BTPAT Ha €JIEKTPOCTAHIIII:

MOXYTh
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AB =1 (15)

Ipu wusomy AB' cknanaerbes i3

T
CyMapHHMX BHTpaT BiacHe namuBa (AB;),

MajuBa Ta OTPUMAHHS TEIIOBOI CHEprii Bil
CTOPOHHBOTO JDKepena (Ha 3a0e3NedeHHs

nycky) (AB') Ta nanuBa Ha €NEKTPOCHEPrito
Biz noOynoBatoro mpkepena (AB;) To6ro:
AB™ =AB' +AB" +AB’.  (16)

[lpuiimaroun eOWHUN  e€KBiBaJeHT —
YMOBHE NaJIMBO, MAEMO:

T p -3
AB'= B -0, 107
29,27
[lepeButpaTa manuBa, BUTPAYCHOrO HA
OTPUMAaHHSI TIAPH BiJl CTOPOHHBOTO JuKepena (3
BinOopy TypOiH):

, T, (17)

"(h -h')E 107
ABin:ﬂz ( i K)én , T, (18)
n.-29,27
ne [ — cmoxuBaHHSA mapu Ha i-My
etami, T, h,h. — euramnii mapum Ta
h,—h,

kounencary, kJbk/kr; & =y —2= h -

KoeQIIieHT TEIIOTH rmapu BizmOOpY;
h —h

h h"fB — KOe]illieHT HEeTOBHUPOOICHHS

napu Bigbopom; ho, hr, Ik, hu, Bor, haw —
BIJIMIOBIAHO, €HTAJIBIII TOCTPOi Mapu TypOiHH,
temtodikaiiHOro BigdOpy, napu Ha BUXJIOMI
3 TypOiHH, KOHACHCATy Iapu BimOopy,
JKMBWJIBHOT BOJM TPH BUKOPHCTAHHI Mapu Bij
KOTeJBHOI ycTaHoBkH & =1, T00TO:

"(h —h')-107
ABI,H — /ZZZ ( T K)
n-29,27
IlepeBuTpaTa mnanuBa Ha OTPUMAHHS

€JICKTPOCHEPTii BiJl CTOPOHHBOTO JDKepea Ha
3MIHCHEHHS MTYCKY:

,  (19)

ABf = E™ —— 123 10°, T (20)

776.131'[
BIT see .
ne E;° — BuTpaTn enexrpoeHeprii Ha i-
1 nepiof mycky, KBT-rox; 77, — €lNeKTpUYHHIA

KKJI eneprobioky, mo 3abe3nedye myck.
IToBcrofiHE  3HWXKEHHS  BYTUIBHOTO
IPOMHCIIOBOTO BHPOOHUIITBA, 3aJIUIIAIOYHChH

BU3HAYAJIBHOIO TEHICHLIEID Ha Cy4acHOMY
eTarmi Ta B HaWOMWKYIA  TEepPCIEKTHBI,
NpU3BEIO0  JO  CYTTEBOTO  CKOPOUCHHS
CHEeProIocTavyaHHs Y BUPOOHUYMX rairy3sx. Sk
HaCIIIOK, CIIOCTEPITAETBCST  30UTBIICHHS
TPUBAJIOCTI TIPOCTOI0 OCHOBHOTO OOJIaTHAHHS
TEL, TEC ta AEC [6].

OcHOBHe eHepreTHYHe O0JIaHAHHSA, 1110
BHBOJUTHLCSA 3 Jii, 3HAYHOIO MIpOIO MiITAETHCS
TaKk 3BaHIA CTOSHKOBIM Kopo3ii. Kopo3iitai
MOIITKO/PKSHHS 32 CBITYCHHSM BITYM3HSAHUX Ta
3aKOPIOHHUX eKCIUTyaTaIlHNKIB ~ Pi3KO
3HIDKYIOTh ~ HAQIIMHICTP Ta  JIOBIOBIYHICTH
o0JalHaHHS Ta MOXYTh HPU3BOIWUTH 30KpeMa
710 BaXKKHX aBapiil TypOoarperatiB. ¥ 3B'SI3Ky 3
mnM, «lIpaBmmamm TeXHIYHOI eKcInTyaTtarii
EIEKTPUIHHX CTaHLIH i MEPEHK»
PEKOMEHIY€EThCS TP BUBEIEHHI TYypOiHM B
pe3epB Ha 7 110 1 OiIBIIIEe BXXUTH 3aXOMIB IS 1l
KOHCEepBaIlii.

OCHOBHI 3aX01¥ Ta BUMOTH A0 METOIIB
Ta 3aco0iB  KOHCepBalii E€HEePreTHIHOTO
oOJaHaHHS:

- BOHM NOBUHHI HafiiiHO Ta e(eKTUBHO
3abe3mneyyBaTH 30epiranis BUpoOiB MPOTIroM
3aJIaHUX TEPMiHIB KOHCEPBAIIil;

- OyTH BUCOKOTEXHOJIOTiYHHUMH, TOOTO.
HE BHUKJIMKATH  YCKJIQJHEHHS  IPOIECIB
KOHCepBallii, po3KOHCEpBAIlii Ta IOTISALY 3a
BHpOOaMH B TIepioJ IXHBOTO BHMYIIIEHOTO
MPOCTOI0;

- HE YMHUTH HETaTUBHOTO BIUIMBY Ha
1HIIII MaTepiay B TIEPi0]] KOHCEPBAIil;

- BIAMOBiAaTH TUPUHHATAM HOpPMaM
Oesneku (BUOYXO- Ta TOXKEKOOE3MECUHICTD,

HETOKCHYHICTB, €KOJIOTIYHICTh) Ta
€pPTOHOMIYHOCTI;

- OyTH eKOHOMIYHO BWIiIHUMH Ta
Hene DI THIMH.

Amnari3 BCHOTO CIIEKTpa 3amn-

pPOTIOHOBAaHWX HWHI METOMIB 1 3aco0iB
KOHCEpBallii EHEepreTHYHOro YCTaTKyBaHHA
MOKa3ye, IO MOIIYK ONTHMAaJbHUX IUIAXIB
BUPILLIEHHS 3a3HA4€HOI MPOOIeMH 3aBEPIICHO 1
Ma€  3AilCHIOBaTHCA 3  ypaxyBaHHAM
KOHKPETHOT'O TUITY yCTaTKyBaHHS.

Icayroui cmocoOm KoHcepBarlii MOXKHA
YMOBHO PO3IUIUTH Ha «MOKpi» Ta «cyxi». J{o
TIePIIMX BITHOCHUTHCS 3alOBHEHHS 00'eMy, IO
KOHCEPBYETBCS,  CICHIAIbHUMH  BOAHUMH
po3uMHaMU iHTi0iTOpiB aTMOchepHoi KOpo3ii.

3anexxHO Bim cmocoby  KoHcepBaii
CHEePreTUYHOro  OOJIQJHAHHS,  3MIHIOETHCS
BEJIMYMHA BTpAT MaJINBA.
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[lpu «rapsuiit» KoHcepBalii Mapolo,
JOJJaTKOBa BHUTpaTa YMOBHOIO IaJMBa MOXeE
OyTM BHW3HAuUEHA 3aJCKHO BIX JKepena
oTpuMaHHs mapu (3 BigbopiB TypOiHM abo
KOTEJIFHOI YCTAaHOBKHM) 3a JOTIOMOTOI0 (hopmyit
(10) Ta (11).

Burpata €IEeKTPUYHOL eHeprii
oOmagHaHH:M, siKe epe0yBae Ha KOHCEpBallii,
MPU3BOIUTH TAKOX N0 30UIBIICHHS BUTPATH
naguBa Ha TEC (eHepro6iokax IO MIiIOTh).
HonatkoBa BUTpaTa majauBa MPH LEOMY MOXE
OyTu Bu3Ha4eHa 3a ¢popMmyoro (20).

TakuM 4YMHOM, CyMapHa J0JaTKOBa
BUTpaTa YMOBHOTO MHajluBa Ha Yac «rapsioi»
KOHCepBallii CTAHOBUTUME:

ﬁ B — ﬁ BH €
KOHC KOHC + ABKOHC s (21)
pa{s AB,?OHC — JI0JaTKOBa BUTpaTa najanBa

Ha oTpuMaHHs mapu, T; AB.

KOHC

— JI0JIaTKOBa

BUTpATa MMajiruBa Ha GJ'ICKTpOGHepFiIO.

OnamoBallbHi ~ TPUCTPOI  KOTEIBHUX
YCTAaHOBOK MAalOTh ONTUMAJIbHI MOKa3HHKH
TUTEKH pu CTIATFOBaHH1 TIaJIvBa,

nepeadaueHoro MpoEKTOM.

BigmiHHICTS BHIIB MMalnuBa MPU3BOIUTH
JO CYTTEBOTO BIUIMBY Ha BTpPaTH BII:
MEXaHIYHOTO HeJonany (qs4); 30BHIIIHBOTO
OXOJIOIKEHHS (¢5); TETJIOBUX BTPAT i3 HIJTAKOM
(g6). Tlopyd i3 mHM, SKICTH IMaguBa iCTOTHO
BIUIMBAE Ha BUTpPATy C€HEPrii Ha BJAcHI
notpebu KkoTeiabHuUX ycranoBok 1 TEC
3arajom, TOOTO pu MMOCTIHHOMY
HaBaHTaXeHHI (KoTenbHI yCTaHOBKH ((Q)),
3MiHa SKOCTiI mayivBa (30J1bHICTh A, BOJOTICTH

W, temwnotu 3ropsuus) OF) mpussoauth 10
301BLICHHSl BUTPAaTH TMalMBa Ha BEIMYUHY
ABQ,? [11].

CymapHuit IepeBUTpaTa NajauBa
3QJICKATh BiA 30UTBIICHHS BTPAT (3HIKCHHS

KK/ 6PYTTOA775; ) Ta 30UTBIIICHHS BHUTPATH

exrextpuuHoi exeprii (Acr, ). Burpara nanansa

TIPY HOBOMY PEXKHMIi CTAHOBHTHME:
o _ o
By = o (22)
O, My

6
10670 3rmKkenns OF <OF ta KK 7,5
G .
<N, mpu QO =0 =const Binbynercs

301TBIITEHHS BHUTpATH TajuBa Ha:

9, 9 apR-gf

a0o0 BINIOBITHO, B YMOBHOMY ITaJINBI:

QP
ABY  =ABY —
ky; (y) Ky; p’
Hy

(23)

36inpmenns Butpath mammsa  AB
MoB'A3aHEe 31 30UIBIICHHSM BUTpaTH Mapu Ha
MiICYITYBAaHHS T1aJUBa, POMMJICHHS Ma3yTy i
T.I.

30UIbIICHHST BHTpATH TaluBa AB]fy_ ,

BHACJIIIOK 301IbIIEHHS (X, MOKHA BU3HAYMTH

3a GopMYyIIOIO:

AB;, =AE, 123 1o

(&

, T.y.1I, (24)

ac

BIT BIT

f EBH __ B0 __ poBO __ p7BI KYi
Ky, EKy, EKy - EKy E™ BIl

Ky aKy

Kpim 1165010, TTOTIpIIICHHS SKOCTI TAJIMBA
MPU3BOJUTh J0 HEOOXIHOCTI 30UIBIICHHS
mifgcBiuyBaHHS razoM abo waszytom. [lpum
IEOMY 301IBIICHHS ITiICBITyBaHHS
MIPU3BOJIUTE 0 30UIBIICHHS BUTPATH TAJTHBA.
TakuM YHHOM, TOTIPIICHHS SKOCTI MaJHBa

MPU3BOIUTL 110  30UIBIICHHS  BTpaT B
€KBIBAJICHTI MMaJIHBa:
— op e
AB o = ABKYM + ABKy[_ . (25)
TakuM 4wHOM, 3aralibHa  BUTpaTa

yMmoBHOTO TanuBa (11) Moke OyTH BH3HAaUYEHA
3a nomomororo ¢opmyn (18), (19), (20), (21),
.25).

3 ypaxyBaHHSIM KOHKPETHHX YMOB
excruryatarii TEC, okpeMi CKJIamoBI MOXYTb
JIOPIBHIOBATH HYJIIO.

Hamnpuknan: ABQp =0, sxmo QOF =07

AB =0 gxkmo 6moxk He

=const; COHC
3YIIUHAETBCS Ha Tepiox Ounbine cemu mio;

AB =0, sxmo Omox Hece 0asoBe

3aBaHTaKCHHS.

[pu TpuBaiit excruryatawmii (N,, <N,)
IIPU YaCTKOBHX Ta TOBHUX BimMoBax Ha TEC i
AEC BinOyBaeThCs IepeBUTpaTa NajauBa 4epes
moriprmenns ix KK/,

[lepeButpata mamuBa AB Moxe OyTH
BUKJIMKaHa BOMA IPUYHHAMU:
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- BUMYIIICHUMU 3MCHIIICHHIMHU
SHEPreTUYHOTO HABAaHTAXCHHS EHEeproOJioKa
abo eNIeKTPOCTAHIIl Yepe3 YacTKOBI Ta TOBHI
BiZIMOBH ii €JIEMEHTIB, IiJCUCTEM;

- NpU  TOCTYIIOBOMY  3HIDKEHHI
mapamMeTpiB Ta TOTIPIICHHI EHEPTreTHIHUX
XapaKTePUCTUK Ta XapaKTePUCTHK MIIHOCTI
BHACHiAOK (i3MYHOr0 Ta MOPAIBHOTO 3HOIIY-
BaHHA oOOnmagHaHHsS (1I€¢ TPHU3BOAUTH O
3HIDKCHHS TIOTY>KHOCTI €HEproOJIOKy Iopi-
BHSHO 3 HOPMaJIbHO PO3PaxXyHKOBOK Ta
T IBUIIICHHS TUTOMIX BUTpPAT I1aJINBA).

Uepe3 BiifHy TIEpeBUTPATH I1ajJuBa
BinOyBaeThCsl 30UIBLICHHS PIYHUX BHUTPAT 3a
MAJIUBO:

Rm
A[T :zgl'.T .ABT’ (26)
r=1

ne 3 — HaBelCHI BUTPATH HA [AIHMBO Y
aHa30BaHUN TIEPioA T; ABT — IepeBUTpaTa

majuBa B IEpiof 7.
[lepeBuTpaTa mamMBa 3alIEKUTH Bij
MUTOMUX BHTPAT TAJIUBA;

AB =bE =b -N_ -7, (27)

ne b — nwmroma Butpata mnamusa
KT
EHEPro0JIOKOM, .
kBT -roxa
Sk B1JIOMO, ITUTOM1 BUTpATH
HATYypaJIbHOTO MaJIMBa MOB'sI3aH] 3a1eKHICTIO:
p
= Y
br - bry p ° (28)
O,
0,123
ne b,=——— - mmToma BHTpaTa
UCT
KI.y.I
. P : p
ymosHoro mamisa, ————; Op i O —
KBT-roz

BceraHoBieHI TpUYMHM  [IEPEBUTPATH
najuBa MpH MOJEpHi3alii Ta pPeKOHCTPYKIi,
OCHOBHUMM 3 SIKUX €:

- BUMYIIICHE 3MCHIIICHHS CHEPTeTUYHOTO
HABAaHTAXKCHHS EHEeprodJioka abo eJIeKTpOoC-
TaHIl Yepe3 4YacTKOBI Ta IOBHI BiJIMOBHU ii
€JIEMEHTIB, IiJICUCTEM,;

- 3HI)KCHHS MapaMeTpPiB Ta MOTipIICHHS
SHEPreTHYHUX XapaKTePHCTUK Ta XapakTep-
PUCTUK MIIHOCTI BHACTIIOK (Di3UIHOTO Ta
MOPAJLHOTO 3HOIIYBAaHHS oOONamHaHHSA (11¢
NpPU3BOJIUTh N0  3HWKCHHS  TOTY)KHOCTI

HIDKYa TEIUIOTa 3rOpSHHS MajiBa, YMOBHOTO
Ta HATYPaJLHOrO BiAMOBIAHO, KJ[X/KT.

KKJI eHeproOiioky 3 BUPOOJCHHS
CJIEKTPUYHOT EHeprii:

77CT = 771<yr ) 77Tyr ’ 7711).1 ’ 77rr (1 - aBHT) > (29)

e 77](_\/1" nTyr’nTp.r’T]rT’ aﬁnri
BignoBigHo KKJI kortensHOi Ta TypOiHHOT
YCTaHOBOK,  TPAHCIOPTY,  EJIEKTPUYHOTO

TeHepaTtopa Ta 4YacTKa BHTPATH EIeKTPUIHOI
eHeprii Ha BIacHI MOTpeOM EHEepProOJIOKYy B
nepiof .

Takum ywmHOM, K BHIHO 3 (26)-(29)
BHUTpAaTH, TOB'S3aHI 3 TEPEBUTPATOIO TAJIMBA
Npy  eKCIUlyaTamii €HeproONoKiB B CTaJUX
pexkuMax poOOTH MPH YacTKOBHX BiMOBax,
3ayiekaTth Bif cepemnporo 3HadeHHs KKJI 3a
nepiof .

Crig 3BepHYTH yBary Ha BIUTUB BUTpaT
Ha MOTPpeOM eHEeproOJIOKIB Ha IEPEBUTPATY
rmanuBa. Sk BiOMO, BUTPATH €ICKTPOCHEPTii
Ha BJIACHI TOTPeOU 3HAYHOIO MIpOIO 3aJIeKHUTh
BiI pexuMy poOOTH eHeprobJIoKy, Bif Ioro
HaBaHTAXCHHSI.

YacTi mycKku Ta 3yNMHKHA €HEeProOJIOKiB,
3HW)KGHHS Ta 30UIbIICHHS HaBaHTa)KCHHS
MOXYTh OyTH BHKJIHKAaHI: YacTKOBOIO Ta
IIOBHOIO BIJIMOBOIO €JIEMEHTIB Ta IIIJICHCTEM;
rpagiku CIIOKUBaHHS €HEPTii.

Yacti pexumu  poOOTH  3YNMHHKH
MPU3BOJIATE JI0 3HAYHKX MEPEBUTPAT MAUBA B
3aJIeKHOCTI BiJ iX YacTOTH 1 TPHUBAJOCTI.
ToOTo MOKHA 3aITUCATH:

zZ

ZBHT:Zzibﬂ.Nen‘.z—i’ (30)
=1

1
HepeBUTpaTa TaluBa 3aJlCKHUTh  BiJ
pobotu eHeproOioka (y mepioJ MycKy Ta

3ynuHKM) 7, y pexumax b, >b i N_ <N,

Ta KiIBKOCTI MYCKiB Ta 3yIHHOK Z.

BucHoBKH

CHeproOJIOKy  MOPIBHSHO 3 HOPMAalbHO
PO3PaxyHKOBOI Ta IMiJBUINECHHS MUTOMUX
BHUTpAT MAJINBA);

- IOTIPIIICHHS SKOCTI MaJINBA.

Butpatu, moB's3aHi 3 NepEeBUTPATOIO
NaJuBa IpH eKCIUTyaTalii EeHeproOJoKiB B
CTAIUX pEeKUMax POOOTH TPH YACTKOBHX
BiIMOBaX, 3aJIe)KaTh BiJ] CEPETHLOTO 3HAYCHHS
KKI.

Butpatn emekrpoeHeprii Ha BiacHi
moTpeOW 3HAYHOIO MIpOI0  3aliekaTh  Bif
peKMMy poOOTH €HEproOJIOKy, Bim HOro
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HaBaHTaxXeHHs. YacTi Mycku Ta 3YIMUHKH
EHEproOJIOKiB, 3HIDKEHHS Ta 30LIbIICHHS
HABAaHTAXKCHHS TPU3BOAATE JIO  3HAYHHX
MEPEeBUTPAT TMajuBa B 3aJIOKHOCTI Big IX
yacTOTH ¥ TpuBanocti. ToOTO mepeBUTpaTa
MajrBa 3aJICKUTEH Bil poboTH eHeprobioka (y
MepioJI IMyCKy Ta 3yIUHKN) Ta KUTBKOCTI ITyCKiB
Ta 3yMTHUHOK.

IloripmeHHs SIKOCTI TaTMBa MPU3BOIUTH
10 HEOoOXiTHOCTI 30UTBIICHHS TiACBITYBaHHSI
ra3oM abo masytom. [Ipu 11bOMy 301NIBIICHHS

MiJICBIYyBaHHS MPHU3BOIUTH 10 30UIBIICHHS
BUTPATH MajuBa. TakKUM YWHOM, IMOTIpIICHHS
SIKOCTI TIaJIUBA TPHU3BOJIUTH 1O 30UIBIICHHS
BTpaT B SKBiBAJICHTI MaJIUBA.

BcTanoBineHi  CHIBBIAHOLICHHS,  SIKi
JIO3BOJIAIOTG BH3HAYATH OCHOBHI ITOKA3HHUKH
SIKOCTI €JICKTPOCTAHITIH TIpH 1X MOAEpHi3aIlii Ta
PEKOHCTPYKIIi1, 110 MOXKE CKJIACTH OCHOBY IS
aHaizy e(heKTHUBHOCTI MOJICpHi3aIlii
€JIEKTPOCTAHITIH.

Konduikr inTepecis

ABTOpH 3asIBIISIOTH, 10 KOH(MIIKTY IHTEpeciB 1moa0 myoiikamii pykonucy Hemae. KpiM toro,
aBTOPH TOBHICTIO JOTPUMYBAJIWCh €THUIHUX HOPM, BKJIIOYAIOYM IUIAriaT, (anbcudikaiiro JaHuX Ta

MOJIBIHHY IyOJIiKaIIif0

Cnucok eukopucmanoi rimepamypu

1. Besneka, eHeproe(eKTHBHICTh, KOHKYPEHTOCIIPOMOXKHICTB : HOBAa EHEpreTHYHa CTparerisi YKpaiHu 10
2035 poky. — Pexxum moctymy : https://niss.gov.ua/sites/default/files/2015-04/Energy%20Strategy.pdf (mata
3BepHeHHs 8. 10. 2024)

2. 'K 34.09.103-96 Po3paxyHOK 3BiTHHX TEXHIKO-€KOHOMIYHHX TIOKa3HHUKIB €JIEKTPOCTAHIIl Tpo
TEIJIOBY  €KOHOMiuHicTh  oOmagnHanHs.  Meroauuni  Bka3iBkM. —  Pexum  pocrymy
https://online.budstandart.com/ua/catalog/doc-page?id_doc=61080 (mata 3BepueHHs 8. 10. 2024)

3. Jy6oBcbkuii C. B. TexHIKO-€KOHOMIYHI OIIHKM MEPCIEKTHBHUX NPHPOLOOXOPOHHHUX TEXHOJIOTIH
TerioBoi enepretukn Ykpaiau / C. B. Jly6oscekuii, B. C. Kobepauk // IIpobiieMu 3araabHOi €HEPTeTHKHU. —
2013. — Ne 2(33). — C. 49-56.

4. 3amosnoBa 0. C. ExoHOMiuHI Ta comiaibHi IPoOJIEMH PO3BHTKY TPOMHUCIOBOCTI : MoHOTpadis / TO.
C. 3anosnosa ; HAH Ykpaiuu, [H-T ekoHOMiKH npomuciioBocTi. — Kuis, 2017. — 288 c.

5. Automatic Control System for Thermal Power Plants Based on Artificial Intelligence / Qi Wang //
Conference: 2023. International Conference on Electronics and Devices, Computational Science (ICEDCS).
— 2023. DOI:10.1109/ICEDCS60513.2023.00027

6. Jo6unk JI. M. Koppekiusi aBTOMaTH3UPOBAHHOTO pacyeTa TEXHHUKO-dDKOHOMHUYECKHX TOoKa3aTesel
sHeprodsioka / JI. M. Jliobuuk, I'. JI. [punGepr // BicHuk HamioHanbHOro TEXHIYHOTO YHIBEpCHUTETY
«XapKiBCbKUH MOJITEXHIYHUH IHCTUTYT». TematuyHuii Bumyck: CHCTEMHHH aHalli3, YNpaBIiHHA Ta
iHdopmaIiifHi TeXHONOTI1 : 30. HayK. mparp. — XapkiB : HTY «XIII», 2006. — Bumn. 19. — C. 45-52.

7. Alpeev A. S. Automated Control and Safety of Nuclear Power Plants / A. S. Alpeev // Atomic Energy.
—2001. - Ne 90(2). — C. 109-112. DOI:10.1023/A:1011344806693

8. [Migumenns sikocti ACY TEIIOBHX €IEKTPOCTAHINN NIITXOM YTOYHEHHS KPUTEPis ONTUMATbHOCTI
TexHiko-ekoHoMiunux mokasuukie / I. C.Ipingenxo, T. IO.Bacunens, O. B. Kympisaos, O.
M. bnusanuenko, T. M. ®@ypcoa // MammHoOyAyBaHHs : 30. HayK. Tp. / YKp. iHXK.-TIeZl. akana. — XapkKiB,
2023. — Bum. 31. - C. 71-79. DOI 10.32820/2079-1747-2023-31-71-79

9. [TanTeneeBa 1. B. Peamizamiss 3amad po3paxyHKIiB Ta aHali3y TEXHIKO-€KOHOMIYHUX TOKa3HUKIB
TeIyIoBUX enekTpuuHux cranuii / 1. B. IanreneeBa // Eneprernka ta Enexrporexnika. Haykosi mpari
BHTY. —2017.—Ne 4. - C. 1-6.

10.  BenoxaI'. C. Onrumisallis TeXHiKO-eKOHOMIYHHX TIOKA3HUKIB JIOKAIIBHUX CHCTEM €JICKTPOKUBIICHHS 3
TpaH3aKTUBHUM KepyBaHHsIM : MoHorpadis / I'. C. bemoxa. — Kuis : KIII im. Irops Cikopcekoro, 2023. — 127
c.
11. Ilymexenxko C. B. Texmiko-ekoHoMmiuHi mOKa3HMKM BupOOHMHTBA enektpoeneprii AEC B
maneBpeHomy pexkuMi / C. B. Llynexenko // [TpoGnemu 3aransHoi eHepretuku. — 2016. — Bum. 1. — C. 34-
40.

12.  KoGepuuk B. C. TexHIKO-€KOHOMIYHI IIOKa3HHKH TEXHOJIOTI TEIUIOBOI €HEPreTHUKH, MI0
eKCIUTyaTyIoThcsl B MaHeBpeHnx pexumax / B. C. Kobeprauk // The Problems of General Energy. — 2021. —
issue 3(66). — Pp. 36-42. DOI.org/10.15407/pge2021.03.036

13.  KobGepuuk B. C. Burpartn nanmpa TEXHOJOTIH TEIUIOBOI €HEPreTMKHM B MaHEBPEHMX pexmmax / B.
C. KoGepuux // Ilpobmemm 3arampHOi enepretukn. — 2020. — Bum 4(63). — C. 45-49.
doi.org/10.15407/pge2020.04.045

Crarts Hamiinoia s pexakii 10. 10. 2024 CrarTs peKoMeHI0BaHa 110 apyky 25.11.2024

79



ISSN 2079-1747 Maumno6ynyBanss. 2024. Ne34 Metpostorist Ta iHopManiiiHO-BUMipIOBaIbHI TEXHOJIOTI]

'KANJUK G., D.Sc.,
Head of the Department of Automation, Metrology and Energy Efficient Technologies
e-mail:genadiykanuk@gmail.com ORCID: https://orcid.org/0000-0003-1399-9039
'MEZERYA A.,Ph.D.,
Associate Professor of the Department of Automation, Metrology and Energy Efficient Technologies
e-mail: mezzer@ukr.net ORCID: https://orcid.org/0000-0003-2946-9593
'VITER V.,
Postgraduate student of the Department of Automation, Metrology and Energy Efficient Technologies
e-mail: vitervladislav215@gmail.com ORCID: https://orcid.org/0009-0005-3882-4675
'MALIUTA V.,
Postgraduate student of the Department of Automation, Metrology and Energy Efficient Technologies
e-mail: Sony199325@gmail.com ORCID: https://orcid.org/0009-0004-0789-442X
INASYROV S.,
Postgraduate student of the Department of Automation, Metrology and Energy Efficient Technologies
e-mail: nasirov]1980@gmail.com ORCID: https://orcid.org/0000-0002-9599-8306

'V.N. Karazin Kharkiv National University
Svobody square, 4, Kharkiv, 61022, Ukraine

ANALYSIS OF QUALITY INDICATORS OF POWER PLANTS DURING
MODERNIZATION

The work establishes ratios that allow for determining the main quality indicators of power plants during
their modernization and reconstruction, which include, first of all, technical and economic indicators, which can
form the basis for the analysis of modernization quality indicators. The main causes of fuel overspending during
modernization and reconstruction have been determined: forced reduction of energy load due to partial and
complete failures of its elements and deterioration of energy characteristics and strength characteristics due to
equipment's physical and moral wear and tear. Dependencies determining the profitability of modernization and
reconstruction of power plant equipment are established. The listed costs are the sum of annual costs and
regulatory profit, that is, they characterize the cost component of modernization efficiency. Additional fuel
consumption that occurs during equipment preservation is determined. It was determined that the deterioration of
fuel quality leads to the need to increase lighting with gas or fuel oil. At the same time, an increase in
illumination leads to an increase in fuel consumption, which is associated with fuel drying and spraying fuel oil.
It is shown that the fuel consumption, which is associated with fuel overconsumption during the operation of
power units in stable modes of operation with partial failures, depends on the average value of the efficiency. It
is stated that the consumption of electricity for one's own needs largely depends on the mode of operation of the
power unit and its load. Frequent starts and stops of power units, load reduction, and increase lead to significant
fuel overspending, depending on their frequency and duration. That is, excess fuel consumption depends on the
operation of the power unit (during start-up and stoppage) and the number of starts and stops.

KEYWORDS: quality indicators, efficiency, power plant, technical and economic indicators,
modernization, energy saving.
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AEKOMITIO3HUILIS TEXHIKO-EKOHOMIYMHHX ITOKA3HUKIB SAIKOCTI
EHEPI'OBJIOKIB EJIEKTPOCTAHIIN

B crarri HaBexeHa CTPYKTypHa cxeMa JICKOMIIO3HMLIi TEXHIKO-€KOHOMIYHMX IIOKa3HHKIB SIKOCTI
€HeproOJIOKiB TEIJIOBUX Ta aTOMHHX €JIEKTPOCTaHLil Ta cTpykTypa hopMyBaHHs ekoHoMil pecypci. [TokazaHo,
0 B SIKOCTI KpUTEpis €(PEKTHBHOCTI CHEPro30CpPEeKCHHS MOXXKE OyTH PEKOMCHIOBAaHA IHTOMA BEJIWYHMHA
eKOHOMii eHeprii B Oy/Ib-SIKOMy 3 EJIEMEHTIB CXEMH €JIEKTPOCTaHLii BIJHOCHO CyMapHOTO BHMpPOOJIEHHS
€JICKTPOEHEPTii EHEeproOIOKOM, SIKOMY HAJICXKUTH el eneMeHT. HaBejeHo naHi 11010 BUTPATH €IEKTPOCHEPrii
Ha BJIAaCHI MOTpeOW KOHICHCAIIHHOI EeNeKTPOCTAHINIi 3aJeKHO BiJl MOTYXHOCTI E€HEProOJIOKIB, TMOYATKOBHX
nmapaMmeTpiB mapu Ta BHAY MainuBa. HaBeaeHo, M0 BUKOPHUCTAHHS METOIB €KBIBAJICHTYBaHHS Ta ITEKOMITO3HUITi
pU  JOCIiKEHHI eHepro30epekeHHs, MOXKHAa pO3POOUTH CTPYKTYpHI cXeMH (OpMyBaHHS TOKa3HUKIB
e(heKTUBHOCTI (€KOHOMIYHOCTI, HAMIHHOCTI TOIIO) JJs OYyb-SKOi TEXHOJOTIYHOT CXeMHU (CUCTEMH) SIEKTPUIHOT
CTaHIN1 B 3aJeKHOCTI BiJ BUTpaTH TEPBHHHOI eHeprii. Bu3HaueHO iCTOTHY HETATUBHY pOJIb y BHUPINICHHI
mpo0JIeM eHepro- Ta pecypco3OepekeHHs Ha TEIUIOBHX 1 aTOMHHX EJEKTPOCTAHIIISIX 33 PaXyHOK BJIACHHX
notped, sKka MOJSATae y BiCYTHOCTI METOAMKH BH3HAYCHHS C(EKTHBHOCTI €HEPro30epirarouymx TEXHOJOTIH B
OKpEeMHX CHCTEMax, MiJICHCTEMax Ta €JIEMEHTaX TEXHOJIOTIYHOI CXEMH eJISKTPOCTaHLIH Ta BIUIMBY IX Ha
3araJbHOCTAHLIIHI TEXHIKO-GKOHOMIYHI ITOKa3HMKH. [IpoBeaeHO aHayi3 4YacTKM OKPEMHX arperariB Ta
HiJICKCTEM Yy BUTpATi elleKTpoeHeprii Ha BiacHI moTpeOu. [TokazaHi BUTpaTH eJIeKTpOoeHeprii Ha BiIacHi MoTpeou
B 3JIKHOCTI BiJl HABAaHT)XKEHHs Ta IapaMeTpiB eHeproOsioky. Po3pobiieHO cTpyKTYpHY cxeMy (OpMyBaHHS
€KOHOMII NMpH BUPOOHHUITBI €JNEKTPOCHEPril Ha €JIEKTPOCTaHLIsNX, SKa JO3BOJISE OLIHIOBATH €()EKTHBHICTH Ta
B3a€EMHHH BIUTUB €HEPro30epirarounx TeXHOJOTIN y OyIb-sAKil MiacUCcTeMi Ta 1i eJIeMEHTaxX.

KIIOYOBI CIIOBA: mexHiKO-eKOHOMIUHI ~ NOKA3HUKU,  eHepeo30epedicettss,  eKOHOMIUHICIDb,
e1eKMpOCmManyisl.
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IHocTanoBka mpo0seMHu Ta ii 3B'51I30K 3 BaXKJIMBHMH HAYKOBHMH Ta NPAKTHYHAMHA
3aBJaHHAMH

TemyoBi Ta aTOMHI €EKTPUYHI CTaHLIT €
CKJIaJHAMH TEXHIYHUMH CHUCTEMaMH, MI0
CKJIAJal0ThCsl 3 IIJICHUCTEM Ta €JIEMEHTIB, IO
3a0e3Meuyr0Th BHUPOOJICHHS EJIEKTPUYHOI Ta
TeruioBoi eHeprii. [Ipu nbomy, B3aeMoit0UH B
€IUHOMY TIpOIleCi, BOHHW BHKOHYIOTH pi3Hi
GyHKIIl, K 3a0€3MeYyr0Th  BHPOOJICHHS
e”Heprii, 1 nmepegadyy 1 TEepPETBOPEHHS;
MiABUINYIOTh  ©(EKTUBHICTH  BHUPOOJICHHS
eHeprii; 3a0e3MeuyoTh BUCOKY HAMIHHICTh Ta
JOBrOBIYHICTh ()YHKLIOHYBaHHS, SK YyCi€i
CUCTEeMH B IIJIOMY, Tak 1 ii miJcucTeM Ta
€JIEMEHTIB; 3HIXKYIOTh HETaTHBHUI BIUIUB
EJICKTPOCTaHIlii Ha JOBKULISA; 3a0€3MeuyroTh
Oe3neuny poboty 00CITyrOBYIOYOTO
MePCOHAITY.

HaiiOmmwxuuM 9acoM, JOII0 HEEKOo-
HOMIYHUX OJIOKIB B VYKpaiHi JOBeAEThCA
BUPILITYBaTH IUISIXOM BITPOBKCHHS

MaJIOBUTPATHUX, €KOHOMIYHO YHCTHX
CHeProTEeXHOJIOT 1} HepeBeICHHS KOH-
nencariiaux enekrpocranmnii (KEC) y pexxum
TEIUIOENEKTPOLIEHTpasnei (TELD), BIIPO-

Ba/UKCHHS TEXHOJIOTIH CIATFOBAHHS HU3BKO-
COPTHUX IIaJIMB TIPW BHTICHCHHI PIAKOTO Ta
ra3omno1i0HOTo TIaJInB, YIOCKOHAJICHHS
HU3BKOTOTEHII HHUX KOMILJIEKCIB TOLIO.

VY npoMy Oyab-siKa €EKTPUIHA CTAHIIIS
MOXke OyTH 00'€KTOM CHCTEMHOTO TIiIXOAY ITi
Jac aHalizy piBHIB €HepPro30epexeHHs Y
HBOMY. Ockinbku CyMapHU#l  piBeHBb
E€HEPro30ePeIKCHHS CKIIQAHOI  TEXHIYHOI
CHCTEMH EJICKTPOCTAHLl 3aJeXHUTh BiJ PiBHS
€HEepro30epeXeHHs B MiICHCTEMax Ta OKPEMHUX
eJIeMEHTaX, HeOOX1JHO BCTaHOBUTH 3B'S30K 1
B3a€MHUH BIUTUB iX MiX COOOIO i CICTEMaMH B
ijzomy.

AHaJIi3 OCTaHHIX JOCTIKeHb 1 my0aikamin

IlutanHsaM aHami3zy, AOCTIDKCHHS Ta
M1 ABUILIEHHIO TEXHIKO-€KOHOMIYHHX
MOKa3HUKIB  poOOTHM  €NEeKTPOCTaHLill  Ta
OKpeMHUX ii €IIEMEHTIB TPHUCBIUCHO BEIIUKY
KUTBKICTh HAYKOBHX po0iT. Haitbie moBHO B
JiTepatypi BitoOpaKeHi MUTaHHS ITiJBUILECHHS
TEXHIKO-CKOHOMIYHHX  IIOKa3HUKIB  POOOTH
OKPEMOT0 o0aHaHHS, HaIpUKIIA],
MIABUILEHHS IIOKa3HUKIB SAKOCTI CHCTEMH
aBTOMATUYHOTO perynroBaHHs
TypOOTeHEepaTOPHUX YCTAaHOBOK [1],
MiIBUIIEHHS €()EeKTHBHOCTI POOOTH CHCTEM
HU3BKOIMOTEHI[IHHOTO KOMIUIEKCY 2],
MIIBUIIEHHS EKCIUTyaTaIlifHol HamiiftHOCTI Ta
eexTuBHOCTI obaTHaHHS KOTEJTHLHUX
YCTaHOBOK TeIUIOeNeKTpocTanuii [3] ta inme.
JlocuTh  BUYEPIHO  OCBITJIICHI  MUTaHHS
BU3HAYEHHS 3arajbHOCTAHIIMHUX TEXHIKO-
E€KOHOMIYHMX TOKa3HUKIB [4, 5] Sk B cTayioMy
pexxumi poboTH, Tak i B MaHeBpoBHX [0, 7].
IlimBUIIYIOTECS TEXHIKO-CKOHOMIYHI TIOKa3-
HUKA $K [UISIXOM YIOCKOHAJIEHHS CHCTEM
KepyBaHHA [8, 9] Tak i HUIAXOM ONTUMi3amii

PEKUMIB poboTH 0018 THAHHS [2],
YAOCKOHAJIEHHST SKOCTI BHMipIoBaHb [3] Ta
BITPOBA/KCHHS ABTOMAaTU30BaHOTO
po3paxyHky [10].

KopucHi HampamoBaHHsI B I[bOMY
HampsiMy 3HAWIUIM CBOE BiJOOpaXCHHS B
HaIllOHATBHIHN CHEPTreTUIHI I Crparerii
VYkpaiam Ha mepiog mo 2035 poky [11]. B
eHepreTuyHii CtpaTerii MUTaHHS ITiABULICHHS
TEXHIKO-CEKOHOMIYHMX  TIOKa3HUKIB  CHUCTEM
reHeparii, po3MoalTy Ta CIIOKUBAHHS CHEPTii
3aiiMaroTh TPOBIAHY pPOJL Ta OOIPYHTOBAHO
JIOBEJIeHA TX aKTyalbHICTb.

HesBaxaroun Ha 11e, B HasBHIM HAYKOBIiH
MeTomoJorii  Opakyr0  HaJEKHOI  CHCTe-
MaTH3alii Ta  YHOOPSAKYBaHHS  TEXHIKO-
€KOHOMIYHHX MOKa3HUKIB 32 BHIOM
obnagHaHHA Ta 1X MIAMOPSAKOBAHOCTI, IO HE
Jla€  TOBHOK  MipOI0  TPOTHO3YBaTH  Ta
BH3HAYaTH BILJIVB OKpEeMUX eHep-
ro30epirarounx 3axoJiB Ha 3arajbHI TEXHIKO-
€KOHOMIYHI ITOKa3HUKH.

ITocTaHOBKA METH TA 3aBJAaHHSA J0CTiIKEeHHS

MeTtoto pobOTH € YHOPAOKYBAaHHS Ta
iepapxizamiss  TEXHIKO-CKOHOMIYHHX  ITOKa3-
HUKIB SIKOCTI €JEKTPOCTaHLIH Ta i OKpeMux
€JIEMEHTIB Ta BU3HAYEHHS iX B3a€EMHOTO

BIUIMBY y Oynp-skiii migcuctemi Ta i
eleMEHTaX IUIIXOM BHKOPHCTaHHS METOJIB
JEKOMITO3HLIT T2 €KBiBATICHTYBAHHS.
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BukJiax oCHOBHOro Marepiany
1./lekoMnO3uLis TEXHIK0-eKOHOMIYHMX MOKA3HHUKIB AKOCTI

OmHuM 3 OCHOBHHX ITOKa3HHKIB e(dek-
THBHOCTI € TIMTOMa COOIBapTICTh EJICKT-
poeHeprii, o BUPOOJISIETHCS Ha
EJICKTPOCTAHIISAX, SKa B OCHOBHOMY 3aJICXKHTh
Bil MHWTOMOI BHUTpaTH mamuBa by (ManuBHA
cxinagoBa — 80% Big cobOiBapTocTi, To0TO C.
=f(by) (rpu/kBT-T0Ox). [IMTOMA BUTpaTa NaNMBa,
TOOTO TIEPBHHHOI €Heprii 3aJeKuTh BiA

koediuienta xopucHoi aii (KKJ]) TEC 77, abo
eneprobnoxky by =123/, , kr/kBrroa. KK/

TEC, sk ckiaagHol TEXHOJIOTIYHOI CHCTEMH
3aiexuth Big KKJ| OCHOBHUX IiJICHCTEM Ta
€JIEMEHTIB:

- KOTEJIbHI YCTAHOBKH 7], ;
- Tpy0OoIpOBOIIB 77, ;
- TypOOYCTaHOBKH 77, ;

- €JIEKTpOreHeparopa 77, ;
- BHUTpaTH eJEKTpOEHeprii Ha BIacHi

norpebu «, , To0TO:

BI °

Mo = MMy Ty (1= @y ) (1.1)

Ha ocnoBi ¢iznunoi moneni TEC (puc.

1) 3 BHKOPHCTAaHHSIM METONY IEKOMITO3MIIII,
PO3pO0JICHO CTPYKTYPHY CXEMY JCKOMITO3HIIIT
TEXHIKO-€KOHOMIYHHMX ITOKa3HUKIB EHEpProo-
mokiB (puc. 2). HaBemeHOo IEKOMITO3HIIIIO
MUTOMOI BHUTPATH YMOBHOTO TallUBa 3aJICKHO
Bin KK/ TEC 3 BupoONeHHA eIeKTPUYHOI

eneprii 77,. KK TEC 3anexwuts Bix KKJI
nizcucTeM: KotenpHA ycraHoBka (KY) — 77

tpybonpoBomu (TP) — 7. ; Typboarperaty

>
(TA) — 7., , 9Kl y CBOIO 4Yepry 3aJIeKUTh Bil
BUTPAT €JICKTPOCHEPrii Ha BJIACHI MOTPeOU
a,. . Jlana MeTonuka anmpoOoBaHa Ha JEAKHX
TEC Ykpainu i 30kpema Ha 3miiBebkiit TEC, i
MPOJOBXKYETHCSA 11 BKIKOYEHHA 1O aBTOMa-
TH30BAaHUX CHUCTEM YIOPaBIiHHI  €HEPTo-

omokamu (ACY) Ta cucTeMH iarHOCTYBaHHS
(ACVYTID).

VY tabauui 1 HaBeneHO nesKi aHi 1010
BHUTpATH CJIEKTPOCHEPTii Ha BIACHI TOTPeOH
KEC 3anexHo Bif MOTYXHOCTi €HEproOJIOKiB,
MOYaTKOBUX MapaMeTpiB Mapy Ta BULY MaJINBA.

OueBnaHa HEOOXIMHICTD MUdEpeHITIaIis
[IbOTO TTOKAa3HMKA IOJ0 OKPEMHUX EJIEMEHTIB,
TEXHOJIOTIYHOI ~ CHUCTEMH  E€JIEeKTPOCTaHIi,
TOOTO BU3HAYATH POJIi KOXKHOI MIJACUCTEMH Ta
KOKHOTO €JICMEHTa B EHEpro30epekeHHi
(3HMKEHHSI BUTPATH IIEPBUHHOL €Heprii).

[Ipu mociimkeHHI eHepro30epeKeHHs B
CHEPreTHUlll IIUPOKO BUKOPHCTOBYIOTH METOJ
CKBIBaJICHTYBAaHHA, TOOTO 3aMiHM TIpymnu
OKpEeMHX CIOPIIHEHHX EJIEMEHTIB OIHUM
YKPYITHEHUM CKBIBaJICHTHHM. ExgiBa-
JICHTYBaHHS IIHPOKO 3aCTOCOBYETHCS IIPH
JOCTI/DKEHHSIX Y TEIUIOCHEPTeTUIll — 3aMiHa
Ipyn KOHICHCATHHX, KUBHJIBHUX, MEPEKEBUX
Ta UAPKYISITIAHIX HACOCIB OJTHAM
(eKBiBaJICHTHUM); HapalieIbHUX TPYN Migir-
piBauiB — OnHi€I0; MapajelbHUX HUTOK
napomnpoBoaiB Tomo. Lle mo3Bonse 3MeHIINTH
KUTBKICTP ~ MaTeMaTHYHHX  MOAeNed  Ta
CKOPOTUTH 4Yac pgociimkenb. OgHak mpu
IIbOMY CKBIBAJICHTYBaHHSI HPU3BOJUTH [0
3HIDKCHHSI JTOCTOBIPHOCTI KIHIICBHUX pe3yilb-
TaTIB JOCIIIKEHHS.

BukopuctoBytoun = MeTOmM  JEKOM-
Mo3WIlii Ta  CKBIBAJICHTYBaHHSI, MOXKHA
PO3pOOHUTH CTPYKTYpHI cXeMu (OpMyBaHHA
MOKa3HHUKIB e()EeKTUBHOCTI (€KOHOMIYHOCTI,
HaIIHHOCTI TOMIO) ISl OYyIOb-SKOi TEXHO-
JOTIYHOI cXeMH (CHUCTeMH) eIeKTPUIHOI
CTaHWIl B 3aJIE)KHOCTI BiJl BUTPATU MEPBUHHOT
eHeprii.

Sk mpuKIan, MOXHA  PO3IIIHYTH
TeXHOJOTiuHy cxemy eHeproomoky TEC
KoHzeHcauiiHoro tumy (puc. 1). Lg cxema
po3pobieHa 3  BHKOPHCTaHHSAM  METOMY
ekBiBaneHTyBanHs (TyT rpynu KH, I1H, I1B/I,
LIBM, B/] Ta iH.) 3aMiHEHI OJHUM E€JIEMEHTOM.
Bemuky poms B eHepro3oepexenni Ha TEC
Bilirpac BHUTpaTH €JICKTPOCHEPTii Ha MPHBIA
HACOCiB, BEHTHJISITOPIB TOLIO.
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T'onoenwMit KOpmyC
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2]
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BH

(&)=
M

3o1a

gy e R S

AT — numoBa tpy6a; JI — mumococ; E® — emekrpodinetp; BH — Oarepunii Hacoc; KY — korembpHs
ycraHoBka;, BJl — BeHTmistop nyTtreoBui; TY — TypOoycrtanoBka, EI' — enekrtporenepatop; Tp —
tpaHcdopmarop; IIIBM — kynpoBuii 6apaGannuit muun; [IBT — minirpisay Bucokoro tucky; IICT — minirpisay
cepennboro tucky; [IHT — mimirpiBau Husekoro tucky; KH — xonpencatnuii nacoc;, IIH — umpkynsuiinuii
Hacoc; K — konaencatop; BI" — OamroBa rpagupHsi.

Puc. 1 — Ilpunnunosa terioa cxema TEC
Fig. 1 - Schematic thermal diagram of a TPP

TEy EC ________ ( 77(: = ntnoinmnrnTy nw(l_asn) ]
Ir ______ T T T T T T T T T~ ‘[UKy=(1—%—%—94—%—%)(1—05“)]
|
= Ky TP TA _____ [ 77Ta = 77t77(1i77M77F77Ty nky(l_acwra) ]

Tr Ty I~ { nTy = 77[770[771\4 (1 - aCMTy) ]

-————— PC T HITK __[ P](’NHHK’IK’OZ ]

1+ Ar
"= T
§ +Arn MHT || KYT || CTB —{GOB,NHH,tOBIJ

EX K KH oH oy

- I T I
- /

] | |
[PK’Nem’tk’dZJEPK’NKH’tKJOZJ [DKaNKH] [GogaNHH] [Gogat(ml]

Puc. 2 — CtpykTypHa cxema JeKOMITO3HIIIi TEXHIKO-eKOHOMIYHMX Moka3HuKiB eHeproonokis TEC ta AEC
Fig. 2 - Structural diagram of the decomposition of technical and economic indicators of TPP and NPP power
units
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Taoéauna 1

Butpara enexrpoeneprii Ha BiacHi notpeou eneprodnoky KEC, %

Table 1

Electricity consumption for the own needs of the KES power unit, %

Ne 3/m Ny, MBT Py, MIla I'as Masyt TBepne nanuBo
1 100 9,0 - - 7,6
2 210 12,7 - - 7,4-7,9
3 300 23,5 2,6-3,3 3,0-3,2 4,2-5,3
4 500 23,5 - 2,7-3,1 4,5-5,1
5 800 23,5 2,2-3,0 1,9-2,4 4,5-4,9
6 1200 23,5 - 2,1 -

2. CTpyKTypa eHepro3depeskeHHs (eKOHOMIisl pecypciB)

Binem  mokmamHo  3ymMHUMOCS — Ha
JEKOMITO3HLIT TypOoarperarty, IO CKIaJaeThCs
3 enekTpuaHoro Typboreneparopa (TI) Ta
typooyctanoBku (TY). KK][ 3amexuts Bifg
exoHomiuHocTi TypOinu (T) #r Ta cucremnu
HU3BKOIOTEHIIHHOTO KOMITIEKCY Eunc. Y CBOIO
yepry HIIK Bkitouae 10 cBOro ckiamy
KoHIeHcaliiiHy yctanoBky (KYT), mingirpiBaui
Hm3pkoro  tucky (ITHT) Ta  cucremn
texHigHOTO Bogonoctadanus (CTB).

Ho cxnagy KYT BX0oAUTh KOHAEHCATOP
(K), xonnencarni Hacocu (KH) Ta exexropu
(EX); mo CTB BXomsITh MUPKYJIAIIHHI HACOCH
(IH) Ta oxomomxyBanbHi mpuctpoi (OY).

Ilutoma BuTpaTa eJEKTpOCHEPrii Ha
norpedu TEC 3aJIEXKUTH BIJ TUITY
enekrpocrtanmii (KEC gum TEL]), mogaTkoBuX
napaMeTpiB Mapy, BUAY NalUBa, THITY CUCTEMHU

TEXHIYHOIO  BOJOIIOCTAYAaHHA Ta  IHIIUX
(hakTopiB.

SIk BMAHO 3 TaAONMIU, 30UILIICHHS
MOTY>)KHOCTI CHEProOJIOKIB Ta MOYATKOBHX

napaMeTpiB Mapu NPU3BOAATH A0 3HIDKEHHS
BUTPAT €JICKTPOCHEPrii Ha BJIACHI MOTPeOU
KEC. ButpaTta Ha BiacHi MOTpeOH 3aJeKUTh
Bi BuAy namusa. Jlns Onokie 300 MBT, mix
yac MepexoJy Ha Ma3yT YH Ta3, 3HIKYETHCS
BigmoBigHo npubauzHo 1,53 1 1,61 paza. dus
omokis 800 MBt — 1,80 1 2,18 paza.

Hns  TEIl nutoma BUTpaTa e€NeKT-
poeHeprii  pO3paxOBYEThCS ~ OKpeMO  Ha
BUPOOJICHHS €JICKTPOCHEPrii Ta Ha TEIUIO, IO
Bigmyckaerhes. Tak, mns TEIl, ocHameHoi
TypOOyCTaHOBKaMHU T-110/120-130, 3
MOYaTKOBUM THCKOM mapu Py=12,7 Mlla, mo
MPAIIOE HA MPUPOJTHOMY ra3si, MUTOMa BHTpATa
eJIEKTPOCHEPril CKJIajae: Ha BUPOOICHHS
enexTpoeneprii 3,5% 1 Ha BIOMYCTKY TeIuia
3,5%.

Hns TEL| 3 Ttyp6oycranoBkamu IIT-
135/165-130 mpu Py = 12,7 Mlla ta poOori Ha
BYTUUII IIi BEJIMYUHU CTAaHOBJIATH, BiATIOBIIHO,
5,2% ta 2,7%. ToOto cymapHa BHTpara
enextpoeneprii Ha TEL] craHoBuTH ~ 7,0 %
ai

Yactka OKpEMHUX arperaTiB Ta

MiZCUCTEM y BUTPATI €JIEKTPOEHEPrii Ha BIIACHI
motpebn it TEC KOIMBa€ThCSA B IIHPOKHUX
Mexax (Tadm. 2).

Ha BenmuuuHy BUTpaTH eJIeKTpOEHEpTii
Ha BJAacHI MOTpeOH BIUIMBAE EKOHOMIYHICTE Ta
HAaBaHTAXKCHHA €HEprod6yoky. Y Tabmmmi 3
HaBEIEHO BHUTpPATH EJEKTPOCHEprii Ha BIacHi
notpedM B  3AISKHOCTI Bil THUCKY B
KOHJICHCATOpl, MMMTOMUX BHUTpATax MalliBa Ta
3aBaHTa)KCHHA EHEProOJIOKiB Ipu poOoTi Ha
KaM'ssHOMY BYT1JITi.

Oco0nmMBO  ICTOTHI 3MIHM ITUTOMHX
BUTPAT €IEKTPOEHeprii ImiJ dYac poldoTH y
3MIHHHX pexumax (mpu  N/N<60%) s
eHepro0iokiB motyxkHictio 160, 200 i 300
MBT, T.1. B J1aHOMY Aiana30Hi HABAaHTAXKCHD y

po0OTI 3HAXOIATHCS KUBHIBHI HACOCH 3
CJICKTPOTIPOBOIOM.
3 Tabj. 2 BMIUIMBaE, 110 HaHOLIbII

CYTTEBHMH TIOTpeOaMH BIACHHX TOTPed ISt
KEC 3 eneprotnokamu motysxHictio 160-200
MBT, 1m0 Tpamo0Th HA BYTIUI €: KUBHIbHI
HacocH, OCHaIIeHi eJIEKTPOIPHUBOIAMH;
TATOAYTTHOBI YCTAHOBKH; MHJIONPUTOTYBAHHS;
mupkyssagidai - Hacocu. Jas KEC 3
eneproookamu 300+-800 MBT, 110 npaiowTh
Ha Ma3yTi, rasi abo ix komMOiHalii — XKUBHUJIbHI
HacocH; TATOAYTTHOBI YCTaHOBKH;
nupkysaiiai Hacocu. s TEL] —xuBwmibHI
HACOCH, TeIUTO(iKaIiiiHi HACOCH; TATOAYTThOBI
YCTaHOBKH;, HUPKYJISALIIHI HACOCH.

86



ISSN 2079-1747 Maumno6ynyBanss. 2024. Ne34 Metpostorist Ta iHopManiiiHO-BUMipIOBaIbHI TEXHOJIOTI]

Tabdauus 2
YacTky ¢f; OKpeMHUX MJCHCTEM BiJl 3arajlbHOi BUTPaTH O,
Table 2
Shares of individual subsystems in total cost
Ne 3/m Enemenr, nigcucrteMa %
1 JKuBnnbHi HacocH 10-40
2 Tsra Ta myTTs 20-35
3 upkynsuiiiai Hacocu 0-20
4 Temnodikauiiiai Hacocu 0-35
5 ITumonpuroTyBaHHS 0-20
Tadauus 3
ButpaTu enexTpoeHeprii Ha BiIacHi MOTpeOH
Table 3

Electricity consumption for own needs

HotyxHicTs 610Ky, Tuck P, ITuroma BuTpaTa manuBa, HaBaHTaXeHHA %o, &, , %o
MBr Klla 100,0 80,0 70,0

300 3,50 330 3,8 336 4,1 340 43

500 3,74 328 43 333 4,7 340 49

800 3,50 324 3,7 331 4,0 336 4,1

Y  cywacHiii = eHepreTwili  ICTOTHY
HETaTHBHY pOJb Yy BHpilIeHHI mpolieM
eHepro- ta pecypcozoepexxenas Ha TEC 3a
pPaxyHOK BJIACHUX TIOTPeO Bifirpae BiICyTHICTH
METOAMKA BU3HAUCHHA €QEKTHBHOCTI EHEep-
roz0epiraloynx  TEXHOJIIOTiH B OKpeMHuX
cucTeMax, IACHUCTEMaXx Ta  eJeMEeHTax
TEXHOJIOTIYHOI CXEMH eJNEKTPOCTaHLI Ta
BIUIMBY iX Ha 3arajbHOCTaHLIHHI TOKa3HUKH.

SIKIIO TOBOPUTH TINBKH TIPO  EHep-
ro30epeKeHHs, Maloud Ha YyBa3i EKOHOMIIO
eNeKTpuyHoi eHeprii Ha BrnacHi notpedu TEC,
TO SIK KpuTepiit e(heKTUBHOCTI
CHepro30epexeHHs, Moxe OyTH peKOMeH-
JIOBaHa MUTOMa BEJIMYMHA €KOHOMIi eHeprii (

AE), sixa BU3HAYA€THCS 33 (POPMYIIOIO:

AE = AE , (2)
E
ne: AE — ©eKOHOMis eNeKTpUYHOL

eHeprii B OyIb-IKOMY 3 €IIEMEHTIB CXEMU
TEC, xBrrom; E — cymapHe BHpPOOJICHHA

eJIeKTpOoeHeprii EHEeProOIOKOM, SIKOMY
HaJICKHUTh IIeH eJIeMeHT, KBT Tos.

Po3pobneno CTPYKTYPHY cXeMmy
eHepro30epeKeHHS pu BHPOOHHMIITBI

enektpoeneprii Ha Tunosiii TEC (puc. 3), ska
JIO3BOJISIE  OIIIHIOBATH €()EeKTHBHICTh CHEp-
ro30epiralounx  TEXHOJOTIH y  Oymb-sKiit
micucTeMi Ta Ii eleMeHTax. BoagHouac BOHa

J03BOJISIE  OLIHIOBATH  B3a€MHUI  BIUIMB
eHepro3oepirarounx TEXHOJOTIH y pi3HUX
nigcucremax Ta exemenrax TEC.

> AE, - 3arajgbHa E€KOHOMIS
eHepropecypciB Ha TEC 3a paxyHOK BIIaCHHX
notpeo;
YAEy, DYAEy, YAE, —  exkoHOMis

CHEPropecypciB y  KOTENBHIiN, TypOiHHIN
yCTaHOBKax Ta reHeparopi; AEpc, AEr, AEwmx —
€KOHOMISl CHEPropecypciB y percHepaTHBHIM
cucTeMi, TypOiHI Ta HHU3BKOIIOTEHITIHHOMY
KOMIUTICKCI; AFuw, AEpn, AEw, AEw, AE¢ —
E€KOHOMISl €HEpPropecypCciB y  KUBHUJIHHUX
HAcocax, pEreHepaTHBHUX Ta MEPEKEBUX
MmigirpiBayax, MOUPKYJIAMIAHUX Ta  KOHJE-
HCAaTHHX HACcOCax Ta KOHJCHCATOpax MapOBUX
TypOiH.

31 cXeMH BHIHO, 1[0 BHU3HAYAJIILHOIO €
eHeprosz0epiraroya TEXHOJIOTIs, BIPOBaPKCHA
B OAHIN i3 MiJCHCTEM TEXHOJOTIYHOI CXEMH
TEC (xotenmpHOi ab0 TypOIHHOI yCTaHOBKH,
ado mpum +AE;). Ilpu upomy HeoOXigHO
BpaxyBaTH: BUTpPaTH, TOB'S3aHi 3 MOJIEp-
Hizamiero peredeparuBHoi cuctemu (PC)
TypOOyCTaHOBKM Ta  TEpMiH  OKYIHOCTI
JOJTATKOBUX BUTPAT; 30UIBIICHHS TEIUIOBOTO
3a0pyqHEHHS HABKOJHUIIHBROTO CEPEJOBHIIA,
BHACJIII0K 301IBIICHHS TEMIICPATypPH ra3iB.
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Puc. 3 — CtpykrypHa cxema eneprozoepexenns Ha TEC
Fig. 3 - Structural diagram of energy saving at a thermal power plant

VY apyroMmy BHUIAJOK eHEPro30epeKeHHS
JOCATAETbCA 3 JIOMIOMOTOI0  PEXUMHOTO
ynHHUKa (0e3  MozepHizawii). Burpatn
MozaepHizarii BigcyTHi. OmHak 30UTBIICHHS
IIBUAKOCTI BOAM TPHU3BENAE A0 IiJBUIICHHS
IHTCHCUBHOCTI CTHpaHHS TPYOOK, a OTXKe 0
3HWKCHHSI HaIilHOCTI poOOTH KOHAEHCaTopa,
HIIK, TY i TEC B nimomy. OgHOYacHO 3 M
30LIBIINTHECS BUKHUJI TEIUIOTH B JOBKLLIL Ta
30UTBIIUTECS BUTpATa MPHUPOTHOTO PECypCy —
BOJIH.

O4YeBHIHO, IO OIIHKY €(QEKTUBHOCTI
EHEepro- Ta pecypco30epiraloymx TEXHOJIOTIH,
IO BIPOBA/PKYIOTHCS, MOXHA IPOBOJTUTH
NUISIXOM  TIOPIBHSHHS  PIYHUX  HaBEJICHUX
Butpar Ha gitouit TEC micis BIpoBapKeHHS
HOBHUX  TexHojorii (By) 3  piuHHMH
HaBEJICHUMH BUTpAaTaMH Ha OLIBIN CyJacHIil

1. HaBemena cCTpyKTypHa cXema
JIEKOMIIO3UIIT TEXHIKO-€KOHOMIYHHX II0Ka3-
HUKIB sikocTi eHeproomokiB TEC ta AEC Ta
CTPYKTypa eHepro30epekeHHs.

2. B sxocti kpuTepito edeKTHBHOCTI
eHepro3OepeXkeHH  MOXe  OyTH  peko-
MEHJIOBaHA [HATOMAa BEJIMYMHA EKOHOMIi
eHeprii B Oynb-skomy 3 eneMeHTiB cxemu TEC
BiTHOCHO CyYMapHOTO BHUPOOJICHHS EJIEKT-
poeHeprii eHeproO0JIOKOM, SKOMY HaJICKHUTh
LEH eJIEMEHT.

3. OuiHKy e(eKTUBHOCTI EHEepro- Ta
pecypco30Oepiratouux  TEXHOJOTIH  MOXHa

TEC (By) OntumansHOMYy BapiaHTy TOBHHHA
BignoBigatu ymoBa: By<B.. Burtpatn ma TEC
MOBHMHHI BpaxOBYBaTH sIK MajJHBHI, KamiTaJbHi
Ta eKCIUTyaTaIiiHi, Tak i eKOJIOTIYHI Ta HABITh
COIIaIbHO-eKOHOMIYHI CKIIa/I0BI.

Y BuUmamkax, KOJH BIPOBAKESHHS
EHEepro- Ta pecypco30epirarourx TEXHOJOTIH
Ha TEC BuMarae BeTUKHX KamiTAILHAX BUTPAT
(TepMiHOBHX  KpeOuTiB a0  iHBECTHLIH),
HEOOX1AHO BU3HAYATH TEPMiH IX OKYIHOCTI.

Hapasi ma TEC VYkpaiHum mnpakTHdIHO
BHYEPIIAHO MOXKJIMBI BIPOBA/DKCHHS CHEp-
ro30epiratouymx, €KOJIOTIYHO  YHCTUX  Ta
Oe3MeYHNX TEXHOJIOTIH 3a paxXyHOK PEKUMHHIX
(dhaxTopiB. Y 3B'SI3KY 3 MM NEPCIICKTUBHUMH €
CHEepPrOTEXHOJIOr1l, TOB'A3aHi 3 BEJIMKUMU
KOMIUICKCHUMH MOJICPHI3aIliIMi 00JIa JHAHHS
TEC.

Bucnosku

MIPOBOJIUTH  IIUISIXOM  TIOPIBHSHHS — PIYHUX
HaBEJCHUX BHUTpAT IICIS  BIPOBAHKCHHS
HOBHUX TEXHOJIOTIH Ta BUTpaT Ha OLIBII
cygacanx TEC.

4. Po3pobneHO CTPYKTYypHY CXEMY
(dopMyBaHHA €HEpPro30epexeHHsI MpH BUPOO-
HUIITBI €JIEKTPOCHEPrii Ha EIEKTPOCTAHITISX.
3amponoHOBaHa CTPYKTypa [O3BOJIAE OIli-
HIOBaTH C(EKTUBHICTh Ta B3a€EMHUI BIUIUB
eHepro30epiralouux TEXHOIOTIH y Oyab-sAKik
miacucTeMi Ta ii eJeMeHTax.
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DECOMPOSITION OF TECHNICAL AND ECONOMIC QUALITY INDICATORS OF
POWER PLANTS

The article presents a structural diagram of the decomposition of technical and economic indicators of the quality
of power units of thermal and nuclear power plants and the structure of the formation of resource savings. It is shown
that the specific value of energy saving in any of the elements of the power plant scheme relative to the total production
of electricity by the power unit to which this element belongs can be recommended as a criterion of energy saving
efficiency. Data on electricity consumption for the condensing power plant's own needs depending on the capacity of
power units, initial parameters of steam, and type of fuel are given. It is stated that using the methods of equivalence
and decomposition in the study of energy saving, it is possible to develop structural schemes for the formation of
efficiency indicators (economical, reliability, etc.) for any technological scheme (system) of an electric station
depending on the consumption of primary energy. A significant negative role in solving the problems of energy and
resource conservation at thermal and nuclear power plants at the expense of own needs has been identified, which
consists in the lack of a methodology for determining the effectiveness of energy-saving technologies in individual
systems, subsystems and elements of the technological scheme of power plants and their impact on general plant
technical and economic indicators. An analysis of the share of individual units and subsystems in electricity
consumption for their own needs was carried out. The electricity consumption for own needs is shown depending on the
load and parameters of the power unit. A structural scheme for the formation of savings in electricity production at a
power plant has been developed, which allows for evaluating the efficiency and mutual influence of energy-saving
technologies in any subsystem and its elements.
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QUALIMETRIC METHOD FOR ASSESSING QUANTITATIVE AND
QUALITATIVE PARAMETERS OF A SOLAR CELL

The article considers the qualimetric method of evaluating a solar cell, which describes its main
electrophysical characteristics and the processes that occur in it during the conversion of solar energy into
electricity.

The dependence of the photovoltaic characteristics of a solar cell on various parameters is analyzed. It is
shown that an increase in temperature leads to a decrease in the main characteristics of a solar cell, in particular
the efficiency, short-circuit current, fill factor and other indicators that characterize the current-voltage
characteristic. This decrease occurs due to changes in the electrophysical properties of the materials from which
solar cells are made, as well as due to the influence of temperature changes in the material. A method for
calculating the main electrophysical parameters, such as short-circuit current and open-circuit voltage, has been
developed, which takes into account the detailed structure of the materials used to manufacture solar cells, which
increases the accuracy of calculations of the output power and efficiency, and also increases the stability of the
current-voltage characteristics of solar cells in real operating conditions. It is emphasized that an important
aspect is the analysis of the impact of changes in lighting conditions, which have a significant effect on the
conversion of solar energy. The models show how changes in the intensity and spectrum of lighting can change
the behavior of a solar cell, in particular, affect the current and voltage under variable lighting conditions during
the day or in conditions of unstable solar radiation. It is shown that existing approaches to modeling solar cells
require further improvement, in particular, taking into account the structure of materials, temperature and
lighting conditions, which will increase the accuracy of calculations and the stability of solar cell operation in
real conditions.

KEYWORDS: solar cell, qualimetric evaluation method, quality and quantity system, information and
measurement system, control method, photovoltaic module.
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assessing quantitative and qualitative parameters of a solar cell. FEngineering, (34), 92-103.
https://doi.org/10.26565/2079-1747-2024-34-09

Statement of the problem

Solar energy is one of the most , which have great potential. Today, the main
promising  renewable  energy  sources. task of photovoltaics is to reduce the cost of
However, to maximize the use of all the electricity generated by solar cells (SC). To
capabilities of this energy source, it is achieve this goal, it is necessary to increase the
necessary to develop photovoltaic technologies efficiency and reduce the cost of SC.

© Budanov P., Melnykov V., 2024
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Statement of the task

The aim of the article is to model the
quantitative and qualitative parameters of a
photovoltaic module for stabilization and
accuracy of current-voltage characteristics
using qualimetry models.

In accordance with the specified goal,
the work solves the problem of modeling the
quantitative and qualitative parameters of the
photovoltaic module for stabilization and
accuracy of the current-voltage characteristics
of the photovoltaic module.

Presentation of the main study

Modeling of solar energy parameters is a
key element for increasing its efficiency,
reliability, and economic feasibility, which
contributes to a wider practical application of
photovoltaic modules.

The features of modeling quantitative
and qualitative parameters of the SE are:

- design optimization, which helps to
improve their design and materials to achieve
maximum performance;

- improving efficiency by analyzing
parameters such as: short-circuit current, open-
circuit voltage and internal resistance;

- identification of defects in the
production process and deviations from
calculated values, which may signal the
presence of contaminants;

- forecasting of performance, SC under
the influence of various external factors (e.g.
temperature, lighting level), which is important
for their operation in real conditions;

- comparative analysis of different types
of SC, allowing to explore their advantages
and disadvantages and choose -effective
solutions for specific applications;

- adaptation to new materials;

- reducing production and operating
costs, making solar energy more affordable
and competitive;

- development of new technologies,
allowing faster and more efficient conduct of
experiments and analysis of their results;

The features of constructing current-
voltage ( I-V ) characteristics of SE are:

- accurate prediction of SC parameters
under different operating conditions, which is
critically important for optimizing design and
materials, and also directly affects output
power and efficiency;

- detection of defects in materials and
production  technology, deviations from
calculated values, which may signal problems

such as insufficient photoconductivity or
inefficient light absorption;

- taking into account the influence of
external factors, such as temperature, lighting
level and angle of incidence of sunlight, as
well as forecasting the operation of solar
power plants in real conditions, which is
especially important for the design of solar
power plants;

- conducting a comparative analysis of
different types of solar cells (e.g.,
monocrystalline, polycrystalline, thin-film ),
which helps to determine the most effective
solutions for specific conditions.

Using [-V models in a quality
management system helps to set standards and
conduct regular inspections, which helps to
increase the reliability and durability of SC.

The work considered the relationship
between the SE model and its key electrical
characteristics. The SE model is a critically
important tool for studying and optimizing
electrical characteristics, such as: short-circuit
current ( / 4 ), open-circuit voltage ( U o ),
internal resistance ( R i, .), photocurrent (/) ,
output power (Pou), and efficiency
(efficiency).

In works [1-3] the modeling of short-
circuit current is considered. Short-circuit
current is the maximum current that the SE can
deliver under no-load conditions , i.e. at zero
voltage. High short-circuit current indicates
good optical properties of the SE material and
efficient light absorption. Short-circuit current
is an indicator of the ability of the SE to
generate electricity and is directly related to
the photocurrent. The SE model allows you to
predict the short-circuit current based on the
photocurrent generated by illumination. In
mathematical models, such as the model of a
single-type diode, the short-circuit current is
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calculated as a function of solar radiation
intensity and temperature.

When comparing theoretical values of
short-circuit current with experimentally
obtained data, discrepancies can be found that
indicate defects in the SC material. If the
actual short-circuit current is lower than
expected, this may indicate the presence of
contaminants on the semiconductor surface,
which is confirmed by laboratory tests.

When comparing the same type of SE,
the critical parameter is the diffusion length
and surface passivation. In SE, with uniform
generation, the short-circuit current can be
written, according to expression (1):

Ise=4 -G (LatLp). (1

where [ . - short-circuit current; G -
generation rate; g - electron charge; L nand L,
- are the diffusion lengths of electrons and
holes, respectively.

Although expression (1) uses some
assumptions, it shows that the short-circuit
current strongly depends on the generation rate
and diffusion length.

The short-circuit current is determined
by the number of photons absorbed by the
semiconductor material SC. When a photon
with sufficient energy interacts with the atoms
of the material, it can knock an electron out of
its orbit, creating an "electron-hole" pair.
These free electrons and holes begin to move
under the influence of the internal electric field
created by the p - n junction, which ultimately
leads to the occurrence of a current.

For silicon-based power supplies, the
short-circuit current largely depends on:

- intensity of solar radiation (for
example, the more solar energy falls on the
element, the more photons interact with the
material, and, accordingly, the higher short
circuit current);

- the spectrum of solar radiation ,
different wavelengths of light interact with a
semiconductor  differently (for example,
ultraviolet and visible radiation can generate
more free carriers than infrared);

- temperature (for example, as the
temperature increases, the number of thermally
activated charge carriers increases, which can
have both a positive and negative effect on
short circuit current);

For prediction short-circuit current is
calculated using various mathematical models,
among which the most common are [3, 4]:

- model of a single-type diode , this
model is based on the diode equation and
allows you to calculate short-circuit current as
a function of light intensity and temperature
conditions;

- models based on numerical simulations
that use numerical methods (e.g., the finite
element method) and allow for the geometry of
the solar cell to be taken into account.

Comparison of calculated values short-
circuit current with experimentally obtained
data, allows you to assess the accuracy of the
models, and identify potential problems in the
production process. For example, if the actual
The short-circuit current is significantly lower
than expected, this may indicate:

- surface contamination (e.g. dust, dirt or
organic contaminants);

- incorrect manufacturing technology
(for example, crystal structure defects or poor-
quality materials);

- inefficient light supply (for example,
incorrect installation angle of the photovoltaic
module), which can lead to a decrease in the
intensity of solar radiation on the surface of the
solar cell.

The main factors that affect the value of
the short-circuit current are:

- temperature fluctuations;

- the use of anti-reflective coatings ,
which can significantly increase short-circuit
current due to reduced reflectivity of the SC
and increased light absorption;

- the structure of the semiconductor
layer ( for example, the use of thin-film
technologies can increase the short-circuit
current by optimizing the conditions for the
generation of charge carriers).

Models describing short-circuit current
can be useful for assessing the long-term
reliability of ESS. Predicting changes short-
circuit current as a result of material
degradation over time, allows the development
of reliable photovoltaic modules, which is
critical for ensuring their durability and high
performance.

Short-circuit current is an important
parameter that affects the overall efficiency of
a solar power system. The solar power system
model allows both to predict the short-circuit
current and to identify the causes of possible
deviations from the expected values. This
makes the model an important tool for
optimizing and increasing the efficiency of
solar technologies.
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Open circuit voltage ( U , ) is the
maximum voltage that the SE can develop in
the absence of load [5,6]. To predict the no-
load voltage in SE models, the following
parameters are used: temperature, internal
resistance, illumination level,. In mathematical
models based on thermodynamic principles,
open circuit voltage, can be expressed in terms
of temperature and light level according to
expression (2):

vt (L) @

e Io

where U , - open circuit voltage k -
Boltzmann constant , T - absolute temperature,
e - electron charge, / r - photocurrent, A, [ -
reverse diode saturation current .

In case of deviations of the open-circuit
voltage from the calculated values, models can
be used to analyze the causes of these
deviations (for example, if the open-circuit
voltage decreases with increasing temperature,
this may indicate problems with the material).

The open circuit voltage is determined
by the balance between the generation and
recombination of charge carriers in the
semiconductor material. When the SC is
illuminated, the photon energy leads to the
formation of electron-hole pairs. The internal
electric field created by the pn junction
promotes the separation of these pairs,
directing electrons to the anode and holes to
the cathode. In the absence of a load, carriers
continue to be generated, but recombination
also continues. The open-circuit voltage
reaches its maximum value when the charge
flows of the device are in equilibrium, that is,
the rate of generation of charge carriers is
equal to the rate of their recombination.

There are different models for
calculating open circuit voltage , namely:

- thermodynamic models , which are
based on the principles of thermodynamics and
allow us to express open circuit voltage due to
temperature and light level,

- models based on numerical simulations
, which can take into account effects such as
temperature gradients, inhomogeneities in the
material structure and other factors affecting
the open circuit voltage. These models can use
finite element methods or other numerical
techniques to simulate the behavior of the SE
under different conditions.

Open circuit voltage depends on the
following factors: temperature; illumination

level ; surface condition . With increasing
temperature the open circuit voltage decreases.
This is due to increased recombination of
charge carriers, which is associated with
increased thermal energy. Such models help
predict how a change in temperature will affect
open circuit voltage. Increasing the lighting
level increases open circuit voltage as the short
circuit current increases. In conditions where
the light level becomes excessively high,
saturation effects may occur, which also need
to be taken into account in the models.
Contamination and defects on the surface of a
semiconductor can reduce open circuit voltage.
The presence of microcracks or contamination
can lead to increased recombination, which
will be seen when comparing experimental and
calculated values.

Deviation analysis open circuit voltage
from the calculated values , allows you to
identify potential problems, namely:

- decrease open circuit voltage with
increasing temperature may indicate that the
material cannot withstand thermal loads;

- differences between experimental data
and models may indicate the presence of
defects in the structure or inefficiencies in the
production technology.

Models describing the open-circuit
voltage can be used to design more efficient
SE, and can also be useful for predicting the
durability of SEs. If the study shows that The
open circuit voltage drops sharply under
certain conditions, indicating the need for
durability and reliability tests of the SC.

Open circuit voltage is an important
indicator of the efficiency of the SE. Models
describing open circuit voltage, allow not only
to predict its value, but also to identify the
causes of deviations, which is an important
step towards optimizing solar technologies.
This makes modeling Open circuit voltage is
an important tool for researchers and
manufacturers seeking to improve the
efficiency and reliability of photovoltaic
modules.

The internal resistance of a power
supply is a key parameter that determines its
performance,  especially in  real-world
conditions when the elements are operating
under load [7,8] . This parameter reflects the
resistance that the current experiences when
passing through the power supply, and it
directly affects the output power and
efficiency. Power supply models can include
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the calculation of the internal resistance, which
allows you to evaluate how this internal
resistance affects the output power and
efficiency. By measuring the voltage and
current on the load, you can use a model to
determine the internal resistance, which is
important for optimizing the power supply
parameters.

By analyzing data on internal resistance
and its dependence on operating conditions, it
is possible to predict how changes in
temperature, humidity, and other factors may
affect the performance of the SC (for example,
an increase in the internal resistance of the SC
may indicate material degradation, which can
be corrected by improving production
technologies).

The internal resistance of a SC can be
defined as the ratio of the voltage change to the
current change under the operating conditions
of the element. It is important to consider that
the internal resistance can vary depending on
the environmental conditions and the state of
the element itself.

Internal resistance is directly related to
the output power of a power supply. When
internal resistance increases, some of the
output power is lost as heat, which leads to a
decrease in the effective voltage and current at
the output. This, in turn, reduces the overall
efficiency of the system.

SC models can include the calculation of
internal resistance based on parameters such as
temperature, light level and material
characteristics. Mathematical models can use
open circuit voltage and short circuit current
data to estimate internal resistance. When
comparing theoretical values of internal
resistance with experimentally obtained data,
deviations can be detected that indicate
problems in the design or production of the SE.
Factors that affect internal resistance:
temperature ; humidity ; degradation of
materials .

With increasing temperature, the internal
resistance of the SE increases. This is due to
the increase in thermal vibrations of atoms in
the semiconductor material, which causes a
decrease in the mobility of charge carriers and,
consequently, an increase in resistance.

High humidity can affect internal
resistance, especially in conditions where
moisture penetrates the structure of the SC.
This can lead to corrosion of the connections
and an increase in resistance.

Over time, SC materials can degrade,
which also leads to an increase in internal
resistance. In the event of increased
recombination of charge carriers or the
appearance of cracks in the semiconductor
structure, the internal resistance can increase
significantly.

Analysis of internal resistance data and
its dependence on operating conditions allows
us to predict how environmental changes will
affect the performance of the SC. If the
internal resistance increases sharply at a certain
temperature, this may be an indicator that the
element materials are not sufficiently resistant
to thermal loads.

Understanding the impact of internal
resistance on power output allows you to
optimize your SC system. For example, if the
analysis shows that high internal resistance
reduces overall performance, you can consider
opportunities to improve the manufacturing
technology, such as:

- optimization of the design of the SC ;

- the use of new semiconductor
materials with lower internal resistance, which
can significantly increase the efficiency of
solar cells.

Thus, internal resistance is an important
parameter that significantly affects the
performance of solar cells. Models that take
into account internal resistance allow not only
to estimate the current efficiency, but also to
predict the impact of wvarious factors on
performance, which 1is critical for the
development and optimization of solar
technologies.

Photocurrent is the current generated by
a semiconductor as a result of light absorption,
which leads to the generation of free electrons
and holes in the semiconductor material [9-11].
The photocurrent model, based on the
principles of photovoltaics , allows the
prediction of photocurrent based on the
intensity of solar radiation and the spectrum of
light. The models can take into account various
parameters, such as the angle of incidence of
light, which allows for a more accurate
assessment of photocurrents under different
conditions.

Comparing model and experimental
photocurrent data helps to identify factors that
affect the efficiency of the SC. For example, if
the photocurrent is lower than expected, this
may indicate problems with the optical
properties of the material, which requires
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additional analysis and correction of the
models.

Photocurrent is defined according to
expression (3), as the number of electric
charges created per unit time under the
influence of light:

1F=£[1sc+k,w(r ~T0) ]

where / r - is the photocurrent, A, E - is
the energy illuminance, W/m 2 | E o =1000
W/m 2is the energy illuminance under standard
conditions, / - is the short-circuit current, A, k&
Isc - 18 the temperature coefficient of the short-
circuit current, T - is the absolute temperature,
Ty -is the current temperature.

The photocurrent is proportional to the
intensity of solar radiation incident on the
surface of the SC. It is important to note that
the photocurrent may depend on the spectrum
of solar radiation, since different materials
respond differently to different wavelengths of
light.

Modern solar cell models take into
account the following factors that affect the
photocurrent: solar radiation intensity; light
spectrum; angle of incidence of light .

Models can use solar radiation data
under different conditions, including different
seasons and climate zones, allowing them to
predict photocurrent values for specific
conditions. Different semiconductor materials
have different absorption spectra. Models can
include information about the interaction of
different wavelengths of light with the
material, allowing for more accurate
predictions of photocurrent.

As the angle of incidence changes, the
effective area on which light falls changes, and
therefore the number of photons absorbed.
Models can take these changes into account to
accurately calculate the photocurrent.

Comparing model-predicted
photocurrent  values with experimentally
measured data plays an important role in
optimizing solar cells.

Factors affecting SC efficiency: optical
properties of the material; surface quality;
temperature. If the measured photocurrent is
lower than expected, this may indicate
problems with the optical properties of the
material, such as reflection or scattering of
light. The presence of impurities or insufficient
transparency of the upper layers can lead to
losses of light energy.

3)

Irregularities and defects on the surface
of the SC can prevent normal light penetration.
Examination of the surface using microscopy
methods will help to identify such defects.

As the temperature increases, the
effective carrier mobility decreases, which can
lead to a decrease in the photocurrent. Models
that take into account thermal effects allow for
a more accurate prediction of this parameter.

The following factors can be identified
that allow increasing the photocurrent:
optimization of materials; development of anti-
reflective coatings ; adaptive sun tracking
systems.

Different materials interact with light
differently, which allows for the development
of new semiconductors that better absorb light
over a wide range of wavelengths.

The wuse of special anti-reflective
coatings reduces light reflection, which can
significantly increase photocurrent. Models
help predict how such coatings will affect the
performance of SC.

Systems that automatically change the
tilt angle of photovoltaic modules to optimally
receive sunlight throughout the day can
significantly increase photocurrent and power
output.

Continuous monitoring of photocurrent
under different operating conditions is also
important for assessing the durability and
reliability of SC. Collecting photocurrent data
over time allows for the detection of potential
problems such as material degradation or
changes in the environment.

Thus, photocurrent is one of the key
parameters determining the efficiency of solar
cells. Models that take into account various
factors affecting photocurrent play an
important role in predicting the performance of
solar systems.

In works [5-7], modeling of output
power ( P o ) was considered. The output
power of a solar power system is the product
of current and voltage, making it critical for
assessing its overall efficiency. Maximum
output power of a solar power system P max is
determined according to expression (4):

Pu=U.1.F, @)

where P ;.x — maximum output power of

the SC, [ 4 - short-circuit current, U ,. - open-

circuit voltage, F' ; - fill factor of the I-V
characteristic of the SC.
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models allow you to predict the output
power depending on short-circuit current,
open-circuit  voltage, internal resistance,
temperature changes, and illumination, which
allows you to more accurately assess
performance in real-world conditions.

Analysis of experimental power output
data, combined with models, allows us to
identify optimal operating conditions, as well
as determine how improvements in materials
or technologies can increase the efficiency of
solar energy conversion.

Thus, the output power depends not only
on the maximum current and voltage values,
but also on the actual operating conditions of
the element.

SC models can take into account the
effect of the following external factors on the
output power: temperature; illumination level.
Temperature changes can affect the output

power. Increasing temperature generally
reduces open circuit voltage and, therefore,
output power. Models that take into account
thermodynamic effects allow us to predict how
output power will change under different
temperature conditions.

Different levels of solar radiation affect
the short-circuit current and therefore the
power output. Models that take into account
the variation of light levels throughout the day
and in different seasons allow for more
accurate predictions of SC performance.

Comparison of model and experimental
data on output power allows us to identify the
optimal operating conditions for photovoltaic
modules .

In Tab.1 ,Fig. 1 and Fig. 2 shows the
results of modeling the dependence of the no-
load voltage and photocurrent on the internal
resistance of the SC.

Table 1.
Results of modeling the dependence of the no-load voltage and photocurrent on the internal resistance of
the CE
R,Om U,B I, mA
6,5 0,80 1240
22,7 2,72 1200
447 5,2 1165
110 9,85 891
230 12,81 560
252 12,86 510
274 12,9 470
340 13,07 382
477 13,2 280
922 13,6 150

From the graph in Fig. 1, it can be seen
that the voltage increases from 0 to 13 V, upon
reaching a resistance of 110 Ohms, the voltage
stabilizes and increases to 14 V.

It can be seen from the graph in Fig. 2
that the photocurrent decreases with the
increase of the internal resistance of the SE to
the value of 922 Ohms.

Studying the effect of different materials
on the output power helps to determine which

semiconductor materials are most efficient and
significantly increase the output power of the
SC. Analysis of different design solutions,
such as the use of multilayer SC or different
types of anti-reflection coatings , can help in
increasing the output power. A decrease in
output power over a long service life may be a
sign of degradation of the materials from
which the SC is made.
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Fig. 1. - Graph of the change in the no-load voltage
from the internal resistance of the CE

The dependence of output power on
various factors has several practical
applications. Optimizing output power allows
designing photovoltaic modules with high
efficiency through the use of sun tracking
systems that change the angle of inclination of
the panels to maximize sunlight reception.

Data on the output power of solar plants
helps in the planning of power systems based
on renewable energy sources. This is important
for ensuring the reliability of power supply and
load management.

Estimating  output power allows
investors and companies to make more
informed decisions about investing in solar
technologies, choosing those that have
demonstrated high efficiency and reliability.

Modeling and experimental analysis
allow for optimization of power output by
providing a better understanding of the factors
affecting solar PV performance, which
contributes to the development of efficient
solar technologies and systems for a
sustainable energy future.

In works [5,6], the modeling of
efficiency, which is an important characteristic
that shows what fraction of solar energy the
element converts into electrical energy, is
considered. The efficiency is calculated,
according to expression (5), as the ratio of the
output power ( P o) to the power of solar
radiation falling on the SEP .

922
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200

0 6,6 22,7 44,7 1104 230 252,7 274,77 3404 477 922

R,,Om

Fig.2 - Graph of the change of the photocurrent from
the internal resistance of the CE

Pout ImUm
Mkpp = - ’ ®)
Pp Pp

where 7 - is the efficiency of the SC, 1 ,,
and U ,, — current and voltage corresponding to
the point of maximum power P 4, P , - the
radiation power incident on the SC.

The SC model allows for the calculation
of efficiency based on power output and
illumination level. Optimization of the models
based on experimental data allows for the
prediction of how various changes in design
and materials may affect efficiency. If the
efficiency is lower than the calculated one, this
may indicate the need to optimize the design,
improve the quality of materials, or apply new
technologies.

Thus, the SC model serves as an
important tool for analyzing and optimizing its
key characteristics, namely: short-circuit
current,  open-circuit  voltage, internal
resistance, photocurrent, output power and
efficiency. The SC model allows not only to
predict the behavior of the cell under different
conditions, but also to identify potential
problems, which is critical for improving the
efficiency and reliability of solar systems.

High efficiency means that the element
is able to efficiently use available solar
radiation, making it more attractive from an
economic point of view.

SC models allow us to calculate the
efficiency based on the output power and the
level of sunlight. It is important to note that the
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efficiency depends on a number of factors: the
type of materials, the temperature value ,

Different semiconductor materials have
different absorption and recombination
coefficients, which affect efficiency. Models
that take into account material properties help
predict how changes in design or the use of
new technologies may affect efficiency.

Models that take into account
thermodynamic effects can predict how the
efficiency will change with temperature. As
the temperature increases, the efficiency of
charge carrier recombination can decrease,
leading to a drop in efficiency. Comparing
model and actual efficiency values allows us to
identify directions for its increase. If the actual
efficiency is lower than the calculated one, this
may indicate the need to optimize the design of
the element, for example, changing the
thickness of the active layer or using special
coatings to increase light absorption .

Improving the quality of semiconductors
and other materials used can increase
efficiency. Models that incorporate data on
material quality can predict how their
improvement might affect the efficiency of the
SC.

The introduction of new technologies,
such as perovskite solar cells or multilayer
structures, can  significantly = improve
efficiency. Models that take such technologies
into account allow for the prediction of their
impact on efficiency.

The value of efficiency is important for
a number of practical tasks:

- Efficiency helps to select the most
efficient technologies for use in solar systems,
which is important for minimizing production
and installation costs;

- the value of the efficiency of various
solar energy systems helps to plan energy
strategies, ensuring reliable and efficient use of
solar energy;

- high efficiency makes solar
technologies more attractive for investment,
which can contribute to the development of the
energy industry and lower prices for solar
energy.

Efficiency is an important indicator of
the effectiveness of solar energy. Efficiency
modeling, combined with experimental data,
allows identifying opportunities for
optimization and improvement of technologies,
which is critical for the further development of

solar energy and increasing its competitiveness
in the market.

Thus, the following results were
obtained using models of quantitative and
qualitative indicators of SE parameters:

- development and improvement of SC
models, leading to a deeper understanding of
the physical processes occurring in SC;

- modeling of solar energy parameters
allows us to quantitatively assess how different
conditions (temperature, illumination, angle of
incidence of light) affect the main parameters
(short-circuit current, open-circuit voltage,
output power), which contributes to accurate
prediction of the performance of photovoltaic
modules in real operating conditions;

- SC models allow you to detect defects
in materials or production technologies, which
can be used to improve processes, reduce
defects and improve the quality of photovoltaic
modules ;

- scientific results obtained in the
modeling process can be implemented in
production, which leads to cost reduction and
increased efficiency of production processes;

- modeling of SC, helps in research of
new photoconductive materials, such as
perovskites , which can lead to the creation of
efficient SC with the best characteristics;

- SC models allow predicting the service
life of SC, taking into account degradation
factors, which may affect maintenance
strategies and management of  their
installations;

- studying and optimizing efficiency
through modeling helps reduce the cost of
electricity production and increase the share of
solar energy in the overall energy balance;

- SC models allow for rapid adaptation
of existing technologies to new challenges and
opportunities, providing an innovative
approach to industry development.

The use of models of quantitative and
qualitative  indicators of solar energy
parameters contributes to obtaining scientific
results that increase the efficiency, quality, and
reliability of solar technologies, which
supports the development of sustainable
energy solutions and promotes the transition to
environmentally friendly energy sources.

Solar SC modeling helps optimize the
design of photovoltaic modules , which
increases their efficiency. This will allow for
the efficient use of solar energy and reduce the
costs of its production.
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Research in photovoltaics is leading to
the creation of new high-performance
materials, such as perovskites or organic
compounds. Models can help predict their
behavior and characteristics.

Solar SC models can be adapted to
predict the performance of solar PV systems in
different climates, which will allow the
development of more versatile solutions for
solar systems. Solar PV models will provide a
better understanding of how solar PV can work
effectively in combination with other
renewable energy sources, such as wind or
hydropower, creating flexible power systems.
Solar PV models can be used to predict the
service life of solar PV and identify potential
problems, which will ensure effective
maintenance and management in information
and measurement systems.

CE models are an indispensable tool for
scientists, engineers, and manufacturers
seeking to create efficient and reliable solar
technologies through the use of:

- taking into account external factors in
the model, under various external conditions,
such as: temperature, light level and humidity,
which allows for accurate prediction of the
performance of the solar energy system in real
operating conditions;

- performance optimization, comparing
theoretical values obtained from models with
experimental data helps to identify deviations
and determine the causes of their occurrence,
which in turn contributes to the optimization of
designs, materials and production technologies,
and can also significantly increase output
power and efficiency;

- predicting the degradation of the CE
model, which is important for planning the
operation and assessing the service life of
photovoltaic modules .

Models will allow you to create
information and measuring systems that will
automatically adapt the operation of solar
installations depending on current conditions,
increasing overall efficiency. Optimization of
production processes using models will help
reduce material costs, which will make solar
technologies affordable. Modeling allows you
to identify and ecliminate weaknesses in the
design and materials of solar energy systems,
which leads to the creation of reliable and
durable solar energy systems. The use of solar
energy models in educational institutions
contributes to the development of scientific
research in the field of renewable energy
sources and the formation of new specialists in
this field.

Conclusions

Further development of SE models may
include taking into account detailed
characteristics of materials, in particular their
electrophysical  properties at  different
temperature regimes and operating conditions,
which will significantly increase the accuracy
of predicting the efficiency of SE operation in
real conditions, taking into account not only
general parameters, but also microstructural
features of materials.

Thus,  further  development and
improvement of SE models is an important
step towards increasing the efficiency of solar
energy in the context of global climate change
and increasing demand for renewable energy
sources. With the help of SE models, it is
possible to achieve more accurate predictions
of the generation of electrical energy by
photovoltaic modules at solar stations, which
will  ensure economic  benefits and
environmental sustainability in the use of solar
energy in the future.
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KBAJIMETPUYHUN METO/I U1 OITHKU KIVIBKICHAX TA AKICHHX
IHAPAMETPIB COHAYHOI'O EJIEMEHTA

VY cTarTi po3TASHYTI KBAJIIMETPUYHUN METOJ OI[iIHKH COHSIYHOTO €JIeMEHTa, IO OIHMCYE WOTO OCHOBHI
eJIeKTpodi3uYHI XapaKTEPUCTHUKH Ta TPOIECH, SAKi BinOYBAIOTHCS B HHOMY Il 4ac TIEPETBOPEHHS COHSIYHOI
EHEprii Ha eJIEKTPUYIHY.

[IpoaHaizoBaHO 3aJICXKHICTh (POTOCIECKTPUUHHUX XapaKTEPUCTHK COHSIYHOTO €IEMEHTa B 3aJIe)KHOCTI BiJ
pizHux napamerpiB. [loka3aHo, 110 MiABUINEHHS TEMIEPAaTypH BEAE /10 3HWKCHHS OCHOBHHMX XapaKTEPUCTHK
COHSYHOIO €JIEMEHTa, 30KpeMa Koe(ilieHTa KOPHCHOI [ii, CTpyMy KOpPOTKOrO 3aMHUKaHHs, KoedilieHTa
3allOBHEHHS! Ta IHIIMX IIOKAa3HMKIB, IO XapaKTEepU3yIOTh BOJIbT-aMIIEPHY XapakTepucTHKy. lle 3HIDKeHHS
BiZIOYBa€eTbCsl 4yepe3 3MIHM B EJEKTPO(DI3WYHUX BIACTUBOCTAX MarepiayliB, 3 SKUX BHUIOTOBJIEHI COHAYHI
€JIeMEHTH, a TaKOXX Yepe3 BIUIMB TeMIepaTypHUX 3MiH B Matepiaii. Po3poOiieHa meroamka po3paxyHKIB
OCHOBHHX €JIeKTPO(I3MYHNX MapaMeTpiB, TAKHX K CTPYM KOPOTKOTO 3aMHMKaHHS Ta Halpyra XOJOCTOro X0y,
sIKa BPaXOBYE JETAbHY CTPYKTYpy MaTepiajiB, 1[0 BUKOPHUCTAHI JUIsi BUTOTOBICHHS COHSYHUX E€JIEMEHTIB, IO
MiBUIIYE TOYHICTh PO3PaxyHKIB BHUXIJTHOI IMOTYXXHOCTI Ta KoedillieHTa KOPUCHOI Mdii, a TaKOXX ITiBUIIYE
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CTaOUTBLHICTh BOJNBT-aMIIEPHUX XapaKTEPUCTHK COHSIYHUX €JIEMEHTIB y peaJbHUX YMOBaX eKCILIyaTallii.
AKIICHTOBAaHO, 110 BOKIMBUM aCIIEKTOM € aHaJli3 BIUIUBY 3MiH YMOB OCBITJICHOCTI, SIKi MAIOTh 3HAYHUI e(heKT Ha
NepETBOPEHHS COHAYHOT eHeprii. Moieni NoKa3yroTh, sIK 3MIHM B IHTEHCUBHOCTI Ta CHIEKTP1 OCBITIIEHHS MOXYTb
3MIHIOBATH IIOBEIIHKY COHSYHOTO CJIEMCHTA, 30KpeMa BIUIMBATH Ha CTPYM Ta HANPYry NPH 3MIHHOMY
OCBITJICHHI BIIPOJIOBXK JHS a00 B yMOBaX HEMOCTIHHOI'O COHSYHOTO BUIPOMiHIOBaHHs. [loka3aHO, IO HasBHI
HOiAXOMM [0 MOJCIIOBAHHS COHSYHUX CIIEMCHTIB NOTPEOYIOTh MOMANBIIOTO YIOCKOHAICHHS, 30KpeMa 3
ypaxyBaHHSIM CTPYKTypH MatepiaiiB, TEMIIEPaTypHHUX 1 OCBITIIOBAIBHMX YMOB, IO IiJBUIIUTH TOYHICTh
PO3paxyHKiB Ta CTaOLIBHICTh POOOTH COHSIYHUX €JIEMEHTIB B peabHUX YMOBAX.

KIIFOYOBI CJIOBA: cownsunuti enemenm, KeALMempuyHuil Memoo OYiHKu, cucmema sKocmi i
KinbKoCcmi, iIHOpMayiliHO-8UMIPIOBATbHA CUCMEMA, MEMOO KOHMPOI0, POmMOoereKmpuyHUuLL MoOYyib.

SAx wmuryBatu: Budanov P., Kupriyanov O., Melnykov V., Kononov V. (2024). Qualimetric method for
assessing quantitative and qualitative parameters of a solar cell. Mammuo6yaysanns. 2024. Bum. 34 C. 92-103.
DOI: https://doi.org/10.26565/2079-1747-2024-34-09

Kouduikr intepecin

ABTOpH 3asIBISIIOTH, 1[0 KOHQUIIKTY iHTepeciB moAo myOmikamnii pykomucy Hemae. Kpim Toro,
aBTOPH TOBHICTIO JOTPUMYBAINCh €THUYHHUX HOPM, BKJIIOYAIOUW IUIariaT, ¢anscudikamilo JaHUX Ta
MOJIBIHHY ITyOJIiKaIIif0
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METHODS OF MIXING QUALITY CONTROL DURING POLYMER PROCESSING ON
A DISK EXTRUDER

Today, the market dictates the need for extrusion systems capable of processing a wide range of different
polymers with maximum efficiency. One of the options for such installations is a resource- and energy-saving cascade
disk-gear extruder consisting of a metered-discharge disk extruder and a gear pump. The disk extruder is characterized
by high mixing capacity and has proven itself as a melt-homogenizer. However, at present there is no unified
methodology for selecting the technological parameters of the disk extrusion process depending on the quality of
mixing of the material at the outlet, which greatly complicates the introduction of this equipment into the technological
schemes of modern production facilities. Based on the analysis of recent scientific publications, a system of equations
has been created that describes the movement of material in the disk gap and allows determining the residence time of
the material and the length of the trajectory of material movement in the disk gap. Graphs of the dependence of the
trajectory length and the duration of the material's stay in the disk gap on the distance to the moving disk are presented.
Taking into account the previously obtained empirical data and using the correlation between the criterion of mixing
quality and the value of the accumulated strain, a computer program was developed that is capable of selecting the
technological parameters of disk extrusion depending on the required mixing quality. Based on the developed system of
equations, graphs showing the dependence of the accumulated strain on the size of the disk gap and the rotation
frequency of the working body were constructed. Depending on the required mixing quality and extruder performance,
the program provides the values of the optimal size of the disk gap and the rotation speed of the working body, which
greatly simplifies the process of setting up equipment for specific production conditions and types of materials.

KEYWORDS: disk extruder, mixing quality control, accumulated shear strain.

In cites: Trachuk Y. V. & Shved M. P. (2024). Methods of mixing quality control during polymer processing on a disk
extruder. Engineering, (34), 104-115. https://doi.org/10.26565/2079-1747-2024-34-10

Statement of the problem

Plastics are characterized by high which is to ensure that the product obtains the

efficiency in terms of technology, consumer
and economic performance. Often, a polymer-
based material is able to combine strength at
the level of metals, low density, resistance to
aggressive  environments, low  thermal
conductivity and other important technological
characteristics. As a result, plastics are
effectively used in almost all industries, which
is reflected in their widespread use and steady
growth in production and processing volumes.
[1-6].

Plastics, in addition to the polymer
itself, also consist of fillers, dyes, stabilizers,
and other special additives, the purpose of

required properties.

To expand the range of technological
and operational properties, composite materials
are becoming increasingly common. Their use
makes it possible to produce polymeric
materials with increased wear resistance,
resistance to shock loads, etc. However,
changes in the composition of the material
being processed can have a strong impact on
the technological properties, which in turn
either makes it impossible to process the
required composition on an existing single- or
twin-screw extruder or worsens the quality of
the finished product. This disadvantage is
avoided by cascade extrusion units, in which
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each operation is performed by a separate
working body.[7] Among the developed
schemes, a cascade extrusion unit, consisting
of a metered-discharge disk extruder that
serves as a melt-homogenizer and a gear pump
used for dosing and pressure creation, stands
out for its efficiency [8-13]. Despite the
promise of this scheme, it is currently used to a
limited extent due to the insufficient theoretical
basis for its description.

As of today, no comprehensive
methodology has been developed that would
make it possible to select the technological
parameters of the disk extrusion process
depending on the quality of material mixing,
which is a critical factor for the distribution
and use of this device, since it serves not only
as a melter but also as a mixer.

Analysis of recent studies and publications

The scientific principles of designing and
calculating disk extruders were discussed in detail
in [14]. The authors developed an algorithm for
finding the geometry of the disk and its rotation
frequency, which together provide a given final
melt temperature at the outlet of the extruder.
However, these algorithms do not take into
account the required mixing quality of the
resulting melt, which is definitely a disadvantage.

Existing methods for quantifying the
mixing process are based on statistical analysis.
The application of statistical criteria requires the
study of real material samples, which is
accompanied by their physical destruction, and
does not allow predicting the result of mixing
directly in the process of their manufacture.
Therefore, the use of criteria that are non-
statistical in nature, based on the determination of
the strain accumulated by the melt, the

temperature inhomogeneity of the melt, etc. is of
particular importance. For example, the authors of
[15] conducted a study to assess the mixing
efficiency depending on the intensity of the
supplied energy using statistical analysis methods
and by scanning the melt temperature field across
the channel with a multi-point mesh thermocouple
installed at the outlet of the extruder. The results
showed that the discrepancy in the assessment of
mixing efficiency does not exceed 8%. However,
the state of the material inside the extruder
remains unknown.

The study of particle trajectories in the disk
gap was described in [16 - 19]. The authors
created programs capable of constructing material
flow trajectories in a plane-plane and cone-cone
gap, on the basis of which the effect of the size of
the disk gap on the structure and properties of the
extruded material was considered.

Statement of the task

The aim of this work is to develop
equipment and an algorithm for its calculation that
will allow to accurately and conveniently select
the technological parameters of the disk extrusion
process based on the correlation between the

mixing quality criterion and the value of the
accumulated strain. In order to achieve this goal, it
is necessary to analyze the velocity fields and
shear stresses that arise when the melt moves in
the working gap of a disk extruder.

Presentation of the main study

The disk extruder works as follows. The
polymer is dosed into the inlet 1 and transported
by a multi-pass screw thread made on the side
surface of the rotating disk 2 into the working gap
3 formed by the body and disk. Melting of the
polymer and homogenization of the melt is carried
out in the channels of the screw thread and in the
gap, and the resulting melt exits through the hole
4. The main disadvantage of disk extruders is the
low pressure at the outlet of the device (up to 1
MPa), so this type of device is effectively used
with gear pumps as a dosing device [10 - 13].

Disk extruders are characterized by high
efficiency in terms of both capital and operating
costs, as well as a wide range of processed
materials.

In cascade extrusion schemes, a disk
extruder acts as a melter-homogenizer. The screw-
cutting zone is responsible for melting 50-60% of
the material, and the disk gap completes the
transition of the material to a viscous-fluid state
and homogenizes the resulting melt [14].

Existing methods for quantitatively
describing the mixing process are based on
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statistical analysis based on comparing the total
dispersion with the actual value of the standard
deviation of the concentration of the dispersed
substance [7].

Currently developed methods for describing
the mixing effect make it possible to estimate the
average value of the shear strain per unit volume
of the mixed material. Comparison of the
calculated values of the shear strain with the
experimentally determined statistical criteria of
mixing quality indicates the existence of a
correlation between them. The mixing quality
criteria initially depend significantly on the shear
strain, but then a kind of saturation occurs. Once

7

[

this optimum value of shear strain is reached,
further increases in shear strain do not affect the
criteria. Thus, there is a certain optimal mixing
duration. Obviously, if the system manages to
realize the average shear strain, then the
maximum possible homogeneity of the mixture is
achieved for this apparatus and further increasing
the duration of mixing to increase the
homogeneity of the mixture is irrational. [7]. It is
important to remember that with this method of
estimating the shear strain, its optimal value will
characterize only the mixing system for which the
correlation was determined.

%% N

=~

n\

Fig. 1 - Schematic diagram of a disk extruder: 1 - inlet, 2 - screw thread, 3 - disk gap, 4 - outlet.
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Fig. 2 - The effect of shear strain on the mixing index of polymer mixtures obtained using roller machines (1) and
rotary mixers (2)

The total (accumulated by the mixture
during the mixing process) shear strain 7 can

10

be defined as the product of the average shear rate
and the duration of mixing (shear duration) [7].
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}/summ = 7./.t (1)
Wherej_'/ is the average shear rate, s'; f is

the mixing duration, s.

Metered-discharge disk extruders have the
ability to adjust such parameters as the size of the
disk gap and the rotational speed of the working
body, which provides ample opportunities to
control the mixing effect by changing both the
value of the shear rate and its duration.

A prerequisite for determining the mixing
effect of a disk extruder is the availability of
information on the velocity distribution in the
material flow.

The nature of the polymer movement in the
disk gap is determined by the result of the
interaction of two mutually perpendicular

A-A

1)
R=0,065m, r=0,005m, W =7,928-10° M%,H=3-10_3M, n=0,318 ¢

velocities: radial and tangential. The profile of the
radial velocity component has a linear profile, and
the profile of the tangential component is
parabolic.

Y Y
v,=V-==2-rrn-—=— (2)
3.
v, =——7—y(H- 3
=y (H-y) (3)

As a result, the trajectories of the material
in the disk gap take on a shape similar to
Archimedes' spirals [16]-[19]. The trajectory
depends on the volume capacity of the extruder,
the distance of the cross-section from the moving
disk, the disk rotation speed, and the size of the
disk gap.

—y=0.3H —y=0.6H y=0.9H
0,08
0,06

-0,08 0,07
-0,04
-0,06
-0,08
R, mm
2)

Fig. 3 - Trajectories of particles in the slit gap of a worm-disk extruder: 1 —at y =0.1H ;2 -at y=0.3H
y=0.6H and y=09H
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Integrating the equations in the range from
0 to/and from R tor , we obtain:

r:\/R2_6'W’y’(Ij_y)'At )
T-H

The time spent by the element in the zone
bounded by the radiuses R and r is equal to

_(Rz—rz)-ﬂ-H3
_6-W-y-(H—y)

To determine the components of the shear
rate, we differentiate the velocity equation along

At Q)

y:
_ﬂ: v i:2'7['l/"l’l
V.= dy (Vt dey g (6)
Ay (30 1939 .
h= a _(H-HB-V Y <H y)jdv TH-r (H 2 y)

(7

Using the obtained equations to find the

values of the components of the strain rate and the

duration of their action, it is possible to determine
the value of the total accumulated strain.

3,5

\:_‘ u[\)
—_ W \S] (V)] w

Trajectoru length, m

=
[V

The total shear strain in the system can be
found using the equation:
ALY

Vowm =Y+ V=2,

Based on the equations described above, a
program was created that is capable of
constructing material movement trajectories,
calculating the length of this trajectory,
determining the time the material stays in the disk
zone, and calculating the shear strain y_, y_, and

7}xi 7}zi ’ Ati (8)

7 o @ccumulated by the material not only in one

section but in the entire disk gap. As a result, the
following graphs of the distribution of the above
characteristics over the width of the

disk gap were obtained.

A nomogram was used as empirical data to
determine the optimal operating parameters of a
disk extruder. [20]

Table 1 shows the data obtained by
substituting the experimentally determined
parameters of the disk extruder into the system of
equations described above.

)

0 0,0005 0,001 0,0015

0,002 0,0025 0,003 0,0035

Distance from the moving disk, m

Fig. 4 - Graph of the dependence of the length of the particle trajectory on the distance from the moving disk when
3
moving in the disk gap of a worm-disk extruder at R =0,065m , » =0,005m, W =7,928-10"° m% ,

H=310"m, n=0,318 5.
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Fig. 5 - Graph of the dependence of the time spent by the material in the disk gap on the distance from the
moving disk when moving in the disk gap of a worm-disk extruder at R =0,065m , r =0,005m ,

W =7.928-10" m%,H=3-10_3m, n=0,318 s,
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Fig. 6 - Graph of the dependence of the total shear strain on the distance from the moving disk at R =0,065m ,
3 _
r=0,005m, W =7,928-10"° m% JH=310"m, n=0,318 5.
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Fig. 7 - Nomogram for determining the optimal technological parameters of a two-gap disk extruder for processing
LDPE of the 15802-020 brand.

Table 1
Values of accumulated shear strain at parameters determined by the nomogram
Taoauus 1
3HaueHHsI HAaKOMM4YeHO1 nedopmaiii 3CyBy IpH napaMerpax, BU3HAYSHUX HOMOTPaMOIo
Rotation Mass Gap between | A ccumulated shear
frequency n, | productivity G - | disks, H-10 strain 7
S-l 10-3, kg/s 3’ m summ
2,33 14,55 2,80 1497
2,57 17,00 3,00 1429
2,80 18,75 3,19 1418
3,03 20,8 3,41 1392

At optimal technological parameters of the
process, the calculated value of the accumulated
strain is 1400-1500, so it is impractical to develop
an accumulated shear strain in a disk extruder that
does not belong to this range. Using the developed
model for the parameters R=0,087m,

r=0,018m, W=2,91.10-SMZ, n=2,33 s

!, the values of the accumulated shear strain were
calculated depending on the size of the disk gap
and the rotation frequency. The graphs show that
the rotation frequency of the working body has a
greater influence on the value of the accumulated
shear strain than the value of the disk gap.
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Dependence of the accumulated shear strain on the size of the gap between the disks.

3aJexHiCTh HAaKOIMYeHO aeopmallii 3cyBY BiJl BEIMUMHU 3a30py MIXK AUCKaMH.

1540

1530

1520

1510

1500

Accumulated shear strain

1490

1480

Fig. 8 - Graph of the accumulated shear strain versus the gap between the disks.

Dependence of the accumulated shear strain on the rotational speed of the working body.

Gap between disks, Accumulated shear
H, m strain y_
0,002 1483
0,00225 1486

0,0025 1490
0,00275 1496

0,003 1502
0,00325 1508

0,0035 1514
0,00375 1521

0,004 1528
0,00425 1534

0,001 0,002 0,003 0,004

Gap between disks, H, m

0,005

Table 2

Taoaunsa 2

Table 3

Taéauna 3

3asrexHICTh HAKOTTMYICHO1 AedopMaltii 3cyBY BiJl HIBUAKOCTI 00€pTaHHS POOOUOTO OpPTaHy.

Rotation frequency Accum}llated shear
n, s’ stram y
2 1315
2,25 1453
2,5 1591
2,75 1729
3 1867
3,25 2004
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The movement of particles in the gap of a
disk extruder is the result of two mutually
perpendicular velocities. The flow from the outer
diameter of the disk to the outlet is caused by the
pressure created by the screw thread and has a
parabolic profile. The flow tangent to the radius is
caused by the rotation of the moving disk and has
a linear profile. As a result, the flow trajectory has
a complex shape similar to the Archimedes spiral
and depends on the disk rotation speed, extruder
performance, disk gap size, and the distance of the
flow from the moving disk.

The effect of the distance from the moving
disk on the trajectory length, the time spent by the

2400
2200
2000
1800

1600

Accumulated shear strain

1400

1200

1000
1 1,5 2

2,5

Rotation frequency Accum}llated shear
n, s’ strain ¥,
3.5 2142
3,75 2280
4 2418
Conclusions

material in the disk gap, and the amount of strain
accumulated by the material is analyzed. Using
the described model, the effective amount of
accumulated shear strain is 1400-1500. It is
determined that the disk rotation frequency has a
greater influence on the amount of accumulated
strain than the size of the disk gap.

The obtained mathematical model and
system of equations makes it possible to
accurately and in a more convenient form to select
the technological parameters of the process based
on the correlation between the criterion of mixing
quality and the value of the accumulated strain.

3 3,5 4 4,5

Rotation frequency n, s’!

Fig. 9 - Graph of the dependence of the accumulated shear strain on the working body rotation frequency.
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METOJU PETYJIFOBAHHS AKOCTI 3MIITYBAHHS ITPU IIEPEPOBIII
MHOJIMEPIB HA TUCKOBOMY EKCTPYIEPI

CTaHOM Ha CBOTOJHI PUHOK JUKTYE TOTPeOy B EKCTPY3IMHHMX YCTaHOBKAaX, 3JaTHUX MEPepoOIATH
NIMPOKHUH CIIEKTP PI3HOMAHITHUX IOJNIMEPIB 3 MaKCHMAaJbHOK chekTHBHICTIO. OMHUM 3 BapiaHTIB TaKUX
YCTAaHOBOK € PECypCO-CHEProOUIaHUil KAaCKaJHUI JHCKOBO-IIECTEPEHHUH EKCTPYAep, L0 CKIANAEThCS 3
JIUCKOBOTO CKCTpyJZepa 3 JO30BaHMM JKHMBICHHAM Ta IIECTEPCHHOr0 Hacoca. JIMCKOBHU eKCTpynep
BiJI3HAYAETHCSI BHUCOKOIO 3MINIYBaJIbHOIO 3MATHICTIO 1 J0Ope 3apeKOMeHAyBaB cebe SK pO3IIaBIIIOBAY-
romoreHizaTop. OqHak, Ha el yac He icHye YHi()iKOBaHOI METOMUKHU MiA0OpY TEXHOJOTIYHHMX MapaMeTpiB
TIPOIIECY JUCKOBOi €KCTPY3il 3a7eKHO BiJ SKOCTI 3MIlIyBaHHS MaTepially Ha BHXOJi, IO 3HAYHO YCKJIATHIOE
BIIPOBA/KCHHS TAHOTO O00JIaJHAHHS B TEXHOJIOTIYHI CXEMHU Cy4acHHX BUPOOHUNTB. Ha OCHOBI aHami3y OCTaHHIX
HAyKOBHX IMyOJiKaIlii CTBOPEHO CHUCTEMY PIBHSHB, sIKa OMHCYE PyX MaTepiaidy y JTUCKOBOMY 3a30pi i 03BOJISIE
BU3HAYUTHU Yac mepeOyBaHHS MaTepialy, a TaKOX JOBKHHY TPAEKTOPIi pyXy Marepiaiay y JHCKOBOMY 3a30Di.
HaBeneno rpadiku 3aieXHOCTI MOBXHHH TPAEKTOPIl Ta TPHBAIOCTI MepeOyBaHHS MaTepialy y IHUCKOBOMY
3a30pi BN BIACTaHI JO PYXOMOTO IHUCKAa. 3 ypaxyBaHHAM paHIlIe OTPUMAHHX CMIIIPHUYHUX JaHUX Ta
BUKOPHCTOBYIOUH KOPEIAIII0 MiXK KPUTEPIEM SKOCTI 3MIIIyBaHHS Ta BEJIMYWHOIO HAKOMHMYEHOI Aedopmarii,
Oyno po3po0JICHO KOMIT'IOTEPHY HpOrpaMy 3IaTHY MigiOpaTH TEXHOJIOTIYHI MapaMeTpu JUCKOBOI eKCTpy3ii
3JIEKHO BiJ] HEOOXiqHOI SKOCTI 3MinTyBaHHA. Ha OCHOBI po3po0OiieHOi CHCTeMH pPiBHAHL Oyim MmoOyaoBaHi
rpadikd, MO MOKA3YIOTh 3AJICKHICTh BEIMYMHU HAKOIMYCHOI jJedopMariii BiJl po3Mipy TUCKOBOTO 3a30py Ta
4acTOTH OO0epTaHHSA POOOYOro opraHa. 3aJeKHO BiJ HEOOXiMHOI SIKOCTI 3MIITyBaHHS Ta MPOXYKTHBHOCTI
SKCTpyJiepa, MporpaMa Haja€ 3HAYCHHS ONTHMAJBHOTO PO3MIPY IHCKOBOTO 3a30py Ta YacTOTH OOCpTaHHS
pobo4oro oprana, 10 3HAYHO CHPOILIYE MPOLIEC HANAIITYBaHHS 00 JHAHHS ISl KOHKPETHUX BUPOOHHYHX YMOB
Ta THIIB MaTepiais.

KIIFOYOBI C/IIOBA: oOuckosuii excmpyoep, KOHMPOLb AKOCMI 3MIUWLYBAHHS, BEIUHUHA HAKONUYEHOT
Odepopmayii 3cysy.

Ax muryBatu: Trachuk, Y. V. & Shved M. P. (2024). Methods of mixing quality control during polymer
processing on a disk extruder. Mawunobyoyseanns. 2024. Bum. 34 C. 104-115. DOLIL
https://doi.org/10.26565/2079-1747-2024-34-10
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ABTOpH 3asIBISIIOTH, 10 KOHQUIIKTY iHTepeciB moAo myOmikamnii pykomucy Hemae. Kpim toro,
aBTOPH TOBHICTIO JOTPUMYBAJIMCh CTHUYHHUX HOPM, BKIIFOUAIOYH ILIariar, (anbcudikaliio JaHUX Ta
MOJIBIHHY ITyOJIiKaIIif0
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OCOBJHUBOCTI MPOLECY IIOCKOTO NIJII®YBAHHS TETAJIEM 13
3ATAPTOBAHUX JIETOBAHUX CTAJIEN.

InidpyBaHHsS € OJHUM 3 OCHOBHHX METOJIIB MEXaHIYHOI OOPOOKH, 110 BU3HAYAIOTH SKICTh BUTOTOBJICHHS
neraneil. Tomy migBumenHs edekTuBHOCTI uUTiQyBaHHS  HauexaTb JIO HPIOPUTETHUX  3aBAaHb
MalIHOOY Ay BaHHSI.

OpHUM i3 PI3HOBUJIB IiIIMITHUKIB KOYCHHS € KYJbKOBUI 200 POJMKOBUU IMiIIIMITHUK KOYUCHHS JUIs
JTHIHHOTO mepeMilleHHs. 3Ha4yHi TPYJHOIII BHUHUKAIOTH MiJ 4ac OOpOOKM 3aroTOBOK Mayol XOPCTKOCTI
HanpsSMHUX JIHIHHAX mImunHEekiB.  [Ipn  3akpimieHHi Ta oOpoOIli  3aroTOBOK HAMPSIMHHUX JTIHIHHHX
MIiIIAITHAKIB BHHUKAIOTh MPYKHI nedopmarii. Po3mip manux gedopmariiii Moke TIEepEeBHIYBATH JOMYCKH Ha
TEOMETPHUYHI MapaMmeTpu 00poosieHoi moBepxHi. [Ticis nuridyBaHHs Ta 3HATTS MarHiTHOTO TOJISI CTOJYy BepCcTaTa,
MIPYXHI Aedopmarliii MOXKyTh IMOBEPTATH IEBHY BEJIMYMHY BiIXWICHHS T€OMETPUIHUM TapaMeTpam, sIKi MOXYTh
MIEPEBUIYBaTH 3a/JaHi BHUMOTH. TEXHOJOTIYHI CIMOCOOM iX yCYHEHHS 3HAYHO 30iIBIIYIOTH Yac OOpoOKH Ta
BapTICTh oneparii.

[Ipu muidyBanHi neraneil Manoi )KOPCTKOCTI HEOOXiJHO BpaxoBYBaTH NpPYXkHI Jedopmanii 3aroToBKH,
1110 BUHUKAIOTH BiJ Aii MarHiTHOTO MOJIS CTOJIAa BEpcTaTa Ta 3yCib pi3aHHs. BpaxyBaHHS npyxHUX aedopmarii
JIO3BOJIUTH TapaHTOBAHO JOCSIITH F€OMETPUYHY TOYHICTH AETalli, 3HM3UTH THMYacoBi Ta BapTICHI BUTpATH Ha
00poOKy. ofHaK, Il NMUTAaHHA NpU UUTiQyBaHHI NPU3MATHYHUX HANpPSIMHUX JIHIHHUX MIANIMITHEKIB Mayol
JKOPCTKOCTI 3 OOMEXKEHHSM IpyKHHX JAedopMalliif 3aroTiBii NpH 3akpiluleHHI Ta 0OpoOIi JOCIHiIKEHO
HEJIOCTATHbO.

KIIFOYOBI C/IOBA: incmpymenm, niocke waighy8anis, UCOKOWBUOKICHA 00poOKa, 0OpobHutll yenmp,
J1e208aHA CMATTb.

Ax nutyBatu: Cropkia A. O., Kormpariok O. JI., Ckopkina B. O., Crapuerko B. B. OcobmuBocTi mporiecy
TUIOCKOTO MITihyBaHHS JAeTallell 13 3arapTOBaHUX JIeTOBAaHUX ctayedl. Mawmnobyoysanns. 2024. Bum. 34 C. 116-
124. DOLI: https://doi.org/10.26565/2079-1747-2024-34-11

Beryn
CyuacHi TEXHOJIOT1UHI MIPOIIeCH MepEMIIICHHSIM, y TOMY YHCHTI JIHIHHUM.
BHMAararTh KOMIUIEKCHOTO TEPEMIMICHHS II0 By3mm  mammH @ Ta  MeXaHi3MiB, IO
TPhOX KOOpAHMHATaX 3 KIUIbKOMAa OCSIMH 3a0e3MevyoTh TOCTYNaIbHINA PyX, HA3UBAIOTh
obepTraHHs, 110 nependagae TOYHE JHITHAMHA HaINPSIMHUAMU, JHIAHAMHA
MTO3UITIFOBAHHS 3 YIPABIIHHIM ITPOCTOPOBUM MIepEMIIIICHHSIMH,  CHUCTEeMaMH  JIHIHHOTO
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MEePEeMIIllIEHHS, JIHIHHUMH  TANIAITHUKAMH,
MOJTyJISIMU JTIHIHHOTO TIepEMillICHHSI.

HampsiMHi, 110 BHKOPHUCTOBYIOTHCS UIS
3IiIHCHEHHS JIHIMHOTO TEePEeMILICHHSI PyXOMHUX
BY3JIiB Pi3HUX MaIlMH ab0 MPHUCTPOIB, € OTHUM
3 OCHOBHHX €JIEMEHTIB KOHCTPYKIIi, IO
BH3HAYa€ MOMIIMBOCTI Ta TEXHIYHUH pPiBEHb
obnmamHanHs [1].

Haii6inpm IIAPOKO B Tenep
BUKOPHCTOBYIOThCS HANpsMHI KOYEHHS MO-
OyABHOTO  THUMY, SKI  CKIQJaloThCcs 3
Mo UIEHUX HAMPSIMHUX Ta KapeToK (PUCYHOK
1). KapeTku mepeMinarThes M0 HaNpsSIMHUX 1
MM pealli3yloTh HEOOXiJHe MepeMilleHHS.
Jani HanpsIMHI MalOTh psiA iICTOTHHUX II€peBar,
110 320€3MevyI0Th 1X IIMPOKE MOMINPEHHS:

Bucokuii  piBeHb  eKCIUTyaTalliHUX
XapaKTepUCTHUK;

HE BUCOKa BapTICTh;

BIANIpallbOBaHa Ta IIMPOKO IOIIMPEHA
TEXHOJIIOTISl BUPOOHHUIITBA

3apa3 po3pobaeHo Oe3iy pi3HUX BUIIB i
cepidl JIHIMHMX MiJIUNHAKIB Ui 3aJ10-
BOJICHHS  PI3HOMaHITHUX MOTped  Ppi3HUX
rary3eit mpoMuciioBocTi. JIiHiiHI i IIIUITHAKA
BUITYCKAIOTBCSI B MHOKMHI THITIB 1 PO3MIpiB.
ITpu ix BUOOpI cnij OpaTw 10 yBarm BUMOTH
IIOJI0 HABAHTAXKEHHS, IIBHIKOCTI, pecypcy,
JKOPCTKOCTI ~ Ta  TOYHOCTI,  OCOOJIMBOCTI
KOHCTPYKIIiT oOJIafiHaHHS Ta OOMEXEHHS IMpH
BCTAHOBJICHHI.

3a  TMOOM  TII  KOYEHHSA,  IIO
BUKOPUCTOBYIOTHCS,  JIiHIMHI  MiAIMWIHUKA
MOXKHa PO3JIIMTH Ha JIBi TPYNH: KYJIBKOBI
(pUcyHOK 2, a) i pOJHMKOBI (PHUCYHOK 2, 0).

Puc. 1 - JIiHiAHWH TiITATHAK MOIYJIEHOTO THITY
Fig. 1 - Modular type linear bearing

a
Puc. 2 - Kynbkosa (a) Ta posukosa (6) npo¢iipHi HanpsiMHI
Fig. 2 - Ball (a) and roller (b) profile guides

PomukoBi HampsMHI  MaloOTh  OULTBII
BHCOKY JKOPCTKICTh 1 BaHTaXOIiIHOMHICTb.
KpiM Toro, XapakTepHCTHKH MOIYJIBHHX
HalNpsIMHAX 3HAYHO 3aJIeXkaTh BiJl KUTBKOCTI

pSAMIB TN KOYEHHS 1 pO3TAallyBaHHS Til
KOYeHHs. BUKOPHCTOBYETHCS MapHa KiJIbKICTh
PAIB 1 BapitO€ThCS B KUTBKOCTI Bif 2 110 6.
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AHaJi3 OCTaHHIX JOoCHiTKeHDb i myOaikaniii

AHami3  AOCHIIKEHb  3aKOPJAOHHUX
BueHHuX, Takux gk Klocke F., Brinksmeier E. Ta
iH [2-10] mo3BONSE BU3HAYUTH OCHOBHI
METOJM MEXaHIYHOI OOpOOKHM 3arapTOBAaHUX
JeTOBaHUX cTaleld. Humu € ne3oBi mporecu
(TouinHs, hpe3epyBaHHs) Ta NLUTiIQYyBaHHS.

Bci Meromu mO3BONSIOTH 3a0€3MEYHUTH
HEOOXiIHI BHMOTM JI0 SKOCTI 0OpPOOJEHHX
noBepxoHb. [IOpiBHSHHS METOIB Y MOBHIH Ta

HAO4HIN (Gopmi mpeacTaBieHO B pkepeni [6].
Jns  HAOYHOCTI TMPOTMOHYETHCSA  Aiarpama
(pucyHok 3).

Yum pami Oyap-sika O3HaKa Bill LEHTPY
0araToKyTHUKa, THM Iisl O3HAaKa Kpaiie Jyis
aHalli30BaHOro Tpouecy. SK BUIUIMBaE 3
NpPEACTAaBICHOIO0  MANIOHKA,  HuTiyBaHHA
BHTITHO BIiJPi3HAETHCSA BiJ JIC30BUX IIPOIIECIB
3a HAMIHHICTIO TIPOIECY, SAKICTIO ITOPCTKOCTI
noBepxHi Ta TouyHocTi ¢opmu. CyyacHi
MPOrpEeCUBHI  TexHojorili y  unridyBaHHI
JO3BOJIMJIA ITABUIIMATH IIBUAKICTh 3HIMAHHSI
Martepially Ta THy4KiCThb MPOLECY.

Husbke

Cynytai  nuripyBaHHS —— I[JIaCTHYHA
nedopmariss i pobota TepTs NPHU3BOAATH 10
po3irpiBy MaTepially 3aroToBKH B 00JacTi

KOHTaKTy JI0 BHCOKHX Temmeparyp. B
pe3ynbTaTi  BiAOYBaeTbcs — PO3M'SKIICHHS
MeTaly, 110 MOJETHlye HpOLEC CTPyxK-
KOYTBOPEHHSI.

[Ipomiecn, mro BimOyBalOTHCS Mg dYac
nutiyBaHHs, BiAPI3HAIOTECS CKIaAHICTIO. [ns
I ABUILIEHHS TOYHOCTI neTani, 110
BUTOTOBJISIETBCSI B~ yMOBaxX  CEPIHHOIO
BUPOOHMITBA TIPH BHUTOTOBJEHHI OCOOJIUBO
TOYHMX 1 BIANOBIHAABHHUX JeTadei, IIi-
dyBanHa BenyTh nepudepicro Koma TIpH
3BOPOTHO-MIOCTYIAJIEHOMY nepeMileHHi
MPSIMOKYTHOTO CTOTY.

Buxoasum 3 BHIIEONHCAHOTO, MOXHA
3pOOMTH BUCHOBOK, IO ILTi(yBaHHS € 3HAYHO
OUTBII CKJIaJHUM MPOLIECOM AJISI TEOPETHYHOTO
Ta EKCIIEPUMEHTAIBHOTO JOCHIDKeHHS, HIXK
(dbpe3epyBaHHS 1 TOUIHHSA.

nignosepxHese

YWKOOKEeHHA

ExonoriyHa
CYMiCHIiCTb

MiHimaneHUn

yac
HanawTyBaHHA
FHyuKiCTB
npouecy
LBuAKIiCTb
3HIMaHHA
marepiany
=@~ WnicdhysaHHs

TouHicTb chopmu

AKICTb WOPCTKOCTI
noBepXHi

HagiiHicTb npouecy

Husbka
3anuwKoBa
Hanpyra

=i} Ie3BiiHi npouecH

Puc. 3 - [TopiBHSHHS MOKITMBOCTEH JIE30BUX MPOIIECIiB 0OPOOKH 3arapTOBaHUX CTaJICH Ta MpoIiecy NuTihyBaHHS
Fig. 3 - Comparison of the capabilities of blade processes for processing hardened steels and the grinding

process

[ocTaHoBKa MpodJieMu

CyKynmHICTh ~ TEOMETPUYHUX  Xapak-
TEPUCTHK OOpOoOJIeHOT TOBepxHiI Ta (i3uKO-
MEXaHIYHI CTaHU MOBEPXHEBOTO IMApy IeTai

YTBOPIOIOTH ~ TaKe TMOHATTSA, SK <GIKICTh
MoBepxHi». [‘eOMETpUYHI  XapaKTEPUCTUKU
MTOBEPXHI TOMIIAIOTE Ha MIKPOTEOMETPII0 Ta
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MaKporeoMeTpito. MIKporeoMeTpisi OXOILTIOE
XBHJISICTICTh, IIOPCTKICTH 1 CyOIIOPCTKICTH
[4,5]. Ipuunboro 3MiHHM (hi3UKO-MEXaHITHHX
BJIACTUBOCTEN nerai € CUJIOBHUH 1
TEMIIepaTypHU BIUIMB MUTIQYBAIBHOTO KOJa
Ha IIOBEPXHIO JeTali B IPOIECi OOpOOKH.
®di3uKo-MexaHiuHi BJIACTHUBOCTI Xapak-
TEPU3YIOTbCS ~ MIKPOTBEPAOCTSIMH,  3aJIHII-
KOBOIO  HANpyrolo, XIMIYHHM  CKJIAIIOM,
CTPYKTypHO-()a30BUM CTaHOM, MpHIIAJaMH Ta
MiKkpoTpimmHamMu.  Bei i MOKa3HHKH
BH3HAYAIOTh BTOMHY MIIIHICTh, KOpPO3iiHYy
CTIHKICTh, 3HOCOCTIMKICTD Ta 1HIII ITOKa3HUKH
[3].

OCHOBHI IMIAXOOW 10 MOAEIIOBAHHS
MexXaHI9HOi 00poOKH npu nuTihyBaHHI YMOBHO
MOXYTh OyTH posminieHi Ha ¢i3uuHi Ta
eMIIIpUYHi.

®Di3uyHi MTOETHYIOTh aHaJITHYHI,
3BUYaliHO-€JIEMEHTHI, KIHEMAaTH4HI, MOoJe-
KYJISIPHO-JUHAMIYHI MOZAETII.

EMmipugaHi  MOEAHYIOTH — perpeciiiHi,
HEHWPOHHI Ta MO HEYITKOI JIOTIKH.

Hns  otpumanns Ttomorpadii numidy-
BaJIBHOTO KOJIa BUKOPUCTOBYIOTH JIBA METOJIH.
Ilepmmit MeTox mojsrae B 0OE3MOCEPEITHHOMY

CKaHyBaHHI pi3anbHOi TOBEpXHi wOUTi(y-
BaJIbHOTO Koyia. [lpyruili BuUMarae 3acTocy-
BaHHsS CTAaTHCTUYHOTO aHalli3y B PE3yNbTaTi
SAKOTO  IMPOBOJUTHCS  CHUHTE3  Tomorpadii
nUTiIyBaATHHUX KiJT.

3aBaaHHsA KOHTAKTy a0Opa3WBHOTO KOJIa 3
00pO0ITIOBaHOIO MOBEPXHEIO 3aroTiBiIi
JO3BOJISIIOTh  BUPINIYBaTH  KIiHEMAaTUYHO -
TEOMETPUYHI TPUBUMIPHI MOJIEIIL.

BupimeHHs aHaJOTiYHUX 3aBJaHb MOXE
OyTH pearizoBaHO 3a JOTIOMOT' OF0
KiHEMaTHYHO-EMITIpPUIHOT O MOJIETIIOBAaHHSI.
BuxinHi mapameTpu B TEpIIOMY 1 APyromMy
BUIIAJKy aHAJOTiYHI. Y TepIIoMy BHIAAKY
pO3TIIANAETECS  TPAEKTOPist  pyxy  MiX
nuripyBambHAM  KpPyroM 1 00poOIoBaHOIO
3aroTiBIEIO, a B JIPYTOMY BHKOPHCTOBYIOTHCS
SK aHAJIITHYHI, TaK 1 eMIIPUYH] piBHSHHA.

KinemaTuunai Mozmemni OmMUCYIOTH Oarato
napaMeTpiB mporecy oOpoOku IuTihyBaHHSIM,
Opd 1bOMY TOKa3ylOThb JOCHTb HH3BKHMA
CTYIIiHb TOYHOCTI.

Meto0 pobGoTH € JTOCITIKEHHS
mporecy IUIOCKOrO HulihyBaHHSI 3aroTOBOK
Maynoi JKOPCTKOCTI ~ HAmNpsIMHHUX  JIHIHHHX
I IITATHUKIB.

BukJiax ocHOBHOr0o Martepiany

Ilpn muridpyBaHHI TOBEPXOHHb OIYHUX
rpaHell NpPU3MATUYHMX  3arOTOBOK  MaJioi
JKOPCTKOCTI HEOOXiIHO BpPaxOBYBAaTH TIPYKHI
nedopMaliii y HampsMKy MepICHIUKYISPHOT
MOBEPXHi CTONY.

Po3poOnroBana MaremaTHyHa MOJCIH
MaKCHUMaJTbHIX MIPYKHUX nedopmartiit
3arOTOBOK 3aCHOBaHa Ha TeOpii BUTHHY OaJIoK,
TOMY TEOMETPHYHI TapaMeTpu 3aroTOBOK
MOBHHHI 32/I0BOJIBHATH OOMexeHHs: [3/h > 10
(me /3 - moBXKWHA 3arOTOBKH, /i - HAWOIBIIHIA
PO3Mip MOMEePEeYHOro Mepepi3y 3aroTOBKH).

Jns JTOCITiPKSHHS MIPYKHUX
nedopmMariii, 1110 BUHHKAIOTh MIPH 3aKPIIICHHI
Ta nutihyBaHHI 3arOTOBKH, OOpaHa HamnpsMHA
POJIMKOBOTO OJHOpsiAHOrO mimmumnanka JIPX
6/350 (Pucynoxk 4)

HampsiMaa miamunmHuKa BUTOTOBJICHA 31
cram 20X (I'OCT 4543 — 71). BignosigHo 10
3aBOJICEKOTO TEXHOJIOTTYHOTO MIPOIIECY
MOTIEPETHRO TPOBOMMIIN BiAPI3HY OTEpallito
3aroTiBIli, TOPIFOBAJIM 3aTrOTiBIIIO B po3Mip 350
MM, ITPOBOAMIHN (Ppe3epyBaHHs MPU3MATHIHUX
rpaHeii. Hami TIPOBOTHAITH JOPHOBE
nuripyBanHs OidyHMX rpaHeil (0Opobnsoun
OJIHY 3 MPOTWICKHUX TPaHEH SK YUCTO, 1HITY,

3HiMaroun mpumyck ¢ = 0,6 MM, pagianbHa
monaya Sp = 0,04 MM/X, MBUAKICTH TOJadi
crony Vs = 20 m/xB), (hpe3epyBaHHs IUIOIIMH
NpU3MH  Ta Taza, NUTQyBaHHA IUIOIIMH
MPU3MH, TPOBOJIMIIA IICHTPYBAIBHY OIEPAIlito
IBOX OTBOpPiB Ha Topusax. Jlami 3arotiBimio

LEMEHTYBaau Ha rmbuny 1,6 - 1,8 MM,
MIPOBOJIMIN PHUXTOBKY Ha Tpeci (BiIXWJICHHS
Bim mwromuHHOCTI - 0,1 M™MM), 4YopHOBe

nuripyBaHHs OOKOBUX TpaHeW (TPHUITYCK Ha
00pobky ¢ = 0,2 MM, pamianbHa Tmojgada Sp =
0,02 mm/x, mBUAKicTh moxavi cromy Vs = 20
M/XB,  CBEpIUIIHHS  OTBOpIiB  KPIIUICHHS,
Hapi3aHHs pi3pOM B OTBOpaxX ISl KPIIUICHHS
HaIpPSMHOI Ta IICHTPYBaJIbHUX OTBOPAX. ,1 MM)
[Totim BUKOHYBaJIM YOpHOBE LLTi(hyBaHHS BCiX
TpaHeW MpU MaKCUMAaJIbHIN CHIII TPUTITAHHS
MarHiTHOTO TTOJISI CTOJTy BepcTaTa (IPHITYyCK Ha
00podky ¢ = 0,4 MM, pagianbHa moxava Sp =
0,02 mMm/x, mBHOKICTE mmogadi crona Vs = 20
M/XB, PO3MIp TIONEPEYHOro Iepepisy B
pe3yabrati 00podku - 15,2 x 16,6).
BinxwieHHsa Bix IUIOIIMHHOCTI Mae
BHpaXX€H1 XBIJII MaKpOBiIXmIeHb (PucyHok 5).
3araspHa MOXMOKa cepii BUMipIOBaHb
JUTSL HE3aJIKHUX MTapaMeTPiB BU3HAYAETHCH:
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6= \/ 5c2'r + 6i.2r + 5c2'r011y

Jie 6CT — CTAaTHCTUYHA IOXUOKA,

oir. = +0,75 MKM moxuOKa IHIUKATOPHOI
TOJIOBKH,
-I Bl 300
':..'\{._.Ilr = .;_:I:_.I,-_l-.
08 e == -

0 CTOomy - JONYCK IUIONIMHHOCTI CTOJY

Bepcrata = 3,5 MKM Ha JOBXHHI 3aroTiBIi
(TOCT 16528-87).

Ay T— —

AT
[FiL

Puc. 4 - [locnimKyBaHa HarpsIMHA ITi AITATTHAKA
Fig. 4 — Bearing guide under investigation

Jost TIepPEBIpKU OHOPIAHOCTI
CepeAHBOKBAIPATUIHUX BiJIXUJICHb
(BUOIpKOBUX  JAWCHEPCiii) BHKOPUCTOBYIOTH

kputepiii Koxpena. st 1s0T0 CKIaTa€THCA

BIJHOIIEHHSI MaKCHMalbHOI Jucrepcii 1o
CYMH BCIX ITUCTIEPCIii:
2
Smax
C=%N 2
N g:
=1+1

KinpkicTs nmapanensHux BuMipiB — 3 (1o
LIMPHHI 3arOTiBIi), KUIBKICTh IOCHIAIB OIHI€T
3aroToBKH -15.

[opiBusHHA  gucmepcii  3-x  mapa-
JeNPHUX BHUMIpIOBaHb y 15 mepepizax 3a
kputepieM KoxpeHa mokazaim, mo0 y BCiX
BHITAJIKaX JUCTIEPCii BIAPIZHAIOTHCS HE3HAYHO.

Pe3ynbraTti BUMipIOBaHb YCEPEOHEHOI, 3

O'ITH  BUMIPSHHUX, 3aroTiBii NpelcTaBJCHI
PHUCYHKY 5.
Ipn HOAAJTBIINX JOCITKEHHIX

3arOTOBKY IIOKJIAIM HAa TMOBEPXHIO CTONY
BepCcTaTa TPAaHHIO A, MPH [HOMY 3aroTiBIIA
CTOCYETbCS ~ IOBEPXHI  CTOJAY  HAHOLIbII
MTOBEPXHSIMH, IO BUCTYMAIOTh (PUCYHOK 6).
Jlst OLTBII TOYHOTO BH3HAYCHHS TOJIOXKCHHS

BHUCTYMAIOUNX IOBEPXOHb  3arOTOBKH  Ta
XapaKTepHOi JOBXXWHU XBWII | Ha MUISHKaX 3
HaWOUIBII ~ BHUCTYNAIOYUMH  TOBEPXHIMH

3aroTiBi BUMIPIOBAaHHA BUPOOISIIN 3 KPOKOM
1 mm.
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Puc. S - BigxumnenHs ycepeHeHOi TOBEPXHi 3arOTOBKH (TpaHb A)
Fig. 5 — Deviation of the averaged workpiece surface (face A)

B pesynbTaTi q0CHIIKEHh BCTAHOBIIEHO,

0 BU3HAYAILHUM (PAKTOPOM BHUHUKHCHHS
[MOYATKOBUX BIAXWIEHb BlJ INIOIMHHOCTI
OIYHMX TpaHEH MPHU3MATHYHHUX 3aroTOBOK, €
nedopMmalliss  3aroToBKkM B mpoueci 1l
TEPMOOOPOOKH 1 MOIMEpenHiX IuIi)yBaIbHUX
omeparlii mexaHiuHoi 00poOku. Bracmimok
YOTO 3aroTiBJISI OTPUMYE BUTHYTICTh IMOBEPXHI
3 BHPOKCHHMHU  PETYISPHUMH  XBHJISIMH
MaKpOBiAXMICHb. MaKpOBiAXUICHHS TTIOBEPXHI
3arOTOBKH, 1[0 CTHKAETHCS 3 TOBEPXHEIO CTOITY
BepcTaTa,  MOJCNIOETBCS  IMIIIHAPHYHOIO
MOBEPXHEID 3 CHPSIMOBYIOYOK Y BHIIISII
CHUHYCOI/IA 3 XapaKTEPHOIO JOBXHUHOI XBHIII |
(pucynok 7). JomkuHa | 3aleXuTh BiX psAAy
(hakTopiB, 10 SIKHUX Halle)KaTh. KOHCTPYKTHBHI
0COOJIMBOCTi, 3THHAILHA YOPCTKICTh 3aro-
TiBJIi, BUIX TEPMIYHOI Ta MEXaHIIHOI 00pOOKH,
40

o0  MHepeAyloTh  omepaumii  nuridpyBaHHS.
ITonBoena aMIDTITyIa CHUHYCOIId ya
NpUAMAETHCS PIBHOIO MaKCUMalbHIH BHCOTI
XBWJIb MAaKPOBIIXWICHB (JTUB. pUC. 7).

Y poboumx yMoOBax II€BHA 4YacTHWHA
KOHTaKTHOI jedopmamii Moxke OyTH IIIac-
TUYHOIO. BennymHa OCTaHHBOI BPaxOBYEThCA
TUTBKM U191  3MEHIICHHS  3a30py  MiX
MOBEPXHSIMH  CTOJNYy, IO CTHKAIOThCH, 1
3arOTOBKH.

[IpusMaTiyHa HampsMHA MOJETIOETHCS
HEpO3Pi3HOI0 OalKOI0, HABAaHTAXEHOIO PiB-
HOMIPHO PO3MOAICHOI0 MO LEHTPalbHIA oci
HaBaHTAXXCHHSM 1HTEHCUBHICTIO ¢ = .t ¢m
(Bim mii 3ycWyUISI TSDKIHHA MAarHITHOTO ITOJIS
CTOJIy BepcTaTa ¢. 1 MacH 3aroTOBKH ¢gm) i
30cepemkeHol cunu Py - pafiajdbHOI CKIaJ0BO1
CHJIHU pi3aHHS (PUCYHOK 7).

35

30 : t -g;\ [

25 )/

-:[: / . I'pans .
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Puc. 6 - [TapameTpu cuHycoinu: XxapakTepHa JOBXHHA XBHJI |, mojBiiHa aMIutiTy1a y, JUIs TpaHi A
Fig. 6 — Sine wave parameters: characteristic wavelength 1, double amplitude ya for face A

Bucnosku

Po3pobiieHo anroputM BHOOPY ONTH-
MaJbHUX YMOB IUIOCKOTO MUTIyBaHHS, IO
3a0e3MeUy0Th TOCATHEHHS HEOOX1THOT SIKOCTI,
y TOMY YHCIIi, JDOMYCKY ILIOIIMHHOCTI 00po0-

12

JICHOT TIOBEPXHI OIYHUX TpaHel MPU3MaTHUIHUX
HamlpsIMHUX JIIHIMHUX MiJMWAOHUKIB - Majoi
JKOPCTKOCTI TIPH HAMOINbIIINA MPOAYKTUBHOCTI
MIPOIIECY TUIOCKOTO MUTI(hyBaHHS.
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Puc. 7 - Po3paxyHkoBa cxema 3aroTiBiIi BU3HAYCHHS MaKCHMAIILHOTO MPOTHHY Wiy (Y pasi
MOYATKOBE BiIXHUJICHHS Bij IUIOIUHHOCTI )
Fig. 7 — Calculation scheme for determining the maximum deflection wmax (in the case of an initial
deviation from flatness y)

Koudguikr intepecin

ABTOpH 3asIBIISAIOTH, 10 KOH(IIKTY IHTEpeciB o0 myoiikamii pykonucy Hemae. Kpim toro,
aBTOPH TOBHICTIO JOTPUMYBaINCh €TUYHHUX HOPM, BKJIIOYAIOYW IUIariaT, ¢anscudikamilo JaHUX Ta
noJBiiiHy myOmikamito
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FEATURES OF THE PROCESS OF FLAT GRINDING OF PARTS MADE OF
HARDENED ALLOY STEELS.

Grinding is one of the main methods of mechanical processing that determine the quality of parts
manufacturing. Therefore, increasing grinding efficiency is a priority task of mechanical engineering.

One of the types of rolling bearings is a ball or roller bearing for linear movement. Significant difficulties
arise when processing workpieces of low rigidity of linear bearing guides. When fixing and processing
workpieces of linear bearing guides, elastic deformations occur. The size of these deformations may exceed the
tolerances for the geometric parameters of the processed surface. After grinding and removing the magnetic field
of the machine table, elastic deformations can return a certain amount of deviation to the geometric parameters,
which may exceed the specified requirements. Technological methods for eliminating them significantly increase
the processing time and cost of the operation.

When grinding parts of low rigidity, it is necessary to consider the elastic deformations of the workpiece
arising from the action of the magnetic field of the machine table and cutting forces. Considering elastic
deformations will allow guaranteed achievement of geometric accuracy of the part, reduction of time and cost
costs for processing. Nevertheless, this issue in grinding prismatic linear guide bearings of low rigidity with
limitation of elastic deformations of the workpiece during clamping and processing has not been sufficiently
investigated.
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IMIIPETHYBAHHS ABPASUBHOI'O IHCTPYMEHTY K METO/J HIABUIIEHHSA
PE3YJIbTATUBHOCTI IIJII®YBAHHSA

B3aemoniss abpasuBHOTO Ta 00pOOIIOBAHOTO MaTepially Mpu HUTiIQyBaHHI CYMPOBOIKYETHCS BHUCOKUM
CTYTIEHEM aKTHUBAIlil TOBEPXOHbB, 1[0 KOHTAKTYIOTh, III0 iHIINIOE, 30KpeMa, aAre3iiHy B3a€MOJIit0 apy abpa3uB-
MeTtal. JIJis 3HWKEHHS IHTEHCHBHOCTI aKTHBAIlil MOBEPXOHb, IO KOHTAKTYIOTHCS, 1 MOMANBIIOI aAre3iiHOl
B3a€EMOIIT apy abpa3uB-MeTal B 30HY Pi3aHHs BBOJSTH 3MAIllyBaIbHO-0XO0JIO/PKYIOU] TEXHOJIOTIUHI CepeaoBHIIA
(BOTC). BukopucroBytots pi3i Buau 30TC ta MeTou iX moaadi A0 30HU pizaHHs. OCTaHHIM 4acOM BEJIUKHI
IHTEpeC MPOSBIISIETHCS 10 METOY MiHIMaJIbHOI KiJIbKOCTI MacTHIIA.

Ha cywacHomy erami Hae mOmIyK NUIAXIB IIJBHIICHHS NPOJYKTUBHOCTI Ta €KOHOMIYHOCTI HpoLecy,
SKOCTI Ta TOYHOCTI 00po0OtoBaHMX BUPOOiB. OTHUM i3 IPIOPUTETHUX HAIPSMIB € IiIBUILCHHS Mpale3JaTHOCTI
abpa3uBHUX iHCTpyMeHTIB. Hampsmky BIOCKOHaNEHHsS aOpa3MBHOTO iHCTPYMEHTY IOB'S3aHI 3 IOJIIIIEHHSIM
HOTo CKJIaJIOBUX Ta (PYHKIIOHAIBHUX €JIEMEHTIB: 3€pHA, 3B'SI3KH, OyZ0BH POOOUYOTO MIapy Ta KOHCTPYKTHBHOTO
BUKOHAHHS po00Y0i MMOBEPXHI KOJa.

Pamionanpamid BHOIp cCXeMU Ta METOIy NUTiIyBaHHs 0arato B 4OMy BH3HAYa€e HOTO pe3yIbTaTUBHICTE. J{o
MEPCTIEKTUBHUX HANPSMiB MOKHA BiTHECTH BHUCOKOIIBUAKICHE, CHIIOBE, MIMOMHHE, MpodiibHe NUTiIQyBaHHS Ta
iH. OmHak BUOIp pamioHATBHOT CXeMH NUTIQYBaHHS HE 3aBXIHU JIO3BOJISE 3a0€3MEYUTH PE3yJIbTAaTUBHICTH
npouecy. Le 3 3MiHOIO cTany penbedy poOouoi HOBEpXHI KOJIa Ta YMOB OOPOOKH.

BaxnuBuM  pe3epBOM  IiABUILEHHS pe3yJbTAaTUBHOCTI Tpouecy HUTiQyBaHHS € HOKpalleHHs
eKCIUTyaTallifHuX XapaKTepUCTHK OOJaJHaHHS, IO BU3HAYAIOTHCS HEOOXITHOIO MKOPCTKICTIO, NEeMI(YI0U0r0
3JIaTHICTIO Ta BiOPOCTIHKICTIO.

OxHuM 13 HaWOIIBII MOIIMpPEHHX MeTodiB moxaaui Mikpono3d 30TC y 3oHy pi3anHs npu aOpasuBHIiH
00po6i € BBenennst 30TC Ge3nocepeqHbO y MOPH Koja (IMIPErHyBaHHS).

KIIOYOBI CJIIOBA: incmpymenm, wiaigpysanns, GUCOKOWIBUOKICHA — 0OpOOKA,  KOMRO3UMHE
winighysanvhe Koo, cmanb.
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B OCTaHHI 10-15 POKiB
MamuHOO Y AyBaHHS B IHIyCTpiabHO
PO3BHHEHHMX KpaiHaX JOCATJIO CYTTEBOTO
nporpecy. [Hyuke pHHKOBE Opi€HTOBaHE
BHPOOHMIITBO 3a)KaJaJio pPO3pOOKH HAYKO-
MICTKHX TEXHOJOT1H.

IcToTHMIT BIUTMB HA 3HOC 1 CTIHKICTH
abpasuBHOTO iHCTpyMeHTY (Al) HamawoTh
3MaIyBaJIbHO-0XOJIOKYIOU1 TEXHOJIOT19HI1
cepenoBuia. 3actocyBaHHs 30TC 3HuXKye
3HOC koya Bim 20% 10 JecATKIB pasis,
3JIEKHO BiJI YMOB 3aCTOCYBAaHHS Ta XiMIYHOTO
ckmany [1-3]. EdextuBnicth 30TC 00y-
MOBITIOETHCS  3MCHIIICHHSM  aJre3iiHOr0 Ta
UG y31HHOrO BUIIB 3HOILIYBAaHHS IHCTPYMEHTY,
B3a€EMHE TIEPEHECEHHS MaTepiaiB, 3HIKCHHIM
HMOBIPHOCTI YTBOPEHHS LLTi(yBaIbHUX.

30inbLICHHST eKCIUTyaTalliiHIX BJIacTH-
Bocter Al wMoxnuBe Ha erami  iforo
BUTOTOBJICHHS ~ (JIeTyBaHHA  aOpa3wBHOTO
MaTepialy pi3HUMHU €JIEMEHTaMH; BUKO PHC-

Beryn

TaHHS HAJATBEPAOro abpasuBy; BUMNANI 3€pEH;
BBEJICHHSI PI3HUX HAIOBHIOBAYIiB y 3B'S3Ky Ta
in.) [4] abo Ha TOTOBMIl iHCTpPyMEHT:
HACUYCHHS Tip iMIOpErHaTopaMu; CTBOPCHHS
mepepuBUacToi  pobodoi  momBepxHi  Alj
crieriazbHa TepMooOpodka Al, y ToMy ducii y
KpIOTEHHMX  CEpelOBHUINAX;  3aCTOCYBaHHA
cnemianbHux 30TC; HakiIagaHHS KOJHMBAHb,
3aCTOCYBaHHS TBEPAUX MACTHI Ta iH [5-7].
KommonenTn 30TC, miggani
MOTIePEHBOT  aKTHBAIlll, OTPUMYIOTH J0JaT-
KOBYy CHEpPril0 Ta TepexolsiTh y MeTac-
TaOIMPHUN cTaH. 3a3HAUYCHWA CTaH Xapak-
TEPU3YETHCS OCHalJIeHHsIM a00 YacTKOBHM
MOPYIICHHSIM BHYTPIITHHOMOJICKYJISIPHHUX
3B'SI3KiB, TOOTO CTHMYJIOETHCA IECTPYKITisI
30TC 13 yTBOpEeHHAM AaKTHBHUX AaTOMIB,
paaMKaliB Ta TPym. AKTHUBHI €JIEMEHTH
YTBOPIOIOTH y 30HI KOHTaKTy IUIIBKH, SKi
EKpaHyIOTh aJre3iiHy B3a€EMOMII0 MOBEPXOHBb
1HCTpYMEHTY Ta 0OpOOIIOBAaHOTO MaTepiaiy.

AHaJi3 ocTaHHIX J0CTiAxKeHb | myOsikamii

BimHOCHO HOBUM METOJOM CTBOpPCHHSI
a0pasuBHUX 3EpEH BBAKAETHCSA '30JIb-TEINb
nporiec”, 110 MOJISTae B MEPEX0li TOMOTEHHOTO
po3uuHy B 307b i moTiM B Tenb. llepeBara
BUTOTOBJICHHSI 3ePEH TAKUM CIIOCOOOM TIOJISTaEe
B Oimbil edexkTuBHOMY uUTiQyBaHHI, 3a
paxyHOK OTpHUMaHHS  BHUCOKOAMCIIEPCHOTO
abpa3uBy, SIKU MEHIIIE CXWIBHHM IO 3HOCY.

OmHuM 13 CyYacHHX METOMIB YHCTKH
nuTipyBaibHOTO KOjla B Iporeci oOpoOku —
nasepHe BimuuineHHs [8]. BukopucroByBaBCs
mazepHMi immynsc TpuBamictio  20x10° 3
yacrororo 19,9 T'n, doxycHa Binctanp 10 MMm.
Y Toil MOMEHT, KONM Jlazep MOTpaIuIie Ha
MOBEPXHIO NLTI(QYyBaNBHOIO KOJIa, MeTaneBa
CTpY’KKa TIOYHMHAE TUTaBUTHCA. [Ipu 3MeHIIeHH]
(hoKycHOI BiacTaHi 301IBIIY€ETHCS MOTYKHICTH
Ja3epHOTO IOTOKY Ha TIOBEPXHIO, aje
VIIKOJDKYE 3€PHO. 3aBASKH TOYHO ITiTiOpaHuM
napamMeTpaM  JIa3epHOTO  MPOMEHS  3MeEH-
nryeTbesi 3Hoc nuridyBanpHOro kpyra. Ilicms
OUMILEHHS 3EpHa CTAalOTh TOCTPUMHU 1
TOTOBHMH JI0 TIOJANBIIOTO 3HIMAaHHS METaly.

JaHmit MeTo € EKOHOMIYHO BUT1THUM 3 TOYKHU
30py BHUKOPHCTaHHS aOpa3WBHOTO 1HCTPY-
MEHTy, aje Uil HaiOuibmoro edekry cmin y
KO)KHOMY KOHKPETHOMY BHIIQIKy po3pa-
XOBYBATH TPHUBAJICTh 1 YacTOTy Ja3epHOTO
iMoynbcy, (OKycHy BigCTaHb, a TaKOX
HasBHICTh MOTY)KHOI JIa3epHOi YCTAaHOBKH.

Hochimkenass  XiMIYHO  aKTHBHOTO
eleMeHTa Hoay B SKOCTI MIKpPOZOOaBKH B
30TC w©Ha pi3HHX oOmepauiix MeXaHI4HOi
00poOKKM MeTamiB Ta HOro TPHOOJOTIUHUX
BJIACTUBOCTEH JIOBOJWUTH YTBOPCHHS PO37i-
JIOBUX MACTWIBHHMX IUTIBOK B PE3yJbTaTi
IHII[IIOBaHHSA XIMIYHHMX PEaKIiii Mk paiu-
KaJlaMu Homy Ta oOpoOIIOBaHUM MaTepiayioM.
Buxopucranns ioxy sk kommonHeHTa 30TC
BIUTHBA€E HA XapaKTEPUCTUKU TPOIIECY pi3aHHS
[9].

He3Baxxatoun Ha mepeBaru  BUKO-
puctanas 30TC, cmig HaromocuTd 1 Ha
HeoJiKax: MpobjeMu yTHili3alii; eKoloriyaa
Oe3meka, MOXKEKOHEeOe3eKa Ta 1H.

IMocTanoBKa npo6aeMn

Jlis HaWKpamoro JOCTYIy MAacCTHILHO-
OXOJIO/DKYBAJIGHOI PITUHU 7O 30HU pi3aHHA

MPOTIOHYETHCS BUKOPHUCTOBYBAaTH a0pa3vBHHMA
IHCTPYMEHT 31 CHeIliaJbHUMHU J0JaTKOBUMH

126



ISSN 2079-1747 Maumno6y nyBanss. 2024. Ne34 Marepiasno3naBcBo

KaHaBKaMH. Cnipanenoniona KaHaBKa
JI03BOJISIE  3MEHIINTH PO3MIP CTPYXKKH, IO
YTBOPIOETBCS, 1 3MEHINY€ HABAaHTAKCHHS Ha

IHCTPYMEHT.

INepcriekTHBHUM HaINpsMKOM €
3aCTOCYBaHHA Ha olepamisax nurdyBaHHS
KOMITO3UII THUX nuTiyBaIbHUX KiJ,

KOHCTPYKTHBHI CJIEMEHTH SKUX 3allOBHEHI
TBepauM MacTwioM. Kowmmosumiiai momidy-
BanmpHI Kpyrum KIHIK mokpamryroTs momagy
30TC 6e3nocepenHb0 B 30HY HUTipyBaHHS Ta
MacCTHJIBHY MII0 CEPeIOBHINA, 3HUXKYIOTH
TEMIIEpaTypy B 30HI KOHTaKTy 3a paxyHOK
Bi[BEJICHHS 4YacTKM TeIUla B  Marepialn
MAaCTHJIBHOTO €JIeMEHTa NpU HOro Ppo3I-
JaBJICHHI B Tporeci uuTidyBaHHS, ITiIBH-
IIyIOTh ~ JUHAMIYHy  CTIMKICTb  mpouecy
nutiyBaHHs, JO3BOJISIFOTH BUKOPHCTOBYBATH
IUIsT  3a0e3nmedeHHs MHUIOYOi Ta  OXOJOJ-
JKyBaJbHOI Jili  HAWIPOCTINI, MPAKTHIHO
uemkiguei 30TC Ha BogHil ocHOBI [10].

IIopcTKicTs TTOBEPXOHBL JACTANICH IIPH
nutipyBaHHI 13 3aCTOCYBaHHSAM  TBEPIUX
MaCTHJIFHUX MaTepialiB MOXe OyTH 3HWKCHA
32 paxyHOK BBEICHHA JO IX CKJamy
HAITOBHIOBAYiB 13 BHCOKOJWCIIEPCHUX IIPH-
poOHHMX  MarepiagiB Ta  HaHOMaTepialiB.
Hampukiian, BBeJCHHS HAHOIMOPOIIKY —Miji
CyTTEBO  3HWKYE  CEpPEeOHIO  KOHTAKTHY
temriepatypy [10].

OngauM 3 HAWOUIBII JTOCTYHMHHX Ta
MEPCIIEKTUBHIX 3aco0iB ITi IBUIIICHHS
PEe3yIBTAaTUBHOCTI nutipyBaHHS pi3HHX
MaTepiadiB € BBEICHHSI Yy TMOpH KoOJa
crenialbHUX CKIafiB (IMOpErHyBaHH).

Immpernarop OGesnocepeaHbO BIUIUBAE
Ha Mpouec HuldyBaHHSA, Oepydyd ydacTb Y
KOHTAaKTHHX TIpollecax y 30HI pi3aHHA, 1
HempsiMe — dYepe3 3MiHy (i3HKO-MeXaHiYHUX
BJIACTUBOCTEH 1HCTpyMeHTY. Bmubip crimamy
IMIIperHaTopa 3aJeKWTh B Martepiamy, M0
00pOOISIETHCS, PEXKUMIB HUTIQYBaHHS, SKOCTI
00po0seHo1 MoBepXHi Ta iH.

IMmpernyBaHHsT TIO3UTHBHO  BIUIMBAE
MPakKTHYHO Ha BCI TOKAa3HUKH TMPOIECY
nutipyBaHHS: CTIMKICTB IHCTpYMEHTY,
MIOPCTKICTh OOPOOIICHOI MMOBEPXHI, MIBUIKICT
3HOCY Kid Ta iX 3aCOJIFOBaHICTh, ITiIBHIIYE
pi3anbpHy 3OaTHICTH iHCTpyMeHTy. Y psni
BUMNAJKIB NPH BUKOPHUCTaHHI iIMIPErHOBAHUX
KiJI YCYBarOThCS TEIUIOBI Ae(eKTH muti)oBaHOi
noBepxHi (mpunanu, Mikporpimmaun). Ile-
peBarol0 JaHOrO METOAY € BHUPIBHIOBAHHA
BJIACTUBOCTEH HE 3aBXAW  HEOTHOPITHOL
CTPYKTYpH aOpa3wBHOTO 1HCTPYMEHTY, IO
3MEHIIIY€ HEBPiBHOBAXCHICTH KOJIA.

[lpu TpaHMYHOMY TEpPTI 3 BAKKUMHU
pEeKUMaMH, OKPEMHUM 1 TPAHUYHUM BUIIAJIKOM
AKOTO € TepTs TMpH pi3aHHI MeETajiB,
BHUKIIFOUCHA MOXKIIUBICTh TiJPOAMHAMIYHOTO
PO3KIIMHIOBaHHS IOBEPXOHb 3a J[OIIOMOTOIO
MacTHJIa i TOMY HasSBHICTh 3aXHMCHHUX IUTIBOK,
[0 3amo0iraloTh CXOIUTIOBAHHIO METAJiB,
Ha0yBae BUPIMIATLHOTO 3HAYCHHS.

MeTo10 po00TH € TOCTIHKCHHS BIUTUBY
BUKOPUCTAHHS IMIPErHATOPiB B a0pa3uBHOMY
IHCTPYMEHTI I MIABHINEHHS iX pi3aabHUX
BJIACTUBOCTEH.

Bukian ocHoBHOTo MaTepiaiay

JocmmkyBaHi pedOBHHU HaJSKaTh IO
pI3HHX KJIaCiB CIIOJyK: HEOpPTaHIYHI COMi TaKi
SIK: XJOpUCTHH aMoHil (XA), cipuyaHOKUCIHUIA
amoniit (CA), asun Hatpito (AH) Ta ckmamHi
OpTaHiyHi  CIIONYKH TeKCaxJIOPHapaKCHION
(I'’XK) terpamerunriypamaicynsdin (TMTMH),
nitiogimopdonin (ATAM). Ckiag mpoaykTis
pO3KIIaMaHHsA y IIMX pPEYOBUH pi3HUHA. [lpu
po3knananHi AH BuminseTscs a30T. OCHOBHIM
razoM npu poskianaHai CA ta XA e awmiak,
mpu OuThIl BUCOKWX Temmeparypax y CA
BiIOYyBAETHCSI YTBOPEHHS CIPYUCTOTO Tasy, y

XA - comgHoi kuciotu. IIpogyxrom
posknananHs I'XK e MonexkymspHuil Xiop.
OCHOBHUMH MPOYKTAMH TepMITHOL

nectpykmii TMTJ] Tta ATAM € MoOHOOKCHA
BYTJICIIO, a30TUCTI Ta3u, OKCUIH CIPKH.

Jlis BU3HAUEHHA BIUIMBY MeETaly Ha
XIMIYHI TIEpETBOPEHHS y TMepeadadyBaHUX
iMIOperHaTopax MpOBEACHO TepMorpadiuHi
JOCHIDKEHHSI TIOPOIIKY 3ali3a SIK OCHOBH
OLIBILIOCTI CTaNEeH Ta CIIJIaBiB.

[Ipu HarpiBaHHi MOPOIIKY 3ami3a 10
temreparypu 300 °C 3HayHMX 3MiH Macu
HeMae (pucyHOK 1). 3a Temmeparypu OJHU3BKO
360 °C BimOyBaeThCsl HEBEJHUKE 301IBIICHHS
Macu npubnu3Ho 3 % Big MOYATKOBOI.
OCHOBHOIO NPHUUYUHOIO € OKHUCJIEHHS MeTaly,
T.K. HarpiBaHHs TIOPOIIKY BiAOyBaeThCA B
atMocdepi  moBitps.  Peakumis  cympo-
BOIKYETbCS  €K30TEpPMiYHUM  edekrom i3
Makcumymom 1ipu 460 °C.

Tepmoposnmag XA  TOYMHAETBCS 3
temneparypu Omuspko 200 C i mpu 260 C
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BTpaTa MacH CTaHOBUTb Onu3bko  4%.
HaifinTeHcHBHIIIA BTpaTa Macu BiOyBa€ThCS
B iHTepBami 260-420 °C. Maca cywmimi
3MeHIyeTsess 10 15%, ToOTO. BTpara Macu
CTaHOBUTH Omm3bko 95%. 3 ypaxyBaHHSAM
MIEPIIOTo eTamy BTpata MacH B iHTepBaii 200-
420 °C cranoButh Maitke 98 % (pucyHoOK 2, a).

Peakuisi poskinagaHHS TOYMHAETHCS 3
BHJIIJICHHSAM TeIla 1 TIEPETBOPIOETHCS Ha
SHIOTEPMIUHY NOUISHKY 3 IIKOM IIpH TEMIIe-
patypi Omuspko 340 °C. 3i 3pocTtaHHIM
TEMIIepaTypd I1HTCHCHUBHICTH TEPMOPO3IAITy
MIOMITHO 3HIKYETBCSI Ta CYIPOBOJIKYETHCS
BuieHHsM Temna. [Ipu temmnepatypi 900 °C
MOYaTKOBOI MacH 3aJIMIIAEThCS TPOXU Oinbliie
1 %.

O cymimi XA i3 MOpOIIKOM 3aiiza
CIIOCTEPIraEThCsl MOMITHA 3MiHA XapakTepy
tepmiunux edekriB (pucyHok 2, 6). Ilporec
PO3KIIQIaHHs TIOYMHAETHCS TPH TeMIlepaTypi
omu3pko 210 °C 1 mpoTikae B eK30TEpMidHIN
JTJTSHIT.

[HTeHCHMBHE 3MEHIICHHS MAacH CyMilIi
BinOyBaeThes B intepBani g0 410° C, Brpara

MacH CTaHOBUTh O01Mu3bK0 46%. OCKiIbKU Maca
3ajli3a B JTaHOMY TEMIIEpaTypHOMY iHTEpBai
HE TIOBMHHA 3HWXKyBaTucsa (auB. puc. 1),
3MEHIIEHHsI Macd cyMimi  BigOyBaeTbes
BHACITIZIOK PO3KJIaiaHHg XA.

Ha Ttepmorpami cywimn eHAOTepMidHI
MEPETBOPEHHS, 10 HayTh B  00JacTh
HETaTUBHUX 3HadYeHb T  BIiACYTHIN, 110
MOSICHIOETBCSA HAKJIANEHHSIM Ha TepMOrpamy
XA eK30TepMiYHMX TIEPETBOPEHB, IO Bif-
OyBarThCA B 3pa3Ky MOPOIIIKY 3alli3a.

Hm3ka TtemmeparypHMX IKiB, IO
BHHHKAIOTH y 3pa3Ky CyMilli B iHTepBami
BHUJIUUICHHS Ta30MOJIOHUX TMPOIYKTIB, MOXKE
YTBOPIOBATUCS BHACIIJOK BTpPaTH OJHOPIN-
HOCTI CyMIIIi TpH BHIAUICHHI Ta30TOII0HUX
MPOAYKTIB PO3KIagaHHs XA Ta yTBOPECHHS
MOBITPSIHUX 3a30piB MIX MOPOIIKAMH CYMIll,
MOpPOIIKaM: Ta CTiHKaMu Turis. [lopyrieHHs
OJTHOPITHOCTI CYMIIlli TIPU3BOAWUTH 10 3MiHH
TemmonpoBigHocTi i Ha  kpuBii DTA
3'SIBIISIOTHCS TTOMUJIKOBI MIKH.

10 = 104
TG
5 78
DTA
O 5 AN N 52 X
3 T~
2,5 » 26
0 / 0
0 250 750 1000

Puc. 1 - Tepmorpama mopornky 3aiiza
Fig. 1 - Thermogram of iron powder
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Puc. 2 - Tepmorpama XJIOpUCTOTO aMOHIFO (2) Ta CYMIllll XJIOPHCTOTO aMOHIIO 3 TIOPOIITKOM 3aii3a (0)
Fig. 2 - Thermogram of ammonium chloride (a) and a mixture of ammonium chloride with iron
powder (b)

Amnamiz tepMorpam pucyHKiB 1 1 2 xo09 i
CBIJTYaTh MPO MOXKIIUBICTh XIMIYHOI B3aeMOJIii
MPOAYKTIB PO3KIanaHHS XA i3 3ami3oM, aie
3arajJjoM MOXHa TOBOPHUTH TIPO HEBEIHKY
aKTHBHICTh XIMIYHHX TMPOIECIB, IO TPO-
TIKalOTh MIX MPOXYKTaMHU pO3KiIagaHHsI XA i3
3aIi30M.

HarpiBamas I'XK (pucynok 3, a)
CYNPOBOKYETHCSA JeKinpKoMa ¢bazamu
po3knaganHs pedoBuHu (kpuBa TG). B
iaTrepBani 150-200 °C maca 3HWKYEThCS Ha 3-
4%. Y po3rasiHyTOMY iHTEpBaJi pO3BHUBAETHCS
EK30TEepPMIYHHUI TMpoIeC, MK SKOTro IMOociaae
CepeNHYy 1HTEpBAITY.

3i 30impmeHHsaM TeMmrepatypu 1o 270
°C BUXiZHUH MPOAYKT BTpayae me 65% macw.
Ile nmiama3oH HAWIHTCHCUBHIIIOTO 3HMXKCHHS
Macu. B iaTepBam 270-360 °© C BTpata Macu
CcTaHOBUThL Onm3bko 5%. 3a Temmepatypu 500
°C 3aranbHa BTpaTta Macu jpocsrae 95 %. La
caMa TemIeparypa BIANOBiZaE TIKYy €K30-
tepmiunoi peakiii. [loBue poskmamanns ['XK
BinOyBaeThcst 3a 750 °C. VYTBOpeHHS BCix
ra3o0BUX MPOAYKTIB PO3KJIaJaHHs BiIOYBAETHCS
B €K30TCPMIUHIN JUISHIT Iiarpamu.

HarpiB cymimi I'XK i mopomky 3amiza
(pucyHox 3, ©) BIiAPI3HAETHCS  MEHII
3HAYYIIOI0 3MiHOIO MacH. B inTepBami Bix 150

1o 240°C BrpaTa Macu CTaHOBHTH Oim3bKo 20
%. Hns unctoro I'XK mpu miii temmeparypi
BTpaTa MacHl CTaHOBUTH Onmu3bko 50 %. [ns
50-tu mpomentHoro Bmicty ['XK y cywimmi
Brpata Macu ['XK craHoButume OJm3BKO 25
%. Buxoasuu 3 10ro MO>kKHa NPHUITYCTUTH, 110
Omu3bK0 5% JOJJATKOBOI MacH yTBOPIOETHCS B
pe3yabTaTi B3aEMOIi1 Ta30T0II0HUX MPOIYKTIB
PO3KIJIaAaHHS 3 3aJTi30M.

[ToxnOka BU3HAYEHHS JOAATKOBOI MacH
0araTo B 4OMY 3aJICXKHUTh BiJ KyTa Haxuity TG
miHii go BeprukampHoi oci. Ha mpomy
iHTEepBaJi KyT JOCUTh TOCTPHUH 1 IIPH 3pYLICHH]
noyatky temmneparypu poskiagaHHa ['XK Ha
2-3 Tpagycm CYTTEBO 3pOCTa€ IOXHOKa
BHUCYHYTOTO HpHUIyIIeHHs. Binplmn nocToBipHi
pe3yabTaTH MOXYTh OyTH OTpHMaHi Ha
MOJIOTUX JAuUTsHKax miarpamu TG Ha 000X
rpagikax. Hampuknan, B iHTEepBaIi
temneparyp 270-360°C pucyHnok 3, a, 6 3miHa
Macu 000X rpadikax BOuWpaerbcs y 5 %.
BispbMeMo y BUAUIEHOMY IHTEpBaji CEpeaHIO
temneparypy — 315 °C.

3 IBOTO BHUINIMBAE, M0 HANOUIBII
IHTEHCHBHA XIMIYHA B3a€EMOJIS TOPOIIKY
3aji3a BiZOYBA€ThCS MPH HArpiBaHHI B CyMili
3 I'XK mOpiBHSHO 3 paHilIe pPO3TISTHYTHMH
pedouHamu (XA, CA, AH).
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Fig. 3 - Thermogram of hexachloroparaxylene (a) and hexachloroparaxylene with iron powder (b)
BucHoBku
BBenenns iMmpersatopa B MOpPH Koja aKyCTUYHUX XBHJIb 301JIBIIYETHCS BiINOBITHO
30UTBIIyE HaBENEHYy CEpeNHIO0 IIBHIKICTH Ha 7 T1a 10 %. ImMmpernyBaHHS 3HIDKYE
MTOTTHPEHHS AKyCTUIHHUX XBHJTb, 10 HEBPIBHOBAXXEHY Macy INUIiyBambHUX KUT 3

NPOXOIUTh Yepe3 abpasUBHUN IHCTPYMEHT.
[pu BmicTi imnpernaropa 'XK y komi 5 ta 7
%  HaBeeHa  LIBHIKICTb

eNeKTpoKopyHAy Oimoro Ha 17-33% 1 xapOimy
3eJICHOr0 KpeMHito Ha 33-57%.

MOIIUPEHHS
Kouduikr intepecin

ABTOpI/I 3asjBIIAIOTH, 1O KOH(I)J'IIKTy lHTGPCCIB moao ny6n11<au11 PYKOIIUCY HEMaAE. Kle TOTO,

aBTOPH IOBHICTIO JOTPUMYBAlIMCh CTHYHHMX HOPM, BKJIIOYAKOUM IUIAriaT, (anbcudikauio JaHuX Ta
MOJIBIMHY ITyOJIiKaIIif0
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IMPREGNATION OF ABRASIVE TOOLS AS A METHOD OF IMPROVING
GRINDING RESULTS.

The interaction between the abrasive and the abraded material during grinding is accompanied by a high
activation level of the surface in contact, which initiates, strengthens, and adhesively interacts with the abrasive-
metal pair. To reduce the intensity of activation of the surface in contact and further adhesive interaction of the
abrasive-metal pair, abrasive-cooling technological media (ACTM) should be introduced into the cutting zone.
Various types of ACTM and methods of their supply to the cutting zone are used. Still, great interest is shown in
the method of minimal quantity of butter.

At the current stage, researchers are looking to improve the productivity and economy of the process, as
well as the quality and accuracy of the observed viruses. One of the priority areas is increasing the usefulness of
abrasive tools. Directions for perfecting an abrasive tool are related to enhancing its storage and functional
elements: grain, binder, working ball, and constructive shaping of the working surface of the stake.

A rational choice of schemes and grinding method has much to do with its effectiveness. Promising
directions include high-quality grinding, power, clay, profile grinding, etc. However, choosing a rational
grinding scheme will not always ensure the effectiveness of the process. As a result, the relief of the stake's
working surface and the processing's mind will be changed.

An important reserve for increasing the effectiveness of the grinding process is to improve the operational
characteristics of the equipment, which is indicated by the necessary rigidity, damping properties, and vibration
resistance.

One of the most extensive methods of delivering microdoses of ACTM to the cutting zone during
abrasive processing is the introduction of ACTM directly at the puncture pore (impregnation).

KEYWORDS: tools, grinding, high-quality rubber processing, composite grinding wheel, steel.
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HaykoBe BumanHs HaB4abHO-HayKOBOTO IHCTHUTYTY '"YKpaiHChKa iH)KEHEpHO-TieJaroridyHa akamaemis"
XHY im. B.H. Kapaszina «MammHoOyxyBaHHs» € HAyKOBUM >KypHAJIOM, SIKUH BKIItodeHo 1o [eperniky daxoBux
Bunanb BAK (B), ne nyOmikyIoTbCs OCHOBHI pe3yibTaTi AUCEPTALHUX PoOIT Ha 3100y TTS HAYKOBOT'O CTYIICHS
JIOKTOpA 1 KaHAMAaTa TEXHIYHUX HaYK.

Jo myOnikanii npuiiMaroTbest CTATTi, SKi HalMcaHi yKpaiHCbKOIO a00 aHMIIHCHKOI0 MOBAaMH 3TiIHO 3a
NpaBHJIaMU JUIs aBTOPIB 1 OTpUMalIi O3UTHBHI peKOMEHallii pelieH3eHTiB.

IIPABWIA J1JIs1 ABTOPIB

EnexTtponHa Bepcis opopmisierbest y dpopmati Microsoft Word, mpugpt Times New Roman, posmip 11,
MikpsinkoBuid iaTepBan 1,0, Bci monst mo 2,5 cM. KupHuM mpUPTOM BUIIISIOTHCS ITiI3ar0JIOBKA Y CTaTTi;
KypCHB JOITyCKA€THCS JIUIIE y BUHATKOBHX BHITAIKaX.

Lmoctpanii, Bkimovaroun rpadiky i cXeMu, MaloTh OyTH po3MilieHi Oe3nocepesinbo B TeKCeTi. lmroctpartii
NOJAI0Thes 4OpHO-OutMMHu. CKpi3b, 1€ MOXKIIMBO, JOLUIBHIIIE BUKOPHCTOBYBATH rpadiku, a He Tadbmuui. Yci
pucysku niamucysaty sik Puc. 1 Hazsa pucynky (po3mip 10). Tabnumi Takox opopmisata 10 posmipom. CiioBo
Tadanus 1 (kupHUM, IPaBOPYY), HA HACTYITHOMY PSAKY Ha3Ba TAOJIMLI )KUPHHUM, 110 LEeHTpY, po3mip 10. Ha3Bu
PHCYHKIB Ta Ta0/IHIb HAJAKTHCHA TAKOXK AHIJIHCHKOIO.

OpieHTanis CTOPIHOK KHWXKOBa. BupiBHIOBaHHS 10 mupuHi. A63ar 1,0 cMm.

Junst crateit HeoOxinuo Bkazatu YK (UDC) (imiBopyd, po3mip 11), iHilianu Ta mpi3Buiie aBTopa (po3mip
11, >KupHUM, TPONMCHUMH, IO TEHTPY), HAYKOBUH CTYMiHb Ta 3BaHHS (po3Mip 11), HA HACTYITHOMY PSIKY
BKa3aTH Tocaay, Ha HacTynmHoMy BkazaTu e-mail Ta ORCID ID. Ha HacTymHOMY pSAKY BKa3aTH IOBHY Ha3BY
yctanoBH (po3Mip 11, kypcuB) Ta ii moBHa ampeca

Ha3sBa cratTi (KUpHUMH TPOTIMCHUMH, TI0 TIEHTPY, 11 po3mip)

Jam mogatu anoTamito (He menme 1800 3HakiB) Ta KIo4YOBi cioBa (5-6) mMoBoro crarTi: po3mip 10,
inrepBaxn 1,0. s ekcriepuMEHTalIbHUX CTAaTeH MoJaTH CTPYKTypOBaHE pe3ioMe, A€ Mae OyTH BKasaHi cJOBa:
Merta. Metoau. Pe3yabTaTu. BucHoBKH.

CratTi JpyKyIOTbCSl YKpaiHCHKOIO Ta aHTJIHCHKOI0 MOBaMH.

Tekcr excrnepuMeHTaNbHOI CTATTi MOBHHEH CKJIAaJaTHCS 3 HACTYNMHHX po3nimiB: «Bcrym», «Meroanka»
(«O0'ekTn Ta MeTOaM IOCHiIKEHHS»), «Pesympratm», «OOroBopeHHs» (MOXIMBHUN OO0'€THAHUH pPO3ALT
«PesynbraTi Ta 00roBOpeHH»), « BUCHOBKMY, «CIIICOK BUKOPUCTAHO] JIITEPaTypu».

Po3nin «BceTym» TOBHHEH MICTHUTH TTOCTAHOBKY TPOOJIEMHU y 3arajJbHOMY BUTIISAI Ta ii 3B'I30K 3
BXJIMBIMH HAyKOBUMH 200 TPaKTHYHUMU 3aBJAHHIMH; KOPOTKUH aHalli3 OCTaHHIX JOCHIDKEHB 1 myOmiKaIii, y
AKAX PO3IIOYATO PIIEHHS AaHOi MPOOJIEeMH, BUIIICHHS KOHKPETHHX HEBUPILICHUX MHUTaHb, SKUM IPHUCBIYCHA
CTaTTs, GOPMYIIOBaHHS METH POOOTH.

Po3nmin «Meroauka» TOBHHEH MICTUTH BiIoMOCTI Tpo 00'ekT (00'€KTH) IOCTiIKEHHS, YMOBH
EKCIIEPUMEHTIB, aHAJITUYHI METOAM, TPHUIAIH Ta PEAKTHUBH.

VY posznini «Pe3ynbraTH IOCHTIIKEHb» HAJAlOThCS OTPHMaHi pe3yjbTaTH Ta HOBHMHHO BifoOpaxkyBaTh
3aKOHOMIPHOCTI, SIKi BUTIKAIOTh 3 OTpUMaHKX JaHuX. OTpuMany iH(pOpMaIifo HEOOXiTHO IOPIBHATH 3 HAIBHUMU
JTEpaTypHUMH JJTaHUMHU Ta [T0KA3aTH il HOBU3HY.

VY posnini «BHUCHOBKM» HaJaeTbcsl y3arajJbHEHHS Ta IHTEpIpETalis pe3yJbTaTiB, aHaji3 IPUYHHHO-
HACITIZIKOBHX 3B'S3KiB MIX BHSBICHHMH ¢()CKTaMH, 1 MOBUHHO 3aBEPUIYBATHCH BIIIOBIJII0 HA TMHUTAHHS, SKE
MOCTABJIEHO Y BCTYIII.

IlocunanHs Ha JDKepena y TEKCTI TOJAIOTBCS y MPSIMOKYTHHX Oy’KKax 3 BKa3yBaHHSIM HoOMepa 3a
HOPAIKOM MOCHIAHHS.

CnucoK BUKOPHCTAaHOI JiTepaTypu 0o60B's3k0Bo opopmisierbes 3a JJCTY 8302:2015, mo 60% wmarote OyTH B
JoKepena, mo omybrikoBaHi 3a octanHi 5 pokiB, URL ge € (po3mip 10, mixkpsakosuit intepsan 1,0). KimbkicTh
nmocwjiaHb Mae OyTH He MeHie 15.

Yepes 2 iHTEpBaIM TAKOX IOAATH NPi3BHUILE, HAYKOBUH CTYyIiHb Ta HAyKOBE 3BaHHs, Iocany, e-mail Ta
ORCID ID, opranizauito, ii moBHY aJpecy, Ha3By CTaTTi, PO3LIMPEHY aHOTALII0 Ta KIJIFOYOBI CJIOBa aHIJIHCHKOIO
(ue menme 1800 3HakiB, po3mip 10, mikpsaxoBuii intepBan 1,0). AHortarmis nmoBuHHa OyTH NOOynOBaHa SK
pedepar y pedepaTHBHUX IKypHajax Ta BipakaTH CYThb CKCIICPUMEHTIB, OCHOBHI pe3yjbTaTH Ta iX
iHTepnperanito. [yl eKcriepuMeHTaIbHUX CTaTel MOAaTH CTPYKTYPOBaHI pe3loMe Jie Mae OyTH BKasaHi CioBa:
Purpose. Methods. Result. Conclusion.; Ta kiro4yoBi ciosa (5-6).
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