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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 |., 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
aerodynamic 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 vyield 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 = 261 (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 o;3. When the contacting
liquids are separated, two surfaces are
obtained: liquid 1 with a surface tension of o,
and liquid 3 with a surface tension of o3, 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, +033—01,,

(2)

where o;, — surface tension at the
liquid-gas interface; 6,3 — solid body - gas; 61,
—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 6 [28]:

W, =o(l+cosé). (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

4; e<90°

G1.,c0s0

a)

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 6 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 9, 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.

900 0> 90°

\@

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 61,; G623 1 G13. Then
the condition of equilibrium of forces,
expressed by the Young's equation, will be
[29]:

O,3=0,3+0,,C080 )

From here.

O, ,-0;
cosg=—23 13

e 5)
The value of cosd, characterizing the
ability of a liquid to wet a surface, is called

wetting and is denoted by B. It is obvious that

when the 6 = 0°, B = +1, with complete non-
wetting # = 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 (c12) 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 125x57 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 6 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 @ 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 6 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
Screw 125 x 57 cm Screw 125 x 57 cm
. Propeller surface with
Indicators The surface of the ;
- . electrostatic water-repellent
propeller is varnished .
coating
Edge wetting angle of the propeller 30 70
surface, 0, °
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
site, %. 0 1.67
Maximum engine speed in flight at a . N
speed of 43 = 45 km/h (climb), rpm 5970 = 6000 6010+ 6030
Engine speed in cruise mode R
(horizontal flight), rpm 5200...5400 5200 + 5400
Thrust in place, kg 42 + 44 43 +45
Increase in propeller thrust, %. 0 374
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 R R
route flight, | 343,15 2,8+29
Fuel economy, %. 0 4+6
Conclusions

The wuse of an electrostatic water-
repellent coating on the blades of an air rotor
makes it possible to improve its aerodynamic
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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%.
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«bepesicancoruii acpomexniunuil incmumymy
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BIUIMB EJIEKTPOCTATHYHOTI'O BOAOBIALUTOBXYBAJIBHOI'O HOKPUTTS
JIOHATEH INIOBITPAHOI'O 'BUHTA HA NOI'O AEPOJJUMHAMIYHI
XAPAKTEPUCTHUKH.

VY craTTi npeAcTaBICHO MIAXOMU IO PO3POOJCHHS METOMUKHU IMiJBUINCHHS OCHOBHHX acpOIMHAMIUYHUX
XapaKTepUCTHK TOBITPIHUX TBHHTIB (DIKCOBAaHOTO Ta 3MIHHOTO KpPOKy. MeETol0 poOOTH SBISAETHCS
YIOCKOHAJICHHS OCHOBHMX a€pOAMHAMIYHUX XapaKTEPHCTHK MOBITPSHUX TBUHTIB (PIKCOBAHOTO Ta 3MIiHHOTO
KPOKY LUISIXOM HAHECEHHS €JIEKTPOCTATHMYHOTO BOJIOBIAIITOBXYBAJIHHOTO MOKPHUTTS HA IOBEPXHIO JomaTed. Y
CTaTTi BUPINIYIOTHCS HACTYIHI 3aBIaHHS: aHANI3 OCHOBHUX CIOCOOIB TIJIBUIICHHS aepOIHMHAMITHUX
XapaKTePUCTHK MOBITPSHOTO TBUHTA NPU BUKOPUCTAHHI MMOKPHUTTS HOT0 MOBEPXHI, sike 3a0e3Ieuye NOKpaIleHHs
Horo aeposnMHaMiKi, OOIPYHTYBaHHSI METOJY 3MEHILIEHHs JIOOOBOrO OMOPY HOBITPSIHOTO T'BHHTA, JOCHIPKEHHS
3alpOIOHOBAHOTO  METO/AY 3MEHUICHHS JIOOOBOTO  OHOpY MOBITPSHOTO TBHMHTAa TPH  HaHECEHHI
€JIEKTPOCTATUYHOI'O BOJIOBI/IIITOBXYBAJbHOIO MOKPUTTS Ha HOro JomnaTi. BUKOpUCTOBYIOTBCS Taki METOAM:
MOPIBHSUIBHUN aHai3, eKCIIEPUMEHTAIbHE TOCIIIPKEHHSI.

OTpuMaHi pe3yibTaTh J03BOJIAIOTH 3MEHIINTH JOOOBHH OITip MOBITPSHOTO TBMHTA Ta IMiABUIINTH HOTO
aepoJMHaMIYHI XapaKTepUCTHKH, IO J03BOJISE IMIABUIINTH €(PEKTUBHICTH POOOTH IBUHTOMOTOPHOI IPyNH Ta
MiABUIIUTH 11 NaJMBHO-€KOHOMIYHI TTOKa3HWKH. BUKOPHCTaHHS €NeKTPOCTaTHYHOTO BOOBIIIITOBXYBaJIHHOTO
MOKPHUTTS JioNareil MOBITPSIHOTO T'BHHTA JO3BOJISE INJIBHIIUTH HOT0 aepojWHaMiuHI XapaKTepUCTHKU Ta
MIBUIIUTHA e(QEeKTUBHICTh POOOTHM TBUHTOMOTOPHOI TIpynu. Pe3ynbraT eKCnepHMEHTAIbHHUX JOCHIIKEHb
MOKa3aJIu, 1110 IPY HAHECEHHI TAaKOTO MOKPHUTTS Ha JIONATI MOBITPSHOIO 'BUHTA MOXXHA OTPUMATH OUIBIIY TATY
3a paxXyHOK 3HIIKEHHI HOro JIOOOBOTO OMOpPY Ta MOKPAIIUTH MaJUMBHO-€KOHOMIUHI MOKa3HUKH TBUHTOMOTOPHOT
YCTaHOBKH, a CaMe 3HM3UTH PO3XiJ| MaJInBa.

KIIFOYO0BI C/IIOBA: sxicmb nogepxui, oyiHKa AKOCMI NOGEPXHI 26UHMA, 26UHM, JIONAMb 26UHMA,
NOKPUMMSL 26UHMA, AePOOUHAMIYHI XAPAKMEPUCMUKYU 2BUHMA.

Sx uurysaru: Solovei l., 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.
Mawmnobyoyeanns. 2024. Bum. 34 C. 6-16. DOI: https://doi.org/10.26565/2079-1747-2024-34-01

Konduikr inTepeciB

ABTOpH 3asIBIISIIOTH, 10 KOHQUIIKTY iHTEpeciB moao myomikanii pykomnucy Hemae. Kpim Toro,
aBTOPH TIOBHICTIO JOTPUMYBAJIMCh €TUYHUX HOPM, BKJIFOUYAIOYM IUIariaT, ¢aibcudikaiiio JaHUX Ta
MOJIBiHHY ITyOJTiKaIlito

Crarrs Haaiduia s peakuii 20.10.2024 CrarTs pekoMeH10BaHa 110 ApyKy 22.11.2024

16


mailto:iwan70@ukr.net
https://orcid.org/0000-0003-4715-3795
mailto:v.kuznietsov@khai.edu
https://orcid.org/0009-0006-1145-9281
mailto:k.m.cherniak@khai.edu
https://orcid.org/0009-0000-9225-9498
mailto:i.m.malakhov@khai.edu
https://orcid.org/0009-0005-5540-4840
mailto:d.d.romashkin@khai.edu
https://orcid.org/0009-0009-1410-4306
mailto:v.v.kompanets@khai.edu
https://orcid.org/0009-0002-6016-0244
https://doi.org/10.26565/2079-1747-2024-34-01

ISSN 2079-1747 Maumno6ynyBanns. 2024. Ne34 Metpodoris Ta iHpopMaliiiHO-BUMIpIOBaIbHI TEXHOJIOTTT

DOI: https://doi.org/10.26565/2079-1747-2024-34-02
V]IK 658.62.018.012

r.c. I'PIHYEHKO, xannuaat TeXH. HayK
JOLIEHT KadeApu aBTOMATH3AIli1, METPOJIOTii Ta eHeproe(peKTHBHINX TEXHOJIOT1H
e-mail: h.s.hrinchenko@Kkarazin.ua ORCID: https://orcid.org/0000-0002-6498-6142
'0. B. KIOPEHKO,

CTYZIEHT Kadeapu aBTOMaTH3allii, MeTpOoJIOTii Ta eHeproe()eKTUBHIX TEXHOJIOTiH

e-mail: kiporenko.oleksii22@gmail.com ORCID: https://orcid.org/0000-0002-1683-2640
'C. C. HETOJIOB,
acmipaHT Kadeapu aBTOMATH3AIli1, METPOJIOTi Ta eHeproe(peKTUBHUX TEXHOJIOT1H
e-mail: titansv2017 @gmail.com ORCID: https://orcid.org/0000-0003-3561-6924

1
A. 5. IUCEHKO,
acmipaHT KadeIpu aBTOMaTH3allil, METPOJIOTIT Ta eHeproe()eKTUBHUX TEXHOJIOT1H

e-mail: dagost@ukr.net ORCID: https://orcid.org/0009-0007-3916-8029
'K. K. MA3OPYYK,

acmipaHTKa Kad)eIpu aBTOMATH3aIlil, METPOJIOTiI Ta eHeproepeKTHBHUX TEXHOIOTIH

e-mail:ekaterina.mazorchuk@gmail.com ORCID: https://orcid.org/0009-0007-3916-8029
'P. C. HOC,
acmipaHT Kadenpu aBTOMaTH3allil, METPOJIOTIT Ta eHeproe()eKTUBHUX TEXHOJIOT1H
e-mail: nosruslan@gmail.com ORCID: https://orcid.org/0009-0001-0769-4872

1Xapl<i60bl<uﬁ Hayionanvuull yHieepcumem im. B.H. Kapasina
Maiinan CBobou, 4, M. Xapkis, 61022, YkpaiHa.

PO3BUTOK HOPMATHUBHOI'O HIAXOAY 10 OUIHIOBAHHA PU3UKIB
EHEPTOHIAIIPUEMCTB

AHOTamisgs. AHami3 HOPMAaTHUBHOTO ITiIXOAY OIIHIOBAHHSA PU3WKIB (YHKIIOHYBAaHHS EHEPTeTHYHUX
CHCTEM AJISI iX MOAATBIIOTO YIOCKOHAICHHS Ta PO3BHUTKY.

VY cTarTi po3rISHYTO MiAXOIU IO OIIHKH PU3UKIB Y (PYHKIIOHYBAHHI MiCHKHX C€HEPTeTHYHHX CHUCTEM 3
METOI0 PO3pOOKH e(eKTUBHOI CTparerii ympaBiIiHHA Ha OCHOBI HOpPMAaTHBHOTO mimxoxy. B crarri
MPOAHATI30BaHO IMiJXOIU OLIHIOBAHHS PU3UKIB Ta BHIUICHO HOPMATHBHUH MiIXill, SIK OCHOBA JJISl YIIPABIIHHS
pPU3UKaMH, IO MOTPeOye BIPOBAHKCHHS KBaTIMETPHYIHOI OLIHKM BIUIMBY 30BHIIIHIX Ta BHYTPIMIHIX (aKTOPIB,
K repe0ayeHi HOpMaTUBHUMHU JIoKyMeHTamMHu. [IpoaHasni3oBaHO Ta BU3HAUYEHO OCHOBHI NMPOOJIEMH YHpaBIIiHHS
Ta OIHIOBAaHHS OI[IHKM DHU3HMKIB, 30KpeMa HEOOXIIHICTh KOMIUIEKCHOTO MiIXOMy 0 OI[HKM PH3UKIB Ta
B)XJIMBICTDh OLIIHKM HE TiJIbKH (DYHKI[IOHYBaHHS OKPEMHX KOMIIOHEHTIB CHUCTEMH, ajie W B3a€MO3B'A3KIB MiX
HUMH Ta NpOLECcaMH, 10 MPOTIKAIOTh B MEXaX CUCTEMH 1 MalOTh BIUIMB, SIK HA TEXHIYHY CHCTEMY, TaK 1 Ha
HaBKOJIMILIHE CEPeOBUIIE. 3alpONOHOBAHO PO3IJISLIATH HACIIIKKA TOPYLISHHS] HOPMAJIbHUX YMOB €KCILTyaTariii
eHeprooOyaJiHaHHs, SK PH3MK ISl KBaJIMETPUYHOTO OI[IHIOBAaHHS TEXHIYHHMX CHCTEM 4Yepe3 MOXIIMBOCTI
BiJTHOBJICHHSI, MOJICpHi3alii oOragHaHHsA. B skocTi Moperi ympaBimiHHS pU3NKaMU (YHKIIOHYBaHHS TEXHITHUX
CHUCTEM TIIPOIIOHYETHCS MOJEIb, IO 0a3yeThcs HA IHTEHCHBHOCTI BiJMOB Ta MMOBIPHOCTI BiJHOBJICHHS
Mpane3 aTHOCTI EHEPTeTHYHOI CHCTEMH. 3aIPOIIOHOBAHO KAy JUIsl OLIHIOBaHHS HACTaHHs HeOakaHOl moaii 3a
piBHeM Oe3MeKkd Ta HACHINKIB IMX MO NUISXOM BpaxyBaHHS BiTHOBICHHSA SK TEXHIYHOIO KOMIIOHEHTY
CUTCTEMH (3 ypaxyBaHHSAM 9Yacy BiJHOBJICHHS), TaK i €KOJOTIYHMX HACIHIAKIB 1 MOXJIHMBOCTEH iX yCYHEHHS,
BPaxOBYIOYH Yac Ta PiBeHb 30MTKIB. JIJIs1 OIL[iHIOBaHHS 1 yIIPaBIIiHHS [IPOAHATi30BaHO BILIMB 30BHIIIHIX (PaKTOPiB
Ha (yHKIIIOHYBaHHS TEXHIYHO{ CHCTEMH Ta 3alPOTIOHOBAHO OI[IHKY BHKOPHCTOBYIOUH MATPHIi PH3HUKY. Takuit
X1 TO3BOJISIE OIIHUTH €(hEeKTHBHICTh BITPOBAKEHHSI, OpTaHi3aiii Ta QyHKIIOHYBaHHS CUCTEMH, a TOJIOBHE -
YIPaBIIATH Ta TOKpaNlyBaTy (GyHKIIOHYBaHHSA CUCTEMH Ha OyIb-IKOMY eTalli il )KHTTEBOTO LIUKITY.

KITIO90BI CJIOBA: pusux, HopmamusHuili nioxio, eHepeemuuni NIONPUEMCTNGA, YNPAGIIHHA,
OYIHIOBAHHA, MAMPUYL DUSUKY .

SAx muryBaTru: I'pinuenko I'. C., Kinopenko O. B., Heronos C. C., JIucenko A. fl., Mazopuyk K. K., Hoc P. C.
Po3BUTOK HOPMATHUBHOTO MiJXOIY A0 OLIHIOBAHHS PU3MKIB €HEpromiupueMcTB. Mawmnobydysanns. 2024. Bur.
34 C. 17-30. DOI: https://doi.org/10.26565/2079-1747-2024-34-02
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IlocTanoBka nmpo0saemMH Ta ii 3B’A30K i3 BAXKJIMBUMHA HAYKOBUMH YH NPAKTHYHAMHA
3aBJaHHAMH

OuikyBaHe B HaWOMMKYl JECATHIIITTS
3pOCTaHHSA BHYTPILIHHOTO €HEPIrOCIIOKHBAHHS
Ta  00CiIry  eKCHOpPTYy  eNeKTpOoeHeprii,
00MEsKEeHICTh 3amaciB OPraHiYHOTO MajJuBa JJis
TEIUIOBUX CTaHIIM, EKOJIOTiYHI BHMKJIMKH,
OB’ 513aHi 3 TEIUIOBOIO €HEPTETHKOI0, a TaKOXK
BIICYTHICTF B YKpaiHi 3Ha4HUX HEBH-
KOPUCTaHUX TiIPOCHEPIreTUYHUX pecypciB i
MMeCHMICTHYHI TPOTHO3W MO0 KOMEPIIIIHOTO
BIPOBAUKCHHS  HETPAOULIHHUX  JOKepel
eHeprii BHU3HAYAIOTh SIIEPHY EHEPreTHKY SK
Oe3anbTepHaTUBHUN Hanpsm, SIKAN
BUDPI3HAETBCSA  BHCOKOI  KOHKYPEHTOCHPO-
MOJXHICTIO. BoJxHOYac pO3BUTOK aTOMHOI
EHEPIreTUKN CYNPOBOIXKYETHCS YHUCICHHUMHU
VIOEPELKEHHSIMH  Ta CYNEPEYHOCTSAMH, IIO-
B’A3aHUMH 3 1i BUKOPUCTAHHIM, 30KpEMa 4yepes
MOTCHIIIWHI  3arpo3W  COLiaJdbHOI Oe3IMeKH,
PHU3HKH 3a0pyIHEHHS HaBKOJMIIHBOTO cCepe-
JIOBHINA Ta TEXHOJIOTIYHI MpoOieMn Oe3meKw,
AKI MOXYTb TPHU3BOAUTH JIO CYTTEBUX
€KOHOMIYHMX BTpar. Yci Il acmleKkTu

BHMAraroTh TIMOO0KOTr0 aHayizy Ta
3aCTOCYBaHHS ~ HAyKOBO  OOIPYHTOBaHUX
METOIB OIMIHKH PU3UKIB 1 MOXJTHBHUX 3arpo3.
KommnexcHuit aHami3 PH3HKIB
E€HEePreTHYHOTO 00’exTa JI03BOJISIE
MIPOTHO3YBAaTH MOTEHIIIHHI 3arpo3u A7l poOoTH
ATOMHHUX CTaHINIM HAa PI3HUX eTarax: IMiJ Jac
IUTaHyBaHHS POOOTH €HEeproOJoKy, YIPOAOBXK
MIPOEKTHOTO TEPMiHYy EeKCIUTyaTallii, a TaKOX
IIpU TIPOJIOBXKEHHI TEPMIHIB eKCIUTyaTamii 3
ypaxyBaHHSIM 3MiH, 10 BHHHKIM TiJI 4Yac
pobotun  obOnmamgHanHs. OrIliHKa  37aTHOCTI
EHEePreTHYHOTO 00’ €KTa, SIK CKIaTHOI CUCTEMH,
ajanTyBaTHCS JO MOMJIMBUX 3arpo3 €
BaX\JIMBOIO CKJIAZ0OBOIO aHamidy pusmkiB. lle
3a0e3rmedye OiMpII TOYHY W EKOHOMIYHO
OoOTpyHTOBaHY  OIIHKY  (YHKIIOHYBaHHS
CHUCTEMH Ta crpuse po3polui edekTuBHOI

AHaJi3 ocTaHHIX J0caiTxKeHb | myOaikanii

YnpaBiniHHS Ta OLIHIOBaHHS PHU3HKIB
YMOBHO TOJUISIFOTh HA KUTbKa TMiIXOMIB, SKi
3aCTOCOBYIOTBCS B COLIAJIbHUX Ta iH)KEHEPHUX
cuctemax. Cepeq HUX: KUTbKICHAW aHAIi3, IO
0a3yeTbcsi Ha  CTaTHCTHMYHMX  JaHAX 1
NPOTHO3YBaHHI HMOBIPHOCTI 3arpos; sIKiCHHN
aHali3, OpIEHTOBaHMH Ha BHKOPHCTAHHS
AKICHUX XapaKTEePHUCTUK; CIEHapHUN MiAXif,
AKUHA Tnepeadadae MOAETIOBAHHS MO>KJIHMBOTO
PO3BUTKY  TIOJIi;  OLIHIOBAHHS  PHU3HKIB
BIJIMIOBIZIHO /10 HOPMAaTHBHUX JIOKYMEHTIB,
takux sk ISO 31000 abo ISO 9001; a Takox
BUKOpUCTaHHS 1HQOpMAIIHUX TEXHOJOTiH
[1]. Ha mpakTuili KoXeH i3 WX METOJIB Ma€
CBOI mepeBaru Ta HEJOMIKH, TOMY X 3a3BHYail
3aCTOCOBYIOTh Y TOEJHAHHI JJISI JOCSTHEHHS
O1ITBII TOYHUX 1 KOMIUIEKCHUX PE3yJIbTaTiB.

Cepen HalMOMIMpPEHIIMX KiTBbKICHUX
METO/IB aHANi3y PU3UKIB IHKEHEPHUX CHUCTEM
BUIUIsIETRCST MeTol MonTe-Kapio [2-6], skuii
JTO3BOJISIE MOJICITFOBATH HMOBIPHOCTI BiMOB Y
pi3HHX cHcTeMax Ta BHUOWpAaTH ONTHUMAJbHI
napamerpu. Ille OOHMM IIMPOKO  BHKO-
pPUCTOBYBaHMM METOJOM € aHami3 JepeBa
BinmoB (Fault Tree Analysis) [7-12]. Y po0Oori
[7] 3amporoHOBaHO 3aCTOCYBaHHS  I[HOTO
MiJXOMY JJIs BUSIBJICHHS JDKEpesl HeOe3IeKu B

cTparerii  ympaBNiHHA  pU3AKAMH  JUIS
ITiIBUTIICHHS Oe3nexu ypOaHizoBaHUX
E€HEepPreTHYHUX CHCTEM.
mijicucreMax MiCBKOTO TPaHCIIOPTHOTO

KOMIUIEKCY 4Yepe3 aHalli3 THIIOBUX PU3MKOBUX
noJIii, siki Oynu TpaHchopMoBaHi B OaeCiBChKi
Mepexi IS IOJJAITBIIOTO KUTbKiICHOTO aHai3y.

Hocnimkennss [10, 11] mpomoHyrOTH
OIIIHIOBATH  PHU3UKM  JMHAMIYHMX  Xapa-
KTEPUCTUK CHCTEM 3a JIOITOMOT' OO
ABTOMATUYHOI TeHepallii Ta KiJIbKiICHOTO aHa-
T3y JTUHAMIYHUX JIEPEB BiZIMOB, BPaXOBYIOUH
YacoBl XapakTePUCTUKH Ta  HAJMIPHICTb.
ABTOMaTH4YHa TOOY/JOBa JEPEB BIAMOB Ta iX
aHali3 CHpusrOTh epeKTUBHIN imeHTH]iKarii
KPUTHYHO BAXKIUBUX CIIEMEHTIB, a TaKOX
JAI0Th MOXJIMBICTh IOPIBHIOBAaTH —aJibTep-
HaTUBHI KoHIemmii moOymoBu cucremu [11,
12].

Mertop aHanizy JiepeBa BiJIMOB JIO3BOJISIE
OIIIHIOBATH KOMILUIEKCHUH PHU3HK 13 JI€TaIbHOIO
IHIVKAIIEI0 OKPEeMHX WOTr0 CKIJIAJOBHX, IO
MOXK€ CIIyI'yBaTH OCHOBOIO IS IOJAJIBIION
OLIHKM CTIMKOCTI, HaIMHOCTI OO'€KTIB Ta
iXHBOTO TEPCIEKTUBHOTO PO3BHUTKY, 3a0e3-
MeIyFOYr HeOOX1THHUH piBeHb Oe3IeKH.

SkicHu{ aHaNi3 PU3UKIB YacTO MOE]-
HY€ETHCS 3 KUTBKICHUM JUJISl OLIHKH 1HKEHEPHUX
cucteMm. [lpukiamamMud  METOMIB  SIKICHOTO
aamizy € SWOT-anami3z, warpuns WMmo-
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BIDHOCTI Ta BIUIMBY pHU3HKIB, a TaKOX
excrieptHi onuryBadus [13-19]. SWOT-anani3
1 eKCIlepTHE  OIlIHIOBaHHS  3AeOLIBIIIOro
3aCTOCOBYIOTHCSL JJISl  OLIHKH PU3UKIB Y
COIIANbHO-eKOHOMIUHMX ~cucTemMax [14-16],
TOAI SIK Yy TEXHIYHUX CHCTEMaX pHU3HKH
MOBSI3YyIOTh 3 0Oe3mekoro. JIJis OMMHKH TaKux
PU3HUKIB  BHKOPHCTOBYIOTH  KBaJliMETPHUYHI
METOAM, 30KpeMa MATPUYHHHA MiAXim s
MPUHHATTS pimeHs a0 kimacudikamii 00'exTiB
3a piBHeM pu3uKy [13, 17-19].

OmiHka  pU3WKIB  BIATNOBIMHO  J0
HOPMATHBHUX CTAaHOApTIB, Takmx sk [SO
31000 [20], IEC 31010 [21], ISO 9001 [22],
ISO 45001 [23], € BaXNUBUM HATIPSIMKOM SIK Y
MPaKTUYHOMY, TaK 1 B HAYKOBOMY KOHTEKCTaX,
30KpeMa IpH BIPOBAKEHHI CHCTEM YIIPaB-

JiHHA SKICTIO, 3a0e3meueHHi Oe3lMeKH Ta
3MI0pOB’S  TpAIiBHHUKIB, a TaKOX  JUIA
MiIBUIICHHS  €(QEKTUBHOCTI  yIPaBITiHHS.

OrniHKka pU3HMKIB 3TiIHO 3 HOPMATHBHUMHU

JOKYMEHTAaMH € THYYKHM IIPOLIECOM, IO
[IOJIATAE Y BU3HAYEHHI BiJIIOBITHOCTI BUMOTaM
craggaptiB. Crammapta ISO € ocHOBOIO miIs
OLIIHKM Ta YNpaBIiHHSA PHU3UKAMH, a HAYKOBi
TMOCIIDKEHHST B IIH cdepi 30cepemKkeHi Ha
po3pod1i  OOTrPYHTOBAaHMX METO/MIB OIIHKH
pHU3HKiB, ineHTH(iIKaLil KpUTepiiB HeOe3meKH
Ta PU3UKIB, aHAJI31 KPUTUYHUX MOJIH 1 3arpo3,
a TaKoX Ha TUIAXH CHCTEMHOI iHTerparii Ha
MIIPUEMCTBAX 1 CTpaTerisfAX OINHKH 1X
edexTrBHOCTI [24-27].

Ko’xHa 3 HaBeIEHUX TPyHn METOIIB Mae
cBoi TmepeBarm Ta Hemomiku (Pme. 1), i
3a3BHYail 3aCTOCOBYETHCS B TMOETHAHHI IS
MiABHUILIEHHS TOYHOCTI pe3y/ibTaTiB Ta 3a-
Oe3nedeHHs e(eKTUBHOTO YIpaBIiHHSI
pusukamu. s BuUOOpY ONTHMANBHOTO MiJl-
XOAy, IO CIPHATUME CTIMKOMY YHPaBIiHHIO
MiIPUEMCTBOM,  HEOOXiTHO  BpaxOBYBaTH
0c00aMBOCTI 00'€KTa
PHU3UK-MEHEKMEHTY.

KinbkicHui nigxig,

Llei nigxig 6asyetoea Ha
YUCNOBUX AaHUX |
MaTemaTUYHWX MEeToAax AnA
OUiHIOBaHHA MMOBIpHOCTI Ta
BNAUBY PU3MKIB.
XapaKTepucTUKK:
BUKOPHUCTOBYE CTaTUCTUHHI
moaeni, MMoBipHoCTi Ta
4YMCNOBI 3HAYEHHA.
Pesynbtatii npegcrasneHi y
Burnagi uncen (diHaHcosi
BTpaTH, MMOBIpHicTb aBapii).
MeTtogu: AHanis
iimosipHocTel (Hanpuknag,
metoa, MoHTe-
Kapno).BukopucTaHHA
icTopuuHux aarux. Metog,
nepesa HecnpagHocTei (Faul
Tree Analysis).
Mepesaru: Yitkictb Ta
BUMipHicTb. Monerwye
NOPIBHAHHA PU3KWKIB.
Heponiku: Motpebye TouHMx,
AaHKX, AKI MOXYTb ByTH
HeA0CTYNHUMK

OriHka HacHiJKIB peamizalii 3arpo3 Ta

Llew niaxia 6asyetbca Ha
EeKCNepTHMX OLiHKax i
AKicHOMY aHanisi
XapaKTepPHUCTHK PUSKKIB.
XapaKTepucTuKK:
Bukopucrosye onucosi
AaHi Ta cyb'eKTUBHI
OLLiHKM. PU3MKK
knacudikyloTbes 3a
KaTeropiamu (BMCOKKWHM,
cepeaHii, HU3bKKWIA).
MeTogu:SWQOT-ananis.
MaTpuua MMoBipHOCTI
Ta BNAWBY PU3KMKIB.
ExkcnepTHi onuTyBaHHA.
Mepeearun: He noTtpebye
TOUHWX AAHWX. 3pydHMiA
ANA NOYaTKOBOTO
aHanisy.
Heponiku:
CyB'eKTMBHICTD
pesynTatis. BiacyTHicTo
KiNbKICHUX NOKa3HKKIB

\ ANA NOPIBHAHHA. 5

Puc. 1- [ligxomu 10 OLIHIOBAHHS PU3HKIB

MoepHye enemeHTH
KinbKicHoro Ta
AKicHoro niaxoais.
XapaKTepucTuKu:
BuKopuUCTOBYE AKicHUIA
aHanis gna
nonepeaHbOl
ineHTudikaLii pusmkis.
3acTocoBYyE KinbKicHi
meToau AnA
npiopuTeTHocTi
pU3KKie a6o oUiHKK
XHiX Hacnigkis.
MeTtogu:
BukopuctaHHa
MaTpuUL pU3KKIB i3
noAanbuwmum
KiNbKicHMM aHanisom.
ITepaTMBHMiA npouec
OLiHKK.
MNepesaru: MHyuKicTs Ta
afanTueHicTb. [ae Ak
3aranbHy KapTUHY, TakK
i KOHKpeTHi uucnosi

OLiHKM.

OujHKa pu3mKis
6asyeTbeA Ha
NPOrHo3yBaHHi
MOMIMBMX CLiEHapiiB
PO3BUTKY NOAIH.
XapaKTepucTukm:
MopgentoBaHHA pPisHKUX
cueHapiis gns aHanisy
NOTEHLiMHUX PU3MKIB.
BpaxosyoTbea Kinbka
BapiaHTis pO3BUTKY
nogii.
MeToau: AHanis
cueHapiis (Scenario
Analysis).CTBopeHHA
cueHapiie "wo, akwo?"
(What-If Analysis).
MepeBaru: BpaxysaHHA
HeCcTaHAapTHUX NoAji.
Jonomarae BUABUTH
NPUX0BaHi PU3MKK.
Hegoniku: Moxe 6ytu
CKNagHUM i
TPYAOMICTKUM.

Fig. 1- Risk assessment approaches

Bukaan ocHoBHOTO MaTepiay

y

CBITI

KOMIIICKCHUM

BignosigHo A0 BUMOr
cTaHgaprTie i
HOPMaTHBIB.

XapaKkTepucTuKm:
OuiHOBaHHA pUSKKIB
6asyeTbea Ha ICHYH4MX
3aKOHOAABYMX Ta

HOpMaTMBHUWX BMMOTrax.

3abesnevye
BiANOBIAHICTL
CTaHJapTam, TaKUM AK
1SO 31000 abo 1SO
9001. MeToau:
Mepesipka
BignoBigHOCTI.
BHyTpiWHI ayauty.
Nepesaru: 3abesneuye
BiANOBIAHICTL
3aKOHOQABCTBY.
3py4HMia gna
cepTudikauii.
Hepgoniku: ObmerxeHa
FHy4KicTb. Moxe He

. N Y opmaTUBHWIA nigxig AHanis pUsuKie 3a
AxicHWi nigxia A B D T CuieHapHMii nigxin OujHKa pusmKis AONOMOrot

undpoBMX TEXHONOTIH
BukopucTaHHA
Cy4acHuxX
iHbopmaLinHKMX
CUCTEM | NPOrpamHoro
3abesnedyeHHa
XapaKTepucTUKK:
BukopucToByloTbCA
anropuTMK WTY4YHOro
iHTENneKTy.
MeTtogu:
MogentosaHHA Ha
6asi paHux (Data-
Driven Risk Analysis).
MalMHHE HaBYaHHA
ONA BUABNEHHA
PU3MKIB.
Nepesaru: LUBKakKicTb
i macwrabosaHicTe,
MigsuileHa ToYHICTb
aHanisy.
Heponiku: 3anexHicto
Bif, AKOCTi AaHMX.

BpaxoByBaTH Bucoki BuTpaTK Ha
/\ “_cneuudiky komnaHii, )\ BNpOBafKeHHA.

MIX0A0M, IO

ix BIIMBY Ha Oe3nepepBHICTH 3a0e3reueHHS
notped cnoxuBauiB (HaceneHHs, Oi3Hecy,
Jep)KaBH Ta CyCHUIBCTBA) y  MAJUBHO-
EHEPreTHYHUX Pecypcax € BaKIUBUM eJie-
MEHTOM CHUCTEMH eHepreTHyHoi oe3nexu. Kpim
TOTO, BXKJIMBUM € OLIHIOBaHHS MOYJIMBOCTEH
CcyO'eKTiB 3a0e3leUeHHsT CHEPreTUYHOi 0e3-
NeKW JUIs 3aro0iraHHs PO3BUTKY HETaTHBHUX
CleHapiiB. YIIpaBIiHHA PU3UKAMH € BU3HAHUM

repenbavae po3poOKy BIAMOBIIHMX 3aXO[IB i
iX 1HTerpamit0o B JOKYMEHTH JI€P>KaBHOTO
IJIaHYBaHHS. Meroro € 3aro0iraHHs;
BUHUKHEHHIO HOBHX PH3HMKIB 1 3MEHIICHHS
HasBHUX [UISIXOM  YIOPOBAPKEHHS  KOM-
IUICKCHUX 3aXOJliB Ha O00'€KTOBOMY, Tally-
3€BOMY Ta 3arajbHOJICPIKABHOMY PiBHSIX.
Hoceix Oaratbox KpaiH MiITBEPIKYE,
10 CTBOPEHHS CUCTEMH YIPABIiHHS PU3HKAMH
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Ma€ YUCIICHHI MepeBaru, i PU3UKOOPiEHTOBAHI
HiIXOMM [IMPOKO 3aCTOCOBYIOTBCSI B  IIPO-
BiTHUX KpaiHax cBiTy. Hampuknam, y €C y
2015 pomi Oyso 3aTBEp/PKEHO METOAM OI[IHKU
PU3WKIB JUIS 3aXWUCTy KpuUTH4YHOI iH(]pac-
TpyKTypu [28], AKi TPYyHTYIOThCS Ha aHaNi3l
3arpo3 i pU3HKiB.

Pu3uk € HEBIIIIIBHOI YaCTHHOIO OYIb-
SKOI COIIaTbHO-€KOHOMIYHOI JTiSITBHOCTI, TOMY
HOro HasBHICTH Ha MIANPUEMCTBI ab0 B Oyab-
SKOMY TIpPOIlECi HE € aHi HEJONIKOM, aHi
nepeBaror0. CydacHi MiAXOIW IO YIPaBIiHHS
pU3MKaMH  IPYHTYIOTbCS  Ha  KOHIICTIIil
"OpUHHATHOTO PU3WKY", 3TAHO 3 SIKOIO
TOJOBHOIO METOI € JIOCATHEHHS  Mak-
CHUMaJIbHOT HaIiMHOCTI BCiX BUIIB NisSIBHOCTI
OUISIXOM yTPUMaHHS CYKYIHOTO pPH3HKY B
MEKaxX, BU3HAUCHHX CTPATETi€l0 PO3BUTKY
COITIATbHO-EKOHOMIYHOI cucTemu [1].

VY3aragpHeHHMH  MiOXiA OO0  OLIHKH
PU3UKIB BKJIIOYAE: ineHTH(]IKAIiIO 3arpos,
OIIIHKY 4YacTOoTH (WMOBIpHOCTi) pealizaltii
KOXKHOI 3arpo3W; OIIIHKY Bpa3JHBOCTI 10
KOXKHOI 3arpos, IO pa3oM 3 1i 4acTOTOMO
BU3HAYa€ WMOBIPHICTh 3aBIAaHHSA IIKOJU;
OIIHKY HACHiAKiB (IIKOAWM) AN HaWTIpIIOro
CIICHApit0 PO3BUTKY Mojiii. KoHnenmist pu3uk-
MEHEDKMEHTY  TOJSrac He  TUIbBKH B
ineHTHdIKaIii Ta OIiHII 3arpo3 i HACIHIJKIB, a
OXOIUTIOE ORI IIUPOKE KOJIO TIPOIECIB,
MOEJHYIOYM  PO3BUTOK Ta  yJOCKOHAJICHHS
HiINPUEMCTBA 3 ypPaxyBaHHSAM MOXKJIMBUX
Hacmigkie [20-23]. Hns moOymoBu Mojeni
PU3UK-MEHEDKMEHTY E€HEpPreTHYHOro  TiJm-
pPHEMCTBA, SIKE € YaCTHHOIO CKJIaJHOi CO-
[[IOEKOJIOTIYHOI CHCTEMH, MOYKHAa BH3HAYUTH
HACTYIHI eTanu ifgeHTrdikamii Ta yrmpaBiIiHHSI
PHU3UKAMU 3TiJHO 3 HOPMATHBHUM ITiJIX0J0M Ta
MDKHApOJHUX CTaHAAPTIB (puc. 2).

YhopaBiniHHA pH3UKaMH MOXe OyTH
BIIPOBADKCHO Ha Oylb-IKOMY eTami (QyHK-
[[IOHYBaHHS CHCTEMH, IpPH [OMY BaKJIHBO
3aTy4YUTH BCi piBHI €HEPreTUYHOTO
MIANPUEMCTBA JIO I[LOTO MPOIIeCy, TOYHHAIYN
3 BHINOTO KEpIBHWIITBA, SIKE BH3HAYa€
CTpaTerito Ta BCTAHOBIIOE MaKCUMAalbHHUN
PIBEHb CYKYIHOT'O PHU3UKY (BEPXHIO MEXY).

BrpoBajkeHHs — ympaBiliHHS — pU3MKaMH B
cucteMy (YHKI[IOHYBaHHS €HEPreTHYHOTO
HIiAMPUEMCTBA TOJIATa€e, 30KPeEMa, B TOMY, IO
O LBOTO TMPOLECY 3aly4aloThCsl MPAaKTHYHO
BC1 HOTO TTiIPO3ILITH.

Ilepmmit  eram moB's3anuii 3 Qop-
MYJIIOBaHHSM cTpaTerii ~ €HEepPreTHYHOTO
MiANPUEMCTBA, sIKa MOBHHHA Oa3yBaTHCS Ha
[Tomitui  AKOCTI  CHCTEMH  YIIpaBIIiHHSA
nporecamu. IlomiTHka SKOCTI BH3HAYAE UiTKi
L1, 3MICT, MPOLIEYPH Ta BiAMOBIIANBHICTD 32
i1 BuKoHaHHs. BoHa moBuHHA MaTH O(iIliAHAH
CTaTyc, a BECh IEPCOHAN — YCBiJOMIIIOBATH
BaXJIMBICTh KOXKHOI JISUIBHOCTI JUIS  3a-
rajJbHOTO PO3BUTKY, CTANOTO (DYHKIIOHYBaHHS
MiIPUEMCTBA Ta TTiIBUMICHHS SKOCTI, 8 TAKOX
YCBIJIOMJIFOBATH CBOIO POJIb SIK TpodecioHana
B I[bOMY IPOIIECI.

[adopmariitHo-aHaTI THIHUIA eran
rependadae MOCTIHUNA MOHITOPUHT (DaKTOPIB,
M0 MOXYTh BIUIMBAaTH Ha BHUHUKHCHHS
PHU3HWKIB, SIK 30BHIIIHIX, TaK 1 BHyTpimmHIiX. Ha
ObOMY eTami TpOBOIUTHCS 30ip, 00poOKa,
nepeaBaHHs Ta aHami3 pi3Hoi iHdopMarii, o
JIO3BOJISIE OIIIHUTH KOJIO PU3HUKIB, SKI MOXYTh
BUHUKHYTH B €HEPTreTHYHOMY ITiAPHUEMCTBI.
Hdo BHyTpimHIX (aKTOpiB MOXKHA BiJIHECTH:
TEXHIYHUH CTaH €HEePreTHYHOTo OO0JIaAHAHHS,
WOTO MOJIEpHi3alilo, 3MIiHH B peXHUMax
pobotH, (yHKITIOHYBaHHS CHUCTEM KOHTPOJIO
Ta 3aro0iraHHs 3arpo3, 3a0e3neueHHs Oe3neKu
TEXHIYHUX IIPOLECIB, COIliaNbHi  (pakTopH
(MoTMBamisi TIepCOHANly, WOro HaBYAHHS,
oprasizariiss poOiT Ta O€3MeKH, JOTPUMAHHS
npaBwil 1 HOpM Oe3leKu), HOPMAaTHUBHO-
MeToIUYHe 3a0e3nedyeHHs NpaBHil 3 Oe3neKH
nparii, METOJJMYHE Ta HaBYaJIbHE 3a0e3eYeHHS
IIPOIIECIiB TOLIO. 30BHIMIHI (hakropu
BKJIFOYAIOTh: €KOJOTIUHI 3arpo3u (cericMidHa
aAKTHBHICTB, ITOXKEXKi, TTOBEHI TOINO), 3MiHH B
opieHTallii 3aMOBHUKIB, KiOepaTaku, BiiCbKOBI
koH}IiKTH, Qopc-MaxopHi cuTyamii, IO
MOPYLIYIOTH ~ HOpPMajlbHi  YMOBHM  (DyHK-
[IOHYBaHHS CUCTEM, 3MIHH B HOpPMATHBHO-
MpaBoBOMY  3a0e3leveHHi  eHepreTHYHOi
IISUIBHOCTI TOIIO.
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BWzHauyeHHA cTpaTerii
OUIHIBaHHA DU3KKIB
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Puc. 1- Mogens ynpaBiIiHHS pU3UKaMH ISl eHEPreTHIHOTO mignpueMctsa 3rigHo 3 1SO 31000, IEC

31010

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

Ha wacrymHomMy eTam  JOUITBHO
BU3HAYUTH KOHTEKCT PH3UKY, IO BKJIIOYAE
IZICHTU(]IKAIII0 PU3HKIB €HEPTeTHYHOTO MiAM-
pueMcTBa. Bu3HaueHHS PUBHKIB TIPYHTYETHCS
Ha BUSBJICHHI TTOJIIH, SIKi MOXYTb BIUTHBATH (SIK
MO3UTUBHO, TaK i HETaTWBHO) Ha JIOCSITHEHHS
mijie,  chopMyJabOBaHMX Yy  CTpaTerii
SHEepPreTUYHOro  MIANPHEMCTBA. Y  Mekax
CHCTEMH YHIpaBIiHHA SIKICTIO OCHOBHOIO
METOIO € 3a0€3MeYeHHs IKOCTI Ta CTa0lIbHOCTI
(hyHKITIOHYBaHHS E€HePreTHYHOT0 T -
puemcTBa. TakuM YMHOM, KOHTEKCTOM PH3UKY
MOYKHa BBaXaTH (HaKTOpu, IO TMOB'A3aHI 3
3a0e3meyeHHsIM  Oe3reKku, CTabiIpbHOCTI Ta
HaAiHHOCTI POoOOTH €HEepPreTHYHOro o0'eKTa, a

came MOPYIICHHS HOpPMAaJIbHUX YMOB
eKCILIyaTallil, BUHMKHEHHS  HeOe3MmeuyHux
CUTYAIliH, TIEPEeBUILIEHHS HOPMaTHUBHUX

MOKA3HMKIB, IO BIUIMBAIOTH HA BHYTPILIHIO
0e3meKy CHCTEMH Ta HaBKOJIHIITHE CEPETOBUIIE
(mepeBUIICHHS  aHTPONOTEHHOTO  HaBaH-
Ta)KEHHS HAa €KOCHCTEMH).

Hacrynuuit etan nonsrae y 300pi JaHUX
BIJIMIOBIZIHO /IO BHU3HAYCHOI'O  KOHTEKCTY
pusukiB. Lle#t eran, 3a3Buyail, 3a0e3neuyeThCs

MpeICTaBHUKAMHU BiJIMTOBITHUX (hyHK-
IOHABHUX MIAPO3ALUIIB i Yac peryispHOi
JUSUIBHOCTI a00 TUIAHOBHX POOIT, BPaXOBYHOUHU
KOHTEKCT pu3ukiB. [l eHepreTHdHOro
MIPUEMCTBA  TIPOMOHYETBCA  30ip  fIK
CTAaTHCTUYHMX, TAK 1 AUHAMIYHHMX JAaHHUX, IO
BIUIMBAIOTh HAa OONAJHAaHHA Ta Xapak-
TEPU3YIOTh HMOT0 HAMIWHICTh TPH PI3HUX
pexxumax excruryaTaunii. s oumiHkKKM BIUIMBY
Ha 30BHIITHE CEPEIOBUINE MPOTOHYETHCS 301p
JaHUX IIPO AHTPOIOIeHHE HABaHTAXXCHHS Ha
TEPUTOPII0 TiAmpueMcTBa (pamianiiHuii (hoH,
TEIUIOBUI OanaHc, BUKUAN 3a0pyAHIOBAIBHUX
peYoBHH TOINO). BaxkimmBo Takox Bpa-
XOBYBAaTH, SIK €KOJIOTiuHI (akTopu (IIPUPOAHI
PHU3UKH Ta 3arpo3u) BIUIMBAIOTh HA TEXHIUHUMA
CTaH €HeprooOJaHaHHsA Ta CTaOlIBHICTD HOro
pobOTH, a TakoX SK TEXHIYHI mpodaemMu
(mopywmieHHs ~ HOpPManbHOi  eKCIUTyaTaii,
BIJIMOBHM, 3YyNHUHKH, IOIIKO/PKEHHS 00Ja-
OHAHHS Ta CHCTEMHM) MOXYTb 3MiHIOBaTH
HABaHTAXCHHS Ha €eKOCUCTEMH.

Jlayi  HEOOXIZHO MPOBECTH SAKICHUHI
aHalli3 PpU3WKYy, 10 BKIIOYA€E BHUSBICHHS
(dakTopiB PHU3MKY Ta OLIHKY HACHiJKiB iX
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peamizanii ans ctalinbHOro (QPyHKIIOHYBaHHS
€HEePTeTHYHOT0 MiATPUEMCTBA (BIUIUB Ha ITi1).
Ha mpoMy erami BaXIHMBO BpaxoOBYBaTH BCi
0OCTaBMHU Ta HACHIIKH PH3HKIB, a TaKOX
BUKOPHCTOBYBAaTH BCi MTOCTYIHI IHCTPYMEHTH
AKICHOTO  aHami3y pH3UKIB Ta  OIHKH,
BpaxoByIOUM  crneuugiky  mpoueciB  Ha
€HEepreTUYHOMY MiAIPHEMCTBI.

Jns mpoBeneHHS KUTBKICHOTO aHali3y
PU3HMKIB Ta IIBHUIIEHHA HOTO TOYHOCTI
NPOMOHYETHCS  BpaxoBYBaTH  HE  JIMIIE
WMOBIpHICT, HACTaHHA HeOakaHOI MOAil, a i
HaCHiAKKA Bil MOXJIMBHX 3arpo3 Ta BTpart.
PexkomeHayeTbCs PO3MONIINTH BCi 3arpo3u Ha
TPHU THIIH:

o 3arpo3u 3 HeBiIBOPOTHHMHM Hac-
JigkamMu A0 TEXHIYHOI Ta EeKOJOTi4HOi
CKJIaJJOBUX CHUCTEMH EHEPreTHYHOTO IMiJil-
puemctBa. lle ™Moxyre Oyrn momii, 1O
OpPU3BOAATH 10 HE3BOPOTHHX pYHHYBaHb
eKOCHCTEeMH (HAIPUKIA, TaKi, [0 HEMOXKITHBO
BimHOBUTH TpoTsiroM 30 pokiB), abo 10
NOIIKO/DKEHHS €HEeprooONajHaHHA, SKe He
MiJuIarae peMOHTYy a00 3aMiHi, IO CYTTEBO
BIUIUBaE Ha POOOTY BCi€l EHEepreTHYHOI
CUCTEMH.

. 3arpo3u, MO0 NOPYWIYOTH HOP-
MaJibHi YMOBH B €KOJIOTi4Hill Ta TexHiuHil
CHUCTEMAX, ajle 3 MOKJIHUBICTIO YaCTKOBOIO
BinHoBienHs. Hanpuxman, nepeBUIeHHS
HOPMAaTHUBHHX IIOKAa3HUKIB 3a0pyIHEHHS, SKe
MOXKHa YCYHYTH 0€3 HEBIJIBODOTHHX Hac-
JIiOKIB, ajle sSKe Ma€ IEBHUH BIUIMB Ha
HaBKOJIMITHE cepenoBuIe. TakoX 10 IbOro
THITy HaJIe)KaTh MIOPYIICHHS HOPMAIIbHUX YMOB
eKCILTyaTarii eHeproo0JIaIHaHHS, JUISE
YCYHEHHSI SIKUX MOTPIOHO 3MIHUTH PEKUMH
eKCIUTyartalii, M0 MOXe TPH3BECTH IO
3HIKEHHS eHeproeeKTUBHOCTI abo
MOPYIIUTH CTANICTh QYHKI[IOHYBAaHHS CHCTEMH
0e3 MOYIIMBOCTI IIOBHOT'O BiJTHOBIIEHHS.

. 3arpo3n, Wm0 NPHU3BOAATHL [0
NOPYLIEHHS] HOPMAJbHUX YMOB (yHK-
HiOHYBAHHSI €HEPreTHYHOr0 MiIMPUEMCTBA,
ajle 3 MOKJIMBICTIO MOBHOTO BiHOBJIEHHS
CHCTeMH TicJasi yCyHeHHs1 3arpo3u. Han-
PUKIIaJ, TICPEBUINCHHS EKOJIOTIYHUX IMOKa3-
HUKIB  (HanmpuKialg, eKOoJOTiYHOro  (QoHY
teputopii AEC), mo He MaioThb 3HAYHOTO
BIUIUBY HA EKOCHUCTeMYy a00 IO IIBUAKO
BiJTHOBJIIOIOTHCSL JIO HOPMATHBHUX 3HA4YCHb,
abo mopywieHHs POOOTH TemIOMEXaHIYHOTO
oOnagHaHHs, fKE MIBUIKO MOXHA 3aMiHUTH
a00 BIAPEMOHTYBaTH 3aBISKH HAsSBHOCTI
pe3epByBaHHS Ta MOJEPHI3allil CHUCTEM, IO

JI03BOJISIE MOBEPHYTU CUCTEMY b1 (6]
HOMIHAJIFHUX MTOKa3HUKIB (DYHKI[IOHYBaHHS.

Hua  imimiamii  pobiT 3 ympaBIiHHS
pU3UKaMH Ha EHEPreTHYHOMY MiANPHEMCTBI
Haka3oM /JlupexTopa cTBOprOeThCsl podoua Ta
eKCIIepTHA IPYNH 3 yIpaBiliHHS pusukamu. o
CKJIaJy IIMX TPYI BXOJATH MpOBiAHI ¢axiBmi 3
BHCOKOIO KBaJTi(DiKaIli€ro Ta JOCBIJIOM y ramy3i
moOyIoBH ¥ YIIpaBIiHHA CHUCTEMOIO MEHE-
KMEHTY SIKOCTi, 3[aTHI PO3POOUTH CHCTEMY
yOpaBliHHS ~ pU3MKaMH Ta  3a0e3[euuTH
Oe3nepepBHUI KOHTpOJh. Pobowa rpyma
po3pobnsie  mpoekt [lmamy  ympaBiiHHS
pU3UKaMH Ui KOXKHOTO BHAY NPOIYKIIii
E€HEepPTeTUYHOTO MiIPUEMCTBA.

[Ipu Bu3HaueHH] HeOE3IeK, TOB'A3aHMX 3
KOJKHUM THIIOM 3arpO3H, BCTAHOBJIIOIOTHCS X
BJIACTMBOCTI, a TaKOX SKICHI Ta KUIBKICHI
O3HaKW Ta (YHKIIi, M0 MOXYTh HETAaTHBHO
BIUIMHYTH Ha 0Oe3meKky (yHKIIOHYBaHHS
mignpuemMcta. lle no3Bonsie BH3HAUUTH U
BKa3aTW TpaHUYHI 3HAYEHHSI Ta Xapak-
TEepPUCTUKH s X (akTopiB HeOe3neku. Ha
OCHOBI aHamizy IMxX (aKTOpiB CKIANAETHCS
MIEPEeNIiK BiIOMHX 1 MMOTCHIIHHUX HEOE3IeK, 110
BHHUKAOTh y Tpomeci (yHKIIOHYBaHHS
miAnpueMcTBa, 13 Kiacudikaimiero  3a
NpPU3HAYCHHSIM.

Jns  xokHOI BH3HA4YEHOI HEOE3NEKH
IIPOBOANTHCS OIIHKA HACTIAKIB 11 pearizarii, a
TAaKOX BHM3HAYCHHS MPUYMH 1 MeXaHi3MiB
BUHUKHEHHs  Hebe3nmeku.  Kpim  Toro,
PO3pOOIIAIOTECS 3aXOMM JUIS 3armobiraHHs abo
3HWKEHHS PU3HKY. 3i0paHi naHi (ikCcyroThCs B
NPOTOKOJN  «AHANi3, OIHKa 1 KOHTPOIb
PHU3HKiBY», SKUH OQOPMIIIOETHCS AT KOXKHOI
HeOe3nmeKkn KOXHOro Ttuiy. Ha  ocHOBI
BCEOIYHOr0 aHajli3zy IUX JaHUX IMPOBOIAMTHCS
OIliHKa PU3UKY (PO3PaXyHOK IHIEKCY PU3UKY),
oo € KOMOIHAIIE [BOX KOMIIOHEHTIB:
cTyneHs TspKkocTi MmoxdimBoi mkoau (T) ta
fiMoBipHOCTI HacTaHHs 30uTKy (P), sika B cBOIO
4Yepry BKJIIOYa€ HMOBIPHICTH BiJMOBH Ta
WMOBIpHICTh BiJIHOBJICHHS CHCTEMH.

s oIliHKM HMOBIPHOCTI HAaCTaHHS
30UTKY 3aCTOCOBYETHCS II'sITHOANbHA INKaja
HMOBIPHOCTEH, sIKa BU3HAYAETHCS EKCIIEPTaMH
nepesi MPOBEJICHHSM OIIHKA WMOBIPHOCTI JUIS
KOXXHOI BCTaHOBIIeHOI HeOesmeku. Llg mikana
HaBOJWUTHCA Yy BUAAi Tabmumi B [lmani
VIPaBIiHHS PU3UKAMHU JJISl KOXKHOTO BHIY
3arpo3u. XapaKTePUCTHUKHA KOXKHOTO PIBHS
HMOBIPHOCTI ~ MalOTh YiTKO  BigoOpakaTu
HWMOBIpHICTh BUHHKHEHHS 30MTKY Ha OCHOBI
aHamizy  (akTopiB  HEOE3MEeKH, IPUYMH,
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MeEXaHI3MIB Ta 3axO[iB IIOJO iX 3HIDKEHHS.
PamxyBaHHS piBHIB HIMOBIPHOCTI € YMOBHHM 1
MOJKE€ HeE MOBHICTIO BimoOpakaTh (haKTHIHY
HWMOBIPHICT, BUHUKHEHHS 30uTKiB. OnHak, 3
HAKONMYEHHSIM  JIOCBiAy, aHami30M  CTa-
TUCTUYHHMX JaHUX Ta YTOYHCHHSM OLIHKH
AMOBIPHOCTi, I IIKala Mae MOCTYMOBO
YTOUHIOBATHCSI.

Jns  omiHkM WMOBIpHOCTI HebakaHOT
moJii BHKOPWUCTOBYIOTh TaKi METOAM: aHAaJi3
HAKOMWYEHUX 3HAYYMIUX MJaHUX, [POTHO-
3yBaHHS  HMOBIpHOCTI  3a  JOIMOMOTOIO
AHAMITHIHUX METOJIB 1 CUMYISALIHHUX TeXHIK,
a TaKoXX OLIIHKY WMOBIPHOCTiI ekcnepTamu. Y
BUMIAJIKaX, KOJM WMOBIPHICTh BHHUKHEHHS

30UTKIB MOXe OyTH po3paxoBaHa KiTbKICHO Ha
OCHOBI 3HAUyNIUX MJaHWX, MJS TIOPIBHAHHSA
pO3paxoBaHMUX 3HaYEHb HMOBIPHOCTI 3 11’ IThMa
OMMKMCOBUMH  PIBHAMU  WMOBIPHOCTI, IO
BHKOPHCTOBYIOTHCSI B METOJTUII OIIIHKH SKOCTI,
BHU3HAYAIOTHCS  JIIala30HH  3HAYCHb  WMO-
BIPHOCTI, BiJIIIOBiJIHI KOXXHOMY 3 IIUX PIBHIB.
Ilefi mpomec 3IHCHIOETBCA 33  Y4acTIO
eKCTepTiB - (axiBI[iB 3 BEIMKAM JIOCBIIOM
po0OTH y BiIMOBIAHAX TaMy35iX €HEPTreTHIHUX
cuctem. Ilix wac omiHku HWMOBIpHOCTI
CTIOYAaTKy MPOBOIUTHCS CTaTUCTHYHA
IepeBipka 3HAYYMIOCTI BUXINHWX MJaHUX 1
TOYHMI pO3paxyHOK HMoBipHOCTE#l (Tadm. 1).

Tao6auns 1

[Ikaxa #tMOBIpHOCTI HACTaHHS HeOa)kaHOI MOIT (3arpo3) HA CHEPTETHIHOMY i ATPHEMCTBI

Table 1

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

Ouinka HNmosipnicTs Hianazon Buznauenust
iiMoBipHOCTI

P1 MarnoiiMmoBipHa < 1x107 Bucokuii piBeHb 3a0e3neueHHs 6e3meKku
TEXHIYHOT CKJIaI0BO1, MATIOMMOBIpHi
3arpo3u

P2 Hyxe HA3bKA 1x10"-1x10°® HocraHniit piBeHs 3a0e3nedueHHs O0e3MeKH,
HU3bKa HMOBIPHICTB 3arpo3

P3 Cepenns 1x10%-1x10" VIMoBipHi 1001MHOKI 0T (3arpo3n),
HEJO0CTaHii piBeHb 3a0e3MeYeHHS
Oe3nekn

P4 Bucoka 1x10"-1x10™ Hebe3neka BUCOKa, TIOBTOPIOBAHICTh
3arpo3 BHCOKO HMOBipHa

P5 Hanssuuaiino >/=1x10™ Bucoxkwuii piBeHb HeOe3MeKH Ta

BHCOKA HWMOBIPHICTh HACTAaHHS MOJIiH (3arpo3)
Jns  OIHKM  CTymeHs  TSHKKOCTI WMOBIpPHOCTI 30MTKy Mae OyTH TpPOBEACHUUN

MoxmBuX HaclhifkiB (T) BHKOpHUCTOBYyeThCS
cUcTeMa 3 IT'SITH PiBHIB, IO PAHXKYIOThCS, SIKi
BU3HAYAIOTHCS Ta XapaKTepU3yIOTHCS
eKCIIlepTaMy 10 TPOBEACHHS OI[HKH IIMO-
BipHMX 30WTKIB. L[ cucrema mpencTaBieHa y
BUTISAI  Tabmumi B [lmami  ympaBiiHHS
pU3HKaMH. XapaKTePUCTHUKH KOXXHOTO PIBHA
CTYNEHSI TSKKOCTI TOBHHHI JJO3BOJIATH YiTKO
BITHECTH WMOBIPHHH 30UTOK 110 OJHOIrO 3
I’SITH PIBHIB, TPYHTYIOUHCh Ha OMNHCI LBOTO
30uTKy. CTYHiHb TSHKKOCTI HMOBIPHOTO 30UTKY
BU3HAYAETHCSA SK OIIHKA HaWCEPHO3HIIIOro
HACIIKy HeOe3neku (SKIIO iX Kibka). AHaii3
CTYIEHS TSDKKOCTI Ta

TAKUM YHHOM, I00 TOJETIIUTH MPUAHSATTS
PILICHHS 1100 3HIDKEHHS PHU3UKY Yepes
3MEHIIICHHS CTYIEHS TSAXKKOCTI HACHIJKIB a0o
3HIDKEHHS WMOBIPHOCTI X HacTaHHSA (Tadi. 2).
3acTOCOBYIOUM  M'SATHOANBHY — IIKATY  JJIst
OIIIHKK HMOBIPHOCTI 30MTKIB Ta IX TSXKKOCTI,
PO3PaxOBYEThCS MATPHUIIS OIIHKU PHU3UKY, KA
mpencraBieHa |y rtabmumi 3. LI 30HHM
BIJIMIOBIAAIOTh Jialla30HaM 3HAYEHb PH3HKY,
10 BiAMOBIAIOTH BUIE3a3HAYCHUM DPIiBHSAM, 1
MaTpHI BKIOYaeThes 0 [lnany yrpaBiiHHS
pU3MKaMH €HEPreTHYHOTO HiANMPUEMCTBA
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Taoaunsa 2

SIKicHI XapaKTepUCTHKH HACHIIKIB HeOaKaHHUX MO Ha eHEPreTHYHOMY MiAPUEMCTBI

Table 2

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

Ouinka Hacaigkn

BusHauenns

T1 | He3nauni

BB Ha ekocucTeMy MiHIMAIBHUMA, HE CHPUYNHSE 3HAYHUX
HACJIJIKIB [T IEPCOHAITY Ta HACETICHHs, TEXHIYHI ITOIMKOKEHHS He
CTaHOBJISTH 3arPO3H Oe3Ierli MpaIiBHUKIB, ICHYIOTh TOMEPeHKyBaIbHI
3aX0J1, a TAKOXK PE3CPBYBAHHS JUIS MTPOIIECiB/00IaTHAHHS.

T2 | Husbki

Marno3Ha4Hi NOUIKOPKEHHS 0e3 yCKIIaAHEeHb, He3HAUYHHUI BIUIUB Ha
€KOCHCTEMY, CHCTEMH BiJHOBIIIOIOTHCS MIBUAKO, O€3 3arpo3u Juis
0e3meKy epcoHaty Ta 3M0pOB's, TEXHIYHUHN CTaH eHeproo0IaTHaHHs;
HIBHIKO BiJTHOBIIOETHCSI, BUCOKA HMOBIPHICTh PEMOHTY UM 3aMiHH,
CIIPUYMHEHHS MiHIMAJIBHOT MOPAJFHOI 200 MaTepialbHOI IITKO/IH.

T3 | IowmipHi

BrumB Ha ekocrcTeMy MOMITHHH, ajle CHCTEMa MOXKE BiTHOBHTHUCS
MPOTATOM TIEBHOTO Yacy a00 YaCTKOBE BiJHOBJICHHS HAOIMKAETHCS JI0
MOYaTKOBOTO CTaHy. 3arpo3y, 10 BUHUKAIOTh, OyJIM BpaxoBaHi Mmij| yac
MPOEKTYBAaHHS 200 MOJIEPHI3aIlii €eHePreTHYHOTO MiAIprueEMCTBa. €
MOJKJIMBICTh TIOBHOTO BiTHOBJICHHS CHCTEMH JI0 HOMiHAJEHUX
napameTpiB, TeXHIUHE 00JaJHAHHS ITiIATa€ PEMOHTY, MOKJIMBE
3aMiIIeHHs! OKPEMHUX KOMIIOHEHTIB 32 YMOBH ITEBHUX €KOHOMIUHUX
BUTPAT (BPaxOBYIOYH Yac MPOCTOX, MaTepialbHi BUTPATH TOIIO).

T4 | 3Hauni

Bruis Ha ekocHucTEMY 3HAYHMM, TPOTE MOXKIIMBE YACTKOBE
BiiHOBJICHHS. ICHYy€e 3arpo3a Oe3rieli Ta 30pOB'I0 MEPCOHATY
eHepreTugHoro 00'ekrta. [loBHE BiTHOBIEHHS CUCTEM, TPOIIECIB YN
o0J1aTHaHHS TTiCIIs HACTAHHSA MMOJIiT HeMoXinBe. EHepreTnyune
o0TaJHaHHS Ma€ HU3bKY WMOBIpHICTh PEMOHTONPUIATHOCTI, 1
nojaibla podoTa B HOMIHAJIBHUX PEKUMaX He 3/ilcHIoeThes. Lle
CIIPUYUHSIE 3HAYHI €eKOHOMIUHI BTPATH Yepe3 MOMIKOPKEHHS, TPUBATI
MPOCTOT, 3aMiHy Ta MOJICPHI3allil0 00JIaJIHAHHSA. Y CyHCHHS HACIIiIKIB Y
KOPOTKHI TEPMiH HEMOXKJIMBE

T5 | Kputnuni

[Tpy BUHMKHEHHI 3arpo3 BiJHOBICHHS CUCTEMH HEMOXKJIHBE.
Exocucremi Oyze 3aBnaHo HEBiTBOPOTHI 3MiHH, ICHYE€ BUCOKUH piBEHb
3arpo3u Juisi Oe3MeKu Ta 3710pOoB'S HAceJICHHS 1 mepcoHany. TexHiuHe
oOnaiHaHHS HE MiUIATae BiTHOBIEHHIO abo 3amiHi. Lle mpusBene no
3HAYHUX MaTepiabHUX BTPAT Ta iHIIUX CEPHO3HUX HACIIJIKIB.

Taoauna 3
Martpurist OIiHKY PH3HUKY JJIST CHEPTETHIHOTO ITiJIPUEMCTBA
Table 3
Risk assessment matrix for an energy enterprise

T2 T3 T4 TS Inoexc puzuky:
Pusux menpunyctumuii (PH)
Pusuk npakTHuHO NpUIHATHUY, alle

PIIIT | PTIIT | PH PH noTpedye MOCTIHHOIO MOHITOPUHTY Ta

PH PH PH PH Pusuk npuitaaranii (PII)

Vmogipaict | T1
b 3arpo3 /
HACJIIIKIB
P1 PIT
P2 PIIIT | PTIIT | PH PH PH konTpommo (PIIIT)
P3 PIIIT
P4 PH PH PH PH PH
P5 PH PH PH PH PH
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Cnhig 3a3Ha4MTH, 110 1€ HE KIACHYHUN
BapiaHT MaTpHIl, IO pPO3poOJIeHO 3
ypaxyBaHHSM  MiABUIICHUX  BHUMOT  JUIA
SHEePTeTHYHOTO ITIIPHEMCTBA, K I 00’ €KTa
migBuiieHoi HeOe3neku. Ha OCHOBI BHCHOBKY
[I0I0 KOYKHOTO PU3HKY NMPUMMAETHCSA OTHE 3
JIBOX pillIeHb:

SIK1Io oIiHeHUH PU3UK € TOCUTH MajIuM
(immexkc pu3WKy MOTparuise B Jiama3oH PiBHS
NPUAHIATHUX PHU3HKIB), TO Ied PH3UK MOXHA
MPOITHOPYBaTH, 1 HE TOTPiOHO pPO3pPOOIATH
3aX01H U1 IOr0o 3HWKEHHS.

SKmo pu3MK € JOCUTHh  BEJIHMKHM,
HEOOX1IHO BH3HAYUTU Ta BXKHUTH 3aXOMdIB IS
HOT0 KOHTPOJIIO.

Y pa3i OpUHAHATTA  pilIeHHS TpO
HEOOXiZHICTh 3HW)KECHHS DIBHS PUBHKY IS
MmeBHOI HeOE3IEKH, CHIiJ BXXUTH 3aXOIIB IS
HOr0 KOHTPONIO, MO0 3HWU3UTH HOro 10
NpUAHIATHOTO abo /0 MPAaKTUYHO HH3BKOTO
piBHiA.  3axomm W00  TOMEPEHKEHHS,
3HIKCHHSI a00 yTpUMaHHS PHU3UKY B MEXax
KOHTPOJIbOBAaHHX  3HAYCHb  PO3POOISAIOTHCS
¢daxiBusMH eKcHepTHOI Ta pobodoi TIpyIl.
[Iporec po3poOKu IUX 3aXOAIB MOYNHAETHCA 3
BUBYCHHS MOXIIMBOCTI 3HW)KEHHS  DiBHSA
PHU3HMKY 3a YMOBH peajlizallii BCiX JOCTYITHHUX
3aco0iB.

SIKI1110 BCTaHOBJICHO, 10 3HU3UTH 1HIEKC
PU3MKY 10 PpIBHS TNPUHHATHHX PU3HKIB
HEMOXXJIMBO, PO3POOJSAIOTBCA  3aX0Iu IS
3HIKCHHS  1HOEKCY PpU3MKYy 1O  PiBHA
NPUAHATHUX HA TPAKTUIl HU3BKUX DPU3HKIB.
Ilicia  BUKOHAHHS  3a3HAYEHUX  3aXOMiB
NPOBOAMTHCS OL[iHKA 3aJHMIIKOBUX PHU3MKIB 3
ypaxyBaHHSIM BXKHUTUX 3ax07iB JUIst
3ano0iraHHs ado 3HIKEHHS PU3HKY.

ITicnst BXKUTTS 3aXOZiB LIOAO 3HIKEHHS
PU3UKIB MOKYTh BHHUKHYTH TEXHOJIOTIYHI Ta
TEXHIYHI  3MiHM, 3MIHM B  Ipolecax
(GYHKIIOHYBaHHS IJIPUEMCTBA, 8 TaKOXK Vy
3axofax 1 cucremax KoHTpomo. Lli 3miHM
MOXYTh TPH3BECTH JIO BUHUKHEHHS HOBHUX
03HaK 1 (QYHKIIK, TOOTO HOBMX YHHHHKIB
HeOe3neKu i NOB'sI3aHuX 3 HUMH pU3HKiB. Tak,
HaNpHUKIaZ, MOJEpHi3aliss eHepreTUYHOro
o0aJHaHHS MOJKE TMPHU3BECTH 0 BHSBICHHS
HOBHX 3arpo3, 3HW)KEHHS piBHSI Oe€3MeKH,
3aCTOCYBaHHSI HOBUX PECYPCIiB, 110 BILUIUBAIOTH
Ha CEKOHOMIYHICTh Ta eHeproeeKTUBHICTh

tomo. Ilo6 mnepekoHaTwcs, IO B Mporeci
BIIPOBAHKCHHS 3aXO0/IiB MO0 3aIT00iraHHs abo
3HIDKCHHS pU3UKIB HE 3'IBHIINCS HOBI (haKTOPH
HeOe3MeKkr, MPOBOAUTHCS MOBTOPHHN aHAai3
PHU3HKIB.

Ilicms mpoBemeHHS 3aXOIiB  IOIO
3armo0iraHHs i 3HDKEHHS PU3UKIB, BU3HAUCHUX
y Tpolleci oprani3amii KOHTPOJIIO PHU3HUKIB, a
TaKOXX OIIHKH KOKHOTO 3aJIMIIKOBOTO PHU3UKY,
poboua Tpyma 3 YHOPaBIIHHI PU3HKAMH
3MIACHIOE 3arajibHy OLIHKY 3aJIMIIKOBOTO
pu3uky. {7 BU3HA4YCHHS KPHUTEPIiB NMPHUITHS-
THOCTI 3arajbHOTO 3aJMIIKOBOTO PH3UKY
EKCIIepTaMu PO3pOO0IISIETHCS BiIIOBIIHA TIKAJIa
IUIsL KOKHOTO (pakTopa 3arpo3u. MakcumainbHe
3HAYEHHS [IKATH OTPUMYETHCS  IUIIXOM
iICyMOBYBaHHSI 3HAYCHb 1HACKCIB PU3UKY JJIS
BCIX BCTaHOBIEHMX HeOesnmek. OTpumany
[IKaTy eKCIepTH AUIATh Ha [iala3oHH, IO
BIJIMTOBIalOTh TIPUHHATHUM pPU3HKaM, TPHI-
HATHUM  Ha  TPaKTHIl  pH3MKaM  Ta
HEMPUUHSATHIAM PU3HUKaM.

Orinka JOCBiqy Ta MEPEOoIliHKa PU3HKIB
NPOBOAMTHLCS Y TAKUX BUTIAJIKAX:

. NpY CHCTEMAaTUYHOMY Meperisiai Ta
OHOBIICHHI TUIAHY YIPaBJIiHHS PU3UKAMU;
o y pa3i 3MiHH HalioHanmbHOI abo

MDKHApOJHOI HOpMaTWUBHOI 0a3u y cdepi
PHU3UKIB Ta OC3MEKY;

. npy  OTPUMAaHHI  HE3aJOBIIBHUX
pe3yibTaTiB MOHITOPHHTY MIPOLIECY
YIPaBITiHHS PU3UKAMH;

o y pa3i BHHUKHEHHS HeOe3meyHnx
CUTYAIli}i;

) IpHY MOJIEpHI3allii 00JIaHaHHS, 3MiHI
PEXUMIB eKCILTyaTallii ToIIo;

o Mpu  Tepernpu3HaueHHI  TEepMiHiB

eKCILTyaTallii eHepreTHYHOTO MiAMPUEMCTBA.

OpnHi€r0 3 OCHOBHUX YMOB €()eKTHBHOCTI
Ta pe3yJIbTaTUBHOCTI yNPaBIiHHs PH3UKaMHU Ha
HIANPUEMCTBI € Halie)kHa oOpraHisaiis Ta
MiATPUMKA CHUCTEMH peaii3aiii, KOHTPOJIO Ta
OIIHKH 11bOT0 mporecy. DyHKIlis opraHizarii
YIPaBIiHHS pHU3HKaMH, 3a0e3MeYeHHs
HEOOXITHUMHU pecypcamMy, BKIIOUAIOYM KBai-
¢ikoBaHMH TepcoHal, a TaKoX CHUCTe-
MAaTHYHUH KOHTPOJb Ta OIIHKA isSUIBHOCTI 3
yOpaBliHHS pHU3UKaMH, JEXHUTh Yy cdepi
BIJIIIOB1AAJIEHOCTI BHIIIOT'O KepiBHUIITBA
€HEepPTreTHYHOTO ITiJIPUEMCTBA.
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CyvacHuit CTaH CHEePreTUIHNX
HiANPHEMCTB MOTpeOye e(hEeKTUBHUX CTpaTerii
YOpaBIiHHSA a7 3a0e3nedeHHs OE3MeKd Ta
craiocti (yHKIioHyBaHHA. Peamizamis 1mx
CTpaTeriii MOXKJIMBa HAa OCHOBI BIIPOBAIXKEHHS
MiXOMIB JIO VIPABIIHHA Ta OI[iHIOBaHHS
PH3HKIB IO TPYHTYIOTHCS Ha HOPMAaTHBHOMY
MiIXO0Mi, a caMe 3aCTOCYBaHHS MIKHApOIHHX
cTaHgapTiB 3 ynpasminas skictio 1ISO 9001 ta
pmsuk-MeHexkmenty 1SO 31000, IEC 31010.
Ha ocHOBI X cTaHAapTiB 3alpOTIOHOBAHO
MOJEINb yIpaBIiHHS PpHU3UKaMH IS
EHEpPreTUYHOTO MiANPUEMCTBA Ta PO3TITHYTO
KOXHHA eram 11 peamizamii. Ha erami
OLIIHIOBaHHSI PU3HKIB 3aIIPONIOHOBAHO 3TiTHO 3
HOPMATUBHUMHU JIOKYMEHTAMH SIKICHHHA Ta
KUTbKICHUH aHami3 WMOBIpHOCTI HacTaHHS
HeOaKaHUX TMOoAii (3arpo3) Ta BpaxyBaHHS
HacliikiB. B OCHOBY aHamizy NpOMOHYETHCS
BpaxoOByBaTH  BIUIMB  TEXHIYHUX  3MiH
€HeprooONa/lHaHHs Ta EKOJOTIYHHH BIUIAB
(HampuKnan, HECTIPHUATINBI  YMOBH HaBKO-
JUIIHBOTO CEPEAOBUINA, CEHCMOAKTUBHICTH
tomo). Ilpm omiHOBaHHI HAcHiAKIB MOpY-
IIeHHSA YMOB (yHKIIOHYBaHHS TeX

Bucnosku

MIPOTIOHYETHCA BPaxOBYBAaTH K BHYTPINIHI
BIUIMBH, a CaM€ MOXIIUBICTb BiJIHOBIICHHS
obnagHaHHA, MOJEpHI3aIlii, 3MIHH pPEXHUMIB
eKCIDTyaTalmii Tomo, Tak 1 BIJIAB Ha
HABKOJIMIIHE ~ CEPEJOBUIE B  pe3yibTarTi
HACTaHHS MOXIMBHX HeOakaHux momid. Jms
OITIHIOBaHHS HMOBIPHOCTI HACTaHHS IOMIA Ta
HACTIIKIB 3aCTOCOBYIOTh IIKaly, fKa Mae 5
piBHIB 0O€3MEKM Ta BIANOBIMHI KUIBKICHI
XapaKTEPUCTHKH WMOBIPHOCTI  3arpos, Ta
I ATHOAIBHY  MIKATy  OMHCOBHX  PiBHIB
HACIIAKIB TSI HABKOJHMIITHBOTO CEPEeJOBHUIIIA Ta
TEXHIYHOTO OOJIaTHAHHS CHEePTOMiANPUEMCTBA
(BiI MOXIJIMBOCTEH IMOBHICTIO BiIHOBJICHHS IO
HEBIIBOPOTHUX 3MiH). BH3Ha4YeHHS KOXXHOTO
PiBHS PH3HKY IIPONIOHYETHCS B PAMKaX CHCTEM
YIPaBIiHHS pU3AKaMH (HOPMAaTHBHOTO
MIXO0Ay) BH3HAYaTH ¥ XapaKTepU3yBaTH
eKCIepTaMu il 4Yac TMPOBEACHHS TMepio-
JMYHOTO Ta CHCTEMATHYHOTO MOHITOPUHTY Ta
KOHTPOJIFO MapaMeTPiB SHEPreTHYHUX CHCTEM
JUISs  OIIIHKKM  WMOBIPHOCTEW  3arpo3 Ta

HACIIIIKIB, 1110 BUHUKAIOTH npu
(dhyHKIIIOHYBaHHI E€HePreTUYHOTO mij-
PUEMCTBA.
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Svobody square, 4, Kharkiv, 61022, Ukraine
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 HIJIAXOM
BU3HAYEHHA 3AKOHY PO3HOAL)TY TOYHOCTI

B craTTi 3anponoHOBaHO METOMKY JI0 OI[IHFOBAHHS SIKOCTI 00pOOIIOBAaHKX [ETaICH MIUITXOM BU3HAUCHHSI
3aKOHY PO3MOAUIY TOYHOCTI MIMCHUX PO3MIpiB AeTaseil. 3HAHHS 3aKOHY PO3MOJALIY BHIIQAKOBUX BEIHUYUH
PO3CifOBaHHS NIHCHUX PO3MIpIB JeTayieil micis MexXaHidHOi OOpOoOKH € BaIMBUM, 00 Ie Ja€ MOMIIUBICTD
YIPABIIATH SKICTIO MO Manux BHOipKax. [ BU3HAUCHHsS 3aKOHY PO3MOALTY NMPOMOHYETHCS BUKOPUCTOBYBATH
kpuBi [lipcona. Ha MacoBUX eKCIEpUMEHTaX IIePEeBipEeHO TIMOTe3y IMPO BiANOBITHICTE 3aKOHIB PO3MOALTY
MEBHUM KBaJITETOM TOYHOCTi. [IpOTMOHYETBCS AN BH3HAYCHHS 3aKOHY PO3IOAUTY MIHCHUX PO3MIpIB Micis
MexaHI9HOI 00poOkm BHKOpHcTOBYBaTH KpuBi I[lipcona. Hamano dopmynun Ta MeTroawky Ans BHU3HAYCHHS
Koe(ilieHTIB acHMeTpii Ta eKcIecy 3a eMIIPUYHUMH 3Ha4eHHsMHU. [IpoBeleHHI aHaii3 3 BUKOPUCTAHHSIM
MAacCOBHX €KCIIEPUMEHTIB i ATBEPIUB JOCIIIKEHHS B TOMY, 10 TIPU IPyOHX METOAax 00pOOKH 3aKOH PO3MOILTY
JUMCHUX PO3MIpIB JieTalieil OJM3bKHUI 10 HOPMAIBHOTO, a TIPH TOYHUX METoJ[ax 00poOku - 110 3akoHy CiMmIicoHa i
piBHOI ¥iMoBipHOCTI. [{)s po3mofiny piBHOI iIMOBIpHOCTI KBajpar acuMeTpil gopiBHIOE 0, a eKclec JOPIiBHIOE
1.8. dus po3noziny CiMiicoHa KBajapar acuMmeTpil mopisHioe 0, a exciiec AopiBHioe 2.4

KITIOY9O0BI CJIOBA: sikicmb mexHono2ii, mounicms, Mexaniyne 00pooaens, mMaii UOIpKU.

Ax muryBarn: I'pinuenko I'. C., I'pinyenko B. B., Kosnos M. C., I'epacumos €. B., 3axapos C. O., Tecnos O.
A. OmiHIOBaHHS SIKOCTI MEXaHIYHOTO OOpOOJEHHS IIISIXOM BH3HAYCHHS 3aKOHY pPO3IOJUTY TOYHOCTI.
Mawnobyoyeanns. 2024. Bun. 34 C. 31-38. DOI: https://doi.org/10.26565/2079-1747-2024-34-03

IHocTanoBka nmpoOseM# Ta ii 3B’ 930K i3 BaXKINBHMH HAYKOBMMH Y MPAKTHYHUMH

3aBJIaHHAMMU
OpHuM 13 HaWBaKJIMBIIIMX MOKAa3HUKIB TEXHOJIOTIYHUHA  TMpOLeC  MICTHTh  HH3KY
AKOCTI B TEXHOJOIii MAamMHOOYyAyBaHHS € OpraHizaliiiHUX, TEXHOJOTIYHMX 1 TEXHIYHHX
TOYHICTh MexaHiuHOI 00poOKu. Byab-sxwuit 3ax0/IiB, 110 3a0e3MeuyroTh 3aJaHy TOYHICTh
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00poOKHM, peamizamis iX Ha KOHKPETHHUX
poOOUYMX MICIIIX € YMOBOIO HEOOXiTHOI0, ajie
HE JIOCTaTHBOIO Ui 3a0e3NeueHHs 3amaaHoi
TOYHOCTI 00poOKH. [[s1 MOCATHEHHS BHUCOKOL
TOYHOCTI MEXaHIYHOi 00poOKM HEOOXiITHO
BPaXxOBYBaTH  KOMIUICKC  YMHHHUKIB, IO
BIUIMBAIOTh HA KiHLEBUHA pe3ynbTar. PakTnyHa
TOYHICTh 3aJICKUTh BiJ Oe€3midi  pPi3HHX
YUHHHKIB, PE3YJIbTAT [Iii AKUX CIPOrHO3YBATH
Ioyxe Baxko. Jlo HUX HaleXaTb >KOPCTKICTbH
TEXHOJOTTYHOT CHCTEMH «CTaHOK—
HPUCTOCYBAaHHA—IHCTPYMEHT—3arOTOBKa»,

TETIOBI nedopmartii, BiOpartii, 3HOC
IHCTpYMEHTY IO piKe, a TaKOX CTaOLIBHICTB
pexxumiB 00poOku. KpiM Toro, BaxIuBy poib

BiZIrpatoTh TOYHICTH BHMIPIOBaHb 1 KOHTPOJIb
TCOMETPUIHUX IapaMeTpiB BHPOOIB Ha BCiX
eramax  TEXHOJOTiYyHOro  mpormecy.  Pe-
3yJIbTAaTOM BIUIMBY YHHHUKIB € PO3CIIOBaHHS
NIHCHUX  pO3MipiB, K€ BHBYAIOTH 34
JTIOTIOMOTOFO 3aKOHIB PO3TOILITY.

3abe3neueHHs 3aJ1aHol TOYHOCTI
00poOKM BHMarae CUCTEMHOTO MiAXOMy, SKHH
NOETHYE pEeTeNbHEe IUIAHYBAHHS TEXHOJIOT-
TIYHOTO TIpolecy, KOHTPOIb SKOCTI Ha
KO)KHOMY  €Tami, YAOCKOHAJIIEHHS TEXHO-
JOTIYHOTO  OCHANICHHS Ta  3aCTOCYBAaHHSI
CydJaCHMX METOJIB BHMIPIOBaHHS 1 MOHIi-
TOPHUHTY TIapameTpiB 00pOOKH.

AHaJi3 ocTaHHIX JoCaiTxKeHb | myOaikamiit

Opmiero 3 KIIOYOBHX TEHIGHIH ¥y
CydJacCHOMY MAaIIMHOOYAyBaHHI € IOCATHEHHS
BUCOKHX CTaHIApTiB TOYHOCTI Ta SKOCTI
00poOKHM  TOBEpXOHb, MO  OOYMOBIEHO
JKOPCTKUMH BHMOTaMHU J0 HAIIMHOCTI Ta
JIOBTOBIYHOCTI ~ JeTajeii B  yMoOBax  ixX
ekcruyaTarliii. Lle cTocyeThbCst K ITiBUIICHHS
TOYHOCTI TEOMETPUYHHX IapaMeTpiB, TaK i
3a0e3TeYeHHs ONTUMATILHUX ¢izuko-
MEXaHIYHUX  BJACTUBOCTEH  IMOBEPXHEBOI'O
mapy, Takux sSK TBEPIiCTh, 3HOCOCTIWKICTh Ta
ortip koposii [1-3].

JIas MOCSATHEHHS LMX IiIed aKTUBHO
BITPOBAKYIOTHCS HOBITHI TEXHOJIOTi{
MEXaHiYHOi O0OpOOKH, 30KpeMa: BHCOKOTOYHE
nuTipyBaHHsT Ta TOJIpyBaHHS, Jia3epHa Ta
€JIeKTPOiCKpOBa 00poOKa, METOAU KOHT-
POJILOBAHOTO TUIACTHYHOTO JeOpMyBaHHS, a
TaKOX aBTOMATH3aLlisi BUPOOHWYMX IPOLECIB
i3 BHKOPHCTaHHSM YHCJIOBOTO MPOTPAMHOTO
KepyBaHHS Ta IHTETpallisi CHCTEM MOHITOPHHTY
skocTi [4-7].

Kpim Ttoro, po3poOka iHHOBAIIIHUX
MarepiaiB s pi3anbHUX iHCTpyMeHTIB [8,9]
Ta BJIOCKOHAJICHHS MacCTHIIBHO-0X0JIO0-
JOKYBAJIBHUX PIIMH CHOPUSIOTH 3MEHIIECHHIO
3HOIIYBaHHS 1HCTPYMEHTY ¥ JOCSTHEHHIO
OimpII  CcTAaOUIBHUX  pE3yJIbTaTiB  00pOOKH
[10,11]. Bei mi acmektd  J03BOJISIOTH
T ABUIINATH e(eKTHBHICTb BUPOOHUYNX
npoleciB  Ta ajanTyBaTh iX A0 1oTped
Cy4YaCHHUX PUHKIB.

Pazom 3 TUM, TiIBUIIEHHS SKOCTI Ta
TOYHOCTI y MalIMHOOYAyBaHHI 3 TOYKH 30Dy
NPaKTUYHUX  MiAXOAIB  IPYHTYEThCS  Ha
TEOPETHYHUX JNAHUX CTATHCTHYHOTO aHAi3y.
Tak, y poOoti [12] mocmipKeHO MIXOAu 10

OLIHKA MOJENi TOYHOCTI  BUTOTOBJICHHS
JeTanel 3 ypaxyBaHHAM ii amekBaTHOCTI. J[is
MEPEeBipKH  aJeKBaTHOCTI  3alPOMOHOBAHO
3aCTOCOBYBATH YYTJIHMBY XapaKTEPHCTHKY, SKa
JO3BOJISIE  TOYHINIE  ONMUCATH  3aKOHU
po3noainy. MacoBi  eKCIIEPHMMEHTH  IiJIT-
BEPJWJIM TINOTE3y MPO BiAMOBITHICTH 3aKOHIB
pO3MOITYy OKpeMHM BHAAM  MEXaHI9HOI
00poOKM Ta WIOAO 3aKOHY HOPMAaILHOTO
pPO3MONY  BIANOBIIAE PO3MOMIT  JAIMCHUX
po3MipiB nmeraneld y paszi rpyOMX KBajiTeTiB
(BoceMoro 1 rpy6ime). 3a CbOMOrO KBaJiTETY,
PO3CIIOBaHHS PO3MIPIB  MiAMOPSAKOBYETHCS
3akoHy CimmcoHa, a 3a OUIbII BHCOKO]
TOYHOCTI 00pOOKH, 3aKOHY PiBHOI IMOBIpPHOCTI
[13, 14]. Ile mOSICHIOIOTH (HI3HYHUM CEHCOM,
OCKUIBKM 1IIiJI Yac BUIOTOBJIEHHS JAETaJIEl
rpyOrX KBaJIiTETIB BHHHUKAE BEJIWKA KiIbKIiCTh
MOXUOOK (po3mipae CIIPaIbOBYBAaHHS
IHCTpYMEHTY,  HEPiBHOMIPHICTb  MPHITYCKY
3arOTOBOK, HEOJHOPIJHICTH  ITOBEPXHEBOTO
nrapy 3aroToBOK Ta 1iH.), BIUIMB KOXKHOI
HE3HAYHMU. SIKIIO Ha AICHUN PO3MIp BILUIMBAE
3aKOHOMIPHO MIiHJIMBA MOXHOKa, 110 3pOCTa€e
CIOYATKy YIMOBUIBHEHO, a MOTIM MPUCKOPEHO,
TO PpO3MOALT PO3MIpiB  BiJIOYBaeTbes 3a
3akoHOM Cimricona. [le#i po3noin Moxe Matu
MiClle 3a CIUIBHOI Jii pPO3MIPHOTO 3HOCY
IHCTPYMEHTY WI0 piKe 3 CHJIBHO BHPAKEHOIO
($ha3010 MOYATKOBOTO 3HOCY 1 301IBIICHHS CHIT
pi3aHHA HaNpPHKIHII CTIHKOCTI IHCTPYMEHTY B
pe3yibTaTi Moro Mporpecyrodoro 3aTyIUICHHS
[8-10]. 3a TakMx yMOB KiJIBKICTH UYHHHHKIB
3MEHIITY€EThCS, OCKUTBKH TPOIEC MEXaHIYHOTO
00po0IeHHs € HaIiBYNCTOBUM abo
OCTaTOYHHUM, IiJ 4Yac SIKOro Oe3jiY YMHHUKIB
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HeHTpami3yBajucs Ha MONEpeHid omepamii
("dopHOBIi1).

Jns  moxmbok, 1O  PiBHOMIpHO
3pOCTarOTh (MOXUOKH, CIPUYMHEH]I PO3MIpHUM
3HOCOM pI3aJbHOTO 1HCTPYMEHTY), PO3MOJILT
BiIOYBa€THCS 32 3aKOHOM PiBHOI HMOBIPHOCTI.
Hanpuknan, y pasi ycrajgeHoro 3HOCY
pi3aIbHOTO IHCTPYMEHTY 3MEHIIEHHS HOTro
po3mipiB y  dHaci M ATOPSAKOBYETHCS
MPSIMONIHIHHOMY 3aKOHY, IO BIiATIOBITHO
30ibpIIye  abo 3MEHIIye JiaMeTp oOpo-
OmroBaHMX 3aroToBok [2, 8, 9, 12]. 3uanHs
3aKOHY PO3MOJUTY JyXe BaXIIUBE JUIS
PO3B'sI3aHHS MPAKTUYHUX 3a7a4 Y TEXHOJOTil
MaIIMHOOYAYyBaHHS, TOMYy IO II€é OCHOBHA
YMOBa JUIsl PO3B'SA3aHHS IMX 33J1a4 32 MAJIUMH
BuOipkamu. Takoxk, 3a BiIOMOTO 3aKOHY

pO3MONiAy 3HA4YHO  CHPOIILYETHCA  METOX
PO3B'SI3YBaHHS MPAKTHYHHX 33734 33 PaXyHOK
3aCTOCYBaHHS MapaMeTPUYHUX KpPUTEPIiB, SKi
3a0e3MeyeHi METOANYHO 1 Ta0yIbOBaHi.

Y mporeci aHamizy BHIICHO KIIOYOBI
mpoOjeMu BHUPOOHHIITBA JeTajleH, 30KpemMa
YMHHUKH, [0 BIUIMBAIOTb Ha  SKICTb
TeXHOJNOriYHMX  mpoueciB  [15-17].  Ouwi-
HIOBAaHHS TaKWX YWUHHHUKIB € CKJIaJHUM
3aBHAHHSAM, BHPIMIEHHS SKOTO 3IIHCHIOETHCS
OUIIXOM  BHKOPHUCTaHHS TapameTpiB  po3-
CIFOBaHHS (haKTHIHIX pO3MipiB, 110
JOCTDKYIOTBCSI 3@ JIOTIOMOTOI0  3aKOHIB
posmoniny. ILle mo3Bonsie mpoOTHO3YyBaTH
BIIXWJICHHS, IiJIBUIIYBATH TOYHICTH OOpPOOKHU
Ta 3a0e3MedyBaTH BUCOKY AKICTh MPOIYKIIii.

Metoa BU3HAYE€HHS 3aKOHY PO3MOiLY po3ciloBaHHS PO3MipiB AeTaseil mic/jsi 00podKkH Ha
HAJIAIITOBAHMX BepcraTax

s BH3HAUYeHHS 3aKOHY pO3MOALTY
icHye Kinpka migxomiB. llepmwii 3acHOBaHHI
Ha MaTeMaTHYHOMY aHalli3i, B OCHOBi SIKOT'O
JISOKUTh MiA0Ip BIAMOBIAHOT (YHKINT JyIs
omucy  emmipuyHoro  posmomimy. s
BU3HAYEHHSI TOTO, HACKUIbKMA TPABWIBHO IIs
GyHKIIST ~ omHMcye  JOCHIAHWUN  PO3IOJILI,
BUKOPHCTOBYIOTH  pi3HI  KpuTepii 3roau
(ITipcona, Konmmoroposa, Mizeca Ta iH.).

Jpyruii migxig TIpyHTYETbCS Ha TOMY,
II0  KOXXHOMY  TEOPEeTHYHOMY  3aKOHY
PO3MOLTY BiAMIOBIAAOTH IIIKOM TIEBHI YMOBH
(GYHKIIOHYBaHHS TEXHOJIOTIYHMX IPOIIECIB.
3HaOUM I YMOBH, MOKHA 3HAWTH BIJAIOBIIHI
iM 3akoHU posmoxaury. Lle# migxix micTaB cBii
po3BuTOK y poborax A.b. Sxima, H.A.
Bboponauona, b.B. I'nenenka, A.M. I'aBpuiosa
Ta iH.

Ille ommu minxig OyB NpeAcTaBICHUH
AHTITIHCHKOFO IIKOJIOIO MaTE€MaTHYHOL
craructukn (®. Tampron, K. Ilipcon, P.
®imep), mo minia nULXoM no0yn0BH POIAUH
cimeicTB THTEePIONALI HHHX KPUBUX
posnoniiny, SKi HE MarTh OOIPYHTOBaHOTO
3BSI3KYy 3 pEaJbHUMH yMOBaMH BHHUKHEHHS
JIOCHTIDKYBaHUX posnoniniB. 3akoH [ayca B
il CXOJAaCTUYHIH «CHCTEMI», 3aIPOITOHOBAHIN
1 po3po6uneniit K. Ilipconom, Oyno 3BeneHo 10
poii  OAHOTO 3 YHCICHHUX PI3HOBUIB
MOJJIMBUX MaTeMaTHYHHX KpuBuX. Cucremy
KPUBUX PO3MOAUTY JETAJbHO PO3POOUIIH,
3a0e3leumid  BEJIUKUMHM  JOBIAKOBUMH 1
PO3paxyHKOBUMHU TaOIMLAMHY, 10

MOJICTIIYBAIO TPAKTUYHE iX BUKOPUCTAHHS.
PosristHeMo nel miaxig OUIbIn JeTaIbHO.

[impHICT iMOBipHOCTI y ( ),
rpadik sSKOI HaNEXHUTh CciMeWcTBY KpuBHX K.
[Tipcona, € pO3B'I3KOM IUQEPEHIIATEHOTO
PIBHSIHHS

ldy  x+¢ .
ydx ¢, +CX+C,X @

Jle TIOYaTKOM BiIIIKY M X CIYTye
CepelIHE 3HAUCHHSI.

BigmoBigHO 110 poO3MOAy KOPEHIB
‘o C, +CX+C,X°
JPaTHOTO  TPHUUJICHA
po3pizHstoTh 12 TumiB posnoxini [lipcoHa.
Bun poss'sizky piBHsHHS (1) 3aMeXdTh Bij
MOCTIMHUX BEJMYMH, SKi MOB'3aHI MPOCTUMHU
CIIIBBIIHOIIEHHAMH 3 MOMEHTAMH
BIJIMTOBITHOTO PO3MOIiTY HMOBIPHOCTEI:

c = 0'2(4772_3771)
’ 2(5772_6771_9)

¢, = o 771(772+3)
2(5772 — 67, _9) ,

c, = 217, =33, -6
2(5772 — 67, _9)

Jc
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M=) = a1

I,
m =kaf(x)dx
!

3

-..k :2’3’4..
(:uo :1’/'11:0)

Bemnunan 1 1 2 € HWXKHBOKO 1
BEPXHBOIO  MEXKaMH  OpUpoaHOi  obmacti

BHU3HAYEHHS IILTBHOCTI (X) .

3Bincu BUILIHBAE, 110 po3monin [lipcona
MOBHICTIO BU3HAYAETHCS MNEPIIMMH YOTHPMA
MOMeHTaMu. ToMy  JOCTaTHbO  3HAUTH
KoedillieHT acuMeTpii Ta KOe]illieHT eKciecy,
o0 BU3HAYMTU THUN i€l KpuBoi. Takum
YUHOM, SKIIO B3JOBX OCEH JEKapTOBOI
CHUCTEMH KOODIWHAT BIAKJIAJATH BiAPi3KH, IO

BIAIIOBIAAIOTE BeEJIWYMHAM h i 772, TO B

TUTOIIMHI s 11 pizHuM THnam KpuBuX K.
[lipcona BiamoBimaTuMyTh 00NacTi, KpUBI Ta
TOYKH.

Ha pucynky | mpexacrtaBieHo o0nacTh

(771’772)

IUTOILIMHU S (5 . KBaJpat

KoedillieHTa acuMmeTpii, m . Koe(ilieHT
ekcuecy. Ilim wyac BuOOpy Mojeni B LbOMY
BUIAJKYy TPOIIOHYETHCS  BUKOPHUCTOBYBATH
ICTOTHY BIAMIHHICTH Pi3HHX KJIaciB PO3IIOMALIIB
3a CKOUICHICTIO Ta OCTPIBIEM.

st BuOOpY Mojesi 3a TaKoro IMiJIXOIy
HEOOXiHO 3a BHOIPKOIO BEIHKOro 00CATY

OOYHCITUTH OIIHKK TOKa3HUKIB acuMmerpii 1

Ta eKciecy 2 1 BiJIIYKaTH TOYKY Ha puc. 1,
0 BIANOBiAa€ OTPUMaHUM OIliHKaM. 3a
BEJIMKUX BUOIPOK OOYKMCICHHS OIMIHOK 1 1 2
HE CKJIaJIa€ TPYIHOIIIIB:

Y  pobGoTi 3ampoOmNOHOBaHO  3acCTO-
copyBatu kpuBi [lipcoHa s BU3HAYEHHS
3aKOHY PO3MOJTY JIMCHUX PO3MIpIB JeTajei
miciiss MexaHiyHoi 0OpoOKH. 3ampornoHOBaHO
METOJMKY JUJIsl PO3paxyHKy Koe(illieHTiB
acUMeTpii Ta eKcIlecy Ha OCHOBI eMIIpHYHUX
JIAHHX, 110 JO03BOJISIE TOYHO OIIIHUTH XapaKTep
po3noziny.

Amnaniz MacOBHUX
HiATBEPIUB BUCHOBKH:

eKCIICpUMCHTIB

b - sy M
B ()" " ()

*
Hy OIliHKA IEHTPAIBHOTO MOMEHTY

BUIIAAKOBO1 BEJIMYHUHU k - TO HNOpAAKY, fAKa
Ma€ BUTTIAO:

.1 -
Hy :n——lizl(xi_x)k

ge N o6'em BHUOIpPKU Ta X BHUOipKOBa
cepeHs

X = X

S|
>

i=1

BukopucroByroun MacoBi
BUIIPOOYBaHHS IIOJ0 TOYHOCTI MEXaHIYHOTO

00pobneHHs1, OyJo 3HaiIeHO b1 i b2. Yei
MacoBi BUTIPOOYBaHHS T ITBEPIAITH
nociipkeHHss Maramina A.O. B ToMy, 10 B
pasi TpyOMX MeTomiB OOpOOJIEHHS 3aKOH
po3mojily  HmINCHUX  PO3MIpiB  JeTajeit
ONMM3BKUIT 10 HOPMAIBFHOTO, 8 B Pa3i TOYHHUX
METO/IB 00poOsIeHHS - 10 3aKkoHy CiMmIicoHa i
piBHOI ¥iMoOBipHOCTI. Mopeni IUX 3aKOHIB
pO3MONiTy Hanexarh O0JacTi MepIIoro TUIY
kpuBoi [lipcoHa, OCKIIbKU JJIsI HOPMAJIBHOTO
pO3MOiTy KBajapaT acuMeTpii nopiBHIOE 0, a
ekciec naopiBHOE 3. Jlnsg posmoniny piBHOI
HMOBIPHOCTI KBaJlpaT acuMeTpii qopiBaioe 0, a
ekciiec mopiBHroe 1.8, [lns  posmomimy
CiMmricona kBajpaT acumeTpii nopiBHioe 0, a
eKciiec 1opiBHIOE 2.4 (muB. puc. 1).

BucnoBku

s rpyOMx  MeTomiB  MEXaHI4HOI
00poOKM  po3mojinm  JOIHCHUX  PO3MIpiB
HaOJIMKAETHCS IO HOPMAIBHOTO 3aKOHY.

i1 TOYHMX METOHIB CIIOCTEPIiraeThest
BiMOBiHICTh 3akoHY CimricoHa abo piBHOI
HMOBIpPHOCTI.

3anporoHOBaHI MiAXOIU JEMOHCTPYIOTh
NPaKTUYHY IIHHICTH y TiJIBUIIEHHI TOYHOCTI
Ta  HAAIAHOCTI  TPOTHO3YBAHHS  SKOCTI
MexaHigHOi 00poOku. BuKopucTaHHS KPUBUX
[lipcona  go3Boisie  ramMOIIE  JOCHITUTH
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3aKOHOMIPHOCTI pO3CIfOBaHHS pO3MIpiB Ta

3a0€3[eYnTH

OITUMI3ALI0 TEXHOJIOTTYHUX

MPOIIECIB Y MAIIMHOOY TyBaHHI.
Otpumani pe3ynpTaTh MaroTh

MEPCICKTUBU

0 01 02 030405

JJIA BIPOBAIKCHHSA y

BHPOOHMIITBO, 30KpeMa B aBTOMAaTH30BaHi
CHUCTEeMH KOHTPOJIIO SKOCTi, IO 3a0e3Me4nTh
MIIBHUIIEHHS  €(EeKTHBHOCTI BHPOOHHYINX
MpoIIeCiB i KOHKYPEHTOCITPOMOKHOCTI
MPOAYKIIII.
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Fig. 1- Regions in the plane (771’ 772) for different distributions
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Kondguikr inTepecin

ABTOpH 3asBIISIIOTH, 110 KOHQIIIKTY iHTepeciB moao myoOmikauii pykonucy Hemae. Kpim toro,
aBTOPH TOBHICTIO JOTPUMYBAINCh €TUYHHUX HOPM, BKJIIOYAIOYM IUIariaT, (anbcudikaliro JaHUX Ta
MOJIBIHHY ITyOJTiKaIlito
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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'PALSI KBAJIIMETPUYHUX IIAXOAIB Y
CYYACHI IH®OPMAIINHO-BUMIPIOBAJIbHI TEXHOJIOT'TI OCBITH

B ymoBax Oe3mepepBHOTO 3pocTaHHA 00csary iHpOpMamii Ta MIBHUAKHX 3MiH Yy Taly3i TEXHOJOTIH,
0COOIIBO BaXKJIMBO MaTH €(DEKTUBHI METOIM OIIHIOBAHHS, SIKi MOKYTh 3a0€3IIeYNTH BHCOKUH PiBEHh TOYHOCTI
Ta o0'exTuBHOCTI. KBaniMerpis, mo (GOKyCyeTbcsi Ha KUIBKICHUX METO/aX OLHKH SIKOCTi, Ha/Jla€ MOXKJIMBICTb
CHCTEMaTHYHOTO Ta HAayKOBO OOIPYHTOBAaHOTO MiAXOAY IO aHai3y SKOCTI OCBITHIX HPOLECIB 1 MPOIYKTIB.
BukopucTaHHS KBaJIMETPUYHUX METOMIB Yy TOEIHAHHI 3 Cy4aCHUMH iH(GOPMALifHO-BUMIPIOBAILHUMU
TEXHOJIOTISIMHU J03BOJISIE 3a0€3MCUUTH OUIBII TOYHE Ta HAAIWHE OIIHIOBAHHS, IO € KPUTHYHO BAXKIIUBUM IS
e(eKTHBHOTO YIPABJIIHHS Ta BIOCKOHAJICHHS OCBITHIX CUCTEM.

VY crarTi TOCHiIPKYEThCS IHTEerpallisi KBTIMETPHYHHUX HIiIXOMAIB y cydacHi iH(opMamiiiHO-BUMipIOBaIbHI
TEXHOJOT11. PO3risanaloTbess MOXKIMBOCTI 3aCTOCYBaHHS KBATIMETPHIHNX METOAIB JUIS MiABUINEHHSA TOYHOCTI Ta
00'eKTHBHOCTI OI[IHIOBaHHS SKOCTI OCBITHIX TMporeciB 1 mpoaykTiB. [IpoaHamizoBaHO TOTEHINAN IIHX
IHCTpYMEHTIB Yy MOJEpHi3amii, MiABUIMICHHI e()eKTHBHOCTI YMpPaBIiHHA SKICTIO Ta CTBOPEHHI YMOB mIJis
MOCTIHHOTO BJIOCKOHAJIIEHHS MpoLeCy AisuibHOCTI. HaBeneHo mpuKiIagu BIPOBAPKEHHS KBAJIIMETPHIHUX
METOZIB, SAKi MiATBEPIKYIOTh X €(pEeKTHBHICTH i MEPCIEKTUBHICTh. Pe3yibpTaTH IOCHTIMKEHHS NEeMOHCTPYIOTH,
0 IHTerpamis KBaJIMETPUYHUX IIXOMIB CIPHsSE€ 3HAYHOMY IIOKPANICHHIO TOYHOCTI, HAaAIHHOCTI Ta
00’€KTHBHOCTI OILIHIOBaHHS Pi3HOTO POJIY MapaMeTpiB.

PosrisinaeTbesi KBalliMETpiss K HayKa HpPO KUIBKICHE OLIHIOBAHHS SIKOCTi, IO IMPONOHYE e(peKTHUBHI
IHCTPYMEHTH Ul aHalli3y SIKOCTI OCBITHIX MPOLECIB 1 MPOAYKTIB. ABTOPU JOCIHIIKYIOTh METOIHM Ta ITiJXOIH
KBaJNiMeTpil, iXHIO TEXHIYHY peajii3alilo Ta IHTErpaiilo B cy4acHi iH(OpMaliiiHO-BUMIPIOBAIbHI TEXHOJIOTI.
InTerpaniss KBaJiMETPUUHHUX MiIXOIIB B iH(OpMauiiiHO-BUMIpIOBaIbHI TEXHOJIOTII Nependadae 3acToCyBaHHS
CTaTUCTHYHHX METO/IIB, MATEMAaTUYHUX MOJEJICH Ta CIeIiai30BaHOr0 MPOTPaMHOT0 3abe3neueHHs i 300Dy,
00poOKu Ta aHamizy naHux. Lle mo3Bomse oTpuMyBaTH 00'€KTHBHI H peNpe3eHTaTUBHI PE3yIbTATH, SIKi MOXKYTh
OyTH BUKOPHCTaHI JUId IPUHHATTS OOTPYHTOBAHMX YNPABIIHCHKHUX pillleHb. TakuM YWHOM, 3a0e3redyeThes He
TUTBKY TiIBHAIICHHS TOYHOCTI Ta 00'€KTUBHOCTI OIIHFOBAaHHS, aJie i CTBOPIOIOTHCS TIEPEIYMOBH IS TOCTIHHOTO
MOKPAIIEHHsST SKOCTI OCBITHHOTO IIPOIECY LUISXOM BHSBICHHS CHJIBHMX Ta CJIAOKHX CTOpIH, BU3HAYEHHS
HarpsMiB JUTs BAOCKOHAJICHHS Ta BIIPOBA/KEHHS iHHOBAIIiH.

KITIOY90BI CIIOBA: xeanimempuuni memoou, OYIHKA, SKICMb, MemOOOA02isA, NOKAZHUK AKOCHI,
neoazoziuna OYinKa, KeanliMempuiHa oyiHKa.

Ax wuryBatu: I'pinuenxko . C., Mampko A. M. IHTerpamis KBaJiMEeTpHYHHX MiIXOMIB y CydYacHi
iHpopMaliiHO-BUMIpIOBaIbHI  TeXHOJNOril OcBiTH. Mawmnobydysanns. 2024, Bun. 34 C. 39-50. DOI:
https://doi.org/10.26565/2079-1747-2024-34-04

Ilocmanoexa npoonemu

OpHuM i3 KIIOYOBUX  ACIIEKTIiB 00'eKTa OLIHKK Ta PO3POOJEHHS 00'€KTUBHHUX
KBaJIIMETPii € BCTAHOBJICHHS 3B'A3KYy MIiXK MaTeMaTUYHUX 3aJICKHOCTEH.
BHUMIPIOBAHUM ITOKA3HUKOM SIKOCTI Ta HOro OnuH 3 OCHOBHUX BHMKJIMKIB IOJISITAE Y
OIIIHKOIW Ha O0e3po3MipHiil 1mKaii, mozjiOHe TOMY, IO TIOKa3HUKW SIKOCTI HE 3aBXKIH
3aBJIaHHS BHMAara€ pPETENBHOTO JOCIIKEHHS PO3MO/IiIeHI PIBHOMIPHO Ta HE 3aBXIU MarOTh

TMHIHHY MaTeMaTH4Hy 3aJIeKHICTh 3  iX
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OIIIHKOI, TOMY OUTBIICTh HASSBHUX METOJIUK
OI[IHIOBaHHS SKOCTI BUKOPHUCTOBYIOTH JTOCHTH
HaOmmKkeHi (opMynu, fAKi MOXYTh clabKo
BiJIoOpa)KaTH OCHOBHI iJICONOTIUHI MPUHIIUITN
mporiecy oriHioBaHHsA. CaMe ToMy aHami3
HasBHUX  KBaJIMETPUYHHUX  IMAXOMIB O

OLIHIOBAHHA SIKOCTI Ma€ Ha METI BHUSABJIEHHS
mpo0JieM Ta MOMKJIMBOCTEH IMX METOIHK, a
TaKOX PpO3POOKYy pEKOMEHIAIid MIoA0 iX
ONTUMAJBHOTO BUKOPHUCTAHHS Ta MOJAIBIIOTO
BIOCKOHAJIEHHSL.

Ananiz ocmannix 00ciiodHcens

3a ocTaHHI AecATHpiyYs O6arato HayKOBLIB
MPHUIISUI0 yBary MOCIIPKEHHSM TIIOB’SI3aHUM 3
OIIiHIOBAHHSIM SIKOCTI KBATIMETPHUIHUMHU
METOJIaMH, ajie JJIi PO3YMIHHS CamoOi KOHIICTIIIii
«KBaJIIMETPUYHOTO  BUMIPIOBaHH»  HEOOXiTHO
YiTKO BU3HAYUTHU CYTHICTH IbOro MoHATTA. B.IL
Mortano Ta bl Cragauk  po3risgaroTh
KOHIICTITYaJIbHE IMOHATTS "KBaJIIMETPUYHI
BUMIpIOBaHHS" SK 3HAYHHH KPOK y PO3BUTKY
Cy4aCHHX METOIB BHUMIpIOBaHb, BOHH apry-
MEHTYIOTb, 1[0 TaKi BHUMIPIOBaHHS MOETHYIOTh Y
co0i miaxomu KBamiMeTpii Ta MeTpOJorii, Mo
no3BoJisie  e(eKTHBHO  OIIHIOBATH  SIKICTh
MOPOAYKIII Ta TMOCAYyr 3 TOYKH 30py IXHBOI
BIAMOBITHOCTI cTaHgapram 1 BuMoram [1].
Ksamimerpuuni BHMIpIOBaHHS CTBOPIOIOTH
MOXJIMBICTG HE JIMIIE OO0'€KTUBHO OIIIHIOBATH
XapaKTepUCTUKU MPOAYKIii, a U 3a0e3nedyroTh
0a30By iH(DOpPMAITIIO JUIA [TOJABIIOTO aHAJ3Y Ta
BJOCKOHAJEHHS BUpOOHMYMX mpoueciB. Llei
MiOXiJT BIAKpUBAa€ HOBI  MEPCICKTUBU IS
MIJBUIICHHS SKOCTI TPOAYKIIi Ta ONTHMi3amii
BUPOOHWYMX TIPOLECIB y PI3HUX  Taly3six
npomucioBocti.  T.0. JlykiHa Bkazye 110
KBJIIMETPisl PO3MIAJAETHCS SIK YaCTHHA TEOPil
YIpPaBIiHHSA SKICTIO Ta Teopil MPHIHATTS PillleHb

[2]. 3a cmoBamu T. Jlykinoi, kBamimeTpis
TPYHTYETHCSI Ha BHOOpPI HAWOLIBII ONTHMANBHHAX
METO[IIB 1 3ac00iB BIUIMBY Ha OO’€KT 3 METOIO
MIABHIIEHHS IX 3JaTHOCTI 3aJ0BOJILHATH HAasBHI
Ta MaiOyTHI morpebu moaeit. KonmenrtyanbHi
OCHOBHU KBAJIMETPUYHOI OIIHKH OYJIO BHCBITICHO
B pobortax P. 3agopoxnoi, O. Anydpiesoi, K.
Bopucenko, I'. JImutpenko, A.Tpimi, O. Karpuuy,
10 CTaJI0 OCHOBOIO JIJIS JAHOTO JOCITIIKEHHS [3-
8].

3rigHo 3 BUCHOBMIOBaHHIM [, JlerTsphoBoi,
IS OLIIHKY OyIb-aKoi KOMIIETEHTHOCTI
BUKOPHCTOBYIOTHCS KPUTEPii, MOKA3HUKU Ta PiBHI
ix cpopmoBanocTi” [9].

BucsiTiarorouu KOHIIEII IO KBaJIiMe-
TPUYHUX BHMIpPIOBaHb, y CTaTi Oynu BpaxoBaHi
PI3HOMAHITHI MIAXOAM Ta METOIH, IO OYyJIu
3allpPOTIOHOBAHI Pi3HMMHU BYCHUMH B Il Tamys3i.
AHani3 HaykoBHX A0poOOK [3-8] cBiguWThH, IO
KBaJIIMETPUYHI BUMIPIOBaHHS € IHHOBAaI[iHHUM 1
MEPCICKTUBHUM  HANpPSIMKOM Y  PO3BHUTKY
HAyKOBUX JTOCITi IPKEHB, OCKIJIBKH BOHH
JTO3BOJISIIOTH €()EKTUBHO OIIHIOBATH PiBEHb SKOCTI
Ta BIAMOBIIHICTH MNPOAYKII CTaHZapTaM Ta
BUMOTaM SIKOCTI.

"

Dopmyniosanun yinei cmammi

MeTor0 AaHOI CTaTTl € cUcTeMaru3aliis Ta
aHaJli3 HAasBHUX KBAJIIMETPHUYHHUX IMIAXOMIB [0
OIlIHIOBAHHS  SIKOCTi, BCTAHOBIIEHHS  IXHBLOI

e(heKTUBHOCTI Ta MOMJIHMBOCTI 3aCTOCYBaHHS B
pizHuX chepax.

Buxnao ocnoenozo mamepiany

KBamimerpist, Sk Hayka, IO IOCIiIKYE
METOJI! BUMIPIOBaHHS Ta OI[IHIOBAHHS SKOCTi, Ma€
IIMPOKUH  CIEKTp  MAXOMIB,  SKi  BHKO-
PUCTOBYIOTHCS JUISL JTOCATHEHHS PI3HOMaHITHHX
Hije mochipkeHHs . Y IbOMY KOHTEKCTi, METOJ
CKCIIEPTHUX OIIHOK Ta METOJ CTaTUCTHYHUX
BUNIPOOYBaHb  BIJITpatOTh KIIOYOBY pPOJIb Y
BU3HAYEHHI fKOCTi 00'ekTiB. s po3ymiHHA
CyJaCHHUX TCHJCHINIH PO3BUTKY KBaJIMETPUIHHX

METOAIB PO3IJISIHEMO 7 HAYKOBHUX MiIXOMIB IO
3aCTOCOBYIOTHCS y KBamimerpii [10-13].

MeTo eKCHEepTHUX OI[IHOK 0a3yeThcs Ha
3HaHHSAX Ta JOCBiAI (paxiBIiB, $Ki OIIHIOKOTH
00'eKT 3a BU3HAUYEHUMH KpuTepismu sikocTi. Llei
X1 BiJ[3HAYAETHCS MIPOCTOTOIO Ta
JIOCTYIHICTIO, a TaKOX 3[aTHICTIO OI[IHIOBATH
SKICHI XapakTepucTuku o0'ekta. OmHak, cepen
HOr0 OCHOBHHMX HENONIKIB BapTO BUAUIATH
CyO0'€eKTHBHICTh OITIHOK Ta MOJIMBUAN BIIUB
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30BHIIIHIX (akTopiB. Hampukman, pesynsratu
OIIIHKM MOXYTh 3aJIeKaTH Bl O0COOHMCTHX
ynomo0aHb ~ eKCIIepTiB,  sSIKi  HE  3aBXIU
BiZI0OpaxaroTh 00'€KTHBHY AKICTh TPOAYKIIii [14].

Meton CTaTUCTUYHUX BUIIPOOYBaHb
BUKOPUCTOBYE CTATUCTHYHI METOIM JUISL OI[IHKH
WMOBIpHOCTI TOTO, IO O0O0'€eKT BiAINOBizae
BUMoraM sikocti. OCHOBHMMH TE€peBaraMu LbOTO
METOJly € HOro OO'€KTHUBHICTh Ta MOXKIIUBICTh
OIIIHIOBaTH HWMOBIPHICTh BIAMOBIAHOCTI 00'€KTa
TIEBHUM CTaHmapTaM skocTi. [Iporte, mms ioro
3aCcTOCYBaHH: HE0OXigHa BelrnKa BUOIpKa Ta icHye
MO>KITUBICTH TOTYIIEHHS TOMMIOK [ 15].

Meroau BUMIPIOBAaHHS Ta OIIHIOBAaHHS
SIKOCTI € BHJIOM JOCHTIKCHb, 110 3a0e3MeUyIOTh
00'eKTHBHE Ta CHUCTEMHE pO3YMIHHSA Xapak-
TEPUCTUK 00'eKTiB. BOHM MO3BONAIOTH HE JHIIE
OLIIHUTH SIKICTD, aie " 3a0€e31eYynTH
BJIOCKOHAJICHHS Ta ONTHMI3allito npoiiecis [16].

MeTto BUMiprOBaHHS TapaMeTPiB € OTHUM
3 HaWOimpII moOmmWpeHHX Ta e()EeKTHBHHX,
0a3yeTbcsi Ha OO'€KTHMBHUX KUIBKICHUX Xapak-
TEPUCTHKAX O00'€KTa, M0 JO3BOJISIE MPOBOJUTH
TouHI Ta O0O0'ekTHBHI BHUMIpIOBaHHA. OJHAK,
HEOOXiJTHO ~ BpaxoByBaTH, 1O  HE  Bci
XapaKTepUCTUKU MiAJal0ThCs BUMIPIOBaHHIO, Ta
BHKOPHUCTaHHS BIITTOBITHAX METOLIB Ta
THCTpYMEHTIB MOXxe OyTH ckiagaum [17,18].

Meton TOpIBHSUIBHOTO — aHamily HaJlae
MOJIMBICTh OILIIHATHA SKICTH O00'€KTa MIUIAIXOM
MOPIBHSHHA 3 aHajoramMu ab0 eTAJOHHUMU
3pa3kamMH, BiH JEMOHCTPYE HAOUHICTh Ta
MPOCTOTY, ajie oMy BIIACTHBA CKJIAJHICTh BHOOPY
aHajoriB ab0 €TaJOHIB, a TaK0X MOXKJINBICTh
cy0'extuBHOCTI [19].

MeTtox MOJENOBaHHs, y CBOIO Yepry,
IPYHTYEThCSI HA  CTBOPEHHI  MAaTeMaTHYHUX
MOJIeJIeH, 110 JIO3BOJISIIOTH OI[IHFOBATH SIKICTh
o0'ekTa 32 JIOIIOMOTOIO KOMIT'FOTEPHUX
po3paxyHKiB. ['HyYKiCTh Ta MOXKIUBICTH OIli-
HIOBATU CKJIAJHI XapaKTEPUCTUKUA € BaXKIUBUMHU
nepeBaraMd  IbOTO  METOJIY, TpoTe Homy
MpUTAMaHHA CKJIAJHICTh CTBOPEHHS MOJeneil Ta
MOJXKJTUBICTh TIOXHOOK y MpPOIECi MOJEITIOBAHHSI
[20].

MeTto TecTyBaHHs, SIK MiAXiA 70 OLIHKH
SKOCTI, mependavyae NpPOBEACHHS BHIIPOOYBaHb
o0'exta. lleit Meron € OO'€KTUBHHM Ta MOXKE
BUSIBUTH HEJIOJIIKH, ajie BIH TaKOX TPYJIOMICTKHHA
Ta BUMarae 3Ha4yHuX BUTpaT [21].

MeTox CHUCTEMHOIO aHajli3y po3riijae
00'€KT SIK CHCTEMY Ta OI[IHIOE HOro SKICTb,
BPaxOBYIOUM  B3a€MO3B'SI3KM  Ta  B3aEMOJIIIO
eJeMeHTIB. Xoua Ield Mmaxig Mae€ CUCTEMHI
mepeBard, BiH TaKOX BUMarae TIHOOKOTO

PO3YMIHHSI CHCTEMH Ta CKJIQJIHOCTI B peaiizarii
[22].

Bubip HayKOBOT'O miaxonay 10
KBJIIMETPUYHOI OINIHKU 3aJICKUTHh BiJ KUIBKOX
KIIFOY0BUX  (DaKTOpiB, sKi BH3HAYAIOTh TIPH-
JMATHICTh 1 e(eKTHBHICTh METOAYy MJIs KOHK-
peTHOrO JociijpkeHHs. Pi3HiI 00'€ekTH MOXYTh
MaTH pi3Hi  ¢i3WuHi, XiMmiuHi, OioJoriuHi,
comianpHi ab0 IHINI  XapaKTePUCTHKH,  SIKi
noTpeOyIoTh crenu(piqHOro MiAXOAy OO OIIHKH.
Hanpuxnaz, ns gpisuuHuX 00'€KTiB MOXKYTH OyTH
BHKOPHCTaHI METOIN BUMIPIOBAHHS, B TOW dac sIK
IUIS COIMIaTbHUX a00 EMOIMIMHNX XapaKTePHUCTHK
MOXYTh 3aCTOCOBYBATHUCS METOAM AaHKETYBaHHS
abo cmocrepexennst [23]. Skmio mMera mossirae y
BH3HAYEHHI 3arajbHOL SIKOCTI, MOJKHA
BUKOPHUCTATH KOMIUIEKCHUI METOJI, IO OXOILTIOE
pi3HI CTOpOHH SIKOCTi. Y BHMAJAKY OIIHIOBaHHS
KOHKPETHHX  XapaKTepUCTHK  BapTO  BHKO-
pPUCTOBYBaTH  CHELIiaNi30BaHHH  METOH, IO
JO3BOJIAE  JOKJIAAHINIE BWU3HAYMUTH Wi  Xa-
paKTepuCcTUKU. Takok BaXJIMBO BpPaxoBYBaTH
HasSBHICTh KBaMi(PiKOBAHOTO TEPCOHAITY IS
3aCTOCYBaHHS KOHKPETHOTO METOAY OIIHKH
SKOCTI.

KpamiMerpuuyni  migxomm B OCBITI
BUSIBIIIOTHCS  HAA3BUYAHO e()EKTUBHUMHU Y
KOHTEKCTI iH(opMamiiHO-BUMIPIOBATEHUX TEXHO-
JOTiH, Taki WIAXOOM TOEAHYIOTH y  co0i
KOHICNTYaJIbHI TPUHIMIINA TEJAroriki, BUMI-
pIOBaHb, MaTeMaTHYHOTO  MOJICNIOBAHHA  Ta
MaTeMaTHYHOI ~ CTaTUCTMKM 3 LIMPOKHUM
BUKOPUCTAHHSAM IKT. Bouu JIO3BOJISIIOTh
MPOBOJUTH TJIMOOKUI aHami3 Ta OLIHKY BILTHUBY
pi3HUX (QakTOpiB HAa HAaBYAILHUIA TPOIIEC,
PO3pOOIATH ONTHUMANIFHI CTpaTerii HaBYaHHS Ta
(dopMyBaTH iHANBITYAIbHI OCBITHI TPAEKTOPII.

OCHOBHMI BHECOK HAYKOBHX JOCIIKEHD Y
ramy3b KBaJiMeTpii monsrae B ifgeHTHIKAIi
PI3HHX METOJIiB OIIIHIOBaHHA, SKI MOXYTh OYyTH
3aCTOCOBaHi /ISl BU3HAYCHHS SIKOCTI MiATOTOBKU
(axiBIiB y 3aKiafax CHPSIMOBAHUX HA BUBYCHHS
iH(pOopMaLiHHO-BUMIPIOBAILHUX ~TEXHOJOTiH. 3
MPOBENIEHOTO aHali3y MOXHa BHJIUTUTH TPH
OCHOBHI rpymnu Takux metois (Puc. 1).

[lepmra rpyna MeToaiB, MO PO3TISIAETHCS,
II€ ©BPUCTHYHI METOIH, sKi 0a3ylThcs Ha
eKCIIepTHUX  OIlIHKaX, aHKeTyBaHHi,  CIIOC-
TepexxeHHI Ta Oecimax. Lli meromu J03BOJISAIOTH
orpuMaTH iHQopMalil0 Bix ekcHepTiB  abo
CTyIEeHTIB  0e3nmocepenHp0, IO  JO3BOJISE
OTPUMATH LIMPOKUN 0OCAT JaHUX.

lpyra rpyma - mMareMaTH4Hi METOAH, SKi
BKIIIOYAIOTh B ce0e paHXKyBaHHS, t-KpHTEpil
CrprosieHTa, KOC(QII[ieHT JHIAHOT — KOpesiii
[Tipcona Tomo. L1i MeToau 6a3yr0ThCsA HAa 0OPOOIIL
KUTBbKICHUX JaHUX Ta CTATUCTUYHUX METOMAX, IO
JIO3BOJISIE TIPOBOAWTH OO'€KTUBHE IOPIBHSIHHS
PiBHIB MiATOTOBKH.
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Tpers rpyna - iHCTpyMEHTaJIbHI METOJH,
SKI BUKOPHCTOBYIOTh TEXHIYHI 3acO0M, Taki fK
KOMITIOTEpHE TeCTyBaHHS, iH(pOpMaIiiiHi Ta
KOMyHIKaIliiiHi  texHojorii. BoHM HagarOTH
MOJKJTUBICTh TPOBOJUTH IIBUJIKE Ta CPCKTHUBHE
OIIIHIOBaHHsI, BUKOPHCTOBYIOUM CYYacHi 3acoOu
TEXHOJIOT1H.

[HTerpauist KBamiMETPUYHUX MiAXOIIB Y
cy4acHi iH(popMaIiHHO-BUMIpPIOBaIbHI TEXHOJIOTI1
BIIKPHBA€E IMHUPOKI MOXKIIMBOCTI JUTSI TIOKPAIICHHS
SIKOCTI HABYaHHSA Ta €(EeKTHBHOCTI YHpaBIiHHSI
HaBYATbHUM TIporiecoM [4, 5, 9, 11]. Ilpore, mei
MIPOTIEC CTHKAETHCSA 3 PSIOM BHKIHKIB, SIKI
MOTPeOYIOTH YBaru Ta po3poOKH CTpaTeriil I iX
nofgonanusa. OmuH 13 HAWOLIBIIMX BUKJIHKIB
MOJISITA€ Y PO3BUTKY HOBUX METOJIB aHami3y Ta

iHTeprpeTanii ~ JaHWX,  OCKUIBKH  OOCSTH
MeToau oLiHIOBaHHS Y
KBanimeTpii
PaHxyBaHHSA

MaTtematuuHi metToau

KoedilieHT niHiriHOI
Kopensuii MipcoHa

t-kpuTepili CTblogeHTa

iHpopmauii, mo 30uUpalOTBCI B paMKax
iH(popMaLiHHO-BUMipPIOBAJIEHIX TEXHOJIOT1H,
MTOCTIHHO 3pOCTaI0Th, HEOOX1THO PO3POOIISTH HOBI
MiaXoan A0 iX oOpoOKw Ta aHaii3y, MO0 3BICHO XK
BUMarae cmiBmpaui MK QaxiBisiMu 3 o0nacTi
OCBITH, iHpOpMaLliiHUX ~ TEXHOJOrid  Ta
CTaTHCTHKH ISl  CTBOPEHHS  IHTETPOBAHUX
METO/OJIOTi OIHKK HAaBYAIbHUX JOCSITHEHb.
OkpiM  1BOTO, BaXJIUBHM  BUKIUKOM €
3a0e3medeHAsT KOHQIACHINIHHOCTI Ta Oe3MmeKu
maHnx, 0o B iH(OpMaIliitHO-BUMIpIOBAITHHUX
TEXHOJIOTIsIX  30epiraerbcsi BeJNWKa KIiJIbKICTB
ocobucroi Ta KoHQimeHIIHHOT 1H(QOpMAIIl TIpo
CTYIEHTIB Ta HaBYaJbHI 3aKiIaad, HEOOXiTHO
pO3po0IIATH e(EeKTUBHI CHUCTEMH 3axHCTy LHUX
JIAHUX BiJ HECAHKIIIOHOBAHOTO JIOCTYNy Ta
BUTOKY [24].

EKcnepTHi OLiHKK

Ol'II/ITyBaHHﬂ Ta aHKeTn

EBpUCTMYHI MeTOAN

CnoctepexeHHs Ta
iHTepB'to

Puc. 1- Crpykrypa kinacudikaiii METoiB KBaJiMETPIuHOT OL[IHKK
Fig.1- The structure of the classification of qualitative assessment methods

Hanpuxknan BUKOPHUCTOBYIOUH
PaHKUPYBaHHS MOXKHA OLIHUTH PAHT MiATOTOBKH
¢daxiBuiB. Mogenb paHXyBaHHS MOXe OyTH
Mpe/cTaBieHa HACTYITHOIO (OPMYIIO0:

R=y1, wixX!

R - 3aranbHuii panr,;

W' - Bara, fKa HaJaCTbCA KOKHOMY
NOKa3HUKY SKOCTI;

X' - 3HaUEHHS NMOKA3HUKA AKOCTI;

N - KUTBKICTh MOKa3HHUKIB SKOCTI.

Hampuknan, Hexall OIIIHIOETECS —SIKICTB
miAroTOBKH (axiBIiB 3 KOMITIOTEPHHX HAyK 3a
TaKUMHU TIOKa3HUKAMH: YCHIIIHICTh BHITYCKHHUKIB
Ha puHKy mpami (80%), piBeHb 3HaHb 3
nporpamysanHs (70%), Ta HaBMYKM DPOOOTH 3
Gazamu  jganux (90%). Barm W', MoxHa
BcraHoBuTH, Hampukiaam, sk 0.3, 04 1 0.3
BinmoBiHO. [lincTaBuMo 3Ha4eHHS Y (hOpMYITy:

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

OTxe, 3aralbHUA  paHr  MiATOTOBKH
¢axiBLiB 3 KOMITTOTEpHHUX HayK nopiBHIOE 0.79.

Takox y KBaJiMeTpii 4acTo
BUKOPHCTOBYEThCS,  METOJ  KBaJiMETPUUHUX
CIIBBIIHONIIEHb,  HANPUKIAA, KOIU  3MiHA

KUTBKOCTI TPOAYKIIi BiJIHOCHO E€KBiBAJICHTHA
3MIiHI TIOKa3HHMKA SIKOCTI, I0A0 €(GEKTUBHOTO
BUKOPHCTAaHHS TPOAYKIIi. Y BHIAAKY, KOJIH
HEMOJKJIMBO BU3HAYUTH KOSQIIIEHTH BarOMOCTI 32
JIOTIOMOTOK0  BiJOMHUX PO3PaXyHKOBHX METO/IIB,
3aCTOCOBYEThCS  €KCIEPTHWUH  minmxin. Bapro
BiJ[3HAYUTH, 10 EKCIEPTHI METOIU Xapak-
TEPU3YIOTBCA TOYHICTIO pe3yibTaTiB. Excrmeptu
BH3HAYAIOTh KOCMIIIEHTH BaroMocTi MOKa3HUKIB
SKOCTI y Oanax (3a IIKajor Bij IM'ATH a00 JeCATH
OamiB, y wyactkax ojuHMII Ta iHme). IloriMm
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O0YHCIIOEThCA CepelHE apu(pMETHYHE 3HAYCHHS
Koe(illieHTa, MPU3HAYCHOTO SKCIIEPTHOIO TPYIIO0
JUIS  1-TO TIOKa3HWKa SIKOCTi, 3a HACTYITHOIO
(hopmyoro:

1
o = NZ?:N(L' j

JIe N — YHCTI0 TTOKa3HUKIB AKOCTI MPOTYKIIil;

N — 9rCII0 eKCIIepPTiB;

ajj — mapaMeTpH BaroMocTi i-TO IOKa3HHUKa,
naHi j-M ekcmeproM. HopmoBani koediuieHTH
BaroMoCTi po3paxoByIOTh 3a (popmynoro[ 18]:
_——t

i=1%

VY TakoMy BHIIA/IKy BPaXOBYETHCSI YMOBA, 3a
SIKO1 cymMa HOPMOBaHUX KOe(illi€HTIB CTAaHOBUTH
OJMHHMIIIO, TIPH LLOMY JKOJEH i3 HUX HE MOXKe
OyTu piBHUM HyI0. KoedimieHT BaroMmocTi Moxe
OyTH BHU3HAYEHWH PI3HUMH METOJaMHU: 3a
JOTIOMOTOI0  TIepeBar, paH)KyBaHHS, ITOTIAPHUX
MOPIBHSHb, MOCIIIOBHUX MOpPiBHSAHBL Tommo. Ilix
gac OOpOOKHM pe3yNbTaTiB EKCIIEPTHHUX OIlIHOK,
KOJIM TOKa3HUKH PAaHXYIOThCS 32 3pPOCTAHHIM
MipH BaXIUBOCTI a00 OTPUMYIOTH paHTH Bil
eKchepTiB (3@  MeTrogoM  mepeBar  abo
pamXKyBaHHs), 3HAUYCHHS KOKHOTO BCTAHOBIJICHOTO
KoeillieHTa BaroMocTi 3HaXOTh 32 JOMOMOTOI0
HacTymHoi Gopmynu[18]:

R;2(1-D)

 YLR;207D)

ne R; — panr i-ro mokasHmka abo Horo
MOPSIKOBUI HOMEp y TaOJNHIll TOKA3HUKIB;

L — guciio ekcrepTis.

[Ipu omiHIi MOKa3HUKIB 32 IX IMOCTYIOBOIO
BaXITUBICTIO, KOJM MEHII CYTTEBI TOKAa3HUKU
PO3TalIOBYIOTECS TMCHA OiNbIl  CYTTEBHX (32
METOJIOM TIOCIiIOBHUX TMOPIBHSHB), Koe(DimieHTH
BHU3HAYAIOTHCS 332  JIOTMIOMOTOK  HACTYITHOI

dhopmyiu [18]:

m; =

m;

R;2(1-R)

~ ZLR207R)

3araspHa Teopis KBaJliMeTpii po3risigae
KOHIIETIIT MOKa3HHUKIB SIKOCTi, Ki MOXYTh OyTH
OJMHOYHNMMH, CKJIaTHUMHU abo OazoBumu. B Toit
Yyac SK OJMHOYHI MOKA3HUKHU SIKOCTI CTOCYHOTHCS
JIMIIEe OAHi€l BIACTHBOCTI 00'€eKkTa, CKIamHl
TTOKa3HUKH BiJI0OpaXKarOTh B32€MO3B's13aHI
aCIeKTH SKOCTi. ba30oBlI IOKa3HUKM SAKOCTI
BHUCTYNAIOTh SIK TOCWJIAHHS B TOPIBHSUIBHUX
OIlIHKAaX, BH3HAYAIOYM CIIBBIJHOIIEHHSI Bifg-
HOCHUX NOKA3HHUKIB SKOCTI. BiJIHOCHI ITOKa3HUKH
SKOCTI  BH3HAYAlOThb  CIHIBBIOAHOLIEHHS  MDXK
IIOKAa3HUKOM SIKOCTI 00'ekTa Ta 0a30BHM IIOKa3-
HUKOM, I[0 BUPAXKAETHCA Y BIAHOCHUX OJMHMIISX.
Ili moKa3HWKHW IO3BOJIAIOTH BIJCTEKYBATH 3MIHU

m;

IHAMBIAyanbHUX 3HAYCHb KOMIIETCHTHOCTEH Ha
PI3HMX eTamax HaBYaJILHOTO poruecy [25-27].

CkimagHuil TOKa3HUK YTBOPIOETHCA HA
OCHOB1 OIMHOYHUX IOKA3HUKIB Ta/ab0 CKIaIHUX
MOKa3HMKIB, i MOXe OYTH MPEICTABICHUHN Y TaKU
cnocio:

1. TonoBHHMI TOKAa3HWK, SKWHA BimoOpakae
(GyHKUIOHANBHY TNPHUIATHICTH, a caMme
KOMIIETEHTHICTh BUITYCKHHKA.

2. 3BaxeHI cepeiHi, fKi KOHCOJIIYIOTh
OIMHOYHI Ta/ab0 CKJIaaHI NOKAa3HUKU 0
OJTHOTO YHCNa, BimoOpa)karoud OKpeMy
SAKICTh 00'€ekTa (OKpEeMy KOMITETEHTHICTB)
3 ypaxyBaHHSM i1 BiTHOCHOI BaXJIMBOCTI.

OCKIITBKY CTaH SIBUINA, a CaME€ OCOOUCTHMA
npo(iib  KOMIETEHTHOCTI, HE MOXe OyTH
a0OCOJIOTHO TOYHHUM Y KUIBKICHUX OIliHKaX,
CKJIagHUI TIOPTPET BHU3HAYAETHCS  pi3HOMa-
HITHUMM CJICMEHTaMHM, J[ialla30HOM Ta PIBHEM
KOMIIETEHTHOCTEH, IO BimOOpakaloTh AKICHI
aCTeKTH CTyIeHTa. EJeMEeHTH y3ro/pKyIOThCS 3
MOKa3HUKaMW B CTPYKTypi iHAEKCY 1HIH-
BilyallbHOi ~ KOMIETEHTHOCTi, IIi  TOKa3HHUKH
MOJKHa TOAUTATH HAa JBI TPYyIH: TMO3WTHUBHI, fKi
MPU3BOJATE JI0 3pPOCTAaHHS 3HAYEHHS 1HICKCY MPH
3pOCTaHHi TXHIX 3HAYEHb, 1 HETaTUBHI, KOJIM IICH
3B'130K € 00epHEeHO mpornopiiiiHuM [28].

[ndopmaniiiHo-BUMIpIOBaNbHI  TEXHOJOTIT
BKJIIOYAlOTh B ce0e IHCTpyMeHTH s 300py,
00poOkM Ta  aHamizy JgaHuX. [HTerpamis
KBAJIIMETPUYHUX METOMIIB JIO3BOJISAE IIiABUIIUTH
TOYHICTh ~ OMIHOK 1 TPUWHATTA  pillleHb.
Hanpuxnazn, BUKOpUCTAHHS CHCTEMH YIPaBIiHHS
HaByanHaM (LMS) wmoxe OyTu [0mMoOBHEHe
KBIIMETPUYHUMH METOJAMHU IS  OI[IHIOBaHHSI
e(eKTHUBHOCTI KYpCiB Ta YCIINIHOCTI CTYJECHTIB
[29].

PosrisiHemo OPUKJIA]  3aCTOCYBaHHS
JIHIAHOI ~ perpeciiiHOi  Moxenai A OI[HKH
ycmimHocTi cTyneHTiB. Hexall y Hac € maHi mpo
YCHILIHICTh CTYAEHTIB 38 TAaKUMH IapaMeTpaMH:
gac, BHUTpaueHnid Ha  HaByaHHia  (X1),
BiJBiMyBaHicTh 3aHiATh (X2) 1 yd4acth Yy
no3aKiIacHuX 3axonax (X3).

Mojienb, 10 ONUCYE 3AIEKHICTh MK [IUMHU
napamMeTpaMmy Ta YCHIIIHICTIO, Y BUTIISI:

N=Lo+ L1x x1+ L2xX X+ f3x x3+ €

ne:

1] — YCHIIIHICTB;

Bo - mompaBka;

B1, B2, B3 - koeditieHTH, SKi Bi00paxarTh
BIUTMB KOKHOTO TIapameTpa Ha yCIIIIHICTb;

X1— 4Yac Ha HaBYaHHS;

X, — BIiJIBITyBaHICTh;

X3 — y4acTh y 3aX0/ax;

€ - IOMMJIKA MOZETI.

43



ISSN 2079-1747 Mauuno6ynyBauns. 2024. Ne34 Metpodoris Ta iHpopMaLiiiHO-BUMIPIOBaIbHI TEXHOJIOTTT

s Mozens [03BONSIE HAM  OLIHMTH,
HACKIIbKA KOXXEH 3 BKa3aHUX MapaMeTpiB
BIUTMBAE€ Ha YCHIIIHICTH cTyneHTiB. Hampuxman,
MO3UTUBHE 3HAYCHHS KoedilieHTa 1 mokasye, mo
301MBLICHHS] Yacy, BUTPA4eHOrO0 Ha HaBYAHHS,
CIpUs€ TMiJABUIIEHHIO YCHIIIHOCTI. AHAIOTIYHO,
3HauYeHHS KoedilieHTiB f, Ta B3 BiA0OpaXkarTh
BIUIMB BiJIBiAyBaHOCTI Ta y4acTi y 3axolJax Ha
YCIINIHICTh CTYJICHTIB BiAMOBIIHO.

[IpoananizyBaBIIM METOIM KBAIIMETPUIHOT
OLIIHKH, 3alPOTIIOHOBAHO CHCTEMaTU3yBaTH
METO/T! BiATIOBITHO IO MOXKIIMBOCTI 3aCTOCYBaHHS
iX B OCBIiTI Ta MPUIATHOCTI A0 aBTOMAaTH3aIli. Y
pe3yibTaTi UBOrO aHalizy OyJlo BHUSBIEHO, IIO
JOesKi  MeToAM MOXYTb OyTH  e(deKTHBHO
BHKOPHCTaHI IS OIIIHKH SKOCTI HaBYAJIBHOTO
MpoIeCy Ta pPEe3yNbTaTiB HABYAHHS CTYJICHTIB,
Tomi K  1HIOL  OlIplle  MAXOOATh  JIS
BHYTPIIITHBOTO MOHITOPHUHTY Ta BJIOCKOHAJICHHS
ocBiTHIX nporpaM (Tabmurs 1)

Taoauns 1
CucteMatusaiiisi MeTO/IiB KBATIMETPUIHOT OI[IHKH
Table 1
Systematization of qualimetric assessment methods
I'pyma metonis Merton 3acTocyBaHHS B OCBITI Hpunaticts Z[O Komenrapi
aBTOMAaTH3auii
EBpuctnuni meronn | ExcrieptHoi oninku | OLiHIOBaHHS SKOCTI YacTtkoBO MosxnuBa
HaBYaJIbHUX IIPOTpam, Cy0'€KTHBHICTb OLIHOK,
JICKITii 3aJICKHICTh BiJl IOCBITY
EKCIIepTiB
AHKeTyBaHHS OrwiHka Tak [IBunke 30upaHHs
3a/10BOJIEHOCTI JAHUX, MOXKJIMBA
CTY/ICHTIB, 3BOPOTHUI aBTOMATH3AIlis
3B’SI30K
CrioctepexxeHHs AHauti3 moBeNiHKA Hi Bucoxka motpeda B
CTYACHTIB TIiJ 9ac JFOJICEKAX pecypcax
HaBYAHHS
Becimn OriHKa MOTHBAII], Tak IHpopmaTuBHICTH
moTped CTyICHTIB 3aJIEKUTH Bl
MATOTOBKH iHTEpB'IOEpa
MaremaTryHi PamxyBanHs OriHKa yCIinrHOCTI Taxk OO0'eKTUBHICTB 32
METOIH CTYZCHTIB, HASBHOCTI BEITUKOL
BHUKJIa/1auiB KIIBKOCTI JaHUX
t-xpurepiit CraTHUCTUYHUI aHaTi3 Taxk Buxopucrtanus nis
CrhI0fIeHTa JIAHUX YCHIIIHOCTI HOPIBHSHHS IPyIl
Kopensuiniuuii Buznauenns Tak Jonomarae BUsBUTH
aHayi3 B32€MO3BSI3KIB MK (baxropu, 1110
3MIHHUMU BILUIMBAIOTh Ha
pe3ysbTaTu
TacTpyMeHTaNBHI KowmmtorepHe OriHka 3HaHb Taxk Bucoka eeKTUBHICTb,
METOJIH TECTYBaHHS CTYICHTIB MOJKJIMBICTh
MacmTadyBaHHs
IKT [MigTprmka Tak ITigBuieHHs
HABYAIBHOTO MPOIECY IHTepaKTHBHOCTI
HABYAHHS
Merton [MopiBHsIHHS 3 OriHka SKOCTI YactkoBo BaxmmBo MaTH 49iTKO
TIOPIBHSUIEHOTO €TaJlOHaMU OCBITHIX IIpOrpam BH3HAYEHI CTAaHIAPTH
aHaNizy
Merton MaremarnyHi IIporuo3yBaHHs Taxk Bucoka cknaHicTs,
MOJEJIIOBAHHS MoJIei pe3yIbpTaTiB HAaBUYAHHS notpedye crierudiaHux
3HaHb
Merton TecTyBaHHS BumnpoOGyBanus IepeBipka 3HaHB, Tak TpynomicTkui,
HaBUYOK notpedye pecypcy
MeTo1 CUCTEMHOTO Cuctremunii miaxing | OriHka iHTErpOBaHUX YacTkoBO Bumarae xommiekcHOro
aHaIizy OCBITHIX CHUCTEM X0y 710 OI[IHKH
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Meroan, sKi BKIIOYAIOTh aHAITHYHI
IHCTPYMEHTH Ta aJITOPUTMH OOPOOKH MaHWUX,
MaloTh BEJIUKUN MOTEHIiaT ISt
aBToMatu3amnii. BoHM MOXyTh 3a0e3nednTtn
OimpImI TOYHY Ta 00'€KTHBHY OIIIHKY OCBITHIX
MOKA3HMKIB, CHPUSATH BUSBICHHIO CIA0KHX
MICIIb Y HaBYaJIbHOMY MPOIIECi Ta JOMOMAaraTu
B po3poOIi crpaTerii mias X YCyHEHHS.
ABTOMaTH3amisi [HMX METOAIB JO3BOJHTH
3HU3UTH BIUIMB JIOJICBKOrOo (Qakropa Ta
I IBAIIIATHA e(heKTHBHICTh CUCTEMU
OI[IHFOBaHHS.

OnHUM 3 TaKHX METOJIB € 3aCTOCYBaHHS
MITYYHOTO 1HTEJIEKTY Ta MAIIMHHOTO HABYAHHS
JUTSL aHANl3y BENUKUX OOCSTIB JaHWX PO
YCHINIHICTh cTyAeHTiB. Lli TexHomorii MoXKyTh
BUKOPHUCTOBYBATHCA JUISL BUSIBIICHHS
3aKOHOMIPHOCTEH y HaBYaJbHUX JOCATHEHHSX,
MPOTHO3YBaHHS MalOyTHIX pe3ynbTaTiB Ta
HaJaHHA TICPCOHATI30BAaHUX PEKOMEHJIAIlIH
JUTSL TIOKpAIlleHHS ycHimHocTi. Takok BOHHU
MOJKYTh JIOMOMOTTH B aBTOMATH3AIlil MPOIECiB
3BOPOTHOTO 3B'SI3KY MK BUKJIaJjaqyaMH Ta

Y  pe3ydabTaTi  LBOTO  JIOCIIIKEHHS
BUSBJICHO, W10 KBaJIIMETPUYHI MIAXOOU B
KOHTEKCT1 1H(pOpMAaIi THO-BUMiPIOBATEHIX
texHonorii (IBT), BUABIAIOTECS HAA3BUYANHO
e(peKTUBHUMHU. byno BHIUIEHO TpH OCHOBHI
rpynu TaKHUX METO/IiB: €BPUCTHYHI,
MaTeMaTH4yHi Ta iHcTpyMmeHTanbHI. KoxHa 3
HUX Ma€ CBOI mepeBaru Ta 0OMEKeHHsI 1 MOxke
OyTH 3acTOCOBaHa 3aJIEKHO BiJi KOHKPETHHX
YMOB Ta 3aBJiaHb OliHIOBaHHs. [IpoTe, mporec
iHTerpamii  KBaJiMETPUYHUX  MIAXOIiB
cyuacHi IBT Takox BHOCHTH CBOI BHKIIMKH.
30kpemMa, HEOOXIJTHO PO3BHMBATH HOBI METOIHU
aHaizy Ta iHTepnpeTanii JIAHUX,
3a0e3neyyBaTu KOH(IACHIIAHICTL Ta Oe3reKy
JIAHUX, a TAKOX 31MCHIOBATH CITIBIIPAIIO MiXK
¢axiBUsAMH 3 pi3HUX 00JacTeil Ui CTBOPEHHS
IHTETPOBaHHUX METOJI0JIOTIH OILIIHKHU
HaBYAIbHUX JOCSITHEHD. Po3pobka
e(eKTUBHUX CHCTEM 3axHCTy JaHHX Ta
MOCTiIHE BIIOCKOHAJICHHS METOMIB aHAIi3y
JAaHUX € BOXJIMBUMH 3aBAAHHAMH IS
NOJANBIIOTO  PO3BUTKY  KBaJIMETPUUYHHX

miaxomiB y cepi ocBiTH.

CTyA€HTaMH, 3a0e3lmedyrlourd MIBUIKANA Ta
edhexTuBHUIN 00MiH iH(pOpMAITIETO.

Kpim toro, metoau, mo 6a3yloTkCsl Ha
CTAaTHCTUYHOMY aHami3i Ta MOJAETOBaHHI,
MOXXYTh OYTH 3aCTOCOBaHI IS OIIHKH SIKOCTI
HaBYAJIBHUX TIpOTpaM Ta  BUKJIAJalbKOl
nisutbHOCTI. BOHHM  J03BONSIOTH BH3HAYUTH
KJIFOYOBi (haKTOPH, IO BIUTMBAIOTH HA SKICTh
OCBITH, Ta PO3POOUTH BiAIOBITHI 3aXOIN IS
iX mokpamieHHS. ABTOMAaTu3alis — TaKuX
METOAIB 103BOJIMThH 3HU3UTH HABAHTA)KEHHSI HA
aaMiHICTpaTUBHUHN TepCOHAN Ta 3a0e3meunTH
OlMpII ONepaTWBHY peaklilo Ha 3MiHH B
OCBITHBOMY CEpPEIOBHILI.

TakuMm 4HHOM, CHCTEMAaTH3allisl METO/IIB
KBaJIMETPUYHOI OLIHKKA 3a KPHUTEPIAMHU iX
OpPUAATHOCTI A0 3acTOCYyBaHHS B OCBITI Ta
aBTOMaTH3alii € BaXJIMBUM KPOKOM [0
I IBUIICHHS SKOCTI HaBYaJIbHOTO Tporecy. Lle
JIO3BOJIUTH HE TUIBKU MOJIMIIUTH KOHTPOJIb 3a
SKICTIO OCBITH, ajle ¥ 3abe3meuutn 1i
MIOCTIHHAN PO3BUTOK Ta BIOCKOHAIEHHS, IIO
BIJINIOBiIa€ BUMOraM Cy4YaCHOT'O CYCITUIbCTBA
Ta PUHKY TIpAlli.

Bucnoerxu

Y BOMY JIOCITIJKSHH1 OyIo
MPOAHAIi30BaHO TEOPI0  KBAJTIMETpIi, 1110
JIOCJTIJDKY€E KOHIICIIIT TMOKa3HUKIB SKOCTI Ta
iXHiil BIUIMB Ha eQEKTHBHICTH OCBITHBOT'O
npoiiecy. 3pobJIeHO BHCHOBOK, IO TIOKa3HUKH
SKOCTI  MOXYTh OyTH  PI3HOMaHITHUMH,
BKJIIOYAIOYM OJMHOYHI, CKJIagHl Ta 0a30Bi, i
Mo IX PO3TJISAAHHS JO3BOJIIE OO0'€KTUBHO
OLIIHUTH pPiBEHb MIATOTOBKU CTYJEHTIB. Takox
OyJio  JOCHi/DKEHO  BHKOPHCTaHHS  iH(}O-
pMamiiiHO-BUMIPIOBAIEHUX ~ TEXHOJOTIH Y
HABYAILHOMY TPOIECi Ta IXHIO iHTerparirmo 3
KBaJiMeTpUYHUMHU MeToaamu. [lokazano, 1o
LI¢ CIpHsIE MiJBUIICHHIO TOYHOCTI OIIIHOK Ta
e(EKTHBHOCTI YIPaBIiHHS HABYAHHSIM.

Kpim Toro, 3a J0ONOMOTOI TPUKIATY
3aCTOCYBaHHS JIHIHHOT perpeciiiHoi Mojeni
MPOUTIOCTPOBAHO, K MaTeMaTHYHI METOIU
MOXYTh OyTH BHKOPUCTaHI JJsI OLIHKU
YCIINTHOCTI CTY/ICHTIB 3a pi3HUMHU
nmapameTpamu. lleid  mpukiam — mokasye
BaXXJIMBICTb aHaNi3y BIUIMBY Pi3HUX (haKTOpiB
Ha pe3yIbTaTHBHICTh HaBYAHHS Ta
MOXJIMBICT ~ HPHHHATTS  OOTPYHTOBAHHX
YIpaBIiHCHKHUX PillleHb Y cepi ocBiTH.
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[aTerpamis KBaJliMETpUYHHUX MiIXOMAIB Y
cydacHi iH(opMariitHO-BUMIipIOBATBHI
TEXHOJIOTI] OCBITHM JO3BOJIMTH MIiJBUIIUTHA
00'€KTUBHICTH 1 TOYHICTH OLIHIOBAHHS SIKOCTI
OCBITHIX TpOIECiB 1 TMPOAYKTIB, IIOAO
BUKOPHCTaHHS MAaTEMAaTHYHHUX MOJCIIEH, TAKKX

SK perpeciiHMii  aHami3 Ta  JO3BOJATH
KUTBKICHO OITIHIOBATH BIUIMB Pi3HHUX (DAKTOPIB
Ha SKICTb OCBITH 1 TpWMaTH OOIPYHTOBaHI
pilieHHs A7 TOKpalleHHS  OCBITHBOT'O
mporiecy.
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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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NIAXO0U 10 EOEKTUBHOI'O IHHKEHEPHOI'O YIIPABJIIHHSA SAKICTHO
3ABE3NNIEYEHHA BE3ITEKW EHEPTETUYHUX OBEKTIB

Anomayia. B poOOTI po3TIAmalOThCS MiTXOAW A0 KOMIDICKCHOTO €(EKTHBHOTO YIPABIIHHS SKICTIO
SHEepPreTUYHUX O0’€KTIB Ha TMpPHKIAaAl AaTOMHHX €JEeKTPOCTAaHIIH 3 METOI 3a0€3MEeUeHHS CTaJloro
(yHKIIIOHYBaHHS. 3alpONIOHOBAHO MOZEIh IHXEHEPHOTO MEHEKMEHTY SIKa BKIIOYA€E CIIEMEHTH MOHITOPHUHTY
Ta OLIHIOBAHHS TEXHIYHOTO CTaHy EHEpPreTHMYHOro OOJaJHaHHs, IUIaHyBaHHA poOOIT 3 TEXHIYHOTO
o0OCIyroByBaHHs Ha pe3yjbTaraX OLHIOBAHHsS, IIPOTHO3YBaHHS IOPYIUIEHHS HOPMaJbHUX  YMOB
(yHKI[IOHYBaHHSI Ta Ha OCHOBI LIMX AAaHUX YNPABIIHHS XXUTTEBHM IIMKJIOM €HEProoOJjaJHaHHS Ta BH3HAYECHHS
AKOCTI Ta e(QEeKTUBHOCTI NMPUHHATTS IHXKCHEPHHX pilleHb. B OCHOBY Mojelni iH)XXEHEPHOTO MEHEKMEHTY
MOKJIaJICHO KOMIUIEKCHHUH MiJXiJ, SIKMH OXOIUIIOE BCi €TaIH XXUTTEBOTO MKy 0OJaqHaHHs. SIKIIO po3risinaru
TEeXHIYHUHA CTaH Ta JAerpajamitlo oOJMamHaHHA Ha TpPUKIANi TypOOreHepaTopiB, sSK OKPEMOTO UYHWHHHKA, IO
BIUINBa€ Ha €(EeKTHBHY poOOTy 00’€KkTa, TO yHpaBIiHHSA (aKTOpaMH IIOIIKOKCHHS OOJagHAHHA Ja€
MOJKJIMBICTH MiJBUIIUTH K OC3IEKY, TaK i ePeKTHBHICTh EKCIUTyaTallii BCi€l eHEPTOCUCTEMH.

KITIO4YO0BI CJIOBA: enepeemuuni 006’ckmu, 0e3nekd, IHIHCEHEPHUL MEHEONCMeHM, MeXHIYHA
oiaenocmuxa.

Sk nuryBatu: OBuapos O. O., Korenesenp K. A. Iligxonu 10 eheKTUBHOIO 1HKCHEPHOTO YIPABIIHHS SKICTIO
3a0e3neueHHss Oe3NeKH eHEepreTHYHUX o0ekTiB. Mawnobyoysanns. 2024, Bun. 34 C. 51-60. DOI:
https://doi.org/10.26565/2079-1747-2024-34-05

IHocranoBka npo6yemMu Ta ii 3B’ 30K i3 BAXKJIMBUMH HAYKOBUMH Y NPAKTUHYHUMH
3aBAaAHHAMH

3abe3neueHHs CTaJIOCTI YIPaBIiHCHKUX pimeHs. 3nidcHeHHs

(YHKITIOHYBaHHS €HEPreTHYHUX KOMIUIEKCIB B
CY4YacHUX peallisix € KIIYOBOIO 3aJlauelo, M0
BKJIIOYA€ BUPIMICHHS pSAJ THTaHb, SK TO
TEXHIYHY [IarHOCTHKY Ta MOJEpHi3allito
eHeproodJIaHaHHS, 3a0e3MeYCHHS
eHeproepeKTUBHOCTI MPOIIeCciB, BUKOPUCTAHHS
CTAIMX PecypciB, MO MalTh MiHIMAIBHHUN
HETaTMBHUH BIUIMB IS HABKOJHUIIHBOTO
cepeoBUINa TOIIO. PO3B sA3aHHs IMX IHTaHb
HEOoOXiTHO pobutu KOMIUIEKCHO 3
ypaxyBaHHSIM TOTpe® CycmniibCcTBa Ta i3
3aCTOCYBAaHHSAM  HOBITHIX  TEXHOJOIH 1
NPUHIMIIIB €HEPreTUYHOI0 MEHEIKMeHTy [1-
3]. Cranuii po3BUTOK aTOMHOI EHEPreTHKH
nependaydae BIPOBAHKEHHsSI HOBUX TEXHOJIOTIH
Ta METOJIB JUIsl TOKpalleHHS e(EKTHBHOCTI,
OesInexku Ta OPUIHATTS BIJIITOBIHAX

e()eKTUBHOTO EHEPTreTHYHOTO MEHEIKMEHTY
Uit 3a0e3rnedeHHst Oe3mekn (YHKIIOHYBaHHS
E€HEPreTHYHUX KOMIUIEKCIB HEMOXIIHBO 0e3
ypaxyBaHHS JIOCBiAy eKCIUTyarallii, CBoe4acHOl
TEXHIYHOI JIIaTHOCTUKY Ta MPUHHSITTS HAYKOBO
o0rpyHTOBaHUX pimeHb [4-5], mo 3apa3 €
AKTyaJIbHOIO 33/1a4€H0.

3aBmaHHsA  JaHOTO  JIOCHIDKEHHS €
po3poOka Mojeii ehEeKTUBHOrO IHXKEHEPHOIO
meHekMeHTy AEC  mo 0Oa3yerbcs Ha
3a0e3MeyeHH1 Oe3nekn 3a paxyHOK
MOCTIIOBHOT peaizamii KOHIEeMNii TIrnOoKo
EIIeJIOHHOT0 3aXHCTy, 3aCHOBAHOI'O Ha 3ac-
TOCYBaHHI CHCTEMH TEXHIYHUX 1 oOpra-
HiZ3aMHUX  3axXO4iB  IIOAO0  3aroOiraHHs
aBapifiHUX CHUTyalliii, 3 METOI 3axHUCTy

© Ogsuapos O. O., Korenererps K. A., 2024
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nepcoHany, HaCCJICHHA, HaBKOJIMIITHHOI'O

CEPEeIOBHINA 31151 CTIMKOTO PO3BUTKY Taly3i.

AHaJi3 ocTaHHIX J0caiTzKeHb i myOikanii

Jns  3abe3meueHHs  HAOIMHOCTI |
CTIMKOCTI €HeprocucTeMHU YKpaiHH i 11 3B'SI3KiB
3 EHEepProcucTeMaMHt IHIINX  JepkaB
PO3POOIIAIOTECST  IOBIOCTPOKOBI Ta IOPivHI
IUIaHW ~ TEXHIYHOTO  TIEPeO030pOEHHS,  IIO
BH3HA4alOTh O00'€eKTH, BHAM W  00CsITH
IHKeHepHUX poOiT, CTpPOKM iX peamizauii,
Jokepena  (QiHaHCYBaHHS  3aXOIiB Ta €
CKJIaJJOBOIO 3arajJbHOro 1H)KEHEpHOT O
MeHeKMeHTy. (OCHOBHOIO METOI0  iHXKe-
HEpPHOT'O MEHEIKMEHTY Ha BCIX eTamax
xkutreBoro mukny AEC € cTBopeHHS W
MiATPUMKa KOMIUIEKCY KOHKPETHHX Mip 1 it 3
Oe3meku, CHOpSMOBaHMX Ha 3a0e3MeyYeHHs
HOpMaJIbHOI eKCIUTyaTamii, Ha 3amoOiraHHs
BUHHUKHEHHS HOPYILIECHb HOpMaJbHOT
eKCIUTyaTallii, aBapiiiHIX cuTyalii, aBapiii, Ha
3armo0iraHHs PO3BUTKY IPOEKTHUX aBapiil y
MO3ampOEKTHI ¥ OOMEXEHHS  HACHiAKIB
II03AIPOEKTHUX aBapii. Buxogsun 3
KOHIleNIii Oe3nexkyu, HOpMaMHu, NpaBUIaMH
CTaHAapTaMd TIO SIIEpHIH 1 pamiamidHil
Oe3rmeli BCTaHOBIIOIOTHCSA MPUHIIUITH, KpUTEPil
i BUMOrM Oe€3MeKH, TOOTO TaKi 3HauYeHHS
napameTpiB, XapakTepUCTHK 1 YMOB, IpHU
BUKOHaHHI sKHX 3a0e3neduyeTbcs sAepHa M
pamianiiina 6e3neka AEC [6-11]. JoTpumaHHs
OUX HOPM Ta KpUTEepiiB € OCHOBOIO
IH)KEHEpHOTO MEHEDKMEHTYy Ta MoTpedye
MPOBEJICHHS POOIT 3 JAIarHOCTUKH TEXHIYHOI'O
CTaHy €HeprooOJaJHAHHA JJS  BHSBJICHHS
MOJJIMBUX 3arpo3, 110 MOXYTb IIPHU3BECTH JI0
NOPYIICHHS] yMOB €KCIUTyaTalii, a TaKoxX
CBOEYACHOTO YIpaBIiHHS TEXHIYHUMH
napaMeTpaMu JUiss  3arnoOiraHHs — aBapiitHUX
BigmoB [12,13].

[IuTtaHHAMH TEXHIYHOI JIarHOCTHUKH
EHEprooOJiaJIHaHHs  3aliMAlOThCA BYCHI 3
Pi3HMX TO3MINHA Ta MiAXOIB, IO OXOILTIOIThH

MEXaHiKy, EJIEKTPOTEXHIKY,
MaTepiaJlo3HaBCTBO, a TAaKOX MaTeMaTHIHE
MOJIEJIIOBaHHsI TporeciB. 30KpeMa, B podoTax
[14-16] amnanmizyroThCsi 3MIHM TapameTpiB
oOyamHaHHSA i 4ac eKCIDTyaTaIlii,
BH3HAYAIOTh MOJJIMBI 30HM IOMIKOMKEHb 1
MIPOTHO3YIOTh 3aJIMILIKOBUN pecypc eleMEHTIB
TaKUX SK TPYOOIPOBiIHI CHUCTEMH, TOJOBHHU
OUPKYISAMiHMA ~ Hacoc  Tomo.  Takwuid
KOMIUICKCHHMI TMiJXiJ] JO3BOJIAE PO3POOIIATH
Cy4YacHI METOJM JiarHOCTUKH, SKi BPaXOBYIOTh
sIK (pi3MKO-MeXaHigHI 0COOIIMBOCTI MaTepiaiB,
TaKk 1 BIUIMB 30BHIIIHIX ()aKTOPiB, TaKUX SK
TeMIeparypa, BiOpaiis, kopo3is Tomo. B
poboti [17] mpomoHYIOTBCS MiAXOMU IO
MiABUILIEHHS $KOCTI aBTOMAaTH3alii cucreM
yIpaBliHHI, MO pOOUTH 3HAYHHWNA BKJIAA B
e(eKTUBHICT, POOOTH EHeprooOIaJHaHHS Ta
mportecu Aerpananii. B poborax [2, 4,13,18]
NPOTIOHYIOThCS HAYKOBO 00rpyHTOBaHI
TEeXHIYHI 1 KOHCTPYKTHBHI pillIEHHS IO
3MEHIIIEHHIO BILTUBY (DaKTOPiB, [0 HETATUBHO
BILUIMBAIOTh Ha (byHKIIOHYBaHHS
eHeprooONasHaHHA, SK TO 3aCTOCYBaHHS
JIOJTATKOBUX OTOP, (piKcallisi eleMeHTiB, 3MiHa
pexuMiB  ekcrutyatanii  tomo. lLle cmpusie
M1 IBUILIEHHIO HaIIHHOCTI pobotu
SHEePreTUYHUX CUCTEM Ta 3MEHIICHHIO PU3UKIB
aBapiif, IO OCOONMBO BAXIMBO B YMOBax
CYy4acHUX BHUKIHKIB y cepi eHepreTMKu Ta
CTaJIOrO PO3BHUTKY.

Pa3oM 3 THM, Ba)XJIMBUM 3aJIUIIAIOTHCS
NUTaHHA PO3pPOOKM  3arajbHOi  KOHLEMIIl
TEXHIYHOI JIIArHOCTHMKH Ta  €(QEKTUBHOIO
yIIpaBITiHHS HpoLecaMu Jerpajarii
SHeprooOJaHaHHsA 3 METOH  ITOJAJIBIIOTO
YIOCKOHAJICHHS ~ METOMIB Ta 3aco0iB 3
ypaxyBaHHSIM CY4YaCHHUX HAyKOBO-TEXHIYHHX
pilIeHb.

Bukiiag 0CHOBHOTO MaTepiaJry.

EHepreTviuHi KOMIUIEKCH Ta CTPYKTYpHI
MIAPO3IUIH, 10 BXOAATh JI0 HUX, HAJEkKaTh 10
00'eKTIB MMIABHUINEHOI HEOE3NEKW 1 J0 HUX
MPeIABISIFOTBCS  OCOONMMBI  BUMOTH  IIIOJIO
3a0e3meueHdss Oe3leKM Ha BCIX  eTamax
KUTTEBOTO LUKJY: IPOEKTYBAHHS, BBEICHHS B
EKCIUTyaTallifo, eKCIUTyaTailisi B  paMKax
NPOEKTHUX TEPMIHIB, 3HATTSA 3 eKcIuTyartarii
abo Jx poOOTH B HAINPOEKTHI TEPMiHH.

besneka po0OoTH BCHOTO  EHEPrETHUYHOTO
KOMIUIEKCY  3aJIeKUTh  Bil  NPaBUILHO
opraHizoBaHoi po0OoTHM B LIOMY 1 HaIiiHOI
poboTH OKpemux enemeHTiB cuctemu [17-19].
Hnst 3a0e3nedeHHs] eEeKTUBHOIO MeXaHi3My
IHXKCHEPHOI'0  MCHEIDKMEHTY  €HEeproOJIoKy
HEOOXIJIHO  MaKCHMaJbHO  ONTHMIi3yBaTH
IpoLec Horo ekcrutyaraiii, o6 3abe3neynTu
Oe3neky (YHKI[IOHYBaHHS €HEProOJIoKy 0e3
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HAOro 3ynMHKM Ha TPUBAJIMK Yac 1 MOB'SI3aHUX
13 MM €KOHOMIYHHUX BTPAT, 3TiTHO 3 MEKaAMHU
W ymoBamMH  Oe3leYHOI  eKcITyaTarlii
eneproonoky AEC. [Ins 1uporo HeoOXimHa
OI[IHKa TEXHIYHOTO CTaHy W 3aJUIIKOBOTO
pecypcy oOmamHaHHS, SKa 3MIHCHIOETBCA B
pamMkax  poOIT 3  KOHTPOJIIO,  OIHIII,
NPOTHO3YBaHHIO U KEPYBaHHIO PECypCHUMH
XapaKTepUCTHUKAMH €JIEMEHTIB €HeproOJoKy i
MPOJOBKEHHIO CTPOKY eKcIuTyartariii OJoKy
aTOMHOI cTaHIil.

Hns BpaxyBaHHS (pakTOpiB, IO i€ Ha
TEXHIYHUN CTaH OOJaIHAHHS MPOMOHYETHCS
MOJEINb 1H)KEHEpHOTO MEHE)KMEHTY
eHeproodIaIHaHHS Ha ATOMHHX
enektpocraniisnx (AEC), sxka  BKiIrodae
KOMITJIEKCHUH miaxig bio) YIpaBIiHHS
eKCILTyaTaIli€lo, 00CITyroByBaHHAM Ta
MOJIEpHi3aIliero o0mamHaHHS JUTST
3a0e3meuenHs  Oe3mekd, HaIIMHOCTI  Ta
edpextuBHOCTI pobotu (puc. 1). Ls mogens
CIpsIMOBaHa Ha 3a0e3MeYeHHs] BUCOKOTO PiBHS

HagiHocTi oOmamHanas AEC, MiHiIMi3aLiio
aBapiiHUX CHUTYAIliH, HiIBUIEHHSA
eheKTUBHOCTI  podOTH Ta  AOTPUMaHHS
CYBOpHUX BUMOT 3 O€3IMEKH.

OmHuM 3 KIIOYOBUX KOMIIOHEHTIB
MOJETi  IHKEHepHOTO  MEHEeKMEHTY €
JOCII/DKEHHSI CTaHy eHeprooOnagHaHHS 3a
KIIOYOBUMH (DaKTOpaMi, TAKUMH SIK BiOpais,
TeMIIepaTypa, TUCK TOLIO, AJsS 3a0e3MedeHHS
0e3nedHoi Ta AKiCHOT eKcIuTyarartii. 3pocTarodi
MOTPeOH B EJICKTPOCHEPTil Ta HEMOXIIUBICTh
301TBIIEHHS] €HEPTOMOTYKHOCTI 3MYIITYIOTh 10
MMIBUINCHHS €(QEKTUBHOCTI POOOTH HiFOUMX
00'ekTiB eHepreTukd. OCHOBHMM (aKTOpPOM
HeeEeKTUBHOTO BHUPOOHUIITBA €JIEKTPOCHEPTil
Ha aTOMHHUX €JIEKTPOCTAHLISX € MOIIKOIKESHHS
typboreneparopis (TI'), mo 3Ha4HO 3HHXKYE
BUPOOJICHHS €JICKTPOCHEPrii. Skmo
po3rIsAaTy men GaxTop, SK OKpEMHUI YHHHUK,
TO YOpPaBIiHHA L[MM YUHHUKOM Ja€ 3MOTY
3a0e3neunuT eEeKTUBHE EHEpProKepyBaHHS
BCi€I0 €HEPTOCHUCTEMOIO.

CucremMa €HepreTUYHOTO MEHEKMEHTY
JiarHocTHKa ;
Ta MOHITOPHHT [TnanyBaHHA TEXHIYHOTO Pusuk-
TeXHquOFO CTaHy O6CJIy1“OByBaHH$I MCHCKMCHT
o0JaTHaHHS
/
MoHITOpHHT TapaMeTpiB B OGCHY_FOB}’BaHH’I Ha IMOBipHICH omifKa
pexuMi «Real-time» OCHOB1 PCANTEHOTO CTaHy 5 p IOF .
a0o npodiakTuuHe esneku (I0B)
Amnauri3 BiOparifaux, 06cryroByBaHHs
. MoaentoBanus
TEMIIEPaTypHUX Ta 1HIITUX o o
HapaMeTpiB It [InanyBaHHs pEMOHTIB i ABAPIFIHMX CICHAPIIB
. Ay ; JIsT MIHIMI3aIlii pU3UKIiB
CBOEYACHOI 1HAMKALI] MOZEpHI3aLll Ha OCHOBI A p
MOJKJIMBUX TOPYIIIEHb aHay3y pU3HKIE 1
KCILTyaTaLii MOTEPEIHIX BIJIMOB.
[rmxeHepHe KoHTpoJIb CTapiHHS Ta 3HOIICHOCTI EHEPTeTUYHOTO
yIIpaBIiHHS 00JTaTHAHHSL.
JKATTEBUM ITUKIIOM
00JIaTHAHHS Orninka HeOoOXiTHOCTI MOJIepHi3aIlii 800 3aMiHU KITFOYOBUX

KOMITOHEHTIB JUISl IATPUMaHHS HAJIS)KHOTO PiBHS Oe3MeKn

[ OwuiHroBaHHS SIKOCTI Ta €PeKTUBHOCTI (PYHKIIIOHYBAaHHS CUCTEMHU

Puc.1- Moens iHKHHIPUHIOBOTO YIPaBJIiHHS €HEPreTHYHUM 00JIaIHAHHIM
Fig. 1- Model of engineering management of power equipment
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Hdo  ¢dakropiB  MOMKOMKEHHS, IO
BINTMBAIOTh Ha CTPWIKHI OOMOTKH CTaTopa
TypOoreHepaTopa, BITHOCSATHCS TaKi
JerpajaniiiHi Gpakropu:

TEMIEpaTypHi  PEeXWMH  Tig  dac
eKcIUTyaTalii  oONajgHaHHSA, BKJIIOYHO 3
MOKJTUBUMHY UKITYHUMU KOJIMBAaHHSIMU;

HECTIPUATINBI  BiOpOAWHAMIYHI  KOJIH-
BaHHS Ha BY30JI «KOJCKTOP JUCTUIATY -
maTpyOKu -  30BHIMHI  TPYOOIIPOBOIM»
KOHCTPYKIIii  JIOOOBUX  YacTUH  OOMOTKH
cTaropa;

BIUIUB TEPMOMEXaHIYHHX HANPYKEeHb,
0 BUHUKAIOTh B OOMOTII cTaropa Tija yac
0araTopazoBHX  3MiH  HaBaHTaXXyBaJbHUX
PEXKHMIB;

BILIMB XIMIYHO aKTUBHUX PEYOBHH;

MEXaHIyHl I[OWIKO/DKEHHSA MiJ 4ac
MPOBEICHHS PEMOHTHHX 1 MOHTaKHUX POOIT.

Sk mpaBmino, gerpamamisi  MPOTIKae
IHTCHCHBHIIIIE 3a OJHOYAaCHOTO BIUIMBY Ha
o0naHaHHS KiBKOX (haKTOPIiB MOIIKOKEHHS,
HANPUKIIAA: HASBHICTH JIOKAJFHUX IEPErpiBiB

CTPHXKHIB  OOMOTKM  cTaTtopa, HasBHICTh
MEXaHIYHUX JIOMIIIIOK y CKIIa/i
OXOJIOJKYBaJIFHOTO  TUCTHJIATY, IIiABHINEH]

BiOpaiii Ha BHMBOJaxX IIMH OOMOTKU CTaTropa
TOIIO. Honst 3a0e3MeUeHHS Oe3neku
(hyHKIIIOHYBaHHS ~eHeprooOIajgHaHHs Heo0-
XiIHO pO3POOUTH KOMIUIEKCHUH HOPMAaTHBHUN
MiOXiT 0 TPOBEACHHSA POOIT 3 TEXHIYHOI
TIarHOCTHKH 3 YpaxyBaHHAM (aKTOpiB, IO
BIUIMBAIOTh Ha JerpajariiiHi TpolecH Ta
3a0e3neyarh  ©(EKTHBHICTh Ta  CTaNiCTh
[TOIaJIBINO] eKCILTyaTallil.

JiarHocTHKa CcTaHy CTPHXKHIB TypOo-
TeHEepaTopiB Ha AaTOMHHUX EJEKTPOCTaHIIIsIX
(AEC) € KpUTHYHO  B&XIMBOIO  JJIS
3a0e3rneyeHHs Oe3mekn Ta eQEeKTUBHOCTI ix
excrutyaranii. BoHa mo3Boise cBo€4acHO
BUSBIIATH JIe()EKTU Ta OIIHIOBATH 3aJIMIIKOBUN
pecypc  oOmagHanHs. OCHOBHI  MeETOAH
MIarHOCTHKH  CTPWXKHIB  TypOOTeHepaTopiB
AEC Tta ix TmepeBarm Ta  HEIOJIKU
MIpeCcTaBiIeHo B Tabmmii 1.

Taoauna 1.

MeToau AiarHOCTHKY CTPpHXKHIB TypOoreHepaTopis AEC

Table 1

Diagnostic methods for NPP turbogenerator rods

Bun merony XapakTep 3aCTOCYBAHHS IlepeBaru Ta HEOIKU
Enexrpuyni Meton puMmiproBanns | IlepeBaru:
METOIU omopy i3oasauii: mosBossie | IlpocToTa Ta MIBUIKICTH BUKOHAHHSL.

OLIIHUTH CTaH 130JIALIHHUX
MaTtepiaiiB 0OMOTOK.
[oripiieHHs 130511111 MOXKe
MPU3BOJUTH JI0 KOPOTKHUX

Jlo3Bomsie BUSBWTH Jerpajaiiito i3omsmii  06e3
JIEMOHTaKy 00JIaTHAHHSI.

Henoaiku:

He 3abesmedyye TOYHOrO BH3HAYEHHS MicIs

CBIAYUTH NPO CTapiHHA abo
MMOIIKOKEHHSI 1301111

3aMUKaHb. MOLIKOKEHHS.
UyrnuBuid 10 30BHIIIHIX (aKTOpPiB, TaKUX SK
TeMIIepaTypa Ta BOJIOTiCTb.

TaHrenc BTpar | llepeBaru:

AieqeKTpUKa (tgd): | Bucoka uyTuBICTh IO 3MiH CTaHy 130JISIIii.

OLIiHIOE BTpaTH eHeprii y | [HpopMaTHBHICTB IS OLIHKU CTAPiHHS 130JISIIii.

BUIJISLI Teria, mo | Hemosikm:

He pae indopmanii nmpo wmexaniuHi aedexTH
MPOBITHUKIB.
Bumarae crierianaizoBaHoro ooaagHaHHs.

IMmnynbcHa
pedieKTOMETPifA: BUSIBIISE

JneeKTH  TPOBITHHUKIB 1
MicCIEBI MOIIKOPKEHHS
130JIS1(ii 332  JOIMOMOTOK
aHaizy BIIOMTHX
IMITyJbCIB

IlepeBaru:

MOXIUBICTP ~ TOYHOTO  BU3HAUEHHS  MICIIA
TOIITKOJPKEHHSI.

IBuakwuii i epekTUBHUIA aHaTi3.

Henonixm:

CKJIagHICTh Yy 3aCTOCYBaHHI Ha BEJIMKHMX Ta
PO3Tally)KEeHUX CUCTEMaX.
[MoTpebye JOCBi Ty
pe3yibTaTIB.

JUIS iHTepnperauii
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Bug metony

XapakTep 3acTOCYBaHHs

IlepeBaru Ta HETOMIKU

MaruiTHi METOIH

MeTtoa MaruiTHoi nmam'ari
meraiay (MIIM): BusBise
HaIpy>KeHo-

IlepeBaru:
HeinBa3zusanii
JIEMOHTaXY.

METOZ, MO0 He ToTpedye

nepopMoBaHU cTaH | Moke BUKOpPHCTOBYBAaTHCS Oe€3MOCEepeNHbO Tix
Marepiany CTPWXHIB | Yac eKcIuryararii o0aaTHaHHs.
MTUISIXOM anamizy | Hemomiku:
3ATUIIKOBUX marHiTHUX | [loTpeOye  cmemiampbHOro  oOjagHaHHS — Ta
TTOJTiB KBaTiikoBaHUX (axiBIIiB.
Menm eheKTHBHUH IJ11 HEMarHiTHIX MaTepiaiB.
MarHsiTonopomKkoBuii IlepeBaru:
KOHTPOJIb: Bucoka TOYHICTh BHUSIBICHHS IOBEPXHEBUX
BUKOPHCTOBYETHCS U | medeKTiB.
BUSIBJICHHS TOBEPXHEBUX Ta | BimHOCHA mpocToTa 3acTOCYBaHHS.
OJTM3BKOTIOBEPXHEBUX Hepouaixu:
TpIIIKH y MaTepiami 3acTocoBy€eThCS JUIIIe TUTS MarHiTHAX
MaTepiaiis.
[ToTpeOye miArOTOBKHM MOBEPXHI.
BiOpariiina BiOpamniitanit ananiz | IlepeBaru:
JiarHOCTHKA JTO3BOJISIE omiHnTH | BusBNsAE Ak MeXaHIUHI, TaK i TUHAMIdHI 1e(eKTH.
MeXaHIYHUI crad | He morpebye mpunuHeHHs poOoTH 007IaIHAHHS.
CTPWKHIB, BusaBuTy | Hemosmiku:
MOJKJTHB1 3CyBH, | Bucoka 49yTnuBICTH [0 NIyMiB HaBKOJHIIHHOTO
nocnabIeHHs KpiIJIeHp a0 | cepeoBHUIIA.
acuMeTpii, 110 MOXYTh | BUMarae ckJIagHOro aHajizy Ta CIellialbHUX
BIUIMBATH  Ha  poOOTy | alTOPHUTMIB IS iHTEpIpETAIlii.
reHeparopa.
AxycTH4H1 AKycTHYHA emicisi: | IlepeBaru:
METOIH BUSIBJISIE aKTUBHICTH | J[03BOJISIE BUABIATH NEEKTH Y pealbHOMY Yaci.
nedektiB y  wmarepiam, | [ligxonuTs s paHHBOI AiarHOCTUKH TPILITUH.
Takux sK TpimwHHA, 1o | Hexomiku:
PO3BUBAIOTHCS mijg | Bucoka 4yTiuBicTh 10 CTOPOHHIX ITYMiB.
HAaBaHTAKEHHSAM, IUIIXOM | BuMarae cremianizoBaHOro o0iagHaHHs,.
peectpartii
BHCOKOYACTOTHUX XBHJIb.
YasTpa3BykoBa IlepeBarn:
AiarHocTHKA! TouHe BUSIBIICHHSI BHYTPIIIHIX JTe(EKTIB.
BUKOPHUCTOBYETBCS 1S | 3aCTOCOBYETBCSL Ui LIMPOKOTO  CIIEKTpa
BUSBIICHHS BHYTPIIIHIX | Marepiaitis.
nedekTiB, Takux sK mopu, | Hemouikm:
TpiIMHM a00 BKIIFOUEHHS. 3aJeKuTh BiJ] IKOCTI KOHTAKTY 3 HOBEPXHEIO.
Bucoxka BapTicTh 00J1aJHaHHS.
TennosiziiHMI BuxopuctoByetbcs i | IlepeBaru:
KOHTPOJIb BUSIBJIICHHS ~ aHOMalbHHX | HeiHBa3WBHICTh 1  MOMJIMBICTH ~ BUKOHAHHS

30H HarpiBaHHS BHACIIJOK

nedeKTiB 130711111,
HaaMipHOTO  TEepTst  abo
3HOIIYBaHHSI.

JIIarHOCTHKH ITiJ] 9ac poO0oTH 00NaTHAaHHS.
IlIBuaKe BUSIBJIEHHS 30H MeperpiBy.
Henonixn:

OOMexeHHS! y BUSIBICHHI Ie(eKTiB BcepeauHi
Mmarepiaiy.

3anexHICTh  BiiT  yMOB  OCBITICHHA  Ta
TEeMIIepaTypy HABKOJIMIIHBOT'O CEpPeIOBHIIA.
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Bun merony XapakTep 3aCTOCYBaHHS IlepeBaru Ta HEIOJIKU
MeToau OLiHKH Huxiaiyni BunpodyBanns | Ilepesarn:
3aJTUIIKOBOTO mia HaBaHTa:keHHAM: | BimoOpakae peanpHy TOBEIIHKY OOJIaHAHHS IIiJ
pecypcy JO3BOJIAIOTH OIIIHWUTH, SIK | HABAHTAXXKCHHSIM.
CTpWXKHI  pearyloTb  Ha | Jl03BOJIsiE€ MPOTHO3YBATH 3aJHIIKOBHUI pecypc.
eKCTpeMalbHi ymoBH | Henomikm:
poboTwu. TpymoMiCTKICTh 1 BHCOKa BapTIiCTh.
He 3apxam MOXIMBE BHUKOHAHHS TMiJ 4Yac
eKCIDTyaTarii.
MoaenoBaHHS IlepeBaru:
perpapauii: anamiz 3MiH | [l03Bosisi€ OLIHUTH BIUIMB JOBrOCTPOKOBHX

XapPaKTCPUCTUK MaTepiany

eKCIUTyaTalliftHuX (HaKTOPiB.

mig  BIUIMBOM TpuBanmuxX | Moxe  OyTH  BHKOHaHE 3a  JIONIOMOTOIO
eKCIDTyaTallitHIX MIPOTPaMHOTO 3a0€3ICUCHHS.
(akropis, TaKuX gk | HemoJgiku:
TEIJIOBHM, MeEXaHIYHUH 1 | 3aJIeKUTh BiJl TOYHOCTI BXIIHUX JaHUX.
pamianiiHui BIUIMBU Mosxe BHMaraTu 3HAYHHX OOYHCIIOBaIHHHIX
pecypciB.

BizyanbHawuii Ta Bussnse MexaHiuHi | IlepeBaru:

€H/IOCKOTIIYHUH MOIIKO/KEHHS,  Kopo3ito | [IpoctoTa BUKOHAHHS.

KOHTPOJIb abo iHmi BumuMi nedekTd | MOXKINBICT, BUSBICHHS OYEBHIHUX Je(EKTiB,

Ha TIOBEPXHI CTPIKHIB abo
B BaXKKOJIOCTYITHHX MICIISIX.

TaKHX SIK KOPO3isl UM MEXaHIYHI ITOIIKOPKCHHS.
Henonixn:

OOMeXeHICTh BUSBIICHHS IPUXOBAHUX JEPEKTIB.
3anexuTh Bij kBasidikarii (axibis.

BukopucranHs koMOiHAIlT [IMX METOJIB
JIO3BOJISIE OTPUMATH KOMIUIEKCHY iH(pOpMAIIito
po TypOOreHepaTopa,
BUSIBUTH TMOTEHIIKMHI TIpoOIeMHu Ta po3poOHuTH

CTaH  CTPHXKHIB
3aX0JM JUIsl 1X YCYHEHHS, IO € KJIOYOBUM
¢dakropom y 3abe3neucHHI Oe3mepediiHoT
pobotu Typooreneparopis Ha AEC.

Otxe,
IHXKHUHIPUHTOBOTO MEHE/DKMEHTY HEOOX1IHO
1o
TEXHIYHUH CTAH E€HEPreTHYHOrO O0JIaTHAHHS

Ha T[IepuioMy eTami Mojedni

BU3HAUUTH (aKTOPH, BIUIMBAIOTh Ha

Ta METOIN TEXHIYHOT JIIarHOCTUKHA
EHEeprooOJiaJlHaHHA Ta MOJAIBIION0 MOHI-
TopuHry. Sk OyJio mokazaHo, 10 KOMOIiHAIis
(dakTopiB  BIUIMBY MOXE CHHEPICTHYHO
BIUIMBAaTH Ha 3arajibHUN CTaH, Pa3oM 3 THUM i
KOMOiHAIlisI METOJiB KOHTPOJIIO MiJBHILYE
TOYHICTH OLIHKH. OTXe, HeOOXiAHO PO3POOUTH
ITOPUTM  3aCTOCYBaHHS THUX UM IHIIHMX
METO/IiB KOHTPOJIIO 3 ypaxyBaHHSIM
cucreMaTH3aii akTopis BiuuBy (Puc. 2).
3amponoHOBaHa CHCTEMaru3alis Jae
MOJKJIUBICTb BKITIOUHUTH B MOJEIb
1H)KEHEpHOT0 MEHEDKMEHTY AITOPUTM
oOpaHHS METOIy TEXHIYHOI JiarHOCTUKH

BUXOAAYH 3 BU3HAYCHHI (baKTOpiB oo MarThb

Ha eHeproe)eKTUBHY
Pazom 3

ciaa0Ki
JUarHOCTMKK Ta € IIJACTaBO JIO YJ0C-
pO3poOKHU
BIJINIOBIIHOrO HOPMATUBHOT'O 3a0€3ICUYCHHS Ha

HaOUIBIINI
poboty
crcTeMaTu3alis

BIIJIUB

o0agHaHHA. TUM

b

BUSIBIISIC Mmicis

KOHAaJICHHS MAXO0IIB Ta

OCHOBI OOpOOKHM CTaTUCTMYHHMX JIAHUX II0
XapaKTepHUM (hakTopam Jerpajailii CTPHKHIB

TypOoreHeparopa.
Buxonsuu 3 MIPEACTABJIECHOT
cHCTeMaTH3allil, TaKO)X BaXKJIMBHM €TaIOM

MOJETl  IHKCHEPHOIO0  MEHEIDKMEHTY €
IUTAHYBaHHS POOIT 3 TEXHIYHOI JiarHOCTH
BUXOJISTYM 3 IMOBIPHICHUX CILIEHAPiiB PO3BHUTKY
ol (IporeciB aerpaaaiiii, CTapiHHs TOIIIO).
BpaxyBanHs pH3MKIB Ha OCHOBI IpOT-
HO3YBaHHS DPO3BUTKY MOAIH Ja€ MOXJIHMBICTh
BHU3HAYUTH TIIEPIOAN KOHTPOJIO TEXHIYHOTrO
CTaHy eHeproodaiHaHH, HUISIXOM
knacudikamii X 3a piBHEM pPHU3HMKY Ta
BiNIOBIJTHO BIPOBAKEHHA KOPEryBaJIbHUX
3ax0fiB  (3MIHM PEKUMIB HaBaHTaKCHHS,
3MEHIIEHHS ~ BIUIMBY  (DaKkTOpiB,  3MiHH
XIMIYHOTO  CKJIQAy HOCIIB, MOJAEpHi3allis
00J1aJHAHHS TOIIIO).
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3anporoOHOBAHMK MMIAXiA 1HXEHEPHOTO
MEHEDKMEHTY JIa€ MOJKIIUBICTH peajizyBaTH
ANTOPUTM MPOTHO3YBaHHS MO JTAITHIIOT
0e3nmedHoi eKCIuTyaTamii [UISIXOM — aHajizy
OTPUMaHMX JITaHUX B PEXHMi peabHOTO yacy
JUTS HaO1Ib1I HeOe3NeyHnx o7t
BIAIIOBIJAILHUX JIISHOK OOJIagHAHHS, IO
JIO3BOJISIE  BUSIBJIATH O3HAKW TOTCHIIHHUX
HecTpaBHOCTEH 1 3a0e3meuyBaTH CBO€YAaCHE
TEeXHIYHE TOAaNbIle OOCIyroByBaHHA Ta
nepeadoaduTH BiAMOBH abo Kiracu(iKyBaTH
o0agHaHHs 32 piBHEM PU3HUKY. 3aCTOCOBYIOUU

Bucnosku

JIO3BOJISIE ~ aHAJNI3yBaTH pi3HI  TapaMeTpu
pobGoTu oO0NamHAHHS, MiJABHIYIOYN TOYHICTh
TIPOTHO3IB 3a JOMOMOTOI0 0araTb0X MOACIIEH.

Takmif migxix, IHTETPOBAaHUN 3 JaHUMH
B pEXHMI  pEalbHOrO  Yacy, CYyTTEBO
i ABUIUTH e(EeKTHBHICTb yTpaBIiHHS
SHePreTHYHUMH CUCTEMaMH 1 JIO3BOJHUTH HE
JUIIe  IIBHAKO  JIarHOCTYBaTH  IOTOYHI
npobinemMu, aje W NPOTHO3yBaTh MaiOyTHI
3001, CTBOPIOIOYM MOMJIMBICTH 3aIOO1KHOTO
oOcIyroByBaHHS Ta omnTuMizamii TpadikiB
TEXHIYHOI MiATPUMKH.

v

L

METOJIU  IMOBIPHICHOI  OIIIHKH  O€3IeKU
Brus
TEMIICpATYPHAX v Enextpuuni metou
PEXUMIB I1J 4ac I_|
)
eKCILTyaTarfii
oOJagHaHHsg
MaruiTHi MeTOI!
BibpoaunamiuHi
HaBaHTaKEHHS Cl
BiOpariiiina
M1aTHOCTUKA
Brus .
. AKyCTHYHI METOIU
TepPMOMEXaHTYHUX
HaIpyKeHb 1

Brouius xiMidHO-
AKTUBHUX PEYOBUH

TermtoBi31HHMI
KOHTPOJIb

1

Mertoau OLiHKA
3aJTUIIIKOBOTO PECypCy

MexaniuHi
MOIIKOIKEHHS ITi
94ac peMOHTY/
eKcIuTyaTartii

—=r1mr
5

BizyanpHuii Ta
€HIO0CKOIMYHNI
KOHTPOJIb

MoHiTOpUHT B
pexumi «Real-
time»

3aCTOCOBYETHC
S T yac
PEMOHTIB,
3YIHHOK,
MOHTaXy

Puc. 2- CucremaTusalisi METOJIIB TEXHIYHOI IIaTHOCTUKHU CTPUXKHIB TypOoTreHeparopa
Fig. 2- Systematization of methods for technical diagnostics of turbogenerator rods
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Kondghnikm inmepecie

ABTOpH 3a5BIISIOT, 10 KOHQIIIKTY iHTEpeCiB Mmoo mybikauii pykonucy Hemae. Kpim toro, aBTopu
MOBHICTIO IOTPUMYBAJIHMCh €ETUYHUX HOPM, BKJIIOUAIOUH TIariaT, hanbcudikaliro JaHuX Ta MOABIHHY
myOTiKaIio
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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.

KEYWORDS: power facilities, safety, engineering management, technical diagnostics.

In cites: Ovcharov, O. & Kotelevets, K. (2024). Approaches to effective engineering quality management of
safety assurance of energy facilities. Engineering, (34), 51-60. https://doi.org/10.26565/2079-1747-2024-34-05
(in Ukraine)

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. Hrinchenko, H, Prokopenko, O, Shmygol, N, Koval, V, Filipishyna, L, Palii, S & Cioca, L.-1 2024,
‘Sustainable Energy Safety Management Utilizing an Industry-Relative Assessment of Enterprise Equipment
Technical Condition’, Sustainability, No 16, Pp. 771. DOI: https://doi.org/10.3390/su16020771
2. Hrinchenko, H, Kupriyanov, O, Khomenko, V, Khomenko, S & Kniazieva, V 2023, ‘An Approach to
Ensure Operational Safety for Renewable Energy Equipment’, In: Koval, V., Olczak, P. (eds) Circular
Economy for Renewable Energy. Green Energy and Technology. Springer, Cham, Pp. 1-17. DOI:
https://doi.org/10.1007/978-3-031-30800-0_1
3. Hrinchenko, H, Koval, V, Shmygol, N, Sydorov, O, Tsimoshynska, O & Matuszewska, D 2023,
‘Approaches to Sustainable Energy Management in Ensuring Safety of Power Equipment Operation’,
Energies, No 16, P. 6488. DOI: https://doi.org/10.3390/en16186488
4. Hrinchenko, HS, Kovtun, OA, Mykolaiko, VV, Nesterenko, RO & Antonenko, NS 2022, [Ensuring
Operational Safety of NPPs beyond the Design Life in the Context of Transition to a Circular Economy: The
European Green Deal ], Mashynobuduvannia, Ne 30, Pp. 61-72. DOI 10.32820/2079-1747-2022-30-61-72
5. Budanov, PF, Hrinchenko, HS, Nechuiviter, OP & Tsykhanovska, IV 2023, [Methodological
Approaches For Assessing The Quality Of Multi-Parameter Energy Facilities ], Visnyk Natsionalnoho
tekhnichnoho universytetu «KhPI». Seriia: Novi rishennia v suchasnykh tekhnolohiiakh, Ne 1 (15), Pp. 27—
35. DOI: https://doi.org/10.20998/2413-4295.2023.01.04
6. Kabinet Ministriv Ukrainy 2017, Pro skhvalennia Enerhetychnoi stratehii Ukrainy na period do 2035
roku “Bezpeka, enerhoefektyvnist, konkurentospromozhnist”, Rozporiadzhennia vid 08.08.2017 Ne605
[Safety, energy efficiency, competitiveness”, Order of 08.08.2017 No. 605 ], viewed October 4, 2024
<https://zakon.rada.gov.ua/laws/show/605-2017-%D1%80#n8>
7. NAEK «Enerhoatom» 2021, Komplaiens-politvka DP «NAEK «Enerhoatom» PL-S.014.150-21 vid
13.07.2021 r. [Komplaiens-polityka DP « NNEGC «Energoatom.» PL-S.014.150-21 vid 13.07.2021 r. ],

59


mailto:ovcharovoleksandr1@gmail.com
https://orcid.org/0009-0002-0764-4063
mailto:kyrylo.ktl@gmail.com
https://orcid.org/0009-0006-8811-8848
https://doi.org/10.26565/2079-1747-2024-34-05
https://doi.org/10.3390/su16020771
https://doi.org/10.1007/978-3-031-30800-0_1
https://doi.org/10.3390/en16186488
https://doi.org/10.20998/2413-4295.2023.01.04

ISSN 2079-1747 Maumno6ynyBanns. 2024. Ne34 Metpodoris Ta iHpopMaliiiHO-BUMIpIOBaIbHI TEXHOJIOTTT

viewed October 4, 2024 <https://old.energoatom.com.ua/parts/pdf-file/compliance-policy/compliance-
policy.pdf>

8. 2023, ‘Ageing Management for Research Reactors’, Specific Safety Guide. IAEA Safety Standards
Series, No. SSG-10. (Rev. 1), 55 p.

9. 2009, ‘Ageing Management for Nuclear Power Plants’, Specific Safety Guide. IAEA Safety Standards
Series, No. NS-G-2.12, 48 p.

10. 2018, ‘Ageing Management and Development of a Programme for Long Term Operation of Nuclear
Power Plants’, Specific Safety Guide. IAEA Safety Standards Series, No. SSG-48, 65 p.

11. 2013, ‘Periodic Safety Review for Nuclear Power Plants’, Specific Safety Guide. IAEA Safety
Standards Series, No. SSG-25, 106 p.

12.  Hrinchenko, HS, Artiukh, SM, Hrinchenko, VV & Nehodov, SS 2022, [ Unification of methods for
technical diagnostics of pipeline systems with methods for ensuring safe operation ], Engineering,. Ne 29, Pp.
62-69. DOI 10.32820/2079-1747-2022-29-62-69.

13.  Hrinchenko, H, Trisch, R, Burdeina, V & Chelysheva S 2019, Problems of Atomic Science and
Technology. Section : Physics of Radiation Effect and Radiation Materials Science, Ne 2, Pp. 104-110. DOI:
https://doi.org/10.46813/2019-120-104.

14.  Kiporenko, HS, Pakhalovych, MYe & Khoroshylov, OM 2016, [Assessment of the technical
condition of NPP pipeline systems for compliance with regulatory parameters. ], Systemy upravlinnya,
navihatsii ta zviazku, iss. 4, pp. 146-152.

15.  Kiporenko, HS & Pakhalovych, MYe 2016, [Improving the methodology for calculating the resistance
to brittle fracture of pipelines of the South Ukrainian NPP. ], Systemy obrobky informatsii, iss. 7, pp. 181-
184.

16.  Hrinchenko, H, Udovychenko, V, Generalov, O, Parfentieva, O, Neskhodovskyi, | & Kopacz, M
2024, ‘Sustainability assurance optimization-based approach to energy infrastructure diagnostics in energy
systems management’, Polityka Energetyczna — Energy Policy Journal, iss 27(3), Pp. 109-132. DOI:
https://doi.org/10.33223/epj/190811

17.  Hrinchenko, H, Vasylets, T, Kupriianov, O, Bliznychenko, O & Fursova, T 2023, [Improving the
quality of ASC of thermal power plants by specifying the optimality criteria for technical and economic
indicators. ], Engineering, iss. 31. DOI 10.32820/2079-1747-2023-31-71-79

18.  Hrinchenko, H, Antonenko, N, Khomenko, V & Artiukh, S 2024, ‘Assessment of Power Equipment
Operational Safety in the Sustainable Management of Residual Lifespan’, Economics Ecology Socium, iss 8,
Pp. 78-91. DOI: https://doi.org/10.61954/2616-7107/2024.8.3-7

19. Koval, V, Hrinchenko, H, Fomenko, A, Didenko, N & Medvedovska, Y 2025, ‘Compliance
Management Implementation in Energy Sector Enterprises of the National Economy’, In: Koval, V. (eds)
Renewables in the Circular Economy and Business. SpringerBriefs in Applied Sciences and Technology.
Springer, Cham. DOI: https://doi.org/10.1007/978-3-031-72174-8 6

The article was received by the editors 10/07/2024
The article is recommended for printing 11/12/2024

60


https://old.energoatom.com.ua/parts/pdf-file/compliance-policy/compliance-policy.pdf
https://old.energoatom.com.ua/parts/pdf-file/compliance-policy/compliance-policy.pdf
https://doi.org/10.33223/epj/190811
https://doi.org/10.61954/2616-7107/2024.8.3-7
https://doi.org/10.1007/978-3-031-72174-8_6

ISSN 2079-1747 Maumno6ynyBanns. 2024. Ne34 Metpodoris Ta iHpopMaliiiHO-BUMIpIOBaIbHI TEXHOJIOTTT

DOI: https://doi.org/10.26565/2079-1747-2024-34-06
VJIK 621.311.22

'T.I. KAHIOK, 10KTOp TeXHI4HUX HayK
3aBigyBad Kadenpu aBTOMaTH3allli, METPOJIOTIT Ta eHeproe(PeKTHBHUX TEXHOIOTIH
e-mail:genadiykanuk@gmail.com ORCID: https://orcid.org/0000-0003-1399-9039
'A. 1O0. ME3EPSI, kaumuaar TexXHiuHUX HayK
JIOLICHT Kadepu aBTOMATH3AIli1, METPOJIOTIi Ta eHeProe(heKTUBHUX TEXHOJIOTIN
e-mail: mezzer@ukr.net ORCID: https://orcid.org/0000-0003-2946-9593
.M. D®YPCOBA, xannuaat TeXHIYHIX HayK
JOLEHT Kadelpu aBTOMAaTH3allil, METPOJIOTii Ta eHeproe()eKTUBHUX TEXHOJIOTIH
e-mail: tatiana2507 @ukr.net ORCID: https://orcid.org/0000-0003-1900-7432
'1.0. YUPOUKIH,
actipanT kKadeapu aBTOMAaTH3aIli1, METPOJIOT] Ta eHeproe(heKTUBHUX TEXHOJIOT 1M

e-mail:chirochkin123@gmail.com ORCID: https://orcid.org/0009-0005-9029-0471
'0.M. €II1IK,

acmipaHT Kadenpu aBToMaTh3alii, METpoJIorii Ta eHeproeeKTUBHUX TEXHOJIOT1H

e-mail:oleksandrepikO@gmail.com ORCID: https://orcid.org/0009-0005-4909-6431

Yapriscoruii nayionanvnuii ynisepcumem imeni B.H. Kapasina
Mmaiinan CBoOoau, 4, m. Xapkis, 61022, YkpaiHa.

HJIAXA NIABAINEHHST TOKA3HUKIB SIKOCTI (TEILIOBOI
EKOHOMIYHOCTI) EJIEKTPOCTAHIIN

VY craTTi mpoBeAeHO aHali3 MOKa3HUKIB SKOCTI POOOTH TEIUIOBHX I aTOMHHX €JEKTPOCTAHIIIH, a caMe
TEIJIOBOI €KOHOMIYHOCTI Ta BH3HAYCHO OCHOBHI NUIAXM iX mixBumIeHHS. lloka3zaHO, IO pereHepaTHBHUH
MiAIrpiB )KUBIIBHOT BOIU 3aCTOCOBYETHCS Ha yCiX MApOTYpOIHHMX yCTAaHOBKaX Ta iCTOTHO MiJBUIIYE TEIIOBY i
3araibHy €KOHOMIYHICTh YCTaHOBOK. UMM BUINI MapaMeTpd Mapu Mepen TypOiHOK, THM OUIBIIUKA iHTEepBai
TEeMIIepaTyp, Ha SIKUi MoXe OyTH 3I1HCHEHU MiAirpiB KOHAEHCATY, 1 OLIbIINIT eeKT BiJ 3aCTOCYBaHHS CXEMH 3
pereHepaTHBHUM MiAirpiBoM. BuzHaueHo, 110 pereHepaTuBHUN MiNIrpiB )KUBHILHOT BOAM B LUKII 3 MEPErPiTOO
naporo Takox miaBuinye koedinient xopucHoi aii (KKJ), mporte tepmiunmii KKJ[ perenepaTMBHOrO LHKITY
neperpitoi napu 3aBxau Hibkue KK/ nukimy KapHo npu oiHEX 1 THX )K€ M0YaTKOBHX 1 KIHIEBUX TeMIleparypax.
JloBeneHo, 1o mpu OJHIN 1 Til ke TemmepaTypi »KUBWIIBHOT BOAM, YMM MEHIIE HEJOIrpIBaHHS, THM Oijblie
poboTa MOTOKY Mapu BiAOOPY i THM BHUIIOIO € TEIUIOBA CKOHOMIYHICTh YCTAHOBKH, a HAHOLIBIINI eeKT Bif
pereHeparii Oyae MpuW 3acTOCYBaHHI MiNIrpiBaviB 3MilTyBalbHOTO THITy. [lokazaHo, mo it TypOiH 3
MPOTHTUCKOM PETCHEePATUBHUI MiMIrpiB MiABUINYE EKOHOMIYHICTh YCTAHOBKH TUIBKH TO[i, KOJH BiH
3MIHCHIOETHCST JOAATKOBOIO BUTPATOIO IMApH, IMOHAI HEOOXiTHY Ui MOTped BUpOOHWITBA. Y TypOiHax 3
peryIp0BaHUMHE BiIOOpaMH pereHepaTHBHI BiIOOPH, PO3TAIIOBaHI IiCIs IPOMHUCIOBOTO, B PO3PAXyHKY Ha OJHY
1 Ty X KUTBKICTh HapH, IO BimOmpaerbcs, mMaroTh Oumpmmid BB Ha KKJI 1 TomMy iHOmI 3acTOCyBaHHS
pereHepaTHBHOTO MiHIrpiBy >KUBWIIBHOI Boam Moxe mpu3Bectd no 30iumpmenHs KK]I HaBiTe mpu meskomy
3MEHILIEHHI BUTpPAaTH IapH CHOXHBaueBi. BUKOHAHO cUCTEMaTH3allil0 Ta aHali3 HasBHUX METONIB OLIHKU
TEIUIOBOI €KOHOMIYHOCTI €JICKTPOCTAHIII# Pi3HUX THIIIB, MIOKA3aHO BIUIUB BUTPAT €HEprii Ha BJacHI MOTpeOU Ha
3naueHHs KKJ| enexrpocTaHiiiii.

KITIOY9O0BI CJIIOBA: noxasHuku ikocmi, enepeo3oepesicettsi, eKOHOMIUHICMb, eleKmpoCmanyisl.
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€KO0JIoT1l IUIaHETH. 3rifgHO 3 JOCHIIKECHHIMH,
SKi TIPOBOJIMIINCH BeaydnMu Kpainamu CBity,
MOTEHIIad  E€HEepro30epeKeHHs  CTaHOBHTH
Oomm3pko  1/3 BchOro 00CATY CHOXHBAHHX
TIEPBUHHUX PECYPCIB.

Burpata mepBUHHUX E€HEPropecypciB y
pPO3paxyHKy Ha OJAMHUIIO BaloOBOIO BHYT-
pIIHBOTO TPOAYKTY B HAIIi KpaiHi mpuo-
mu3Ho B 1,3 pasa Oinema Hix y CIIA, iy 2
pasM  BHIIE TOPIBHAHO 3 MEPEAOBUMH
3aX1THOEBPONEHCHKIMHU KpaiHamu Ta
SnoHieto.

Cepen  OCHOBHMUX TMpHYMH HebOma-
TOMOJYYHOTO CTAaHOBWIA B Taily3l eHep-
TOEMHOCTI E€KOHOMIKH CIiJT Ha3BaTH IIpaK-
TUYHO  TOBHY  BIJCYTHICTH  JAEpKaBHOI
NONMITHKH y i HaWBaXJIMBIIIKA Tamys3i.
HaciinkoMm 1mporo € maiike moBHa BiJICYTHICTB

MPUHLUITB PaliOHaJbHOTO BUKOPUCTAHHS Ta
€KOHOMIYHOTO BHTpavYaHHs IajvBa Ta SHEPTii
SIK TIpH BUPOOHUIITBI €Heprii, Tak W mpwu il
CIIO)KUBaHHI.

Oco0mmBO 1e cTano Big4yTHIIE 3a
3MIHH CHUCTEMH YIIPABIIIHHS EHEPTEeTUKOI0 Ta
(¢opmMaMu BIACHOCTi, 32 BHCOKOTO CTYIICHS
3HOCY OCHOBHOTO Ta JOMOMIXXHOrO oOmaj-
nanHsg TEC ta AEC.

IIpobmeMn  eHEpro30epeKeHHS  3alld-
marmThes i OyayTs y 21 crTomitri y 1eHTpi
yBaru CBIiTOBOi TpoMajchKocTi. BupimenHto
miei  mpoOmemm — mpucBsdeHo — OCHOBHI
MOJIOKEHHSI CHEePreTHYHOI cTpaTerii YKpaiHu
Ha nepion mo 2035 poky [1]. Lls mpoGnema
MIPU3BOJINTh, 30KpeMa, 1O HEeoOXiTHOCTI
aHaJi3y IMOKa3HHWKIB TEIUIOBOI e(EeKTUBHOCTI
CJIEKTPOCTAHII Ta TMOMYKY NUIIXiB iX
ITi IBHIICHHS [2].

AHaJi3 ocTaHHIX J0CaiTxKeHb | myOaikanii

Y HampsAMKYy eHepro30epeKeHHs MpH
TeHepalii eleKTPUYHOI Ta TemIoBoi eHeprii Ha
CJICKTPUYHMX CTAHI[SIX BEIyThCS 1 IHTCHCUBHO
PO3BUBATHMYTHCS JIOCHITHUIIBKI, KOHCTPYKT-
TOPCHKI Ta MOHTaXHI POOOTH 3 IiJIBUIICHHS
exonomiuynocti mHasBuux TEC Tta AEC,
OCKIJIbKM OUIbIIa 4YacTHMHA OCHOBHOIO Ta
JIOTIOMDKHOTO 00nagHaHHs eHeproomokis 200
ta 300 MBT BUpoOMIIO CBIii pecypc (pizuaHO
Ta MOPAJBHO 3aCTapiyio), TO 3 METOK Oe3neKku
napamMeTpH Mapy Ta BOAW B HHX 3HIKeHO. [le
npusBeno Jo 3amkenHs ix KK/ Ha 4 1 6inbine
BIJICOTKIB.

Ocoba yBara TOpUIINAETHCS THTAHHIM
aBToMaTu3arii TEXHOJOTTYHUX MPOIIECiB
EJICKTPOCTAHIlIH, $SK OJHUM 3 OCHOBHHX
NUIAXIB TiBHUIEHHS €Heproe(eKTHBHOCTI Ta
HaxaiHOCTI [3, 4]. IIpoBomuThCS omTUMIizalis
MOKA3HUKIB SKOCTI CUCTEM KepyBaHHS [5], Ta

BIIPOBA/IKCHHS Ipenu31iHIX CUCTEM
kepyBanHs [6]. Cepenl TEXHOJOTIYHHX TIPO-
[eCiB B HANPSIMKY MiJBUIICHHS €(QEeKTUBHOCTI
poboTu €JIEKTPOCTAHIIIH, MIPUIIISETHCS
CHUCTEMAaM HHU3BKOIOTEHIINHUX KOMIUIEKCIB
[7], obnagHaHHS KOTEILHUX YCTaHOBOK [8] Ta
y3araJlbHEHHS pIllleHb 3 METOI0 MiJBHILCHHS
eHeproedektuBHOCTI  [9].  Posrmsamarotbes
NUTaHHS aBTOMAaTH3allil PO3PaxyHKY TEIUIOBOT
epextuBHOCTI  edekTpocranmiii  [10] Ta
MOJIOBKEHHA PECypCy TEIIOEHEPTeTUYHOTO
oOnamHanus [11].

He3pakatoun Ha 1ie, MOTCHIIAT €HEp-
ro36epexeHHs He BuuepmaHo. Moro Tpeba
[IyKaTy W HaJami JJIs MiJBUIIEHHS TOKa3HUKIB
SKOCTi, ONTHMi3alii TEIUIOBUX  PEXKHUMIB
poboTr oOnamHAaHHS ENEKTPOCTAHIIA Ta B
YIIOCKOHAJICHHI CHCTEM KEpYBaHHS 3 METOIO
rapaHTOBaHOI MATPUMKH [IUX PEXKUMIB.

IlocTaHoBKa MeTH Ta 3aBJAaHHA JOCTiIKeHHS

MeTo0 poOOTH € aHaji3 MOKa3HHUKIB
TEIUIOBOT E€KOHOMIYHOCTI €JEKTPOCTaHLil Ta
BU3HAYEHHS IUIAXIB iX MiJBUILEHHS, 10 JacTh
3MOTY 3HHM3UTH COOIBapTiCTh BHPOOJICHHS

eHeprii Ta T ABUIIUTH
KOHKYPEHTOCIIPOMOXKHICTh BITYM3HAHUX
BHUPOOHUKIB.

Bukaan ocHoBHOTO MaTepiaay
1.AHani3 noka3HMKIB TeMJI0BOi eKOHOMIYHOCTI eJIeKTPOCTaH i

TemnoBa E€KOHOMIYHICTh KEC
xapaktepusyerbcs 3HaueHHs MU KK, nuromoi
BHUTpaTH TEIIA Ta TUTOMOI BUTPATH YMOBHOTO

namuBa (mnss AEC — 3HaYeHHAM NHUTOMOL
BUTpaTH snepHoro manusa). [Ipm mpoMmy Ha
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3suyaiiHux TEC muroma BUTpaTa YMOBHOIO
[AJIUBA € OCHOBHUM IIOKa3HUKOM).

IToBui KKJI emexktpocTaHIiii MOXyTh
OyTH BU3HAYCHI TaKuM criocooom [11].

Jlns eeKkTpocTaHIlii, Mo MpaIoTh Ha
OpTraHivHOMY ITaJIUBI:

770'[ = nen'rpnm( (1)
Jns neoxonTypHOi AEC:
Ner = NN ] /Ty - @)

Tyrt:
- aOcomrotauit  enextpuununii  KK/|
TypOOTreHepaTOpHOI YCTaHOBKH:

77e = 77t770i77M77r = ninmnr = 77'[770e ; (3)

- TEepPMIYHHN KK TypOiHHO]
YCTaHOBKH:

nt:(qo_qx)/qO’ (4)

me  Q, 10, KigbKicTb  Teruiorw,

mizBeneHa 7o 1 Kr mapa B KOTii abo peakTopi i
BiBEZICHE BiA HHOTO B  KOHICHCATOpI
BIJMOBIAHO (U1 HAMMPOCTIMIOI yCTAaHOBKH,
IO TMPAIOE 3a iealbHUM IUKIOM PeHkiHA):

(io_i*i's):i(ik'a —ik) (io‘ix,ia):i(im‘ ix) _ (Ha_Ha‘H)/q0 (5)

I€ lxslxs — CHTAIBIISA BOAM HA BUXOI 3

t

KOHJIEHCATOpa Ta TICIIA Hacoca BiATOBITHO;
i01ix, — CHTAIBIIA Mapy Hepel TypOiHOW Ta
Ha BXOJi B KOHJEHCATOp NpH ajiabaTHaHOMY
PO3LIMPEHHI B TYpOiHi);

- HasBHWHA (amiabaTWyHHUN) Tepernay
€HTaJbIIIN:

Ha =10 Ixa>

- BUTPATH €Heprii B HacOCi, BiTHECEH] 110
1 xr. BoztM TipH 11 a1iabaTHYHOMY CTUCKaHHI:

Hawn = Ins " lxs

-BHyTpimHi# BimHOCHMIH KK/ TypOinu:
_m_ Li (6)

Ha La

ne pillj— BUKOpPUCTAHMH mepenaj

o

EHTaJIbIIIi Ta BHYTPIWIHSA NMUTOMa podoTa mapu
y TypOiHi;
(3asBuyail 77, = 0,80-0,90, a mus

Cy4YacCHHMX MOTY>KHUX TypOiH npu
HOMIHAJILHOMY HaBaHTaKCHHI
14 =0,85-0,90);

- BHyTpimHiA  aOcomotHuit  KK/|
TypOiHH, TIO XapaKTepH3ye 4YacTKy Teruia,
NEPEeTBOPEHOr0 Ha poOOTYy B  peajbHil
napoTypOiHHIN yCTaHOBII:

1= Li/Uo=71700:; (7

n, — Mexaniuanit KK/ TypOinm (mns

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

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

MOBITPSIHOMY

- BIJJHOIICHHS €JICKTPUYHOI €HEeprii, 110
BHpOOIIIETRC 1 KT mapa mo podotn L, 1o

3IIACHIOETHCS npu afiadaTHIHOMY
pO3IIMpeHHi i€l mapu:

7708 = 770i77M77r ; (8)

M., — KKI 1pybomposonis, 1o

BpaxoBy€ TiIpaBiiuHi Ta TEIUIOBI BTpaTH Y
tpyoomnpoBonax (mms TEC Ta ABOKOHTYpHHX

AEC 77Tp=0,97—0,98); n. - KKI
[IapOBOrO KOTJIa (3a3BMYail JIEKHUTHh B MeXKax
0,90-0,93); 7., KKJI mnaporeneparopis
AEC, mo BpaxoBye BTpaTH Temja B
HAaBKOJIMIIHE  cepefoBulle  (3a3BU4ail  He

nepeBuilyoTh 1%) Ta BTpaTH 3 BOJOIO
NPOLyBaHHIA:

Qn = Do.np(io.rrp_ic.s) ) (9)
p
ne Doyp — KUIBKICTB NPOIYBHOI BOIM,

10 HaJXOAUTH 3 OXOJIOJKyBada MpPOAYyBaHHS;

lomp — CHTAJIBIIISL BOAW MICIA OXOJNOUKYyBaya

NPOJIYBaHHA; |., — CEHTAIBMIS CHPOI BOIM;
M, — KKI peakropHoi yCTaHOBKH, IO

BpaxOBy€ BTpaTH TeIUla Y HAaBKOJHIIHE
Cepe/IoBHIIE, BTPAaTH 3 BOJOIO MPOILyBaHHS
peakTopa, BTpaTH IOB'SA3aHi 3 OXOJIODKEHHSAM
01l0JIOTIYHOTO ~ 3aXUCTy, BTpaTH y  CIO-
BUIBHIOBAaYl Ta y JIESKHAX IHIIUX eJleMEeHTax
ycranoBkH (KKJ] peakTopHHX yCTaHOBOK THITY
BBEP cranosurts 0,32-0,33) [2].

Abcomoramii  enektpuyanidi  KKJ]
KOHJICHCAllIiHOI ~ TypOOreHepaTopHOi  ycTa-
HOBKM MOKE OyTH BHM3HAUEHHMH TaKOX i3
CIIBBIJIHOIICHHSI ~ €JIEKTPUYHOT  TIOTYKHOCTI

ycranoBku N, Ta kimbkicts Ttemrotd Qg

MIBEACHOIO 3 Mapo JI0 TypOoreHeparopa B
OJIMHUIIIO Yacy:

ne:NC/QO’ (10)
a KKJI cranmii — 3 aHamorivHoOro
CHIBBIHOIIEHHS:
7701' = N c / QCT ) (11)
V 1mx 3alIeKHOCTAX:
QozDo(io_im); (12)
QCT = QO / nBTp ! (13)
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Ae 177,, — KoedilieHT, WO OLiHIOE BCi

BTpaTH, OYMHAIO4X Big nmapoBoro kotia TEC
abo peaktopa AEC 10 Typ6inu.
st ycTaHOBOK Ha OpraHivHOMY ITaJIHBi:

Merp = Ml (14)
1utst iBokoHTYypHOI AEC:
I/ I B I (15)

ne ', 1 0", — KKJI tpyGonpososis
MIEPIIIOTO Ta APYTOrO KOHTYPIB.

3navenns 77, (3), (10) ta 7 (1),(11)
HEC BpPaxOBYIOTh BHUTpAaTH €JCKTPOCHEprii Ha
notpedu €JIeKTPOCTaHIIIT, i TOMY

posrasparotees sik KK 6pyrro.
SIKII0 TOTYXKHICTh MEXaHI3MIB BIIACHHX

notpe6  cranoButh  AN,,, To KKJI

eJIeKTPOCTAaHIIi 77:T 3 ypaxyBaHHSM EHEpTii,

ButpaueHoi Ha BuacHi morpeoum (KK
€JICKTPOCTAaHIIIi HETTO) BU3HAYAETHCA SIK:

77; :(NC_ANB.H.)/QCT ) (16)
abo
77:1‘ = 77cr (1_ ﬂB.l‘l.) ! (17)
e JacTKa MOTY>KHOCTI, 110
BHUTPAYAETHCS HA BIIACHI ITOTPEON CTAHIIII:
Bon =ANuw/Ne- (18)

KK/l merro emexktpocraHiii Moxe OyTH
TaKOX BU3HAYCHUH 3aJICKHO Bif:

Mer = Nexl . (19)
ze KK BJIACHUX norped
€JICKTPOCTAaHIIIT:
Myn =N/, (20)
abo
Man =1~ B (1)

2. OuiHKka TenJI0B0i eKOHOMIYHOCTI

Ominka TETIOBOL €KOHOMIYHOCTI
YCTaHOBKH TIPOBOJUTHCS TAaKOX 32 IMHTOMOIO
BUTPATOIO TeIUIa. Y pO3paxyHKax 3a3BuUuail
pO3TIAMAOTh THUTOMY BUTpaTy Tella Ha

TypOOreHepaTopHy ycTaHOBKy (|, Ta muroma
BUTpaTa TeIUla Mo BCil enexTpocTaHuii (|, .

i BenmmumHM BU3HAYAIOTHCS 3 BUpasiB [11]:

d.=3600Q,/N.: (22)
0,=3600Q,,/N.. (23)
Tyr Q, 1 (., BupaxkarTbca y k/Ix Ha 1

kBt ToS.
3 ypaxysanHsam (10) Ta (11) orpumaemo:
q.=3600 /7.; (24)
q.=3600 /7., (25)

ITuroma BHUTpaTa YMOBHOI'O HajiuBa JUIs
€JIEKTPOCTAHII Ha OPTaHIYHOMY IaJIMBiI MOXKE
OyTH BH3HAUYeHAa 3 PIBHAHHA TEIMJIOBOTO
OanaHcy elneKTPOCTaHLI:

B Q: =3600N e/nﬂ, (26)
Jle B — 3aranpHa roAMHHA BUTpaTa

H
maJinBa, KF/FO,Z[; Qp — HWKYa IMMTOMa TCII0Ta

3TOPSIHHS NaJInBa, KJHK/KT.
ITuToma BUTpaTa MaTMBa IPHU IIBOMY:

b =B/N.=3600/Qy; . (27)

a sl YMOBHOI'O IIajliBa (3 HHXKYO0I0

remotoro sropsmst Q= 29300 kJlx/kr):
b, =3600/293007_, = 0.123/7 ,

K/ K (28)
Burpara sneproro nanmmea Ha AEC €
TUM caMuM MOKa3HUKOM TEIUIOBOT

€KOHOMIYHOCTI, fK 1 BHUTpara yMOBHOTO
nanuBa, T.K. MPH PO3MONUT BCiX sjep | Kr
ypaHy 3aBXIW BHUIUIAETBCS OJHE 1 Te X
KinbKicTb Tema — 7,9 - 10™ kJIx.

3a3Buuaii BBaXKarOTh BUTpATy TajuBa,
oo BUropisio, B cepenubomy Ha 15% Ounblie
i30TOMiB, MmO po3auTMHca. ToJi KiIbKIiCTh
Teria, 0 BUAISETHCS B PO3paxyHKy Ha 1 Kr.
BUTOPUIOTO SIIEPHOTO TAJIMBa MOXE OyTH
NPUIHATO PIBHUM:

QH.I‘I. = 0785 71 9 '1010 = 6, 7 '1010 KIL)K/KI'

_ 6,7-10"

Q,.= 3600 =1,86-10" kBt rom/kr

BigmoBigao g0 3amexxsocti (1.27),
MUTOMa BHTpaTa SAEPHOTO TMajMBa, IO
BHUTOPLIO:

3600 3600 5410° kr
Q.. 6710% 7. ' kBr-rox
abo

AL

, (29)

64



ISSN 2079-1747 Maumno6ynyBanns. 2024. Ne34 Metpodoris Ta iHpopMaliiiHO-BUMIpIOBaIbHI TEXHOJIOTTT

0,054
Dun= . (30)
. MBT-rox

Bu3HayeHHsT TMTOMUX BHTpAT Terja i
najiMBa IO EJEKTPOCTAHIIAX 3 YypaxyBaHHSIM
BUTpaT  eHeprii Ha  BJacHi  MOTpedu
3mificHIoeThCS  3a  3anexHocTamu  (22)-(30),
MpOTe TMPH I[OMY B PO3PaxyHKOBi (popmymn

BBOATHCs 3Hauenust N 177, (19)-(20).

3arampHa BuTpara manuBa Ha AEC, sk
BiJIOMO, 3HaYHO NIEPEBHUIIYE KUTBKICTh MaJIHBa,
110 BUTOPLJIO.

3arampHa BUTpaTa SICPHOTO TIAJIMBA
Moke OyTH BH3Ha4YeHa 3aJeXHO BiJ TTTHOWHU
BUTOpsIHHSA @ (y KijlorpamMax BHTOPLION
PEYOBUHM, IO AUTUTHCS HA 1T nanusa) (T/pik):

Ne'z

5{1'[: ] 31
B = 1861077 4 (3D
abo
ﬂnANe.T
Bst.r{‘:b-—v (32)
a

ac r — YHUCJIO IOAWH BHUKOPHUCTAHHSA

BCTaHOBIICHOI MTOTYXKHOCTI Ha PiK.

Yacto cymapHEe BWIOpSHHS IajluBa
BUpaxaroTh y MBT-106 Ha 1 1. ypany. B
UBOMY  BUNAAKy  3aJEXKHICTh  3arajbHOi
BHUTpATH MajanBa BiJ MTOTY>KHOCTI
eJIeKTpoCTaHIlii (y MeraBarax) BHU3HAYa€ThCS
BHpa3oM (I/pik):

Ne 7
Bon =5, - (33)
24K N
IIpu MPUAHATUX MNPUIYIIEHHSIX

uropsiHHS 1 kT 235U 00yMOBIIOE:

1.86-10"-(24-10°) =775 MBT- 106/ XT.

Le o3Hauae, M0 3B'I30K MK CyMapHUM
BuropssHHsAM mammBa K (MBt-mo6/t) i
[NIMOWHOI0 WOTO0 BUTOPSIHHS BU3HAYAETHCS
BUPA30M:

K =775-a (34)

3. BiuiinB pereHepaTUBHOIO MiIrpiBy Ha TENMJIOBY €KOHOMIYHICTH €JIEKTPOCTAHIIIT

PereHeparuBHMH IMIAICPIB  KUBMIBHOL
BOJIM 3aCTOCOBYETBCS HA YCIX MApOTYpOIHHMX
ycTaHOBKax.  Takuil  migirpiB  icTOTHO
HiABUIIYE TEIUIOBY 1 3arajbHy €KOHOMIYHICTh
YCTAaHOBOK. Y cXeMaxXx 3 pereHepaTuBHUM
MiJIrpiBOM TMOTOKH TapH, IO BiIBOISATHCS 3
TypOiHn pereHepaTuBHi migirpisadi,
3IIHCHIOIOTE po0OTy 0€3 BTpaT B XOJOAHOMY
moxepem (koupeHcatopi). Ilpm mpomy s
onmHiel 1 Ti€l K eNeKTPUYHOI TMOTYKHOCTI
Typboreneparopa N, BuTpara mnapu B
koHzteHcaTop 3MmeHmyerbes i KK ycranoBku
301LTBIIYETHCS.

KinpkicTe mapu, 110 BiIOMpaEThCs 3
BinOOpiB,  3aJeXUTh  Hacammepel  BiX
TEMIIEpaTypH, IO SKOI MOXKe OyTH MiIirpiTuid
KOHJIeHcaT TypOiHM. UuMm BUIII Tapamerpu
napu nepeja TypOiHO, THM OUTBIINAN iHTEpBAI
TEMIIEPATyp, Ha SAKUHA MOXKE OyTH 3IIHCHEHHIA
HigirpiB KOHIEHcaTy, i Oumbmuii edekt Bif
3aCTOCYBaHHS CXEMH 3 pEreHepaTHBHUM
migirpiBomM. 3a3Buuali, Ha eIEKTPOCTAHIIISIX
CepeHiX MapaMeTpiB TeMIIepaTypa >KUBUILHOI
BOJIM 3HAaXOAUTHCS B Mexkax Bij 150 mo 170°C;
NIpY BUCOKHX THCKax — Bix 225 no 275°C (npu
HOMIHAJILHOMY HaBaHTa)XEHHI Ta HOMIHAIbHUX
napameTpax mnapu nepen TypOiHOIo).

Ha MapoTypOIHHUX YCTaHOBKAax
€JIEKTPOCTaHIIIi, 10 MPaLIOIOTh Ha
OpraHiyHOMY TaJIiBi, 3aCTOCOBYIOTH TIIbKH
Meperpity mapy; B aTOMHIM EHEpreTHIll
[IMPOKO BHKOPHUCTOBYIOTH TAaKOX HACHUEHY
napy.

Ha puc.la, HaBeleHO TEOPETUYHY CXEMY
MigITpiBy JKUBHJIBHOI BOAM TPH  TPHOX
pereHepaTMBHUX  MifirpiBadax. 3a  Wi€0
CXEMOIO0 PEreHepaTWBHUN TMIJIITPIB BEAETHCS
BCIM IMOTOKOM poO0UOro cepeioBHIa. 3a TaKol
opramisamii — mpouecy — pereHepaTHBHI -
Airpisadi, HpOXlI[Hl nepepisu  BifOOpiB Ta
KOMYHIKalliil IPOMI3IKi, a BTpaTH B HUX Ha
TepTs HaaMipHo Benuki. Kpim toro, spocrae
BOJIOTICTh TIapH B OCTAaHHIX IAONSIX TYpOiHH.
ToMmy B peanbHUX YCTaHOBKax pereHepaTuBHI
mifirpiBavi BiIBOAUTHCS HE BECh MOTIK MapH, a
TUIIe HeBelnka Horo dactuHa (puc.106). Tyt
11 TTapa KOH/ICHCY€EThCS, BiJIJIal04H CBOE TETLIO
XKUBHIbHIA Bomi. Konmencar, mo YTBOPHBCS
IpU LbOMY, BBOJSITH B 3arajbHUN MOTIK
JKUBWJIbHOT BOJU. 3a TaKOi CXEMH BUTpaTa
mapu B TypOiHI 3MEHIIYETBCA BiJ OJHOTO
BIiIOOPY z10 inmoro. Jmst oxpmiei #  Tiel
NOTY)KHOCTI TypOiHM 3arajibHi BUTpaTH napu
3pOCTar0Th, OCKIJIBKM IOTIK, BUBEICHUHA B
pereHepaTuBHy CHCTEMY, 3IiHCHIOE MEHILY
pobOoTy, HDK TOTIK, W0 HATHIIOB Yy
KOHJIeHcaTop. B pesynbrati BucoTa omarok y
yactuHi BHUcokoro Tucky (UBT) Buxomuthb
O1JIBIIION0, HIX JUTST TypOIHH 0e3
pereHepaTuBHUX BiAOOpiB, a y 4YacTHHI
Hmzpkoro tucky (UHT) — menmoro. lle, sk
BiIOMO, 30i7bLIy€e BHYTPILIHIA BiIHOCHHH
KKI 7. Takum uymHOM, cxeMma, WIO
3aCTOCOBYETRCA HA PEANIbHUX YCTAHOBKAX, HE
TUIBKH YCyBa€ HEIONIKM LHKIY 3 MOCTIHHO
BUTPATOI0 Tapu, aje 1 JIa€ MOXJIMBICTh
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BHKOHATH TIPOTOYHY YAaCTHHY TypOiHU OiIBII
JIOCKOHAJION.

Ha puc. 2 y T-s miarpami 300pakeHi
pereHepaTuBHI MHKJIA TIpU afiabaTHIHOMY
PO3LIMPEHHI HACHMUYEHOI Ta Meperpitoi mapw,
KOJIM MIITPiB KUBUIHHOI BOIU 3IHACHIOETHCS
i300apuyno y Oaratbox minmirpiBauax. Ilpum
Takii cxemi JUIsI HACHMYCHOI IapHu, KO
KUTBKICTh MiAIrpiBa4iB HECKiHUEHHO BEJIHKE,
HarpiBaHHS BOJM MOXKe OyTH 3AifICHEHO 0
Temneparypu napu Tp i cximuacta minis CD
(puc.2a) pobovoro mporecy mnepeTBOPIOETHCS
Ha IUIaBHY KpHBY, CKBLAUCTAaHTHY KpPHBOIO
miAirpiBy uBWibHOI Bomu AB. Otpumanwmii
LIUKJI HA3UBAIOTh TPAHUYHUM PEreHEPaTUBHIM
UKJIOM HacuueHoi mapu. Jlerko OaunTH, 1o
KKJ mporo mumkiny mpopiBaroe KKJ[ mwxmy
Kapno.

PerenepaTuBHUiI MigirpiB  >KUBHIBHOI
BOAM B IUKJI 3 TEPETPITOI0 Mapo0 TaKOXK
migpunrye KK, mnpore tepmiunmit KKJ]
pereHepaTuBHOIO ILMKIY Meperpitoi mapu
3aBxau Hwkue KK/ muxny Kapro npu ogaux
1  THX K€ TIIOYaTKOBHUX 1  KIHIEBHUX
Temneparypax. HarpiB XuBHJIBHOI BOJH TYT
MOke OyTH 3HIICHEHHH [0 TeMIepaTypH,
Onu3pKoi 10 TeMmmepaTrypd HACUUEHHS 7,uac,
gKa 3a3BHYail 3HAYHO HIDKYE MOYAaTKOBOI
temneparypu napu 1, (puc. 26).

3 po3risaay poboUyoro mporecy napu Jis
CXeMH 3  pEereHepaTHMBHHM  MiIIrPiBOM
JKUBHJIBHOI BOJH BCTAQHOBJIEHO, 110
perenepatuBHUi mimirpiB  30umemrye  KKJ|

MiIBECHHS Tapy

BiZIBEECHHS

a)

YCTaHOBKHM, HE3BaKAlOYM Ha Te, IO BHUTpaTa
mapu Ha TypOiHy TpU LBOMY 3POCTaE.
KinpkicHa 3amexHicTh Mk 3HaueHHSIMH KK]|
peTreHEepaTUBHOL Ta HaUTIPOCTIImIOl
KOH/IGHCALlIHHOI ~ yCTAaHOBOK MOXe OyTu
OTpUMaHa 3 HACTYITHUX CIiBBITHOIIECHB.

st cxemu 3 pereHepaTUBHUM
i IITPIBOM KUBHIIBHOI BOJIU Y TiAirpiBadax
(nuB. puc. 20) BHyTpimHil abcomoTanit KK/]
77i,p BA3HAUAETHCS BUPA30M:

ak(io—iﬁ)JrZZ:aj,p(io_ij,p)
Mip= 1 .+ (35)

. z
ax(io—ix)+za1,p(i0‘ii,p)
1

e Ofp 1 04— 9acTKa 3arajJbHOi BUTPATH
napy Ha TypOiHy, 1110 BiIOMPAETHCS B j-i
BiZI0Ip 1 1110 MOCTYIA€ B KOHJCHCATOP
BI/IIIOBIJTHO; i}, p, — €HTAJIBIIIS TAPH j-TO
BimOOpYy.
Piusinus (35) MOXXHA IOAATH Y BUTIISI:

;ai,p(io_ij,p)
1
_a(io—iy) " a(io—i})

ni,p (l —i ) z (36)
ax\lo K ;aj,p(io_ij,p)
1
T aio-i)
ITiIBEJICHHS TIapH
2
BIIBEICHHSI

6)

1 — TypGoreHepaTopHa yCTaHOBKa; 2 — KOH/IEHCATOP; 3 — pereHepaTuBHUN Iiirpisay; 4 — Hacoc.
1 — turbogenerator unit; 2 — condenser; 3 — regenerative heater; 4 — pump.

Puc. 1 — Cxemu pereHepaTuBHOTO IiAIrpiBY )KUBHIBHOI BOJIM B TPHOX PEr€HEPATHBHUX MiirpiBadyax mpH
BiJIBE/ICHHI B MiJirpiBadi BCHOr0 NOTOKY MapH (a) (TEOpEeTHYHHH IIUKII) Ta IPU BiIBEICHHI B HUX HEBEIHMKOI
YaCTHHHM MapHu 3 BijgOopiB 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 — PereHepatuBHuil UK U1 HACHYCHOT (a) Ta meperpitoi (0) mapwu.
Fig. 2 - Regenerative cycle for saturated (a) and superheated (b) steam.

Jns  cxemMum 3 pereHepaTHBHUM
MigIrpiBOM KUBWJIBHOI BOAM y TMiAirpiBagax
(muB. puc. 20) BHyTpimHii abcomotauit KK/]
77i,p BA3HAUA€ETHCS BUPA30M:

4
a(io=it)+ X aj,(io=i,)
— 1
ni'p_ z ’(35)
ak(io_ik)_i_zaj,p(io_ijﬂp)
1
e CGjp 1 oy — 4aCTKa 3arajibHO1 BUTPATH

napu Ha TypOiHy, 1[0 BigOWpaeThcs B J-il
BiIOIp 1 10 TMOCTymae B KOHIEHCATOP

BINMOBINHO; i} , — CHTAJbMid Iapu j-ro
BiZIOODY.

Pigusaast  (35) wMoxHa momaTe y
BUTJIAI:

S atyo(io=is)

1+-2
g oalioT)  aioit) o0
i,p : 1 - |
ax(lo_H) Za,-,p(io—ij,p)
14 1
" aK(io_iK)
Bupas:
ZOtj,p(iO_iivP)
1 :Ap (37)

a(io—it)

TO,Hac | D

0)

€ BIJHONIEHHSM pPOOOTH BCIX ITOTOKIB
Mapw, 10 BiIBOIATHCSA Y BimOOpH, IO poOOTH
KOHJICHCAI[IHHOTO TOTOKY, a BiJHOIICHHS

(io—iﬁ)/(io—ik) — KK waiinpocrimoi
KOHJICHCAI[IHHOI ycTaHOBKH (0e3 pereHepariii).

Takum uyuHOM, piBHsHHS (36) HaOyBae
BUTIISAY:

Mip= 77i,1<|:(1+ Ap)/(1+ Apni,x)} . (38)

3 piBasHHA (38) BUOHO, MO Yy BCIX
Bunazakax, komu A,>0, KKJI perenepatuBHOro
OUKITY 7. YdM OUIbIINI eHepreTHYHUN
koeQiuieHT A, (ToO6TO podoTa NMOTOKIB Mapw,
sSKi y Bigbip) mpotm poboTH  mapH
KOHJICHCAI[IHHOTO MOTOKY, TUM OlIbIIe eheKT
BiJl 3aCTOCYBaHHs PETeHEPATUBHOTO MiJIirpiBy
(cip=0,7ip=1ix) AHaIOTIYHUN  pe3ynbTaT
Oyne W y TOMy BHUNAJKy, KOJIM Ha MigirpiB
JKUBWJIBHOT BOJM BiJIBOJUTHCS CBiXa mapa (3
JiHii 10 TypOiHH), OCKIIBKH TPH BOMY ig—
ljp.=0 1 eHepreTHuHHil Koe(iIieHT TaKOX
JOPIBHIOE HYIIO.

PerenepatuBHi  migirpiBadi  MOXYTb
OyTH 3MIIIYBaJILHOTO Ta MOBEPXHEBOTO THIIIB.
Y  mipirpiBauax = 3MIIIyBalbHOTO  THUILY
Temonepeaaya Big mapu A0 PiIAMHH
3MIHCHIOETBCST B mporieci  OapOoTaxky Ta
KOHJEHCAlliel0 mapd  Oe3nocepeHbO  Ha
CTpyMeHsIX 1 Kpamisix BoAu. JKuBuibHa Boxa
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opd  OpOMy Moxe OyTu Harpita g0

TeMIlepaTypl  HACHYCHHS  TapH,  SKUH
HAJXOIUTH 3 BigOopy TypOiH.
[TixirpiBaui MTOBEPXHEBOTO TUILY

OyBalOTb 3 OXOJOPKYBa4aMH IEPerpiToi mapu
1 6e3 mei. Ilpm BimCyTHOCTI OXOJOMKyBada
meperpitoi  mapu  TOTIK 3 BigOopy
KOHJICHCYETHCS Ha BCiX MOBEPXHSX
TEII000MiHY 1 TeMmepaTypa BOAU Ha BUXO/I 3
migirpiBaya 3aBkau  Ha  3-5°C  HIKYE
TeMIepaTrypu HaCHYCHHS napu, 1o
KOHACHCYETbCA. Y TiAirpiBadax 3 0XOIO-
JOKyBadeM TeperpiToi mapy Mmicis MigirpiBy B
YaCcTHHI MiAirpiBaya, o o0irpiBa€ThCs Maporo,
10 KOHJCHCYETHCA, IOTIK BOJIU MPOXOAMTS IIIe
yepe3 TOBEpPXHi, JO SKUX IIiIBeJCHHUH
neperpita mapa. Tomy TyT HemorpiBaHHs OO
TEMIIEpAaTypyu HaCHUYCHHS Mapu Bigbopy t,
BUSIBIAETbCA HIK4YE. OHAK OCKIIBKHM BUTpaTa
Mapy TyT BiTHOCHO HeBenwka (y MOPIBHSAHHI 3
BUTPATOI0 KMBUJIBHOI BOJIM), TeMIlepaTypa
BOAM  TMHCIs  TIOBEPXHEBUX  MIiAIrpiBadiB
3a3BHYay 3aJUIIAETHCSI HIDKYIOIO 1.

IMlpu opmiii 1 TiH »xe Temmeparypi
JKUBWJIBHOT BOJM, YMM MEHIIE HEJOrPiBaHHS
mo t, TuM Oimelme poboTa TOTOKY Napu
BinOopy 1, sk BuUAHO 3 piBHsAHHA (38), TUM
BUIIOI0 € TEIUIOBA €KOHOMIYHICTh YCTaHOBKH.
3 1[bOTO BUILIMBAE, IO HAWOUIBIINIA €EeKT Bif
pereHepamii ~ Oynme  mpu  3acTOCYBaHHI
MiirpiBaviB 3MilllyBaJIGHOTO THITY.

3anexnicte  (38) omepkana s
KOHJICHCAL[IHHOT YCTaHOBKM, ILIO0 Ma€ JIMIIE
pereHepatuBHi Bigoopu. Skmo mopsa i3
BifOOpaMH Ha pereHepaTHBHUI MiAirpiB y
MApOCHIIOBI YCTAaHOBIII € Bi0OpPW Tapu Ha
MPOMUCIIOBI TOTpeOM Ta Teruiogikaimi, TO
sanexHicth Mk KKJ[ i3 BupoOHunTBa
eJIEKTPOCHEePTil 7Jirgy; VIS IIi€1 YCTAHOBKH 1
KK 7 Amg d9ucTto  KOHJACHCAIiHHOI
YCTaHOBKH Ma€ BUTJISLI;

3 1+ Ap+ A
i1en = ni,x1+ni,K(Ap+ATn) , (39)
2 tialio=iya)
Je Ay =—2 (40)

1. BukoHaHo cHCTEMATH3aII0 Ta aHali3
HasIBHUX METOJIB OILIHKM ITOKa3HHUKIB SKOCTI
€JIEKTPOCTAHLIM pi3HUX THIIB, a camMe
TEIJIOBOI E€KOHOMIYHOCTI, IT0Ka3aHO BILINB

€ BiTHOIIEHHS POOOTH MOTOKIB MapH,
II0 BiBOJATHCS JIO TEIIOBOTO CIIOXKMBAva, 110
pOOOTH KOHIEHCAIIIITHOTO TIOTOKY.

3 piBusHEs  (39)  BuAHO, 1O
pereHepaTUBHHUN IMAIrPiB KUBUILHOI BOAH HA
YCTaHOBKaX 3 KOMOIHOBaHMM BHPOOJICHHSIM
eJIEKTPOCHEprii Ta Temla B TEIJIOBOMY
BiTHOIICHHI TakoX e(QEeKTUBHUH 1 THM
OUIBIIIOI0 MipOIO, YHM BWINEC 3HAYCHHSA
eHepreTuyHoro koedimieara A, OmgHak 3a
OJIHUX 1 TUX K€ 3HaueHb A, BiJHOCHA 3MiHa
KK/ 3 BupoOHHITBa enekrpoeneprii Ha TEIL]
mren  Menme 3mimm KK 7 s
KOHZICHCAIIHHOI yCTaHOBKH.

Enepretnuni xoediuienTn A, 1 Ay
3aJie)aTh SK BiJl BIJHOCHHUX BUTPAT IOTOKIB
Mapw, MO CIPSMOBYIOTHCS y BiaOip, Tak i Bix
nepenagy CHTAITBITIT (io—j), 110
BUKOPUCTOBYETBCSA B TypOiHi. UuM Hmxue
TUCK Y BiIOOpi, TUM IIPH OTHAKOBUX BUTPATaX
mapu y BimOopi Buiie aOCONIOTHE 3HAYECHHS
koediienra 1 Outblmidc  edekt,  AKUU
HanaeTbes Bigobopom Ha 3miny KKJI. Tomy ans
TypOiH 3 TIPOTHTHUCKOM pereHepaTHBHUN
MigITPiB MiABUINYE €KOHOMIYHICTh YCTaHOBKH
(30inbIye  BUpPOOJICHHSI CJICKTPOCHEPTii Ha
TEIUIOBOMY CIIOXHMBAaHHI) TUTBKH TOMi, KOJIH
BiH 3IIHCHIOETBCA JOAATKOBOIO BHUTPATOIO
napu, IOHaJ  HEoOXigHy st moTped
BUpOOHUNTBA. Y TypOiHaxX 3 peryjibOBaHHMHU
BiOopamMu  pereHepaTWBHI  BigOopu, po3-
TaIIOBaHI Micisl MPOMHCIOBOTO, B PO3PaXYHKY
HA OJHY 1 Ty 3 KIJIBKICTh mapu, M0
BiIOMpaeThCst, MaroTh Oinbiuii Brome Ha KK/
7 TEL i TOMY iHO 3aCTOCYBaHHS
PEreHepaTUBHOTO MIiNIrPiBy >KUBHIBHOI BOAH
Moske rpu3BecTH 0 30inbmeHHs KK/ HaBiTh
Opyd  JIeSKOMY 3MEHIICHHI BHTpaTH Mapu
cnoxuBauesl D,. Omxak 1mo0 He 3aBmaTu
IIKOAM TEIUIOBOMY CIIO)KMBa4eBi, BHTpaTa
napu D, 3MEHIIyBaTH He CJIiJ1 1 pereHepailiro B
101704 YCTaHOBKax TaKOX noTpioHO
3IIACHIOBATH, 301JBIIYIOYHM 3arajbHi BUTpPaTH
napu Ha TypOiHy.

Bucnosku

BUTpaT e€Heprii Ha BJacHI mNoTpeOM Ha
sraueHHs KK enexTpocTaHIiii.

2. [IlpoananizoBaHo BIUIUB pereHe-
PaTHBHOTO TMiJIrpiBy >KHBUJIBHOI BOJM Ha

68



ISSN 2079-1747 Maumno6ynyBanns. 2024. Ne34 Metpodoris Ta iHpopMaliiiHO-BUMIpIOBaIbHI TEXHOJIOTTT

TEIJIOBY ~ €KOHOMIYHICTh  €JIEKTPOCTAHIIMN;
MMOKa3aHo, 10 percHepaTHBHUMA IiIITpiB
mapoo 3 BigbopiB TypOiHm 36impirye KK/
TEIJIOCHEPTeTUYHOI YCTAaHOBKH, HE3BAXKAIOUH
Ha Te, I[0 BUTpaTa mapu 4depe3 TypOiHy mpu
[LOMY 3pPOCTaE.

3. IIpoananizoBaHO BIUIMB HEAOTPIBY
mapu 70 TeMIlepaTypd HACHYCHHS TEIUIOBOi
€KOHOMIYHOCTI  TEIUIOEHePreTUYHOI  yCTa-
HOBKH; BCTaHOBJICHO, IO HAHOUThIMN e(deKT
Bil pereHeparii Oyae TmpH 3acTOCYBaHHI
MiIITpiBaviB 3MIIIYBAIBHOTO THITY.
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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 IKOCTI EJIEKTPOCTAHIIN ITPU MOJIEPHI3AIIII

B po0oTi BCTaHOBJICHI CITIBBITHOIICHHS, $Ki JJ0O3BOJIAIOTh BH3HAYATH OCHOBHI IMOKa3HUKU SIKOCTI
CJNIEKTPOCTAHIIIA MpH X MOJEpHi3alil Ta PEKOHCTPYKIIi, MO SKHX BIJIHOCATHCS, HAcamIepell, TEXHIKO-
€KOHOMIYHI MOKa3HUKH, [0 MOXKE CKJIACTH OCHOBY JUIS aHalli3y IOKa3HMKIB SIKOCTI MojepHi3auii. Buznaueni
OCHOBHI TPHMYMHM BUHMKHEHHS IIEPEBUTpATH NalMBa IIPU MOZEPHi3alil Ta pPEKOHCTPYKLIi: BUMYILIECHE
3MEHIICHHS! CHEPIreTHYHOI0 HABAHTAXXCHHS UYepe3 YAaCTKOBI Ta IIOBHI BiAMOBH ii €JIEMEHTIB Ta TOTipIICHHS
SHEPreTUYHUX XapaKTePUCTHK Ta XapaKTEPUCTHUK MIIHOCTI BHACHIIOK (DI3MYHOrO Ta MOPAIBHOTO 3HONIYBAaHHS
oOnamHaHHSA. BCTaHOBIEHI 3aJeKHOCTI, SIKi BH3HAYAIOTh PEHTAOENBHICTH MOJEpHI3aIili Ta PEKOHCTPYKIIT
o0nagHaHHS eneKkTpocTaHiil. HaBeneHi BUTpaTH, sKi € CyMOIO pIYHHX BHTPAT i HOPMAaTUBHOT'O IPHUOYTKY, TOOTO
XapaKTepu3yloTh BUTPATHY CKIaI0BY €(pEeKTHBHOCTI MOAEpHi3alii. Bu3HaueHO 101aTKOBI BUTpATH NajHBa, SKi
BUHMKAIOTh IIPM KOHcepBamii oOnangHaHHsA. Bu3HaueHO, 10 MOTIpIICHHS SKOCTI NaJnuBa TNPH3BOAUTH [0
HEOOXiTHOCTI 30UIbIICHHsS TMiJICBiYyBaHHS ra3oM abo MasytoMm. [Ipu 1pOMy 30UIbLICHHS MiICBIYyBaHHS
MPU3BOJUTH JI0 30UIBIIEHHS] BUTPATH IAJINBA, SIKE ITOB'sI3aHe 3 MiJICYIIYBAaHHSM MaJIMBa Ta PO3MUICHHIM Ma3yTy.
[TokazaHo, 110 BUTpaTH MajiuBa, SKi IOB'S3aHi 3 MEPEBUTPATOI0 MMalMBa MPH EKCIUTyaralii eHeproOJIOKIiB B
CTAJIMX PEXKUMAaxX pOOOTH MPH YAaCTKOBHX BIIMOBaX, 3ajie)aTh BiJI CEPEHbOr0 3HAYEHHs KoedilieHTa KOPUCHOT
nii. HaBenmeHo, 110 BUTPATH €IEKTPOSHEPTii Ha BJIACHI MOTPEOH 3HAYHOIO MIPOIO 3aJICKUTH BiJl PSKUMY POOOTH
eHeproOJIoKy, Bill HOro HaBaHTaKeHHs. YacTi MyCKM Ta 3YNMUHKH E€HEproOJIOKIiB, 3HMIXKEHHS Ta 3011bLICHHS
HaBaHTAXXECHHS NPU3BOJATH /10 3HAUYHUX MEPEBUTPAT MaJMBa B 3aJI€XKHOCTI BiJ 1X gacToTH i TpuBasocti. TodTo
MepeBUTpaTa MAIMBa 3aJISKUTH Bil poO0oTH eHeprobioka (y mepiox MycKy Ta 3yIMUHKH) Ta KUTBKOCTI ITyCKiB Ta
3YNUHOK.

KIIFIOYO0BI CJIOBA: noxasuuxu sKocmi, eKOHOMIYHICMb, eNeKmpOCMAaHyis, MexXHIKO-eKOHOMIYHI
NOKA3HUKU, MOOEPHI3aYis, enepeo3depelcents

Ax mutyBaTu: Kantok I'. 1., Meseps A. 1O., Bitep B. C., Mamora B. €., Hacupos C. B. Anani3 noka3HHKiB
SKOCTI  €JIeKTPOCTAaHLIA mpu MoxepHizamii. Mawnobydysanns. 2024. Bum. 34 C. 72-81. DOI:
https://doi.org/10.26565/2079-1747-2024-34-07
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ITocTanoBka nmpo0seMH Ta ii 3B'5130K 3 BaXKIUBHUMH HAYKOBMMH Ta NPAKTHYHUMH
3aBJaHHAMH

Y mporeci ekcrutyaranii  00JaHaHHS
€JIeKTPOCTaHIII! BiOYBAEThCS HOTO MOpabHE
Ta (Di3UIHE CTApiHHA.

Hamionanena enepretnuyna Crpareris
VYkpainu g0 2035 poky mnepenbauae mopivHi
IHBECTHIIIITHI BKJIaJIEHHS Ha PEKOHCTPYKIIIIO Ta
MOJCPHI3AIIiI0 HassBHUX €HEePTeTHIHUX
00'extiB, nepeBaxxHo TEC oOcsrom 6mu3bko 1
mipx mon. CkiagHe eKoHOMIUHE Ta iHaHCOBE
CTaHOBHIIE CHEPreTHYHOI Taly3i He T03BOJISIE
3a0e3neynTd  (iHAHCYBaHHS 3a  PaxyHOK
BJIACHUX HAaKOMHMUYEHb YH OFOJKETHUX KOIITIB.

OpHi€ero 3 KIIFOYOBUX MPoOIeM pO3BUTKY
EHEPIeTUKH € 3aTyYCHHS 10IaTKOBHX PECYPCiB
SK 30BHIIIHIX, TaK 1 BHYTPIlIHIX. 3 OISy Ha
me MiHeHepro  TPOBOAWUTH  TOCHTITOBHY
MONIITUKY  3aTy4eHHS KOINTIB  IHO3EMHHX
IHBECTOpPIB Ta KpEIWUTOPIiB MAJs peabimiTamii
TeHEPYIOYHX TDKEpen CNIEKTPOCHEPTII.
Haii6inpm JOCTYITHAMHA KpeauTopaMu
BusiBmics: CBiTOBHMI OaHK Ta €Bporeichkuii
0aHK PEKOHCTPYKINI Ta PO3BUTKY, MOJITHKA
SKHX CTIpsSIMOBaHa Ha PO3BHUTOK
iHQpacTpyKTypu y KpaiHax i3 MepexigHOI0
E€KOHOMIKOIO.

MopnepHizalliss BUpOOHHUIITBA TPOBO-
JUTHCS 3 METOIO YIOCKOHAJICHHSI
XapaKTepUCTUK CHEPreTUYHOTo OO0JIaHAHHS,

sIKe 1I¢ He BUPOOUIIO TEXHIYHUHI pecypc, aje 3a
TEXHIKO-€KOHOMIYHHMMHU  ITOKa3HHKaAaMH  He
BIJIMTOBiTae cydacHUM BUMoraM. MoJepHizamis
MOXX€ BiIOyBaTHUCS B TIEPiOA KamiTaJIbHUX

PEMOHTIB EHEePro0JIOKiB, BKJIIOYAIOUH
PEKOHCTPYKIIIO BY3JiB Ta eleMeHTiB abo ix
3aMiHy.

OCHOBHUMU 3aBJaHHSIMH MOJCPHi3allil
E€HEepToOJIOKIB €:

- TIABUIIEHHS TEXHIKO-€KOHOMIYHUX
nokaszuukiB (KKJI, muromux Butpar, naivsa
Ta TEIUIOTH);

- 3MEHIIEHHS HETaTHBHOTO BIUIMBY Ha
JIOBKIJUIS BIJITIOBITHO JIO MI>KHAPOJHUX HOPM;

- IiABUINEHHS HAIHHOCTI;

- 30UTBIIIEHHS TEXHIYHOTO PECypcy.

Koxne 3 mepenmiyeHWX 3aBHaHb BHpIi-
IIYEThCS 32 JOTPUMaHHSI BHUMOT, cdop-
MYJIbOBaHHUX y HACTYITHUX 3aJa4yax.
Hampuxmaz: HiIBANICHHS TEXHIKO-
E€KOHOMIYHMX TOKa3HUKIB Mae BinOyBaTHCS 3a
JIOTPUMAaHHS BHMOTI €KOJIOTii, HaJiHHOCTI,
JIOBI'OBIYHOCTI.

VY 3B’s3Ky 3 TUM, NMUTAHHS BU3HAYCHHS
TEXHIKO-€KOHOMIYHHIX MOKa3HHKIB pu
MOJIepHi3amii oONagHaHHA € aKTyaJIbHOIO
3a/1a4er0 Ta BIAMOBIA€ CyYaCHUM TEHACHIIISIM
PO3BHUTKY KpaiHH.

AHaJi3 OCTaHHIX JoCTaiTAKeHb | myOuaikanii

AHamizy Ta MIBUIICHHIO TEXHIKO-
exoHomiuHux mokasHukiB (TEIl) TemnmoBux i
ATOMHUX €JIEKTPOCTAHIII MPUCBIYCHO BEJIHKY
KUTBKICTh HAYKOBHX Ta HAYKOBO-TIPAKTHYHHUX
poOit. IligBUIIEHHS TEXHIKO-€KOHOMIYHUX
[MOKA3HUKIB € OJHOK 3 OCHOBHHUX 3a1a4y Hosoi
Crparerii po3BUTKY YKpaiHH Ha Tepioa 10
2035 poky [1].

BaxnuBimmm MTUTaHHSM, SIKOMY
MPUIISIETECS yBara, € aHaii3 Ta IiJBUIICHHS
TEXHIKO-€KOHOMIYHHMX TOKa3HUKIB EJIEKTPOC-
TaHIii B cranmux pexmmax [2, 3, 4, 5].
IIpoBogutbes  kopekmiss  TEII  [6] Ta
EKCIIEPUMEHTAIbHI  JTOCHII/DKEHHS 3 METOI0
nokpamenass TEIT [7]. IlixBuiyeTbcst SKiCTh
aBTOMAaTHU30BaHUX CUCTEM KepyBaHHS
TETUIOBUX EJIEKTPOCTAHIIIN IIISIXOM YTOYHCHHS
KpPHUTEPIiB  ONTUMAIBHOCTI  TEXHIKO-€KOHO-
MIYHUX TMOKa3HUKIB [8] Ta 3ampoBaKyIOTHCS
3aX0H, IIOAO0 TPAKTUYHOI peamizallii 3amad
po3paxynky Ta anamizy TEIl [9]. Ocrannim
4acoM, BHACIIJIOK OOHMOBHX JiH, aKTyaJbHICTh

HaOyBa€  THTaHHS  BOPOBAKCHHS  Ta
eKCIUTyaTallii po3MOAIJICHHX EHEProCUCTEM, Y
3B’S3Ky 3 UHM, IIPOBOIMTHCS OINTHMI3allis
TEXHIKO-€KOHOMIYHMX TOKa3HUKIB JIOKATBHUX
CHCTEM EJICKTPOXKUBIICHHS, B TOMY YHCII 3
TpaH3aKTUBHUM KepyBanHsM [10].

[MopymieHHs MTaTHUX PEXHUMIB PoOOTH
€JICKTPOCTAHIIIH PU3BOIUTH JI0 HEOOXIIHOCTI
MepeBeieHHs] iX B MAaHEBPOBUH PEXKHUM.
Amnamizy, ontumizamii ta migsuiieHHo TEIT
€JIEKTPOCTAHII Ta OKPEMHUX EHEproOJIOKiB B
MaHEBPOBHX PEXHMaxX MPUAUISETHCS BEIHKA
yBara [11, 12, 13].

bepyun g0  yBarm  mpoekTH 3
PEKOHCTpPYKLii Ta MoJepHi3auii eJxeKkTpoc-
TaHIiN, sKi OyAyTh BIPOBAKECHI, B TOMY
yucni, €Bponericekkum CorozoMm B YkpaiHi
IMiCIIs 3aKiHYEHHST OOMOBHX i, BCTA€ IMUTAHHS
€KOHOMIYHOi ~ e(eKTHBHOCTI  MOJEpHi3ailii.
ToMy aHam3 TEXHIKO-€KOHOMIYHHMX TIOKa3-
HUKIB €JEKTPOCTaHIIi TpH iX MojepHizamii
Ha0yBae aKTyaJIbHOCTI.
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ITocTaHoBKAa MeTH TA 3aBAAHHS JOCJiIKEeHHSA

MeTtoro po0OOTH € aHANI3 TEXHIKO-
€KOHOMIYHHX ITOKa3HHUKIB €JIEKTPOCTAHIIIH TPH
MOJIEpHi3aIlii Ta peKOHCTPYKIIii, 0 JacTh
3MOT'Y BU3HAYATH CKOHOMIYHY €(DEKTUBHICTh

MoOJIepHi3alii 3a pi3HUMH BapiaHTaMH
MOJIEpHi3aIlii (4acTKOBa, TOBHA) Ta ITapaMETPH
IHBECTHIIITHOT TTPHUBAOIIMBOCTI.

Bukaan ocHOBHOro MaTtepiaay

B  skocti KpuTepiiB  eKOHOMi4HOL
e(heKTUBHOCTI 1HBECTHII} MPUIHATI: TPHOYTOK
(I) — edexr B aOCONIOTHHX BEIWYMHAX, SAKHI
orpumae TEC B pesynbrari MonepHizanii. Bin
XapaKTepU3yEThCs TEPEBUILCHHAM JO0XOJIB
TEC w©Ham BuTpatamMu 3 BHpOOJCHHS Ta
BIJIITYCKY TETJIOBOI Ta €JIEKTPUYHOI eHeprii.

st oniHKK pUOYTKY MIOPiYHO ab0 Iist
XapaKTepHUX POKIB PO3PaXyHKOBOTO IEpioxy
(mepmmx  pOKiB  eKCIUTyararlii, HaiOiIbII
NpUOYTKOBOTO POKY, KiHIIS MEPiofy), a TaKoXK
JUTSL THBECTHIIHHUX TPOEKTIB 3 HETPUBAIHMH
tepminamu  OymiBauntBa (1-2  pokm) Ta
NPaKTUYHO TMOCTIHHUMHU LIOPIYHHUMHU JI0XO-
JaMH Ta BHTpaTaMH, 3pyYHHM KpUTEpiEM
e(heKTUBHOCTI  KamiTalbHUX BKJIAQIEHb €
YUCTHH PiYHUNA TPUOYTOK:

In=-3, (1)

ne /{ — BapTicTh peaizoBaHOl MPOAYKITT

Ta 1HII J0XOIW TPOTATOM pOKy; 3 — piuHi

BUTpaTH Ha BHPOOJICHHS €JIEKTPOEHeprii, sKi
CKJI/IAIOTHCS 3 HACTYITHHUX EJIEMEHTIB:

3=B+EK, (2
Ie B — mopiuHi  ekcruryartamiiHi
BUTpPATH (BKITIOHYArOUH aMopTHU3aIlifHi

BiJJpaxyBaHHsS Ha peEHOBalil); E — Hopma
npuOyTKy (OaHKIBChKa BiJICOTKOBa CcTaBKa); K
— KalliTaJIbHI BKIIQJICHHS y TIPOEKT.

Penrabenbhicth (R), sika y cBOIO uepry
MOJINSAETHCS HA JIEKIJIbKA BUIIB: peHTaOCNb-
HICTh 1HBECTHUIIiH, TUCKOHTHA pEeHTaOENIbHICTh
IHBECTHIIIM, 3arajbHa pPEHTAOCNBHICTH 3a
npuOyTKOM,  BHYTPIIIHS  HOpMa  peHTa-
OeNBbHOCTI, BiJOOpakae YacCTKy BUTpAT, IO
MIOBEPTAETHCS IIOPIYHO Y BUINISAI HPUOYTKY
TEC a6o AEC:

R= L : 3)
K
Ilepion moBepuennss kamitany (7)
(TepMiH ~ OKymHOCTiI  iHBECTHIIH,  SKAU
BKJIJICHO B MOJIEPHI3aIlil0):

r-L1_ 1 4)
R K

Sxmo mepion MOBEpHEHHS KamiTary
MEHIIMIA 32 TEepMiH CIyXOW, TO I1HBECTHIIIi
MOXXHA BBaXXATH €()EKTHBHUMH.

HaBeneni Butpatm (3), siKi € cyMom0
piuHuX BUTpAT (coOiBapTOCTi) i HOPMATHBHOTO
mpuOyTKy, TOOTO XapaKTepU3yIOTh BUTPATHY
CKJIaIOBY €(heKTHBHOCTI MOJICpPHi3aIlii.

Po3mip, mio Xxapakrtepusye HWXKHIO
OIMHUITIO BapTOCTI peani3oBaHOl MPOAYKIIii,
KOJHM BIiH 37iMICHIOE 1HBECTHIIl piBHOI[IHHO
IBTEPHATUBHOMY PO3MIIEHHIO KamiTalry 3
HOpMaTHUBOM e(heKTUBHOCTI £

3=EK+21, (5)

ne K — xamitanpHi BKmageHas; [ —

[IOPivHI BUTPATH HAa BUPOOJICHHS €NeKTPHIHOI

Ta TerioBoi eHeprii Ha TEC, mo BKIIOYAIOTH
aMOpTHU3alliiiHi BijpaxyBaHHS Ha PEHOBAIIIIO.

HaBeneni Butpatn € CyMor0 pidHHX
BuTpar (coOiBapTocTi Ta  HOPMATHBHOTO
npuOyTky). Lopiuni  BUTpaTH  MOXHa
BU3HAYUTH 32 TAKOO (OPMYIIOIO;

z ] = [Ka + ]T + ICKOJ'I + ]CKC + ISaM + IpeH + ]pek + [F '
(6)

CrpykTypa BHTpaT Ha BHPOOHHITBO
eneprii Ha TEC, sk 3arajgbHOi TEXHOJOTIYHOT
CXeMH, TaK 1 TIJACHCTEMH Ta OKpPEMHX
eIEMEHTIB  OJJHAaKOBa 1  CKJAJaeThcs 3
HaHO1IBIT XapaKTePHHUX CTaTeH.

YKpynHeHa cyma BUTpAT Ma€ BUTIISI:

Z:Ii :IKi+ITi+ICKCi' (7)

OpnHak, BpaxOBYIOUM 3HAYEHHS JIO
BUMOT €KOJIOTii Ta HaIiliHOCTI 3pOCTaE,
BUHHKAE HEOOXI1IHICTH y BUIIJICHHI]
(BiIOKpEeMIICHH1) BUTpAT Ha I1i CTATTi:

XL=1,+1,+1 ,+1,+1;, (8)

exci eKOJT

ne [, — Burpatm TOB's3aHi 3

Tl
HAJINHICTIO, SKI MOXKYTh BXOJIUTH JI0 CKJIAIy
Oy/Ab-SIKMX 3 BUILE IEPEpaxoBaHUX BUTpAT.
Aie KOMIUIEKCHUI HiIXig bi (e}
onTtuMisalii moTpedye BuaineHHs Butpar /; y

camocTiiHy  crartio.  CraTTiO  BUTpar,
MHOB'I3aHUX 3 aMOpTHU3aIli THUMH
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BigpaxyBaHHsAMH  ([;), A OKpeMHX 2B =2B_ +AB +AB_+AB_+ AB,,

IiJCUCTEM Ta EJIEMEHTIB BHM3HAYMTH BaXKKO, (11)

aje TpH TIOCTANHIM Ta  TOCJIIEMEHTHIN ne YB_ - purpara namsa s
TH

onTuMi3zauii 15 cKjIaz0Ba HEOOXiaHA.

Burpatn nanuMBo, € OCHOBHUMH IS
TEC. BoHm BW3Ha4arOThCS 3 YpaxyBaHHSAM AB, - Brparn (unepeBurpara) mnanuBa,
HaWIMOBIPHIIINX  BapiaHTIiB BUKOPHCTAHHS! noB's3aHi 3i 3mMiHOI0 HaBanTaxenns, T; AB, - —
EHEpPreTUYHOT0 YCTaTKyBaHHS €HEProOJIOKiB.

PiyHi BUTpaTH Ha MaIMBO 3aJeXaTh BiX .
BUTPATH MAIKBA, HOTO BUIIB, IKOCTI Ta I[iHHU: omepamiax, T; AB_ — Brparn mnamisa

i BHACJIIOK TPUBAJIOTO pe3epBy (KOHCepBarlii),

3a0e3MneueHHs IMPOEKTHOTO HABAHTAXKCHHA, T,

BTpaTu najJuBa npu ITYCKO-3YIIMHHUX

1
I, :ZBri A, (9) T; ABQ — BTpaTd TMaluBa BHACIIIOK 3MiHH
1

ne B, — Burpara i-ro Buny nammsa, 3a AKOCTIL, T. »
) . o ITpu TpUBAJIiH eKCILTyaranii
aHaI30BaHUH IIEPION, T; Lf; — BapTICTh I-TO CHEproOJOKiB y  peKHMax  YacTKOBUX
BUJY TaJIMBa, 32 MEPioA, IO PO3MISAAETHCS, HABaHTAXXCHb, OOYMOBJICHUX CTapiHHSAM Ta
TPH/T 3HOIIYBAaHHIM  OOJazHaHHA, BiAOyBaeTbCs
3arajbHa  BUTpaTa  HATypaJIbHOTO 30UIBIICHHS BUTPAaTH MajliBa  BHACIIIOK

najvBa eHeproOJioka Moke OyTH BH3Ha4YeHa 3a 3HMKEHHS] EKOHOMIYHOCTI [8].
bopmyioro: Y 1poMy BHINAJKYy BHUTPATH ITaIbHOTO

i i 123Q" MOYXHA BH3HAUUTH TaK:
\y. —6
ZBri =YB = - 10°E, i 123Q° .
1 T M e 2B, =2b; E;=) ——=N,; 7,107, (12)
(10) 1 ani QH
ae iy' — TemIoTa 3rOpsIHHS i-TO ne b, — nuroma BuTpaTta namuBa mpu
namuBa, kJDx/xr; E, = ZN, “T; — KUIBKICTb JacTKOBOMY I-My HaBaHTaxeHHi; 77,; — KK]I
eNIeKTpOeHepril BHUPOOJICHOI Ha I-My MaJuBi, CTaHLIl IpH |-My YaCTKOBOMY HABaHTa)KCHHI;
T,, — Yac 4YaCTKOBOTO i-r0 HaBaHTaKCHHSI.

kBT'rox; 7; —4ac po6OTH Ha i-My TalMBi, FOJI. ri
JUis BU3HAaYeHHS BUTpaTH IalnBa Ha ' 3MiHa BMUTpaTH MaaMBa HOpiFHHHO 3

TEC, 3 ypaxyBaHHSIM 3MiHH HaBaHTaXXCHb, HominampHuM pexnmom (N) 3a mepiont Hacy

IIyCKO-3YIMUHHHUX orepartii, KOHCepBarlii T=21, /i » OyJl€ IPEJICTABIIATH Pi3HULIO:

oOmamHaHHsA, a TAaKOoXK 3MIHM SIKOCTI MajnBa

MOYKHa CKOPUCTATHCS BUPA30M:

p p
2B, =3B, -B=| %y B g
ncqi QH 770 QH
p P (13)
=123—7| X N N =123N —-7 ZN”- 1 1 10°°
QI-I:I) ncqi 770 QPII) N ncqi 770
3a gomomoroio dopmynu (13) moxHa AB, =AB, +AB,,. (14)

BU3HAUaTH 3MIHY BUTpATH MaNWBa, SIK MpU

NepeBeIeHH]  €HEprofioka Ha  MOCTIMHMIA Suavenns  KKIL  (7]q,)  MOXyTH

(TpuBanMii) peKUM eKCIUTyaTalii, Tak i Ha BHU3HAUaTHCca abo 3a JIOIOMOTOI  eHep-
TUMYACOBUH, IO BHUKIUKAETHCS TPUBATHUMH TEeTUYHUX XapaKTePHCTUK EHEproOJIOKiB abo
Bi]MOBaMH B €HEPreTHYHOMY O0JIaAHAHHI. aHAIITHYHO.

I[Ipuy KopoTKOUacHHMX, ajie YacTux Btparn mnammBa 3a yac  3amycky
3HIDKEHHSIX HaBaHTAKEHHS HEOOXiJIHO Bpa- €HEpro0JIOKY BHM3HAYAIOTHCS IIISXOM MiJICY-
XOBYBAaTH 30UIBLICHHS BHUTPaTH NajluBa B MOBYBaHHS BTpaT Ha €JEKTPOCTAHIIII:

pesynbrati mycko-3ynmuuaux onepaniii (AB,

), TOOTO JUIS LOTO BUIIAJKY:
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i ABiHO
_ 1

1o AB]‘[

AB (15)

Ipu upomy AB' cknamaersest i3

T
cyMapHHX BHTpar BiacHe mammBa (AB'),

najvuBa Ta OTPUMaHHS TEIUIOBOI €Heprii BiX
CTOPOHHBOIO JUKepena (Ha 3abe3nedeHHs

nycky) (AB/") Ta nanusa Ha enexrpoeneprito
Biz moGynosauoro mkepena (AB) To6o:
AB™® =AB' +AB" +AB°.  (16)

[lpuiiMatoun €qUHMIA CEKBIBAJICHT —
YMOBHE HaJIMBO, MAEMO:

._B'-Q" -10°
' 29,27
IMepeBuTpara manuBa, BUTPAYCHOTO Ha
OTPUMaHHsI TIApH Bijl CTOPOHHBLOTO JpKepena (3
BiOOpY TypOiH):
A e, 107

, T. a7

AB' . , T, (18)
n. -29,27
i -
ne /[, — cnoxuBaHHS mapu Ha i-My
erami, T, h,h — entamenii mapu Ta
h,—h’
xongencary, kJbk/kr; & = yno—’:“‘ —
hT_hOT
KoeQillieHT  TeIIoTH napu BiOODY;
hO_h;cs L
an — Koe(illieHT HEIOBUPOOJICHHS
T - oT

mapu Bigbopom; hy, h;, h, h, ho, hie —
BiJIMIOBIZIHO, €HTANIBIIIT TOCTPOi Mapu TypOiHH,
Teruto¢ikamiiHoOro BigdOpy, Mapyu Ha BUXJIOII
3 TypOiHM, KOHJEHCAaTy TmTapu BigOopy,
JKUBWJIBHOT BOJIM TIPYU BUKOPUCTAHHI TapH Bij
KoTenbHOI yeraHoBku & =1, To6ro:

il _h'Y. -3

apy = i =1) 10
n'-29,27

HepeBHTpaTa najvBa Ha OTpPpUMaHHSA

€JIEKTPOCHEPTil Bil CTOPOHHBOTO JKepesa Ha
3NIIHCHEHHS ITYCKY:

o (19)

AB? =Ef“ﬁ-1o*, T (20)

776.311
BIT see -
ne E;" — ButpaTn enexrpoeHeprii Ha i-
i nepion nycky, kBr-rox; 7, . — €JI€KTpUYHHMIA

KKJI enepro0iioky, 1o 3a0e3mneuye myck.
TToBcrogne SHIDKEHHS BYTiJILHOTO
MPOMUCIIOBOTO BUPOOHUITBA, 3AJIUIIAIOYUCH

BHU3HAYAJIBHOIO TEHICHLIEID Ha CYy4aCHOMY
eTarmi Ta B HaWOMWKYIH  MEepPCHEKTHBI,
NpU3BENI0O 70  CYTTEBOTO  CKOPOYEHHS
€HEepronocTayanHs y BUPOOHUUMX ranmy3sx. Sk
HACIIJIOK, CIIOCTEPITAEThCS  30UIBIICHHS
TPUBAJIOCTI IPOCTOI0 OCHOBHOTO OOJaTHAHHSI
TEL, TEC Ta AEC [6].

OcHOBHE eHepreTuuHe O0JaTHaHHS, IO
BHBOJIUTHCA 3 Jii, 3HAYHOIO MIpOIO TiIIA€ThCS
TaK 3BaHI CTOSHKOBIH Kopo3ii. KoposiiiHi
MOIIKO/KEHHS 33 CBIIYCHHSM BITYM3HSHUX Ta
3aKOPIOHHUX eKCIUTyaTallifHAKIB ~ PI3KO
3HIKYIOTh ~ HAIIWHICTP Ta JIOBTOBIYHICTH
oOnagHaHHS Ta MOXYTb MPHU3BOJUTU 30KpeMa
JI0 BaXKKHX aBapiil TypOoarperariB. ¥ 3B'SI3Ky 3
M, «[IpaBumamu TexHIUHOI ekcrutyararii
eNEeKTPUIHHUX CTaHIIH i MEpPEex»
PEKOMEHIYEThCSI TP BUBEACHHI TYypOiHH B
pe3epB Ha 7 1i6 i OibIe BXKUTH 3aXO0JIiB JUIA il
KOHCepBaIlii.

OCHOBHI 3aX0I4 Ta BUMOTHA OO METOJIB
Ta 3aco0iB  KOHcepBamii E€HEpreTHYHOro
o0nagHaHHS:

- BOHW NOBWHHI HaJiifHO Ta epeKTUBHO
3abe3neuyBaTH 30epiraHHs BUPOOiB MPOTITOM
3aJlaHUX TEPMiHIB KOHCEpBaIlii;

- OyTH BHCOKOTEXHOJIOTIYHUMH, TOOTO.
HE  BHUKJIMKATH  YCKJIAJHEHHS  IPOILECIB
KOHCepBallii, po3KOHCepBalii Ta AOTISIIYy 3a
BUpoOaMH B TMepioJ] iXHBOTO BUMYIICHOTO
POCTOI0;

- HE YMHUTH HETaTUBHOTO BIUIMBY Ha
1HIII MaTepiaau B Mepioj] KOHCEpBaIlii;

- BIAMOBIIaTH TPUHHITAM HOpPMaM
Oe3neku (BUOyXO- Ta TMOXKEKOOE3NMEUHICTD,

HETOKCHYHICTD, €KOJIOTIYHICTB) Ta
€PrOHOMIYHOCTI;

- OyTM €KOHOMIYHO BWTIJHHUMH Ta
HeJePIUTHIMHU.

Amnanis BCHOTO CHeKTpa 3ar-

POTIOHOBAaHMX HHHI METOMIB 1 3aco0iB
KOHCEpBallii EHEePreTHYHOTO  YCTAaTKyBaHHS
MOKa3zye, IO MOIIYK ONTHMAalbHUX IUIAXiB
BUPIIICHHS 3a3HA4Y€HOI MPOOIeMH 3aBEPIICHO i
Ma€  3MIMCHIOBaTHCS 3  ypaxyBaHHSIM
KOHKPETHOT'O TUITY yCTaTKyBaHHSL.

IcHyroui cmocobu KoHcepBalii MOXHA
YMOBHO PO3JIUIMTH Ha «MOKpi» Ta «cyxi». Jlo
MEepUIMX BiJIHOCUTHLCS 3alIOBHEHHS 00'eMy, 110
KOHCEPBYETbCS,  CICHIAIbHUMH  BOJAHUMH
pO3uuHaMU iHTI0iTOpIB aTMochepHoi KOpo3ii.

3anexkHO B  crmocoOy  KoHcepariii
EHEPreTUYHOro  OONIaJHAHHA,  3MIHIOETHCS
BEJINYHMHA BTPAT NaJUBA.
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[lpu «rapsuiit» KoHcepBalii Mapoio,
JOJAaTKOBa BHUTpAaTa YMOBHOIO IIAJIMBA MOXeE
OyTM BH3Ha4YeHAa 3aJIEXKHO BiI JpKepena
oTpuMaHHs Tapu (3 BigbopiB TypOiHum abo
KOTEJIbHOI YCTaHOBKH) 32 JIOTIOMOTO0 (hopMyIT
(10) Ta (11).

Burtpara €IeKTPUYHOI eHeprii
o0ragHaHHAM, siKe epe0yBae Ha KOHCepBallii,
MPU3BOIUTL TAKOXK MO 30UIBIIEHHS BUTPATH
mamuBa Ha TEC (eHeproGiokax IO ifOTH).
JonatkoBa BUTpaTa MajuBa MPH LOMY MOXE
Oyt BU3HaUeHa 3a ¢opmymoro (20).

TakuM 4YMHOM, CyMapHa [OJATKOBa
BUTpaTa YMOBHOTO MajiiBa Ha 4Yac «rapsdoi»
KOHCepBallii CTAHOBUTUME:

AB,., . =AB! +ABS

KOHC KOHC KOHC !
il
ne AB

KOHC

(21)

— J0JaTKOBa BUTpaTa IajivBa

€

Ha OTpuMaHHs mapw, T, AB’

— JIOJIaTKOBa

BUTpAaTa NaJliBa Ha €JICKTPOCHEPTIIO.

OnamoBaibHi  MPHUCTPOI  KOTEIBHUX
YCTaHOBOK MAalOTh ONTHMajlbHI ITOKAa3HUKH
TITTBKA npu CTIAITIOBAaHHI TMaJIBa,
nepeadaueHoro MPoEKTOM.

BiaMiHHICTE BUIB MajJvBa MPU3BOIUTH
0 CYTTEBOTO BIUIMBY Ha BTpPaTH BiX:
MeXaHiyHOro Hemonany ((4); 30BHILNIHBOTO
0XOJIOKEHHSI ((s); TEIUIOBHX BTPAT i3 MIIAKOM
(0e). TMopyu i3 muMm, SKICTh TajaMBa iCTOTHO
BIUIMBAE Ha BHUTpPATy €Heprii Ha BJacHi
notpebn KortenbHMX ycraHoBok 1 TEC
3arajiaowm, TOOTO pu MTOCTIHHOMY
HABAaHTAXXCHHI (KOTenbHI ycTaHOBKH (Q.y)),
3MiHa SIKOCTI ManuBa (30JbHICTH A, BOJIOTICTh

W, Tteroru 3ropsuus)QY) mpmssomute 10
30UTBIIEHHS] BHUTPAaTH MaJWBa HAa BEIUYWUHY
ABQ.‘: [11].

CymapHuit repeBuTpara rajuBa
3aNIeKUTh Big 301IbIIEHHS BTPAT (3HWKCHHS

KKJI 6pyrTo Anf;’ ) Ta 30LUTBIIEHHS BHUTPATH

estektpuuHoi eneprii (A, ). Burpara nanusa

NP HOBOMY PEKUMi CTAHOBHTUME:

Hj ‘77KYi
TOOTO 3HIKEHHS in <QP ta KKJ 77:;

< 771(65 nmpu Q. =Q, =const BinGynetscs

30LIBIIEHHS BUTpATHU rnajuBa Ha:

0] 0]
ABY =BP -BY = Q % O -mj’—Q,i’i-m;,
SRR Qe Qlpd QU end QU

a00 BIATOBITHO, B YMOBHOMY ITaJINBi:
p

o _ AB® Sm
ABy) =ABy 5o (23)
ny

30iMbIICHHS BHUTPATH TadMBa AB::yA,

1

MoB'A3aHe 31 30UNBIICHHSM BUTpAaTHU Mapu Ha

MiCYITYBaHHS MalliBa, PO3MIICHHS Ma3yTy 1
T.JI.

30iNbLICHHS] BUTPAaTH ManuBa Any_,
1

BHACJIII0K 301IbIIEHHS O, MOKHA BU3HAYUTH

3a hopmyoro:

e BIT 123 -6
AB,, =AE] —-107, r.y., (24)
e
" ay
AEM = B — M = B 2 1| = g 221
i i oy a}(y

KpiM mporo, nmoripieHHs IKOCTi manuBa
NPU3BOIUTH 10 HEOOXIMHOCTI 30UIBIICHHS
mijicBiuyBaHHA Tra3oM abo Masyrom. llpum
EOMY 301IbIIICHHS i ICBIYyBaHHS
MPHU3BOANUTE JI0 301UIBIICHHS BUTPATH MAJTUBA.
TakyM 4YMHOM, TOTIPIIEHHS SIKOCTI IanuBa
MPU3BOANTL 1O  30UNBIICHHS  BTpar B
€KBIBaJIEHTI MTAJINBAa:

_ 6p e
AB,, =AB? +AB;, . (25)

TakuM 4WHOM, 3arajbHa BUTparTa
yMoBHOTO TanuBa (11) Moxxe OyTH BH3Ha4YeHA
3a noriomororo gopmyn (18), (19), (20), (21),
.25).

3 ypaxyBaHHAM KOHKPETHHX YMOB
excrutyatanii TEC, okpeMi cKi1agoBi MOXYTh
JOPIBHIOBATH HYIIIO.

Hamnpuknan: ABQp =0, gxmo Qlfl =Q’

=const; AB__ =0 sxkmo 6mox He

KOHC

3YNHUHSETbCS Ha Tepion Ounpmie cemu [ib;
AB =0, skmo 6mox mHece 6a3oBe
3aBaHTaKEHHS.

[pu tpusaniii excruryarauii (N, <N,)
[IPHU YaCTKOBUX Ta MOBHMX BigmoBax Ha TEC i
AEC BinOyBaeThbcs MepeBUTpaTa MajaiBa uepes
noripmrenns ix KK/I.

[lepeputpata mnamuBa AB Moxe OyTH
BUKJIMKaHA JIBOMa MPUYMHAMH:
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- BUMYIIICHUMU 3MCHIICHHIMH
CSHEPreTUYHOT0 HABAHTAXCHHS EHEeprooOIioKa
abo eJIeKTPOCTAHIIl Yepe3 YacTKOBI Ta TOBHI
BIZIMOBH ii €JIEMEHTIB, ITiJICUCTEM;

- [pH  TOCTYIIOBOMY  3HIKCHHI
rmapaMeTpiB Ta TIOTIPIICHHI EHEPTreTHIHUX
XapaKTepUCTUK Ta XapaKTEPUCTHK MIIHOCTI
BHACHIAOK (Pi3MYHOr0 Ta MOPaIBHOTO 3HOIIY-
BaHHSI oOnmagHaHHsA (Il€ TPU3BOIUTH [0
3HIDKEHHS TOTY)KHOCTI €HEeproOyioKy Topi-
BHSHO 3 HOPMaJbHO pO3PaXyHKOBOIO Ta
I IBHUINEHHS MTATOMUX BHTPAT TAJINBA).

Uepe3 BiifHy TMepeBUTpaTH MalIHBa
BiOyBaeThCcsl 30UIBIICHHSI PIYHHX BHUTpPAT 3a
MaJMBO:

Rm
A]T 2237.1' ‘ABT’ (26)

=1

ne 3 — HaBeJCHI BUTPATH HA HAIMBO Y

anamizosauuii mepion t; AB, — mepesurpara

TaJIMBa B TIEPiOJ .
[lepeBuTpara mammBa 3aJEKHUTh BiJ
IMUTOMHUX BUTpPAT IaJInBa:

AB =bE =b "N, T, (27)

ne b - nwmroma Butpara mammsa
KT
€HEproOJIOKOM, .
KBT-rong
Ak BijOMO, ITUTOM1 BUTpPATH

HATYpaJBHOTO MATUBA MTOB'SI3aH] 3aJIeXKHICTIO:
p

- ny
b, =b,, - o 28)
0,123
ne b, =——— - nmuroma BuTpara
Nex
KI.Y.IT
YMOBHOT'O TIAJIUBA, DLy by, 1 Q-
kBT -rox -

BcraHoBieHi NOpUYMHM  TIEPEBUTPATH
najuBa MpH MOJIEpHI3allii Ta PEeKOHCTPYKIIIi,
OCHOBHHMH 3 SKHX €:

- BUMYIIICHE 3MEHIIICHHS €HEPTeTHIHOTO
HaBaHTAKCHHS €HEproOjoka abo eleKTpoc-
TaHIil Yepe3 4YacTKOBI Ta IOBHI BIAMOBH ii
€JIEMEHTIB, MiACHCTEM;

- 3HWKCHHS T1apaMeTpiB Ta MOTipIIeHHS
EHEPreTUYHUX XapaKTEPUCTHUK Ta XapakTep-
PUCTUK MIIHOCTI BHACHiIOK (i3UYHOrO Ta
MOpaJIbHOIO 3HOLIYBaHHS oOyiagHaHHS (ue
OPU3BOAUTH  JI0  3HWKEHHS  IOTY)KHOCTI

HWKYa TEIUIOTa 3rOpSHHS TajiBa, YMOBHOT'O
Ta HaTypaJbHOTO BiAMOBITHO, KJK/KT.

KKl eneprobmoxy 3 BupoOIeHHS
€JIEKTPUYHOI EHeprii:

ncr = 771<yr : 77Tyz' : 77Tp.1,' : 771“1' (1_ aBl'[T) ! (29)

ne 771<y1' ' nTyT ' 77Tpf ' 771"1' ! aani
BignoBigHo KKJI kortenpHOi Ta TypOiHHOI
YCTaHOBOK,  TpPaHCIOPTY, CJIEKTPUIHOTO

reHeparopa Ta 4acTKa BHUTPATH EJIEKTPUYHOI
eHeprii Ha BIacHI MOTpeOW eHeproOIOKy B
nepiof 7.

Takum uwmHOM, AK BHAHO 3 (26)-(29)
BHUTpATH, TOB'S3aHI 3 TEPEBUTPATOIO0 TAIHBA
Opy  eKcIUTyaTallii EeHeproOJIOKiB B CTalMX
pexuMax poOOTH MPH YacCTKOBUX BiJIMOBax,
3anmexarb Bin cepeanporo 3HadeHHs KK 3a
nepiof .

Crin 3BepHYTH yBary Ha BIUIMB BHTpPAT
Ha TOTpeOM eHeproOJOKiB Ha IEepeBUTPATY
nanuBa. Sk BiOMO, BUTpaTH EJIEKTPOCHEepTii
Ha BJIACHI MOTPeOW 3HAYHOIO MIpOIO 3AJICKHUTH
Bil peXUMy pOOOTH €HeproOIIoKy, Bin Horo
HaBaHTAXKCHHS.

YacTi mycKkH Ta 3yNWHKA €HEProOJIOKiB,
3HWKCHHS Ta 30UIbIICHHS HaBaHTAKCHHS
MOXYTh OYTH BHKJIHMKaHI: YacTKOBOIO Ta
IIOBHOIO BIJIMOBOIO €JIEMEHTIB Ta IIJICHCTEM;
rpadiky CIIOKMBaHHS SHEPrii.

Yacti pexumMu  poOOTH  3YNMUHKH
NPU3BOJIATE JI0 3HAYHUX MEPEBUTPAT TaJIHBA B
3aJIC)KHOCTI Bl 1X 4YacTOTH 1 TPHUBAJIOCTI.
ToOTo MOKHa 3amucary:

7 T=T,

z Bnr = Z Z bri : Neri .Ti ! (30)

NepeBUTpaTa MajuBa 3aleKUTh Bil
pobotu eHeproOyioka (y TepioJ MycKy Ta

synunkn) 7; y pexumax D, >b i N, <N,

Ta KUIbKOCTI IIYCKiB Ta 3yMHHOK Z.

Bucnosku

eHepro0JI0Ky  MHOPIBHAHO 3  HOPMAaJbHO
PO3paxyHKOBOIO Ta TMIiJBUIICHHS IHTOMHUX
BHTpAT MaJINBa);

- TIOTIPIICHHS SIKOCTI MMaIHBa.

Butpart, mnoB's3aHi 3 MEPEBUTPATOIO
najvBa IpH eKCIUTyaTalii eHeproOJIOKiB B
CTallMX pEeXKUMax poOOOTH TIPU YaCTKOBHX
BIJIMOBAX, 3aJI€XKaTh BiJl CEPEIHBOIO 3HAUCHHS
KKI.

Butpatn enexTtpoeHeprii Ha BiacHi
moTpedn 3HAYHOIO MIpOK  3ajJeXaTh Bl
pexuMy poOOTH eHeproOioKy, Bix HoOro
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HaBaHTaXEHHSA. YacTi HyckM Ta 3yNUHKA
EHEproOJIOKiB, 3HIKEHHS Ta 30LIBIICHHS
HaBaHTAXEHHS MPHU3BOAATH O  3HAYHHUX
MEepeBUTpaT ManMBa B 3alEKHOCTI BiJ IX
yacToTd i TpuBanocti. ToOTO mnepeBuTpaTa
MaJMBa 3aJIe)KUTH Bil poOOTH eHeproOioka (y
Mepiof] MyCcKy Ta 3yHHHKH) Ta KUTBKOCTI ITyCKiB
Ta 3yNUHOK.

TloripureHHs SIKOCTI TTaMBa MIPU3BOIUTE
JI0 HEOOXITHOCTI 301MBIIEHHS ITiICBiYyBaHHS
ra3oMm abo masytom. [lpu mpomy 306iTbIICHHS

MiJICBIYYBaHHS TPU3BOIUTH JO 30UIBIICHHS
BUTpAaTH MajuBa. TakKUM YMHOM, TOTipIICHHS
SIKOCTI TIaJIUBa TPHU3BOJIUTH 1O 30UIBIICHHS
BTpaT B CKBIBAJICHTI NaJIUBA.

BcranosimeHni  CHIBBIAHOLICHHS,  SIKi
IO3BOJIAIOTE BH3HAYATH OCHOBHI ITIOKa3HHMKHU
SIKOCTI €JICKTPOCTAHIIIH TIpH 1X MOZAepHi3aIlii Ta
PEKOHCTPYKIIIi, 0 MOXE CKIACTH OCHOBY JUIS
aHami3zy e(heKTUBHOCTI MozepHi3artii
€JIeKTPOCTAaHIIIH.
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ABTOpY 3asIBIAIOTH, 10 KOH(QIIIKTY iHTEpeciB moa0 myoiikamii pykomnucy Hemae. Kpim Toro,
aBTOPH TIOBHICTIO JOTPUMYBAIWCh €THYHUX HOPM, BKIFOUAIOYM IUIariat, Qamscudikailito JaHux Ta

MOJIBiHHY ITyOJTiKaIlito

Cnucok eukopucmanoi 1imepamypu

1. besneka, eHeproe)eKTUBHICTh, KOHKYPEHTOCIIPOMOXKHICTD : HOBA €HEPreTUYHa CTpaTeris YKpaiHH 10
2035 poky. — Pexxum poctymy : https://niss.gov.ua/sites/default/files/2015-04/Energy%20Strategy.pdf (marta
3BepuenHs 8. 10. 2024)

2. I'KJ] 34.09.103-96 Po3paxyHOK 3BITHHX TEXHIKO-CKOHOMIYHHUX MOKAa3HHUKIB EJICKTPOCTAHINI PO
TEIIOBY €KOHOMIYHICTb o0OyaHaHHS. MeToanyni BKa31BKH. - Pexum JIOCTYIy
https://online.budstandart.com/ua/catalog/doc-page?id_doc=61080 (nara 3BepHenus 8. 10. 2024)

3. Hy6oBcekuit C. B. TexHIKO-eKOHOMIYHI OIIHKH IEPCIIEKTUBHUX HPUPOJIOOXOPOHHHUX TEXHOJOTIH

TerutoBoi eHepretuku Ykpaiau / C. B. lyooscekuii, B. C. Kobepuuk // IIpoGiiemu 3araapHOT eHEPTeTHKH. —
2013. — Ne 2(33). — C. 49-56.

4. 3ano3unoBa 0. C. ExoHOMIUHI Ta cOIliaibHI MPOoOJeMH PO3BUTKY MPOMHUCIOBOCTI : MoHorpadis / 1O.
C. 3ano3noBa ; HAH VYkpaiuu, [H-T ekoHOMiKkH npoMucioBocti. — 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. JIro6unk JI. M. Koppekiys aBTOMaTH3MPOBAaHHOTO pacyeTa TEXHHKO-3KOHOMHYECKHX IOKa3aTesei
sneprodnoka / JI. M. JIwob6uuk, I'. JI. [punbepr // BicHuk HaiioHaJbHOrO TEXHIYHOTO YHIBEPCHUTETY
«XapKiBCBbKUI MNONITEXHIYHUH I1HCTUTYT». Tematnunuii Bunyck: CuUcCTeMHHMIl aHami3, yNpaBiiHHA Ta
iH(popMamiiHi TeXHOIOTIi : 30. HayK. npamp. — Xapkis : HTY «XIII», 2006. — Bum. 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. Iigsumienns sskocTi ACY TemIOBHX €IeKTPOCTAHIIHN IIIAXOM YTOYHEHHS KPHUTEPIisS ONMTHMAIbHOCTI
TexHiko-ekoHomiunnx mnokasHukie [/ I. C.I'pingenxo, T. IO.Bacunens, O. B. Kympisnos, O.
M. bausuunuenko, T. M. @ypcosa // MamunoOynyBanus : 30. Hayk. np. / Ykp. iHxk.-nieJ. akaa. — XapkiB,
2023. — Bum. 31. — C. 71-79. DOI 10.32820/2079-1747-2023-31-71-79

9. [Manrteneesa 1. B. Peanizamis 3amau po3paxyHKIB Ta aHalizy TEXHIKO-€KOHOMIYHHMX MOKa3HHKIB
TerioBux enekTpuunux craumii / 1. B. Tlanrteneesa // Enepretnka ta Enexrporexnika. Haykosi mpari
BHTY. —2017. — Ne 4. - C. 1-6.

10. Benoxa I'. C. OnTuMizaliis TEXHIKO-€KOHOMIYHUX MOKA3HUKIB JIOKATBHUX CUCTEM €JIEKTPOKHUBIEHHS 3
TpaH3aKTHBHUM KepyBaHHsaM : MoHorpadist / I'. C. Bexoxa. — Kuis : KIII im. Iropst Cikopcbkoro, 2023. — 127

c.

11. Iymexkenko C. B. TexHiKO-€KOHOMIYHi TOKa3HUKM BUpoOHUIITBA enektpoeneprii AEC B
maneBpeHomy pexumi / C. B. Llynexenko // [Ipobnemu 3aransHoi eHepretuku. — 2016. — Bum. 1. — C. 34-
40.

12.  Kob6epuuk B. C. TexHiKO-eKOHOMIUHi MOKA3HUKU TEXHOJOrIH TEIJIOBOI €HEPTETHKH, IO
eKCIUTyaTyroThcsl B MaHeBpeHHX pexumax / B. C. Kobepuuk // The Problems of General Energy. — 2021. —
issue 3(66). — Pp. 36-42. DOI.org/10.15407/pge2021.03.036

13.  Kob6epuuk B. C. Burparn majuBa TEXHOJOTiH TEIUIOBOi €HEPTETHKM B MAaHEBPEHUX pexumax / B.
C. Kobepuuk // Tlpobmemu 3aramproi emepretukn. — 2020. — Bum 4(63). — C. 45-49.
doi.org/10.15407/pge2020.04.045

Crarrs Haaiiuwia s pegakuii 10. 10. 2024 CrarTst pekoMeH0BaHa 710 ApyKy 25.11.2024

79


https://niss.gov.ua/sites/default/files/2015-04/Energy%20Strategy.pdf
https://online.budstandart.com/ua/catalog/doc-page?id_doc=61080

ISSN 2079-1747 Maumno6ynyBanns. 2024. Ne34 Metpodoris Ta iHpopMaliiiHO-BUMIpIOBaIbHI TEXHOJIOTTT

'"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
WITERV,,
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
'NASYROV S,
Postgraduate student of the Department of Automation, Metrology and Energy Efficient Technologies
e-mail: nasirov1980@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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AEKOMIIO3UIIA TEXHIKO-EKOHOMIYHHUX TOKA3HHUKIB SIKOCTI
EHEPI'OBJIOKIB EJIEKTPOCTAHIIN

B crarrti HaBeneHa CTPYKTYpHa cCXeMa JCKOMITO3MINI TEXHIKO-CKOHOMIYHHMX TOKA3HUKIB SKOCTI
€HeproOJIOKiB TEIJIOBUX Ta aTOMHHX €JIEKTPOCTAHIH Ta CTpyKTypa popMyBaHHS eKOHOMIi pecypcis. [TokasaHo,
O B SKOCTI KpUTepis e(PeKTHBHOCTI €Hepro30epekeHHs MoKe OyTH pEeKOMEHIOBaHA MUTOMAa BEIMYHMHA
eKOHOMII eHeprii B OyIp-SIKOMY 3 €IIEMCHTIB CXEMH eIIEKTPOCTaHIll BiHOCHO CYMapHOTO BHPOOJICHHS
€JIEKTPOEHEPTii EHEeprodIOKOM, SKOMY HAJICKUTh IeH eneMeHT. HaBeneHo naHi oMo BUTPATH EIEKTPOEHEpTii
Ha BJIacHI TOTpeOM KOHICHCAIIIHOT eNIEKTPOCTAHII] 3aJeKHO BiJl MOTYKHOCTI €HEProOJIOKiB, MOYATKOBHX
napameTpiB Mapu Ta BuAy majguBa. HaBeneHoO, 110 BUKOPUCTAHHS METOIB CKBIBAJICHTYBaHHS Ta JCKOMIIO3HUIIIT
IOpU  JOCIHIKEHHI eHepro30epeKeHHs, MOXXKHAa pO3pOOMTH CTPYKTYpHI cXeMu (OpMYyBaHHs IOKa3HUKIB
e(eKTUBHOCTI (€KOHOMIYHOCTI, HaJIHHOCTI TOIIO) ISl OYAb-1KOT TEXHOJOTTYHOT CXeMHU (CHCTEMH) eIEeKTPUIHOT
CTaHIi B 3aJIe)KHOCTI BiJi BUTpaTH INepBUHHOI eHepril. Bu3HaueHO ICTOTHY HEraTMBHY pOJib y BUpIILEHHI
npoOJieM eHepro- Ta Pecypco30epeXeHHS Ha TEIUIOBHX 1 aTOMHHX EJCKTPOCTAHINSIX 33 PaxyHOK BIACHUX
NoTpeO, SKa IOJISATae y BiCYTHOCTI METOJMKH BH3HAYEHHS e()EKTHMBHOCTI €Hepro30epiraloyux TEXHOJOTIH B
OKPEeMHX CHCTEMax, ITJICHCTEMax Ta eJIEMEHTaX TEXHOJIOTIYHOI CXEMH eJEKTPOCTaHNii Ta BIUIMBY iX Ha
3araJlbHOCTAHIIIHHI TEXHIKO-CKOHOMIYHI MOKa3HWKH. [IpoBemeHO aHaji3 dYacTKM OKPEMHX arperariB Ta
MiJICHCTEM Yy BUTpATi eJIeKTpOeHepTii Ha BiacHI motpebu. [lokazaHi BUTpaTH eNeKTPOCHEPTIi Ha BIacHI MoTpeOn
B 3aJIOKHOCT] BiJi HABAaHTOKEHHS Ta MapaMeTpiB eHeproOioky. Po3pobieHo cTpyKTypHY cxemy (OpMyBaHHS
€KOHOMII TpH BUPOOHHUIITBI €NEKTPOCHEPTil Ha eNIEKTPOCTAHIINX, sIKa JO3BOJISIE OILIHIOBATH €(EKTUBHICTH Ta
B3a€MHHUIA BIUTHB €HEPT030epiralounx TEXHOJIOTIN y OyAb-sKii micucTeMi Ta ii eleMeHTax.

KITIO90BI C/IIOBA: mexHiko-eKOHOMIYHI ~ NOKA3HUKY,  eHep2030epedcents,  eKOHOMIYHICMb,
eneKmpoCmanyis.
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IHocTanoBka nmpo0sieMHu Ta ii 3B'130K 3 BaKJIMBHMH HAYKOBMMM Ta NPAKTHYHHUMH
3aBJaHHAMH

TemyoBi Ta aTOMHI €NEKTPUYHI CTaHLIT €
CKJIaJHUMU TEXHIYHUMHM CHUCTEMaMH, LI0
CKJIAJAlOThCSl 3 IIJCUCTEM Ta €JIEMEHTIB, IIO
3a0€3MeYyIOTh BHPOOJICHHS EJNEeKTPUYHOI Ta
TernoBoi eHeprii. Ilpu npoMy, B3aeMoaiouH B
€IMHOMY TIpOIleci, BOHH BHKOHYIOTH pi3HI
¢yHKIii, gk 3a0e3meuyroTh  BHPOOJICHHS
e”Heprii, 1i nmepegauyy 1 TEpeTBOPEHHS;
T ABUIIYIOTh e(heKTHBHICTh BHPOOJICHHS
eHeprii; 3a0e3neuyroTh BHCOKY HAIIHHICTh Ta
JOBTOBIYHICTh  (DYHKLIOHYBaHHS, SIK Yyci€i
CHUCTEeMH B IIUJIOMY, TaKk 1 ii migcucreM Ta
€JIEMEHTIB; 3HWXKYIOTh HETaTHBHUI BIUIUB
eJIEKTPOCTAHII Ha JOBKULIA; 3a0e3MeuyloTh
Oe3neuny poboty 00CITyrOBYHOYOT0
MEPCOHAIY.

HaiiOmmxkuuM  9yacoM, JOHI0 HeEEKO-
HOMIYHUX OJIOKIB B VYKpaiHi JOBeAEThCS
BUPILIYBaTH HIJISIXOM BIIPOBAIKEHHS

MaJOBUTPATHUX, E€KOHOMIYHO YHCTUX
€HEePTrOTEXHOJIOT1H [epeBEICHHS KOH-
neHcamiianx enekrpocrtaniiil (KEC) y pexnm
TEIJIOEIIEKTPOLICHTpaIe (TELD), BIIPO-

Ba/PKEHHsI TEXHOJIOT1H CHallOBaHHS HU3BKO-
COPTHHX ITaJIMB TIPH BHTICHEHHI PIAKOTO Ta
ra3omnonioHoro TIaJINB, YIOCKOHAJICHHS
HU3BKOMOTEHUIHHUX KOMIUIEKCIB TOILO.

VY mpoMy Oyap-sKa eNeKTpUYHA CTaHILS
MOXke OyTH 00'€KTOM CHCTEMHOTO TiIXOY ITiJT
yac aHalmizy piBHIB eHepro30epexeHHs Y
HBOMY. Ockinbku CyMapHU#l  piBeHb
eHepro3Oepe’keHHsT  CKJIaJHOI  TEeXHIYHOI
CHCTEMH EJICKTPOCTAHLIii 3aJIeKHUTh BiJ PiBHS
eHepro30epexKeHHs B MiICUCTEMax Ta OKPEMHX
eJIEeMEHTaX, HeOOXiJHO BCTAaHOBHUTH 3B'S30K 1
B3a€MHMH BIUIMB iX MIX COOOIO 1 cHCTeMaMH B
iJIoMy.

AHaJi3 ocTaHHIX J0ocaiTxKeHb | myOaikamii

[MuTanasM aHamizy, MOCHIPKEHHS Ta
M ABUILEHHIO TEXHIKO-€KOHOMIYHUX
MOKAa3HUKIB  poOOTH  ENEeKTPOCTaHIi  Ta
OKpeMHX ii €JEeMEHTIB TPUCBIYEHO BEIHUKY
KUTbKiCTh HayKOBUX poOiT. Haiibinbir moBHO B
JIiTepaTypi BiOOpa)keHI MUTAHHS ITiIBUIICHHS
TEXHIKO-€KOHOMIYHMX TOKa3HUKIB  poOoTH
OKpEeMOTro o0aTHaHHS, HATPUKIIA],
MiJABUILIEHHS IIOKa3HUKIB SAKOCTI CHCTEMH
aBTOMAaTUYHOTO peryJIOBaHHS
TypOOTeHEepaTOPHHUX YCTaHOBOK [1],
MiBUIIEHHS e(QEeKTHBHOCTI POOOTH CHCTEM
HU3bKOIMOTEHI[IHHOTO KOMIUIEKCY [2],
MiBUIIEHHS eKCIUTyaTalliifHOT HaJiiHOCTI Ta
e(heKTUBHOCTI oOnaHaHHS KOTETbHHUX
YCTaHOBOK TEIUIOCICKTPOCTaHIIN [3] Ta iHIIe.
JlocuTs  BHUYEPIIHO  OCBITJIICHI  MUTaHHS
BU3HAYCHHS 3arajbHOCTAHIIMHUX TEXHIKO-
€KOHOMIYHMX IOKa3HUKIB [4, 5] sk B cTaloMy
pexuMi pobOTH, Tak i B MaHeBpoBux [6, 7].
[limBUIIYIOTBCS  TEXHIKO-€KOHOMIYHI TIOKa3-
HUKA SK [UISIXOM YAOCKOHAJIECHHS CHCTEM
KepyBaHHs [8, 9] Tak 1 HUISIXOM ONTUMI3aIT

peXuMiB poboTH oOaHaHHS [2],
YIOCKOHAJICHHS SIKOCTI BUMIpioBaHb [3] Ta
BIIPOBAJ)KCHHS aBTOMATHU30BAHOTO
po3paxyHky [10].

Kopucni  HampaiioBaHHs B IbOMY
HaNpsMy 3HAWIUIA CBOE BIiJOOpaKCHHS B
HaIllOHAJIBHIT EHEepreTHYHIN Crparerii
VYkpainn Ha mepiox mo 2035 poky [11]. B
eHepreTruHiii CtpaTerii MUTaHHS ITiBUIIICHHS
TEXHIKO-CKOHOMIYHHMX  ITOKa3HUKIB  CHCTEM
reHepartii, po3MnoJily Ta CHOXXUBAaHHS E€HepTii
3aiiMalOTh MPOBITHY POJIHF Ta OOIPYHTOBAHO
JIOBEJICHA TX aKTyalbHICTb.

Hespaxkatouu Ha 11e, B HasBHii HAyKOBIil
MeTononorii  Opakyr0  HaJeXHOI  CHCTe-
MaTu3alii  Ta  YHOPSIKYBaHHS  TEXHIKO-
€KOHOMIYHHUX [MOKa3HUKIB 3a BUIIOM
oOjasHaHHA Ta iX MAMOPSIKOBAHOCTI, IO HE
Jla€  TIOBHOIO  MIpOI0 TPOTHO3YBaTH  Ta
BH3HAYaTH BILJIUB OKPEeMHUX eHep-
ro30epiratoumx 3axoJ(iB Ha 3arajbHi TEXHIKO-
€KOHOMIYHI TOKa3HUKH.

IlocTaHoBKa MeTH Ta 3aBJAaHHA JOCTiIKeHHS

Metoro poOOTH € YHOPSAKYBAaHHSI Ta
iepapxizamisi TEXHIKO-€KOHOMIYHHX IOKa3-
HUKIB SIKOCTI €JIGKTPOCTaHIIH Ta T OKpeMHX
€JIEMEHTIB Ta BU3HAYEHHsS iX B3aEMHOTO

BIUIMBY y Oyap-akiii mincuctemi Tta i
€JIeMEHTaX IUITXOM BUKOPUCTAHHS METO/IiB
JICKOMIIO3HUIIIT Ta €KBIBAJICHTYBaHHSI.
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Bukaan ocHOBHOro MaTtepiary
1./lekoMno3ulisi TEXHIK0-eKOHOMIYHHNX MOKA3HUKIB AKOCTI

OmauM 3 OCHOBHHIX ITOKa3HHKIB e(dek-
THBHOCTI € TIHTOMa COOIBapTICTh EJICKT-
poeHeprii, 10 BUPOOIISIETHCS Ha
€JIEKTPOCTAHIIISIX, sIKA B OCHOBHOMY 3JIC)KHTh
Bi mmToMOi BHTpaTH mamuBa Dy, (manuBHA
ckimamoBa — 80% Big cobiBaprocTi, T00TO C,
=f(by) (rpw/xB1-Tox). [InTOMa BUTpaTa nManusa,
TOOTO TEPBHHHOI e€Heprii 3aJeKUThb BiA

xoedinienta kopucnoi aii (KKJI) TEC 7, abo
eHeproomnoky by, = 123/7,, xr/kBrrox. KK/

TEC, sk ckiIagHoi TEXHOJOTIYHOI CHCTEMU
3anexuth Bifg KKJI oCHOBHUX MiJcHCTEM Ta
€JIEMEHTIB:

- KOTCJIbHI YCTaHOBKH 7], ;
- Tpy6OonpoBoaiB 77, ;
- TypOOYCTaHOBKY 7], ;

- eJIeKTporeHepaTopa 7, ;
- BUTpaTH eJEKTPOCHeprii Ha BJIacHi

norpebu «, , TO0TO:

BIT ?

e = M0 ey Ty (L= ) (1.1)

Ha ocHosi ¢izuunoi moaeni TEC (puc.

1) 3 BHUKOPUCTAHHSIM METONy JECKOMIIO3UIIIT,
PO3pOOJICHO CTPYKTYPHY CXEMY JIEKOMITO3HIii
TEXHIKO-CKOHOMIYHHMX IOKA3HUKIB E€HEpProo-
nokiB (puc. 2). HaBemeHOo IeKOMITO3HINIIO
MUTOMOI BUTPATH YMOBHOTO TalTUBA 3aJIEHKHO
Bin KK TEC 3 BupOOJEHHS eIeKTPUYHOI

eneprii 77,. KKJI TEC 3zanexurts Bin KKJI
mijcucTeM: KotenpHs ycraHoBka (KY) — 77, ;
tpybonposonu (TP) — 7, TypGoarperary

(TA) — 17,,, AKi y CBOIO 4Yepry 3aleXHuThb Bij
BUTpAT eJIEKTPOCHEeprii Ha BIACHI TOTpeOn
o, . Jlana Meroquka anpoOoBaHa Ha JEAKUX
TEC Vkpainu i1 30kpeMa Ha 3miiBebkiit TEC, i
MIPOJIOBXKY€ETbCA 1 BKIIOYEHHA J0 AaBTOMa-
TU30BAHUX CHCTEM YIpPaBIiHHSI  €HEepro-

omokamu (ACY) Ta cuCTeMHU AiarHOCTYBaHHS
(ACYTII).

VY tabmuui 1 HaBeneHO nesKi AaHi MI0A0
BHUTpATH CJICKTPOCHEPrii Ha BIACHI IOTpeOH
KEC 3anexxHo Bii MOTY>KHOCTi €HEproOJIoKiB,
MOYaTKOBUX MapaMeTpPiB Mapy Ta BUAY MAIKBA.

OueBuaHa HEOOXiAHICT mudepeHITiamis
[LOTO TMOKAa3HHWKA IOJI0 OKPEMHUX EJIEMEHTIB,
TEXHOJIOTIYHOI ~ CHCTEMHM  eNeKTPOCTaHIIii,
TOOTO BH3HAYATH POJII KOXKHOI MIJICHCTEMH Ta
KOKHOTO €JIEMEHTa B CHeproz0epekeHHi
(3HKEHHSI BUTPATH EPBUHHOL €Heprii).

[Ipu mociimkeHHi eHepro30epeKeHHs B
CHEePreTHIll IIMPOKO BUKOPUCTOBYIOTH METO[
€KBIBaJIGHTYBaHHA, TOOTO 3aMiHM TpYIHU
OKPEMHUX CIIOPITHCHHMX €JIEMEHTIB  OJHHUM
YKPYITHEHHM €KBi1BAJICHTHHM. Exsiga-
JICHTYBaHHS IIMPOKO 3aCTOCOBYETHCS MPH
JIOCTIDKEHHSAX Y TEIUIOCHEPTreTUIll — 3aMiHa
TPyl KOHJCHCATHUX, KUBHILHUX, MEPEKEBUX

Ta OUPKYIAITHIX HACOCIB OJIHAM
(eKBiBaJICHTHUM); TapalieIbHUX TPyH MifJir-
piBadiB — OJHI€IO; MapajelbHUX HUTOK

naponpoBoziB Tomo. Lle n03Bosse 3MeHIINTH
KUJIBKICTh ~ MaTeMaTWYHUX  MOJEJIell  Ta
CKOPOTUTH dYac JAochimkeHb. OJHAaK TpH
LBOMY €KBIBaJICHTYBaHHS NPU3BOIUTH [0
3HIDKEHHS JIOCTOBIPHOCTI KIHIIEBUX pPE3YIlb-
TaTIB JOCIIHKEHHS.

BukopucToByoun = METOOM  JEKOM-
mo3uuii  Ta  eKBIBaJICHTYBaHHS,  MOXHa
pO3pOOUTH CTPYKTYypHI cxemH (HOpMYBaHHS
MOKA3HUKIB e(eKTUBHOCTI (€KOHOMIYHOCTI,
HaJIHOCTI TOWIO) JUIA OyIb-SKOI TEeXHO-
JOTiYHOT CcXeMH (CHCTeMH) eIeKTPHYHOI
CTaHIIi1 B 3aJIe)KHOCTI Bijl BUTPATH TEPBUHHOT
eHeprii.

Sx  npuknan, MOXHA  PO3IISTHYTH
TEXHOJIOTIuHYy cxeMy eHeproomoky TEC
KoHjaeHcaliiiHoro Tumy (puc. 1). g cxema
po3poOiieHa 3  BHUKOPUCTaHHSIM  METOXLY
ekBiBanienTyBaHHs (Tyt rpynu KH, IIH, T1B/],
IBM, B/] ta iH.) 3amMiHEHi OJJHUM €JIEMEHTOM.
Benuky ponbs B eHeprozdepexxenni Ha TEC
BiJirpa€e BUTpPATH eNEKTPOCHEprii Ha NpHUBiX
HACOCIB, BEHTHJIATOPIB TOIIIO.
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['onoBuuii kopnyc

[TosiTps
-
B/1 TV

ET

Ky [Tanueo - § )

[IBT 2KH KH
[ICT  I[HT

L(H

AT — numora Tpyba; JI — mumococ; ED — enekrpodinetp; BH — Oarepumii Hacoc; KY — kotesnbHs
ycraHoBka; BJ[ — BeHtwmatop ayrTteoBmii; TY — typboycraHoBka; EI' — enektporeneparop; Tp —
tpanchopmarop; I1IBM — kynboBuii 6apadanuuii miuun; [IBT — migirpieau Bucokoro tucky; [ICT — migirpiBau
cepenaboro tucky; [IHT — mimirpiBad Hm3pkoro tucky; KH — xommeHcatHuiit Hacoc; IIH — mmpkynsmiitanit
Hacoc; K — xornencatop; BI” — 6amroBa rpagupHs.

Puc. 1 — IIpunnunosa temiosa cxema TEC
Fig. 1 - Schematic thermal diagram of a TPP

TEYEC |[------- { Me = M 1M1 ey Ty (L= 1,,) ]
T2 e Sl Nl {my=(1—q2—q3—q4—q5—q6)(1—am)]
|
-1 KV TP TA |F---- [ Na = 77t770,‘77M77r77-ry nxy (1_ acm'ra) ]
|
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Puc. 2 — CtpykTypHa cxeMa JeKOMITO3HUIIii TEXHIKO-eKOHOMIYHMX Moka3HuKiB eHeprobiokiB 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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Taoauns 1

Butpara enexrpoeneprii Ha BiacHi norpedu eneprodioky KEC, %

Table 1

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

Ne 3/m N,, MBt Py, MITa T'as MasyTt TBepae mammuBo
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 45-5,1
5 800 23,5 2,2-3,0 1,9-2,4 45-4,9
6 1200 23,5 - 2,1 -

2. CTpyKTypa eHepro3depeskeHHs (eKOHOMIsI pecypciB)

binpm  mOKJIAAHO  3YNMHUMOCS  Ha
JEKOMITO3HIIIT TypOoarperary, o CKIaIaeThCs
3 enektpuaHoro TypOoreneparopa (TI) Ta
typooycranoBku (TY). KKJI 3anexuts Binx
exonomiuHocTi TypOinu (T) #, Ta cucremn
HU3BKOIOTEHIIHHOTO KOMIUIEKCY Fype. Y CBOIO
yepry HIIK Bkmtouae 1p0 cBOro ckiany
KoHIeHcaliiiHy ycraHoBKy (KYT), migirpiBaui
Huzpkoro  Tucky (IIHT) Tta  cucremu
TexHigHOTro Bomonoctadands (CTB).

Ho ckmany KYT BXxonuth KOHAEHCATOP
(K), xonnencarni Hacocu (KH) ta exekropm
(EX); no CTB BXOASTh MUPKYIISIiiHI HACOCH
(I1H) Ta oxonomxkyBanbeHi puctpoi (OY).

IlutomMa BuUTpara eleKTpoeHeprii Ha
notpebn  TEC  3amexuTh  Big  THUIY
enextpocraniii (KEC un TELl), mouaTkoBux
napameTpiB MMapH, BUIY MMajuBa, THITy CHCTEMH

TEXHIYHOIO  BOJOIIOCTAYaHHA Ta  IHIIUX
(akTopi..

Sk BuaHO 3 TaOiuMIl, 30UIBIICHHS
MOTY)XHOCTI €HEProOJIOKIB Ta IMOYaTKOBHX

napameTpiB Hapd NPU3BOAATH 1O 3HHMKEHHS
BUTpAT EJIEKTPOCHEePrii Ha BIACHI TOTpeOn
KEC. Butpara Ha BiacHi moTpeOu 3ajeXHTh
Bix Buay nanusa. Jns Onokie 300 MBrT, mix
yac Mepexoiy Ha MasyT 4d ra3, 3HHKYETbCS
BignoBigHo npubmmu3no 1,53 i 1,61 pasza. s
ostokxiB 800 MBT — 1,801 2,18 paza.

Hnsa  TELl nuroma BuUTpaTta €JeKT-
poeHeprii  po3paxoBYETbCA  OKpPeMO  Ha
BHUPOOJIEHHSI €TIEKTPOEHEPrii Ta Ha TEIUIO, II0
Bignyckaerscs. Tak, mns TEILl, ocuameHoi
TypOOyCTaHOBKaMH T-110/120-130, 3
MOYAaTKOBUM THCKOM Tapu Po=12,7 Mlla, 1o
NpAIIOE Ha MPUPOJHOMY T'a3i, MMTOMa BUTpATa
eJIEKTPOCHEPril CKJIaZae: Ha BUPOOJEHHS
enekrpoeneprii 3,5% 1 Ha BIIMYCTKy Teruia
3,5%.

Hnsa TEL| 3 TypGoycranoBkamu IIT-
135/165-130 mpu Po= 12,7 MIla ta poboTi Ha
BYTULTI Ii BETHYMHU CTAHOBIISTH, BiIMIOBIIHO,
52% Ta 2,7%. ToOro cymapHa BuTpara
enektpoeneprii Ha TEL] cranoBuTh ~ 7,0 %

.

Yactka

OKpPEeMHX arperaTiB Ta

MiICKCTEM Y BUTpPATi EIEeKTPOeHEePrii Ha BIacHI
motpebu mist TEC konwmBaeThcss B IMIMPOKUX
Mexax (Tabm. 2).

Ha BemuuuHy BUTpaTH eJeKTpOEHeprii
Ha BIIACHI MOTPeOW BIUIMBAE €KOHOMIYHICTh Ta
HaBaHTa)XXCHHS eHeproOioky. Y Tabmumi 3
HaBEJICHO BUTPATH €JCKTPOEHepTii Ha BiacHi
notpedn B 3aJEKHOCTI  BiJ THUCKY B
KOH/IEGHCATOpi, MUTOMUX BUTpaTax MNajuBa Ta
3aBaHTOKEHHS EHEProOJIOKiB Tpu poOoTi Ha
KaM'sTHOMY BYT'ULII.

Oco6nuBO  ICTOTHI 3MIHHM TNHTOMHX
BHUTpAT eNeKTpOoeHeprii mijg dYac poboTh y
sminaux  pekumax (mpu  Ni/N<60%) mis
eHeproOiokiB mortyxkHictio 160, 200 i 300
MBT, T.4. B 1aHOMY Aialla30HI HABAHTAKEHb Y
poOOTI 3HAXOIATHCS KUBHJIbHI HAcOCH 3
€JIEKTPOTIPOBOJIOM.

3 Tabi. 2 BHMIUIMBAE, 110 HAHOLIBII
CYTTEBUMH MOTpeOaMH BIACHHUX IOTpeO aJst
KEC 3 eneprotnokamu notyxHictio 160-200
MBT, 1mo npamoTs Ha BYTUUIl €: KUBUIbHI
HacoCH, OCHaIleHi €JIEKTPOTIPUBOJAMU;
TATOAYTTHOBI YCTaHOBKH; IMHJIONPUTOTYBAHHS;
mupkyisiniiai - Hacocw. Jimst KEC 3
eHeproookamu 300+800 MBT, 1m0 npaioTh
Ha MasyTi, ra3i abo X KOMOiHaILlli — KUBUIIbHI
HACOCH; TSATOMYTTHOBI YCTaHOBKH;
uupkyssiniiai Hacocu. s TEL] —xuBmibHI
HacocH, TemodikaniiHi HacCOCH; TATOLyTTHOBI
YCTAaHOBKH; IUPKYJISIIHI HACOCH.
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Taoauns 2
YacTkn (f; OKpeMMX MJICUCTEM Bill 3aTalbHOi BUTpaTH (X,
Table 2
Shares of individual subsystems in total cost
Ne 3/m Enemenr, miacucrema %
1 JKuBuibpHI HacocH 10-40
2 Tsira ta myTTs1 20-35
3 Hupkynsniiiai Hacocu 0-20
4 Temnodikaniiiai Hacocu 0-35
5 [MunonpurotyBaHHs 0-20
Taoauus 3
Butparu enexkrpoeneprii Ha BiacHi motpedu
Table 3

Electricity consumption for own needs

IotysxHicTh 610Ky, Tuck P, [Iuroma BuTpaTa nanuBa, HaBaHTaXXeHHA %, &, , %0
MBr Klla 100,0 80,0 70,0
300 3,50 330 3,8 336 4,1 340 4,3
500 3,74 328 4,3 333 4,7 340 4,9
800 3,50 324 3,7 331 4,0 336 41
Y  cywacHiii  eHepreTuili  iCTOTHY JIO3BOJISIE  OI[IHIOBAaTH  B3a€MHUU  BIUIMB
HEraTUBHY POJb Yy BHUPILNICHHI Mpo0JieM eHepro30epiraloymx TEXHOJIOTIH y  Pi3HHX

eHepro- ta pecypcoszbepexxenns Ha TEC 3a
paxyHOK BIIACHUX MOTPeO Bifirpae BiACYTHICTH
METOJIMKA BU3HAUCHHS €QEKTHBHOCTI €Hep-
roz0epiralodux  TEXHOJOTI B  OKpeMHX
cucTeMax, IJACHUCTEMaXx Ta  eJeMeHTax
TEXHOJIOTIYHOI CXEMHU eJEKTPOCTaHIi Ta
BIUIMBY iX Ha 3arajbHOCTaHIIHHI TOKa3HUKH.
SIKIIO TOBOPUTH TUNBKKM TPO  EHep-
ro30epexeHHs, MaluYd Ha yBa3i EKOHOMIIO
eJIeKTPUYHOI eHeprii Ha BiacHi norpedbu TEC,
TO SIK KpUTepin e(heKTUBHOCTI
SHepro30epexeHHs, MOXe OyTH peKOMeH-
JIOBaHa MUTOMa BEJIMYMHA €KOHOMii eHeprii (

AE), sika BU3HaYa€ThCs 32 GOPMYIION0:

= AE
AE =—, (2

E
ne: AE — eKoHOMis eNeKTpUYHOI
eHeprii B OyAb-IKOMYy 3 €IIEMEHTIB CXEeMH

TEC, xBrron; E — cymapHe BHPOOJEHHS

eJIeKTPOCHEePTii €HEeproOIOKOM, SKOMY
HaJICKUTh IIeH eJeMeHT, KBt Toz.

Po3pobiaeno CTPYKTYpHY cXeMmy
eHepro30epexeHHs npu BUPOOHUIITBI

enexTpoeneprii Ha TunoBiit TEC (puc. 3), sixa
JO3BOJIIE  OLHIOBAaTH €(EKTHBHICTH €HEp-
ro30epiraloynx TEXHOJOTiH y  Oyab-AKii
migcucreMi Ta ii enemenTax. BogHouac Bona

nigcuctemax Ta einementax TEC.

YAE, - 3arajpHa E€KOHOMIS

enepropecypcie Ha TEC 3a paxyHOK BJIaCHHX
norpeo;
YAEy,  YAE,,  YAE. E€KOHOMIS
EHEPropecypciB  y  KOTENbHIM, TypOiHHIN
YCTaHOBKaxX Ta TeHepatopi; AE,., AE,, AEu —
€KOHOMIsI €HEepPropecypciB y pereHepaTuBHIN
CUCTeMi, TypOiHI Ta HHU3BKOIOTECHIIHHOMY
KOMILIEKCl; AE,y, AEy, AE., AEq, AE —
SKOHOMIsl ~ €HEpropecypciB y IKHBHIBHHX
Hacocax, pEreHepaTUBHUX Ta MEPEKEBUX
mijirpiBayax, IMPKYJSMIKHUX Ta  KOHJe-
HCAaTHUX Hacocax Ta KOHJEHCATOpax MapoBHX
TypOiH.

31 cxeMu BUAHO, IO BU3HAYAIBHOIO €
eHepro30epiraroya TEXHOJIOTIS, BIPOBaDKEHA
B OJHIA 13 MIJCHCTEM TEXHOJIOTIYHOI CXEMU
TEC (xorenbHoi abo TypOiHHOI yCTaHOBKH,
abo mpu +AE.). Ilpu 1upoMy HeoOXigHO

BpaxyBaTH: BHUTpaTH, TIIOB'sI3aHi 3 MOJep-
Hizamiero pereHepatuBHoi cuctemu (PC)
TypOOYCTaHOBKM Ta  TEpPMIH  OKYITHOCTI

JIOJTATKOBUX BUTPAT; 30UIBIICHHS TEIUIOBOIO
3a0pyIHEHHS HaBKOJHUIIHBOIO CEpeIOBHIIA,
BHACJIIZIOK 30UIBIICHHS TeMIIEpaTypH rasis.
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Puc. 3 — CtpykrypHa cxema eHepro3oepexxenns Ha TEC
Fig. 3 - Structural diagram of energy saving at a thermal power plant

VY npyromy BHIAaJIOK eHEpro30epekeHHs
JOCATAETbCA 3 JIOMIOMOTOK0  PEXHMHOTO
ynHHUKa (0e3  MopepHizauii). Bwutpatn
MonepHizamii BigcyTHi. OmHak 30iTbIICHHS
MIBUJKOCTI BOXM NPU3BEAE N0 MiABHIICHHS
IHTEHCUBHOCTI CTUPaHHS TPyOOK, a OTXe J0
3HW)KEHHS HaJIMHOCTI poOOTH KOHIEHcaTopa,
HIIK, TV i TEC B mimomy. OqHOYacHO 3 IAM
30UIBIINUTHCS BUKHUJ TEIUIOTM B JOBKUUIA Ta
30UTBIIMTECS BUTpaTa MPUPOTHOTO peCypecy —
BO/IH.

Od4eBHIHO, MO OIIHKY €(eKTUBHOCTI
EHEpro- Ta pecypco30epiraloymx TEXHOJOTIH,
IO BIPOBA/KYIOTHCS, MOXKHA MPOBOJUTH
IUIIXOM  TOPIBHSHHSA  PIYHUX  HABEJICHUX
BuTpaT Ha fgitouid TEC micist BpoBaKeHHs
HOBHUX  TexHojorii (B,) 3  piuHHUMH
HABEJCHUMHU BHUTpaTaMH Ha OINbII CydacHii

1. HaBemena cTpykTypHa cxema
NEKOMIO3KIIi TEXHIKO-€EKOHOMIYHHMX IIOKa3-
HUKIB sikocTi eHepro6nokis TEC ta AEC ta
CTPYKTypa eHepro30epekeHHs.

2. B sxocTi Kputepiro epeKTHBHOCTI
eHepro3OepekeHHs  MoXe  OyTu  pexo-
MEHJIOBaHA [HUTOMAa BEJIMYMHA  EKOHOMIi
eHeprii B Oyib-sikomy 3 eneMenTiB cxemu TEC
BITHOCHO CYMapHOTO BHPOOJICHHS EJIEeKT-
poeHeprii eHeproOJIOKOM, SIKOMY HaJEeKHUTb
LIeH eJIEMEHT.

3. OuiHky e(EeKTHBHOCTI €HEepro- Ta
pecypco30epiralounx — TEXHOJIOTIH  MOXKHA

TEC (B,) OntuMansHOMY BapiaHTy HOBHHHA
BignoBizatu ymosa: B,<B,. Butpatu na TEC
MOBHWHHI BpaxOBYBaTH SIK MANWBHI, KammiTalbHi
Ta eKCIUTyaTalliiiHi, TaK 1 eKOJIOTiYHI Ta HaBiTh
COLiaJIbHO-€KOHOMIYHI CKJIaJOBI.

Y Bumagkax, KOJH BIPOBAKEHHS
EHEepro- Ta pecypco30epiraroumx TEXHOJIOTIH
Ha TEC BuUMarae BeMKHUX KamiTATbHUX BUTPAT
(TepMiHOBHX  KpeOuTiB a00  iHBECTHLIH),
HEOOXiTHO BU3HAYATH TEPMiH IX OKYITHOCTI.

Hapasi ma TEC VkpaiHm OpakTU4HO
BUYEPIIAHO MOXJIMBI BIOPOBAKEHHS EHEp-
ro30epiratoumx, €KOJIOTIYHO  YHCTUX  Ta
0e3MeYHNX TEeXHOJIOTIH 3a PaxyHOK PEeXMMHHUX
¢dakTopiB. Y 3BI3KYy 3 UM NEPCIIEKTUBHUMU €
C€HEPrOTEXHOJION i, TOB'I3aHl 3 BEIMKUMU
KOMIUIEKCHUMH MOJICPHI3alisIMA 00J1aIHAHHS
TEC.

BucHosku

MPOBOJUTH LUIAXOM IMOPIBHSAHHSA  PiYHHX
HaBeJICHMX BUTpPAT TICIS  BIPOBAKCHHS
HOBUX TEXHOJOTIM Ta BHTpaT Ha OUIbII
cyuacaux TEC.

4. Po3pobieHO CTPYKTYpHY CXeMy
(dbopMyBaHHS €HEpPro30epe eHHsl MPU BUPOO-
HUITBI EJIEKTPOCHEPrii Ha EJIEeKTPOCTaHIIsX.
3anporoHOBaHa CTPYKTypa JO3BOJIIE  OIli-
HIOBaTd €(EKTUBHICTh Ta B3a€EMHHI BILIUB
eHepro3oepirarounx TEXHOJNOriH y Oyab-saKii
migcucTeMi Ta i eJIeEMEHTAX.
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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.

KEYWORDS: technical and economic indicators, energy saving, efficiency, power plant.
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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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Statement of the problem

Solar energy is one of the most
promising  renewable  energy  sources.

, Which have great potential. Today, the main
task of photovoltaics is to reduce the cost of

However, to maximize the use of all the
capabilities of this energy source, it is
necessary to develop photovoltaic technologies

electricity generated by solar cells (SC). To
achieve this goal, it is necessary to increase the
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
guantitative 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
guantitative 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 ( | ), open-circuit voltage ( U 4 ),
internal resistance ( R i,.), photocurrent (I ;) ,
output power (P.y), 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):

lsc=4d -G (Ln+Lp), (1)

where | ¢ - short-circuit current; G -

generation rate; q - electron charge; L yand 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):

Ue=5T1n ('_mj, @
e lo

where U o - open circuit voltage k -
Boltzmann constant , T - absolute temperature,
e - electron charge, | ¢ - 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 wuse 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 various factors on
performance, which is 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:

@)

s ZED stk |sc(T -T 0)]
Eo

where | ¢ - is the photocurrent, A, E - is
the energy illuminance, W/m 2 E , =1000
W/m ?is the energy illuminance under standard
conditions, | ¢ - is the short-circuit current, A, k
isc - 1S the temperature coefficient of the short-
circuit current, T - is the absolute temperature,
T o -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.

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 . IS
determined according to expression (4):

Pu=U. 1. F, ()

where P ., — maximum output power of

the SC, | - 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
44,7 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

R, Om
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0 6,6 22,7 447 110,4 230 252,7 2747 3404 477 922

R, Om

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

Pout  'mUm

Tkpp = :
Pp Pp

(5)

where 7 - is the efficiency of the SC, I ,
and U ., — current and voltage corresponding to
the point of maximum power P p., 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 eliminate 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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KBAJIIMETPUUYHU METO/I U1 OIITHKHU KIJIBKICHUAX TA AKICHHUX
ITAPAMETPIB COHAYHOI'O EJIEMEHTA

YV cTarTi po3risAHYTI KBaJNiMETPHUYHUN METOH OI[iIHKA COHSYHOTO €JIEMEHTa, 10 OMUCYe HOro OCHOBHI
eeKTpodi3uyHI XapaKTEePUCTUKU Ta TMPOIECH, SAKI BiOYBalOTbCSA B HHOMY ITiJl 4ac MEPETBOPEHHS COHSIYHOL
eHeprii Ha eJIeKTPUYIHY.

IIpoananizoBaHO 3aJIEKHICTh (POTOSIEKTPUIHUX XAPAKTEPUCTUK COHSYHOTO €JIEMEHTa B 3aJIe)KHOCTI Bif
pisHux napamerpiB. [lokazaHo, IO MiJBHMINEHHS TeMIlepaTypH BeJe A0 3HWKEHHS OCHOBHHX XapaKTEPUCTHK
COHSYHOTO eJIEMEHTa, 30KpeMa Koe(ilieHTa KOpHUCHOI Iii, cTpyMy KOpPOTKOTO 3aMHUKaHHs, KoeQilieHTa
3alOBHEHHS Ta IHIIMX IOKa3HUKIB, IO XapaKTepU3YIOTh BOJbT-aMIICpHY XapaKTEepHUCTHKY. Lle 3HMKeHHS
BiZIOYBaeThCsl 4epe3 3MiHM B eNeKTPO(i3WYHMX BIACTUBOCTSIX MaTepialiB, 3 SKHX BHIOTOBIICHI COHSYHI
€JIEMEHTH, a TAaKOXX Yepe3 BIUIMB TEMIepaTypHHX 3MiH B Matepiani. Po3poOieHa MeToanka po3paxyHKiB
OCHOBHHX €JIEKTPO(I3MYHUX MapaMeTpiB, TAKUX SK CTPYM KOPOTKOTO 3aMHKAaHHS Ta HAMpPyra XOJOCTOTO XOIy,
sIKa BPaXxOBYE JICTAJIbHY CTPYKTYpYy MarepiaiB, 1110 BUKOPHUCTAHI JUIsi BUTOTOBJICHHS COHSYHUX €JIEMEHTIB, IO
MiABUIIYE TOYHICTH PO3PAXyHKIB BHXIJHOI MOTYXXHOCTI Ta KoedimieHTa KOPHCHOI Mii, a TaKoX IiIBUIIYE
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CTaOUIBHICTh BOJBT-aMICPHUX XapPaKTCPUCTUK COHSYHHX CIICMCHTIB y pEaJlbHUX YMOBaxX eKCIUTyaTallii.
AKIIEHTOBAaHO, 110 BOKJIMBUAM aclEKTOM € aHaJi3 BIUIUBY 3MiH YMOB OCBITJICHOCTI, SIKi MAIOTh 3HAYHUI e()eKT Ha
TIEPETBOPEHHS COHAYHOI eHepTii. Mozemi moKa3yIoTh, K 3MiHH B iIHTEHCHBHOCTI Ta CIIEKTPi OCBITIICHHSI MOXKYTh
3MIHIOBAaTH MOBEAIHKY COHSYHOTO €JIEMEHTa, 30KpeMa BIUIMBATH HA CTPYM Ta HAOPYry OpU 3MIHHOMY
OCBITJICHHI BIIPOJIOBXK THS a00 B yMOBaX HEMOCTIHHOTO COHSYHOTO BUIpOMiHIOBaHHS. [lokasaHo, 0 HasBHI
MIIXOAM [0 MOJENIOBAHHS COHSYHMX €JIEMEHTIB MOTPEOYyIOTh MOJANbIIOr0 YIOCKOHAICHHS, 30KpeMa 3
ypaxyBaHHSIM CTPYKTYpH MaTepiajiB, TEeMIIEpaTypHUX 1 OCBITIIOBaJbHHX YMOB, IO MiJABHIIUTH TOYHICTH
PO3paxyHKIB Ta CTaOUIBHICTh POOOTH COHAYHHX €JIEMEHTIB B pealbHUX YMOBAX.

KITIOYO0BI CJIOBA: cowsiunuii enemenm, KEANIMEMPUYHULL MeMOO OYIHKU, CUCMeMd SKOCMI I
KinbKoCmi, IHPOpMAayiliHO-6UMIPIOBAILHA CUCMEMA, MEMOO KOHMPONIO, (YOMOENeKMPUYHUTI MOOYTb.

Sx mmryBatu: Budanov P., Kupriyanov O., Melnykov V., Kononov V. (2024). Qualimetric method for
assessing quantitative and qualitative parameters of a solar cell. Mamuno6ynysauus. 2024, Bum. 34 C. 92-103.
DOI: https://doi.org/10.26565/2079-1747-2024-34-09
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ABTOpY 3asIBJIAIOTH, 10 KOHQIIIKTY iHTEpeCiB moa0 myoJikamii pykonucy Hemae. Kpim Toro,
aBTOPH TOBHICTIO JOTPUMYBAIMCh €TUYHUX HOPM, BKJIIOYAIOYM IUIariaT, ¢anbcudikaimilo JaHUX Ta
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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
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

which is to ensure that the product obtains the
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

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.
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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 y,.. can

be defined as the product of the average shear rate
and the duration of mixing (shear duration) [7].
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Veurm =71 @)
Wherey_} is the average shear rate, st tis

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

—y=0.1H
0,08

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, —=2-7-r-n-— 2
b=V a ¥ )
3.
b =—5 Y (H-y) ©

z-Hr

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
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2)

R=0,065x, r=0,005x, W =7,928-10° M% ,H=310"m,n=0,318 ¢*.

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=0.9H
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Integrating the equations in the range from
Oto/and fromR tor, we obtain:

6-W-v-(H—
rz\/Rz— y (3 y)-At @)
7-H
The time spent by the element in the zone
bounded by the radiuses R and r is equal to

(R*=r?)-7-H°
At =
6-W - y.(|-| - y)
To determine the components of the shear
rate, we differentiate the velocity equation along
y:

()

do, y\d 2-z-r-n
do, 3-Q d 30
il V-(H=v)|—= (H-2-
& dy (rz-H3-ry( y))dy 7;-H3-r( 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
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Trajectoru length, m

o
&)

The total shear strain in the system can be
found using the equation:

7/summ :7/x+7/z :Z|7/X||Atl +Z|7Z||Atl (8)

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 e @CccUmulated 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.

o

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, r =0,005m, W =7,928-10°° mé :

H=3.10°m, n=0,318 s.
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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,
3
W =7,928-10°M’/ H =3.10"m, n=0,318 5"
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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,
r=0,005m, W =7,928-10° m% ,H=3-10°m, n=0,318 s,
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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

Tao6auns 1

3HaveHHs HAKONMYEHOi AeopMallil 3CyBy IIpH NapaMeTpax, BU3HAYCHUX HOMOIPaMOI0

Rotation Mass Gap between | accumulated shear
frequency n, | productivity G - | disks, H-10" strain
st 10, kg/s m Y 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=0018m, W =2,91.10" m%, n=233s

! 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.

3anexHICTh HAKOMMMYICHOT ieopMartii 3CyBY BiJl BEIHUIHHA 3a30py MiX TUCKAMH.

1540

[EEN
(9)
w
o

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.

0

Gap between disks, | Accumulated shear
H, m strain ¥g,mm
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

Gap between disks, H, m

0,004

0,005

Table 2

Tadauus 2

Table 3

Taéauus 3

3anexxHICTh HAaKOMMWYEHO1 edopmanii 3cyBY Bif MIBHJIKOCTI 00epTaHHS pOO0YOro OpraHy.

Rotation frequency Accum_ulated shear
n, s’ strain ¥g,mm
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 Accumglated shear
n, s’ strain ¥um
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 PETYJIIOBAHHS AAKOCTI 3MIIIIYBAHHA ITPU ITIEPEPOBILIT
MHOJIMEPIB HA ITUCKOBOMY EKCTPYIEPI

CTaHOM Ha CBHOTOJHI PHHOK IUKTYE NOTPeOY B €KCTPY3IMHHX YCTAHOBKAX, 3JaTHUX IIEPEPOONISATH
LMIAPOKUI CIEKTP PI3HOMAHITHUX IMOJIMEPIB 3 MaKCHUMaiabHOIO e(deKTHBHICTIO. OIHUM 3 BapiaHTIB TaKHUX
YCTAaHOBOK € PECypCO-€HEPTOOMIAMHNIA KACKagHHK IMCKOBO-IIECTEPEHHHMM €EKCTPYAEp, IO CKIANAEThes 3
JIIUCKOBOTO €KCTpyJepa 3 JO030BaHUM JKHMBJIEHHSM Ta IIECTEPEHHOro Hacoca. JIUCKOBHII eKCTpyaep
BiJI3HAYAETHCS BUCOKOI 3MIIIYBaIbHOI 3JaTHICTIO 1 100pe 3apekoMeHayBaB ceOe fK pO3ILIaBIiOBau-
romorenizaTop. OnHak, Ha L€l 4yac He icHye YHiI(GIKOBaHOI METOJUKH ITi00PYy TEXHOJIONIYHUX IMapaMeTpiB
MPOLIECY IMCKOBOI €KCTPY3il 3aJIE)KHO BIJ SKOCTI 3MIIIYBaHHS MaTeplajlly Ha BHXOI, IO 3HAYHO YCKJIAIHIOE
BIIPOBAKEHHS JaHOro 00JagHAHHS B TEXHOJOTIUHI CXEMHM CyJaCHMX BHPOOHUIITB. Ha 0CHOBI aHaji3y OCTaHHIX
HAayKOBHX ITyOJiKallii CTBOPEHO CHCTEMY DPIBHSAHB, sIKa OIHMCYE PyX Marepianay y IMCKOBOMY 3a30pi 1 J03BOJISIE
BU3HAYUTHU 4Yac repeOyBaHHSI MaTepially, a TaKOX IOBXKHUHY TPAcKTOpil pyXy Marepially y IUCKOBOMY 3a30pI.
Haseneno rpadiku 3aiexHOCTI JOBKHMHH TPAacKTOPii Ta TpHBAJOCTI IepeOyBaHHS MaTepialy y IHCKOBOMY
3a30pi Big BiACTaHI 70 PYyXOMOIO JUCKAa. 3 ypaxyBaHHSM paHillleé OTPUMAHUX EMIIPUYHHX [JaHUX Ta
BHUKOPHUCTOBYIOUH KOPEJALII0 MDK KPHUTEPIEM SKOCTI 3MINIYBaHHSA Ta BEJIMYMHOI HaKomU4eHOl medopmarii,
Oyi0 po3po0ieHO0 KOMI'IOTEPHY MpOrpaMy 34aTHY HiniOpaTv TEXHOJIOTIYHI IapamMeTrpyd AUCKOBOI €KCTpPy3il
3aJI€)KHO BlJ HEoOX1mMHOI sIKOCTI 3MimyBaHHS. Ha ocHOBI po3po0iieHOl cucTeMH PIBHSAHB Oyiad IOOymIOBaHi
rpadiky, 10 MMOKA3YIOTh 3aJ€XKHICTh BEJIMYMHM HakKomudeHol aedopmanii Bif po3Mipy OMCKOBOrO 3a30py Ta
qacTOTH 00epTaHHsA poOOYOro opraHa. 3alekKHO BiJ HEOOXIAHOI AKOCTI 3MINIYBAaHHS Ta MPOLYKTHMBHOCTI
eKCTpyJepa, mporpaMa Hajga€ 3HA4YeHHS ONTHMAJILHOTO PO3MIPY IHMCKOBOTO 3a30PY Ta YacTOTH OOepTaHHsS
po00oUoro opraa, 0 3Ha4YHO CIPOIILYE MPOLEC HATAIITYBaHHs O0JIQJHAHHS I KOHKPETHHX BUPOOHUYUX YMOB
Ta TUIIIB MaTepiaiB.

KITIO90BI CJIOBA: oOuckoguti excmpyoep, KOHMPOAb AKOCHI 3MIULYBAHHS, GEAUYUHA HAKONUYEHOI
depopmayii 3cysy.
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OCOBJHMBOCTI ITPOLECY IIVIOCKOTO IIJII®YBAHHSA JTETAJIEH 13
3ATAPTOBAHHUX JIETOBAHUX CTAJIEN.

[InidpyBaHHS € OOTHUM 3 OCHOBHHX METOJIIB MEXaHIYHOT 0OpPOOKH, 10 BH3HAYAIOTH SKICTh BUTOTOBJICHHS
nmeraneir. Tomy mimBumIeHHA e(QEKTUBHOCTI IDTipyBaHHS HameXaTh O TMPIOPUTETHUX  3aBIaHb
MAaIIMHOOYIyBaHHS.

OpmHuM 13 PI3HOBUAIB MiJIIUTHHUKIB KOYCHHA € KyJIHKOBHHA a00 POJNMKOBHHA MiAIIUITHAK KOYCHHS IS
JMHIHHOTO TepeMimeHHs . 3Ha4yHi TPYIOHOIII BHHUKAIOTH IiI 9ac OOpPOOKH 3aroTOBOK Malloi >KOPCTKOCTI
HANpSIMHUX JIHIHHUX migmunHaukiB. [Ipu  3akpimmeHHi Ta 00poOmi 3aroTOBOK HAMPSAMHUX JIIHIHHIX
MINIMIHYAKIB BUHUKAIOTH NpYXHi Aedopmanii. Po3Mip nanux nedopmaiiii Moxe MepeBUIYBaTH JOMYCKH Ha
reoOMEeTpHUYHI apameTpu 00pobieHoi noBepxHi. [Ticns nutidyBaHHS Ta 3HATTS MAarHiITHOTO MOJIS CTOJTY BepcTaTa,
npyxkHi Jedopmartii MOXKYTh IIOBEPTATH IIEBHY BEIMYMHY BIIXHJICHHS T€OMETPHYHUM NapaMmeTpam, siKi MOXKYTb
MepEeBUIILYBaTH 3aJaHi BUMOTH. TEXHOJOTi4HI crocoOM iX yCyHEHHs 3Ha4HO 30UIBIIYIOTH 4ac OOpoOKH Ta
BapTICTh oneparii.

Ipu moridyBanHi Aeranell Maixol KOPCTKOCTI HEOOXITHO BPaxOBYBATH MPYXHi JedopMarlii 3ar0TOBKH,
1110 BUHUKAIOTH BiJl Aii MarHiTHOTO IIOJISl CTOJIA BEpCTaTa Ta 3yCHIIb pi3aHHA. BpaxyBaHHs NpyXHUX AedopMartii
JIO3BOJIUTH T'aPaHTOBAHO JOCATTH I'€OMETPUYHY TOYHICTH J€Tajl, 3HU3UTH THMYAcOBI Ta BAapTICHI BUTpATH Ha
00poOKy. OIHAK, 1€ MUTAHHSA MpH OUTIQYyBaHHI MPU3MATHYHAX HAMPSIMHUX JIHIHHUX MiIIIAITHAIKIB MaJoi
JKOPCTKOCTI 3 OOMEXKEHHSM MpPYKHUX HedopMaliidl 3aroTiBii MpH 3aKpilUieHHI Ta o0poOIi TOCIiIKEeHO
HEJIOCTATHBO.

K/TIOYOBI C/IOBA: incmpymenm, niocke wiipy8ants, UCOKOUEUOKICHA 00pobka, 06pobrull yenmp,
J1e208aHA CMATb.

SIx muryBatn: Cropkin A. O., Kouapatiok O. JI., Crxopkina B. O., Crapuerko B. B. OcobauBocTi npoiecy
IUTOCKOTO nuTipyBaHHS JeTasiel i3 3arapTOBaHKUX JeroBaHuX crajei. Mawnobyoyeanns. 2024. Bum. 34 C. 116-
124. DOI: https://doi.org/10.26565/2079-1747-2024-34-11

Beryn
CyuacHi TEXHOJIOT14H1 MIpOLIECH MepeMillleHHsIM, Y TOMY YHCHI JIHIMHUM.
BAMAararTh KOMIUIEKCHOTO TEpPEMIlIeHHs II0 Bysnu  mammH < Ta  MexaHi3MiB, IO
TPHOX KOOpAMHAaTaX 3 KiJIbKOMa OCSIMH 3a0e3MeuyroTh NOCTYNaIbHUA PYX, HA3UBAIOTh
o0OepTaHH1, 1o nependavae TOYHE THITHIMHA HaIpPsIMHUMU, JiHIHHAMHA
MO3UINIOBaHHS 3 YIPABIiHHAM TPOCTOPOBUM MEePEeMIIIEHHSIMH,  CHUCTeMaMHu  JIiHIHHOTO
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MEepeMIllleHHs, JIHIHHUMH  TANIUITHIKAMH,
MOJTyJISIMH JTIHIHHOTO TIEpEMIlIICHHSI.

HampsiMHi, 110 BHKOPHCTOBYIOTHCS IS
3IHCHEHHS JIHIHHOTO MEePeMIILICHHsI PyXOMHUX
BY3JIiB PI3HUX MAIUH a00 MPUCTPOIB, € OJTHUM
3 OCHOBHHX CIIEMEHTIB KOHCTPYKIIi, IO
BU3HAYA€E MOXJIUBOCTI Ta TEXHIYHWUU piBEHb
obnmaguanus [1].

Hait6inpm MIHPOKO B Tenep
BUKOPHCTOBYIOTBCSI HANpSIMHI KOYCHHS MO-
OyJABHOTO  THUMY, fAKI  CKIaJaloThcd 3
MpoUTBHUX HAMPSIMHUX Ta KapeToK (PUCYHOK
1). KapeTku nepeMiniatroThecs MO HANPSIMHUX 1
UM PEai3ylOTh HEOOXiHE TMEePEeMIlCHHS.
Jani HanpsiMHI MalOTh psiji iICTOTHHUX IIepeBar,
10 3a0€3Me4yI0Th iX IIMPOKE MOIINPEHHS:

Bucokuii  piBeHb  eKCIUTyaTalliifHUX
XapaKTePUCTHK;

HE BHCOKA BapTiCTh;

BIZNIpallbOBaHa Ta IIMPOKO IIOIIHPECHA
TEXHOJIOT1sI BUPOOHHIITBA

3apa3 po3pobaeHO Oe3miy Pi3HUX BUIIB i
cepil NHIMHMX WTAMWIHUKIB JUISL  33]710-
BOJICHHS PI3HOMaHITHUX TOTped  pi3HUX
rayry3eil mpoMuciioBocTi. JIiHIMHI i IITHITHAKHA
BUITYCKAIOTHCSI B MHOKMHI THITIB 1 PO3MIipiB.
[pu ix BUOOpI cmij OpaTw A0 yBaru BUMOTHU
1010 HABAHTAXKEHHs, IIBUIKOCTI, pecypcy,
JKOPCTKOCTI ~ Ta  TOYHOCTi,  OCOOJUBOCTI
KOHCTPYKIIii oOJamHaHHS Ta OOMEXEHHS MpH
BCTaHOBJICHHI.

3a  TMOOM T ~ KOYEHHS,  IIO
BUKOPUCTOBYIOTBCS,  JIIHIMHI  MiJIIWITHUKA
MOKHA PO3AIIMTH Ha JABI TPYNH: KYJIbKOBI
(pucyHOK 2, a) 1 ponMKOBi (pUCYHOK 2, 0).

Puc. 1 - JliHiitHu#l DANKMITHEK MOYJIBHOTO THITY:

Fig. 1 - Modular type linear bearing

Puc. 2 - KynbkoBa (a) Ta posrkosa (6) npodisibHi HanpsiMHI
Fig. 2 - Ball (a) and roller (b) profile guides

PonukoBi HampsiMHI  MaloOTh  OUIbII
BHUCOKY JKOPCTKICTh 1 BaHTaXKOIiIHOMHICTb.
KpiMm TOro, XapakTepHCTHKH MOJYJIBHUX
HanpsSMHUX 3HAYHO 3alieKaTh BiJ KIJIBKOCTI

pAAiB TN KOYEHHS 1 pO3TalIyBaHHA Til
KOYeHHs. BUKOpHCTOBY€ETHCS MapHa KiJIbKICTb
PAIB 1 BapitO€THCS B KUTBKOCTI Bif 2 110 6.
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AHaJI3 0CTaHHIX J0oCTiTKeHDb | myOaikaniit

AHami3  JOCHIIKEHb  3aKOPAOHHUX
BueHHUX, Takux sk Klocke F., Brinksmeier E. Ta
iH [2-10] 1mo3BONSE BU3HAYHUTH OCHOBHI
METOAM MEXaHIYHOI OOpOOKHM 3arapTOBaHUX
JeroBaHuX craned. Humu € ne3oBi mporecu
(TouinHs, hpe3epyBaHHs) Ta LITIQYyBaHHS.

Bci meromn mO3BONAIOTH 3a0€3MEYHUTH
HEOOXITHI BHMOTH JI0 SKOCTI 00poOIeHUX
noBepxoHb. [IOpiBHSHHS METOJIB Y MOBHil Ta

HaouHIK popmi mpencTaBiaeHo B mKepeni [6].
Jns  HAOYHOCTI TPOMOHYETHCS  Aiarpama
(pucyHok 3).

Uum nani Oyab-sika O3HAKa BiJ IIGHTPY
0araToKyTHHKa, TUM I O3HaKa Kpamie Juis
aHalli30BaHOro Tpolecy. SK BUIUIMBaE 3
NpPEACTABICHOIO  MANIOHKA,  [UTiQyBaHHS
BUTITHO BIiAPI3HSETHCS BiJ] JIE30BUX IIPOIECIB
3a HAOIMHICTIO MPOIECY, SIKICTIO MIOPCTKOCTI
noBepxHi Ta TouyHocTi ¢opmu. CydgacHi
MPOTpecUBHI  TexHojorii y  uoridyBaHHI
JO3BOJIMJIM ITABUIIMTH IIBUAKICTH 3HIMAaHHSI
Marepially Ta THyYKiCThb MPOLIECY.

Husbke

CynytHi  uoribyBaHHA — TIaCTHYHA
nedopmariss i pobora TepTs MNPU3BOAATH A0
po3irpiBy Marepially 3aroToBKH B 00JacTi

KOHTaKTy JI0 BHCOKMX TeMmmeparyp. B
pe3yabTaTi  BiAOYBAa€TbCs — PO3M'SIKIICHHS
MeTaly, W10 TOJITHIye HpoLec CTPyxk-
KOYTBOPCHHSI.

[Ipomtecu, mio BiAOYBarOTBCS TMmiJl dac
uutidyBaHH, BiAPI3HAIOTBECA cKianHicTo. [s
M ABHILIEHHS TOYHOCTI neTani, 110
BUTOTOBISIETBCSL B~ yMOBaxXx  CepiifHOro
BUPOOHUITBA TIPM BHUIOTOBJICHHI OCOOJIUBO
TOYHUX 1 BIAMOBIJATLHUX JeTajei, IIi-
(dyBanHS BemyTh mnepudepicr0 Koila TpH
3BOPOTHO-TIOCTYIAIEHOMY nepeMileHHi
OPSIMOKYTHOTO CTOJY.

Buxonsum 3 BHUIIEONHCAaHOTO, MOXKHA
3p0oOUTH BHCHOBOK, IO NUTiI()yBaHHSI € 3HAYHO
OUIBII CKJIaJHUM TPOIIECOM JIJISl TEOPETUIHOTO
Ta EKCIIEPUMEHTAIBHOIO IOCHIKEHHs, HDK
(hpesepyBaHHS 1 TOUiHHS.

nianoBepxHeBe

YWKOQXKEHHA

ExonoriyHa
CYMICHICTb

MiHiManbHumn
yac
HanawTyBaHHA
FHYu4KicTb
npouecy
WBugkictb
3HIMaHHA
marepiany
~@- WnicdyBaHHA

TouHICTb hopmu

AKICTb WOPCTKOCTI
NoBEepPXHi

HapginHicTb npouecy

Husbka
3anuiKoBa
Hanpyra

== Ie3BiiHi npouecu

Puc. 3 - [TopiBHSIHHS MOXJIMBOCTEH JIE30BHUX MPOILIECiB 0OPOOKH 3arapTOBaHMUX CTaJIel Ta Iporecy MuTihyBaHHI
Fig. 3 - Comparison of the capabilities of blade processes for processing hardened steels and the grinding

process

IlocTanoBka nmpodiaemu

CyKymnHICTh ~ TEOMETPUYHHX  Xapak-
TEPUCTHK OOpOOJIeHOT TOBepxHiI Ta (i3uKo-
MEXaHI4Hi CTaHU MOBEPXHEBOTO MLIApy AeTali

YTBOPIOIOTh ~ TaKe IMOHATTS, 5K  «SKICTh
noBepxHi». ['eoMeTpUUYHI  XapaKTEePUCTHKH
MOBEPXHI MNOAUISIOTH HA MIKPOTEOMETPil0 Ta
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MaKporeoMeTpito. MIKporeoMeTpisi O0XOILTIOE
XBUJISICTICTh, MIOPCTKICTh 1 CyOMIOPCTKICTBH
[4,5]. IpuunHoro 3MiHM (Di3UKO-MEXaHITHHX
BJIACTHBOCTEW  JeTalli €  CHJIOBHMHA 1
TEMIIEpaTypHUIl BILTUB NDTi(yBaJFHOTO KOJA
Ha TIOBEPXHIO JeTaimi B TMporeci o0poOKwH.
®di3uKo-MeXaHIvHI BJIACTHBOCTI Xapax-
TEPU3YIOTbCS  MIKPOTBEPAOCTSIMU,  3aJIHII-
KOBOIO  HAIllPyrolo, XIMIYHAM  CKJIaJ[OM,
CTPYKTYpHO-(ha30BUM CTaHOM, TpPHIATAMHA Ta
MiKkpoTpimmHamMu.  Bei 1l MOKa3HHKH
BU3HAYAIOTh BTOMHY MIIHICTB, KOPO3iiHY
CTIHKICTh, 3HOCOCTIMKICTD Ta 1HIII MOKA3HUKH
[3].

OCHOBHI IAXOAYM 1O MOJIEIIOBAHHI
MeXaHigYHOi 00poOKH mpu NLTihyBaHHI YMOBHO
MOXYTh OyTH po3aiiieHi Ha ¢i3uuHi Ta
eMITpUYHi.

Diznuni MOETHYIOTh aHaIITHYHI,
3BUYalHO-€JIEMEHTHI, KIHEMAaTH4HI, MOJje-
KYJISIPHO-ZIMHAMIYHI MOJETII.

Emmipryni  moegHyIOTH — perpeciiiHi,
HEHPOHHI Ta MOJIENI HEHIiTKOI JIOTIKH.

Hns  orpumanns Ttomorpadii unridy-
BaJILHOTO KOJIa BUKOPUCTOBYIOThH JBa METOIH.
[lepmuit MeTon mossirae B Oe3nocepenHbOMY

CKaHyBaHHI pi3anbHOi MOBEpXHI wOUTi(yY-
BAJIbHOTO Koiya. [Ipyruil BuMarae 3acrocy-
BaHHS CTATHCTUYHOTO aHANi3y B pe3yibTari
SIKOTO ~ MPOBOJUTHCSA  CHHTE3  Tomorpadii
nuTipyBambHHX KiJl.

3aBgaHHSA KOHTaKTy aOpa3MBHOTO KOia 3
00pOOIIOBaHOIO MOBEPXHEIO 3aroTiBIIi
JO3BOJIAIOTH  BHUPIIIYBaTH  KiHEMAaTUYHO -
TEOMETPUYHI TPUBUMIipPHI MOJEIIL.

BupinrenHas aHajgoTiYHUX 3aBJIaHb MOXKE
OyTH pearnizoBaHo 3a J0TIIOMOT' 00
KIHEMaTHYHO-EMIIIPUYHOTO MOJICJIFOBAHHSL.
Buxigai mapameTrpw B TEpHIOMY 1 JPyromy
BUMAJAKYy aHAJIOTi4Hi. Y MepuoMy BHUMIAIKY
pO3TIIANAETECS  TPAaeKTOpist  pyxy  Mix
nutipyBanbHIM  KpyroM 1 0OpoOIIIOBaHOIO
3aroTiBiIel0, a B JIPYTOMY BHKOPHCTOBYIOTHCS
SIK aHATITUYHI, TaK 1 eMIIPUYHI PiBHSHHSL.

Kinematnuni mozmeni ommcyroTh Oarato
rapameTpiB mporecy oOpoOku muTihyBaHHIM,
IIpY LbOMY IIOKA3yKOTb JOCHTb HM3BKHI
CTYIIIHb TOYHOCTI.

Mertoo podoTu € JTOCIT IPKEHHS
OpoIecy IUIOCKOTO UUTipYBaHHS 3aroTOBOK
Manoi  KOPCTKOCTI ~ HampsIMHUX  JTIHIHHUX
HIIITATHUAKIB.

BukJiag 0CHOBHOTO MaTepiay

[Ipn nwutipyBaHHI TOBEpPXOHBP OIYHHUX
rpaHeil NOpU3MATUYHUX 3aroTOBOK — MaJlol
JKOPCTKOCTI HEOOXiZIHO BPaxOBYBaTH NPYXKHI
nedopmanii 'y HampsMKy NepreHIUKYISIpHOL
MIOBEPXHI CTOY.

Po3poGiitoBana MaTemMaTHyHa MOJECIH
MaKCHMaIBHUAX MIPYXKHHAX nedopmartiit
3arOoTOBOK 3aCHOBaHA Ha TEOPil BUTHHY OaJoK,
TOMYy TEOMETPUYHI MapaMeTpu 3aroTOBOK
IIOBHMHHI 3a0BOJILHATH oOMexeHHs: [3/h > 10
(me I3 - moBXMHA 3arOTOBKH, N - HaWOGiNbIIMIA
PO3MIp MOTIEPEYHOTO MEPEpPi3y 3arOTOBKH).

Jns JIOCITIJDKEHHS MPYKHUX
nedopMariiii, 10 BUHUKAOTH MPH 3aKPIIICHH]
Ta nutiyBaHHI 3aroTOBKH, 00paHa HampsMHa
POJIMKOBOTO OJIHOPSAAHOrO miammnauka JIPX
6/350 (PucyHok 4)

HanpsiMvHa migmmnanka BUTOTOBIIEHA 3i
cram 20X (I'OCT 4543 — 71). BignosigHo 10
3aBOJICEKOTO TEXHOJIOTTYHOTO porecy
MOIIEPEHBO0 TPOBOAWIM BiJIPi3HY OIEpaLito
3aroTiBJIi, TOPIFOBAJIM 3ar0TiBIIIO B po3Mip 350
MM, TIPOBOJIMIIH (Ppe3epyBaHHs MPU3MATHUHIX
TpaHEN. Hami IIPOBOJUIN YOPHOBE
nuripyBaHHs OiyHMX rpaHeil (0OpoOistoun
OJIHY 3 MPOTHIIC)KHUX TPaHEH SK YKCTO, THIIY,

3HiMaroun npurnyck t = 0,6 MM, panmianpHa
nomaya Sp = 0,04 MM/X, MBUAKICTH MHOJaul
crony VS = 20 m/xB), (hpe3epyBaHHS TUIOIIUH
Opu3MH  Ta Ta3a, OUTiYBaHHS IUIONIMH
NPU3MH, TIPOBOJIMIIM IIEHTPYBAIBHY OIEpaIito
JBOX OTBOpPiB Ha Topusx. Jlami 3arotieio
[eMeHTyBaIH Ha DmbuHy 1,6 1,8 wmm,
MIPOBOAMIIN PHUXTOBKY Ha Tpeci (BiIXWICHHA
Big miomuHHOcTi - 0,1 M™MM), dYopHOBe
nutipyBaHHS OOKOBHX TpaHeW (TMPHUIYCK Ha
00podky t = 0,2 MM, pazianbHa momava Sp =
0,02 mm/x, mBuAKicTh moxayi croay Vs = 20
M/XB,  CBEpIUIIHHS  OTBOpIB  KpIIUICHHS,
Hapi3aHHS pi3bOM B OTBOpax sl KpiIUICHHA
HaMpsIMHOI Ta IEHTPYBaJIBHUX OTBOpax. ,1 MM)
[MotiM BUKOHYBaJIM YOpHOBE HUTiI(yBaHHS BCiX
rpaHeil Tpud MaKCHUMaJbHIH CHIII TPUTSATaHHA
MAarHiTHOTO HOJIsI CTONIy BepcTaTa (MPHUITyCK Ha
00poOky t = 0,4 MM, pamgianbHa 1ojada Sp =
0,02 MMm/x, mBHaKicT, mogaui cronaa VS = 20
M/XB, PpO3MIp IIONEPEYHOro Iepepizy B
pe3yabTati 00podku - 15,2 x 16,6).
BinxuiieHHd Bix IUIOIIMHHOCTI Maec
BHpaXKeHi XBHJII MakpoBiaxuieHs (PucyHok 5).
3aranpbHa TOXMOKa cepii BHMIipIOBaHb
JUTSL He3aJISKHUX T1apaMeTpiB BU3HAUAETHCS:
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5= J 8% + 82 + 8Z0ny

Jie OCT — CTaTUCTHYHA MOXHOKA,
oir. = +0,75 MM mnoxuOka IHIUKATOPHOL
TOJIOBKH,

o0 cromy -

JA0IMYyCK HHOII_[I/IHHOCTi CTOJIY

Bepcrata = 3,5 MKM Ha JOBXHHI 3aroTiBIi
(TOCT 16528-87).

Puc. 4 - [locnipkyBaHa HanpsiMHA MiAITHITHUKA
Fig. 4 — Bearing guide under investigation

q

| 1

7 i v

Ko 125 ] &

75:01

e Q007
Hnst MepeBipKH OJTHOPITHOCTI
CepeIHLOKBAIPATUIHUX BiJIXWJICHb
(BUOIpKOBUX  JHWCHEPCiii) BHUKOPUCTOBYIOThH

kputepii Koxpena. Ins mporo ckiagaerbcs
BiJTHOIICHHS] MaKCHMallbHOI Jucrepcii 10
CYMH BCiX JTUCTIEPCIH:

i=1 S 7

KinbkicTh nmapanieabHux BUMIpIB — 3 (110
IIMPHUHI 3aroTiBIIi), KUIBKICTh TOCHIIIB OMHIET
3aroToBKH -15.

[opiBusHEA ~ gucnepcid  3-X  mapa-
JeNPHUX BHUMIpIOBaHb y 15 mepepizax 3a
kputepiem Koxpena mnokaszamy, mo y Bcix
BUTIAJIKaX JUCIIEPCii BiAPI3HAIOTHCS HE3HAYHO.

PesynbpTatu BUMipioBaHb ycepeaHEHO, 3

M'ITH  BUMIPSHHUX, 3aroTiBIi  MpeJCTaBIICHI
PHUCYHKY 5.
[pu MOJABIINX JOCIIKEHHSIX

3arOTOBKY TIOKJIAJIM Ha TIOBEPXHIO CTOINY
BepcTara TPaHHIO A, MpU IBOMY 3aroTiBis
CTOCYETBCS  TIOBEPXHI  CTOJY  HaWOinbII
MOBEPXHSMH, IO BUCTYNAIOTH (PUCYHOK O).
Jlst GBIl TOYHOrO BHU3HAYEHHS ITOJIOKEHHS
BUCTYIAIOUUX TIOBEPXOHb  3arOTOBKM  Ta
XapakTepHOi JOBXKMHM XBWII | Ha AimsHkax 3
HAWOIIBII ~ BUCTYMAIOYMMH  TOBEPXHIMH
3aroTiBJIi BUMIPIOBAaHHS BUPOOISIIM 3 KPOKOM
1 MM.
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Puc. 5 - BigxuneHnHs ycepeJHEHOI IIOBEpXHi 3ar0TOBKH (TpaHb A)
Fig. 5 — Deviation of the averaged workpiece surface (face A)
B pe3ynbTati A0CHIKEHh BCTAaHOBJICHO, o0 TepeAyroTh  omnepamii  nuTiyyBaHHS.

0 BHW3HAYAIBHUM (AKTOPOM BHHUKHEHHS ITogBoena aMILTITy1a CHHYCOIIH ya

[IOYAaTKOBUX BIAXWIEHb BiJ IUIOIIMHHOCTI
OlYHMX TpaHel NPU3MATUYHUX 3aroTOBOK, €
nedopMmariiss  3aroToBkm B mpomeci i
TepMOOOPOOKH 1 TomepenHix MHuTihyBaTbHUX
omeparlii mexaHiuHoi 00poOku. BHacmimok
YOT0 3aroTiBIisl OTPUMYE BUTHYTICTh TIOBEPXHI
3 BHPWKCHUMH  PETYISPHAMH  XBHIISIMH
MaKpOBiAXMICHb. MaKpOBiAXUIICHHS TOBEPXHi
3arOTOBKH, 1110 CTHKAETHCS 3 TOBEPXHEIO CTOY
BEpCTaTa,  MOJENIOETHCS  LMIIHIPUYHOIO
MOBEPXHEI0 3 CHPSMOBYIOUOK Y BHUIIAIL
CHUHYCOI/IM 3 XapaKTEPHOIO JOBKUHOK XBUII |
(pucynok 7). [omxwuHa | 3anexuTth B psgy
(hakTOpiB, O SKUX HAJIeXKaTh: KOHCTPYKTHUBHI
0COOJHMBOCTI, 3THHABHA JKOPCTKICTH 3aro-
TiBJIi, BUIM TEPMIYHOI Ta MEXaHIYHOT 0OPOOKH,

MPUAMAETBCSI PIBHOIO MaKCUMAalbHIM BHCOTI
XBUJIb MAKpPOBIIXWIICHD (JTUB. pHUC. 7).

Y poOoumx ymMOBax II€BHA YacTHWHA
KOHTaKkTHOI aedopmariii moxe OyTH IIIac-
TUYHOI. BennurnHa OCTaHHBOI BPaxOBYETHCS

TINBKM A7 3MEHIIEHHS — 3a30py  MiX
MOBEPXHSIMH  CTOJIy, IO CTUKArOTbCA, 1
3arOTOBKH.

[Ipu3MaTiyHa HanmpsMHA MOJEITIOETHCS
HEpO3pi3HOI 0anKor0, HABaHTAKEHOIO PiB-
HOMIPHO PO3MOAJICHOI0 M0 LEHTpalbHIi oci
HABaHTaXCHHSIM 1HTEHCUBHICTIO ( = ¢+ Qn
(Bim mil 3ycwimis TSOKIHHS Mar"iTHOTO OIS
CTONMy BepcTara (; i Macu 3aroToBKH (M) i
30Cepe/KeHOT criii Py - paliiajibHOT CKIa0BOT
CWIIH pi3aHHs (PHCYHOK 7).

40
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e
55 + \ l
- )/
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Puc. 6 - [TapameTpu cuHycoinu: XapakTepHa JOBXHWHA XBWII |, moBiiiHa ammuiTyna Y, i rpati A
Fig. 6 — Sine wave parameters: characteristic wavelength 1, double amplitude ya for face A

Po3pobneno anroputm BuOOpPY ONTH-
MaJbHUX YMOB IUIOCKOTO IUTIpyBaHHS, IO
3a0€3MeuyI0Th JTOCSITHEHHS HEOO0X1IHOT AKOCTI,
y TOMY YHCIIi, JOMYCKY IUIOIIMHHOCTI 00po0-

BucHoexku

12

JIeHO1 IOBEpXHi OIYHMX rpaHeil MPU3MAaTHYHUX
HANpSMHHUX JIHIAHAX TIIOMITHUKIB - Masioi
JKOPCTKOCTI MPH HAWOUIBIIINA MPOXYKTHBHOCTI
Mpo1iecy IUIOCKOro UUTi(yBaHHS.

1
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'

Wai —

Puc. 7 - Po3paxyHKoBa cxema 3aroTiBili BU3HAUCHHSI MAaKCUMAaJIBHOT'O IIPOTUHY Wiax (Y pasi
MOYATKOBE BiIXUJICHHS BiJl IIONMHHOCTI Y)
Fig. 7 — Calculation scheme for determining the maximum deflection wmax (in the case of an initial
deviation from flatness y)
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ABTOpY 3asIBJIAIOTH, 10 KOHMIIIKTY iHTEpeCiB moa0 myoJikamii pykonucy Hemae. Kpim Toro,
aBTOPH TIOBHICTIO JOTPUMYBAIWCh €THYHUX HOPM, BKIFOUYAIOYM IIariat, Qamscudikailito JaHux Ta
NOJBiiHY MyOiKaIito
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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.

KEYWORDS: tool, surface grinding, high-speed machining, machining center, alloy steel.
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IMIIPETHYBAHHS ABPABUBHOI'O IHCTPYMEHTY AK METOJ NIJABUIIIEHHSA
PE3YJIBbTATUBHOCTI IIVII®PYBAHHA

B3aemozis abpa3uBHOTO Ta 0OpOOJIOBaHOrO Marepiany Hpu 1UTiyBaHHI CYNPOBOJIKYETHCS BHUCOKUM
CTYIEHEM aKTHBallii MOBEPXOHb, 0 KOHTAKTYIOTh, L0 IHIIIOE, 30KpeMa, aAre3iiiHy B3aeMOJi0 napu adbpa3uB-
MeTan. JIjis 3HWKEHHS IHTEHCHMBHOCTI aKTHBAIlil MOBEPXOHb, N[0 KOHTAKTYIOTHCS, 1 MOJAIBINOI aare3iiHol
B3a€EMOJIIT apy abpa3uB-MeTaj B 30HY Pi3aHHs BBOJSTH 3Mal[yBaIbHO-0XO0JIO/PKYIOY1 TEXHOJIOTIUHI CepeoBHIIa
(BOTC). Buxopucropytots pi3Hi Buau 30TC Ta Meroau ix momadi 1o 30HU pizaHHs. OCTaHHIM YacOM BEJIHKHA
IHTEepeC MPOSBISIETHCS IO METOAY MiHIMaIbHOI KITBKOCTI MacTHIIA.

Ha cygacHomy erarmi ¥ige MOIIYK WUDISXiB MiJABHIICHHS NMPOJYKTUBHOCTI Ta €KOHOMIYHOCTI HPOIIECY,
SIKOCTi Ta TOYHOCTi 00poOoBaHNX BHPOOiB. OXHUM 13 TIPIOPUTETHIX HATIPSMIB € IMiJBUIICHHS IIpaIie31aTHOCTI
abpasuBHUX IHCTpyMeHTiB. HampsMkn BIOCKOHaJCHHsS aOpa3WBHOTO iHCTPYMEHTY TOB'S3aHI 3 IOJIMIICHHSIM
Horo cknagoBuX Ta (QYHKIIOHAIBHUX €JIEMEHTIB: 3¢pHa, 3B'I3KH, OyJOBH poOOYOro IIapy Ta KOHCTPYKTUBHOIO
BUKOHaHHS po0040T MOBEPXHI KOJIa.

PanionanbHuit BUOip cxemu Ta MeTony 1utidyBaHHs 6arato B YoMy BU3Ha4a€e HOro pe3ysabTaTHBHICTb. Jlo
MEPCICKTUBHUX HANPSMIB MOXKHA BiJIHECTH BHUCOKOIIBHIKICHE, CHIIOBE, TJIHOMHHE, podiibHe nutipyBaHHsS Ta
iH. Oxnak BuOip paiioHanbHOT CXeMH ULTIQYBaHHS HE 3aBXXAM JO3BOJSIE 3a0E3MEUUTH pPe3yJbTaTHBHICTH
npoiiecy. Lle 3 3mMiHOIO cTany penabedy poOOU0i TOBEPXHI KOJIa Ta YMOB 0OPOOKH.

BaxnuBuM  pe3epBOM  Mi/IBUIEHHS pe3yJIbTaTUBHOCTI Tporecy UUTQyBaHHS € TOKpAaIIEeHHS
eKCIUTyaTallifHUX XapaKTepUCTHK OOJaJHAaHHS, 10 BH3HAYAIOThCS HEOOXIIHOIO >KOPCTKICTIO, JAEMII(YIOUOI0
3[IaTHICTIO Ta BiIOpOCTIHKICTIO.

OnHuM 13 HaWOIIBII MOIIMpPEHHX MeToxiB moxadi Mikpomo3 30TC y 30Hy pi3aHHS IpH aOpa3uBHii
06po6i € BBenenHst 30TC Ge3nocepeHBO y MOPH Koja (IMIIPErHyBaHHS).

K/IIIO490BI CJ/IOBA: incmpymenm, winihy8anus,  GUCOKOWBUOKICHA — 00poOKA,  KOMNO3UMHE
winighysanvre Kono, cmanb.
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B OCTaHHI 10-15 POKiB
MAaIIMHOO Y TyBaHHS B IHIYCTpiaIbHO
PO3BHHEHHX KpaiHaX JIOCATIIO CYTTEBOTO
nporpecy. ['Hyuke pHHKOBE Opi€HTOBaHE
BUPOOHHUIITBO 3a)KaJallo pPO3pPOOKH HAyKO-
MICTKHMX TEXHOJIOT1H.

IcToTHMIT BIUIIMB HA 3HOC 1 CTIHKICTh
abpasuBHOTrO iHCTpy™MeHTy (Al) HamawoTh
3MaIyBaIbHO-0XOJIOKYFOUl TEXHOJIOT19H]
cepenouia. 3acrtocyBanHs 30TC 3HuKye
3Hoc Kona Big 20% 10 JecATKiB  pasis,
3aJIe)KHO BiJl YMOB 3aCTOCYBaHHS Ta XiMiYHOTO
ckmaay [1-3]. EdexruBnicte 30TC o00y-
MOBJIIOETBCS 3MEHIICHHSM  aire3idHoro Ta
U y3iHOTO BUIIB 3HONTYBaHHS IHCTPYMEHTY,
B3a€MHE TIEPEHECEHHS MaTepianiB, 3HIKEHHM
HMOBIPHOCTI yTBOPEHHS LLTi(yBaTbHUX.

30iMbIICHHST SKCIUTyaTaliiHNX BJIAaCTH-
Bocteii Al wMmoximuBe Ha eram Horo
BUTOTOBJICHHS  (JIeTYBaHHS  a0pa3sWBHOTO
Marepially pi3HHUMHU eJleMEHTaMH; BUKO pHC-

Beryn

TaHHA HAATBEpAOro abpas3uBy; BHIIAN 3€PCH;
BBEJICHHS PI3HUX HAIOBHIOBAYiB Y 3B'A3KYy Ta
in.) [4] abo Ha TOTOBMH IHCTPYMEHT:
HACHYECHHS Tip IMIIPEerHaTOpaMu; CTBOPEHHS
rnmepepuBvacToi  pobodoi  moBepxHi Al
crerianpHa TepMooOpobdka Al, y Tomy umcii y
KpIOTEHHHUX  CEpelOBUINAX;  3aCTOCYBaHHS
cnemianbaux 30TC; HakimamaHHS KOJHMBAaHL,
3aCTOCYBaHHsI TBEPAUX MACTWII Ta iH [5-7].
KoMmnonentu 30TC, miIani
MOMEePeHbOT aKTUBAllll, OTPUMYIOTH JIOHAT-
KOBY C€HEprifo Ta NepexomiTb Yy MeTac-
TaOiMbHUN cTaH. 3a3HAaYeHWd CTaH Xapak-
TEPU3YEThCSI OCNA0NCHHAM a00 YaCTKOBHM
MOPYIICHHSIM BHYTPIITHHOMOJICKYJISIPHHAX
3B'SI3KiB, TOOTO CTHMYIIOETHCA AECTPYKIIis
30TC i3 yTBOpEHHAM AaKTHBHUX aTOMIB,
pamukamiB Ta Tpyn. AKTHBHI €JIEeMEHTH
YTBOPIOIOTH Yy 30HI KOHTaKTy IUTiBKH, SKi
EKpaHyIOTh aJre3iiHy B3a€MOJIII0 MOBEPXOHb
THCTPYMEHTY Ta 0OpOOIIIOBAHOTO MaTepiaiy.

AmHaJii3 ocTaHHIX JOCTiIKeHb i myQrikamii

BinHOCHO HOBUM METOIOM CTBOPEHHS
aOpa3sMBHHMX 3€PEH BBAXKAETHCSA '"30JIb-TEJIb
npotiec', IO MOJISTAE B IEPEX0/1i TOMOT€HHOTO
po3uMHy B 30Jb 1 NOTIM B renb. [lepeBara
BUTOTOBJICHHS 3€PEH TaKUM CIIOCOOOM TOJIATae
B Oinbil  edekTuBHOMY UDTidYyBaHHI, 3a
pPaxyHOK OTpPHMaHHS  BHCOKOJIUCIIEPCHOTO
abpa3uBy, SIKM MEHIIIE CXUIBHUI 0 3HOCY.

OngHuM i3 Cy4YacHHUX METOMIB YHUCTKHU
nuTiyBaJIbHOTO KOJIa B TIpOIeCi OOpOOKH —
na3epHe BimumineHHs [8]. BukopucroByBaBcs
nasepHmii  iMmynsc  TpuBamictio 20x10° 3
yactotow 19,9 I'u, ¢okycHa Bijmctanb 10 M.
Y TOoill MOMEHT, KOJM Ja3ep MOTparuvisie Ha
NOBEPXHIO NUTiI(QYBaIbHOIO KOJIa, MeTajieBa
CTpy’KKa No4MHae miaButhca. [lpu 3meHmenHi
(GOKYCHOT BiJICTaHI 30UTBIIYETHCS TOTYXKHICTh
Ja3epHOro IOTOKY Ha TOBEPXHIO, aie
VIIKOJXKYE 3epHO. 3aBISKMA TOUHO MiAiOpaHUM
napamMeTpaM  JIa3epHOTO  IMPOMEHS  3MeH-
nryethesi 3HoC nuridysanbHOro Kpyra. Ilicis
OUMILEHHS 3€pHAa CTalOTh TOCTPUMHU 1
TOTOBUMH JIO TIOJANBIIOTO 3HIMAHHS METaly.

JlaHMit MeTO € EKOHOMIYHO BUT1IHUM 3 TOYKHU
30py BUKOPUCTaHHS a0pa3wBHOTO i1HCTPY-
MEHTY, aJie Ui HaHOUIbIIOro eeKkTy Ciia y
KO)KHOMY KOHKPETHOMY BHIIQJIKy poO3pa-
XOBYBaTH TPHUBAIICTh 1 YacTOTy Jla3epHOTO
iMIynbcy, (OKyCHy BiJCTaHb, a TaKOX
HAsBHICTh MOTYXHOI J1a3epHOI YCTAHOBKHU.

Hocaimkenus XIMI4HO aKTHUBHOTO
eleMeHTa HOay B SIKOCTI MiKpOJOOaBKH B
30TC Ha pi3HHX oOmepamisx MeXaHigyHOl
00poOkH MeTamiB Ta HOro TPHOOJIOTIYHUX
BIIACTHBOCTEH JIOBOAWUTH YTBOPEHHS PO3Ji-
JIOBUX MACTHJIBHHMX IUIBOK B Ppe3yibTarTi
IHIIIFOBaHHS XIMIYHMX PEaKIiii MK paju-
KalaMu Hoxy Ta oOpOoOJIFOBaHMM Matepialiom.
Buxopucranusa #ogy sk xommoneHta 30TC
BIIMBAE HA XapaKTEPUCTHKH MPOLECY Pi3aHHS
[9].

Hespaxkatoum Ha  TmepeBaru  BHKO-
puctanas 30TC, cmig HarojocuTd 1 Ha
HEJOJIiKaxX: MPoOJIeMHy YTHIII3allil; eKoJoriyHa
Oe3meka, MOKeKOHe0e3IeKa Ta 1H.

IMocTanoBka mpodaemMn

Jns HalWKpamoro JOCTYyIy MacTHIBHO-
OXOJIOJKYBaJbHOI PIOMHM A0 30HU pi3aHHA

MIPOIOHYEThCS BUKOPHUCTOBYBATH aOpa3MBHHI
IHCTPYMEHT 31 CIelialbHUMHU JOAaTKOBUMHU
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KaHaBKaMH. Cnipanenoniona KaHaBKa
JI03BOJISIE  3MEHIIUTH PO3MIP CTPYXKKH, IO
YTBOPIOETBCS, 1 3MEHINY€ HABaHTAKCHHS Ha

IHCTpYMEHT.

[epcriekTHBHUM HAINpPSIMKOM €
3aCTOCYBaHHS Ha oOmepamisx moIidyBaHHS
KOMITO3UIITHUX uTiyBanbHUX KiJI,

KOHCTPYKTHBHI €JI€MEHTH SIKHX 3alloBHEHI
TBepAuM MacTmwioM. KommosumidiHi notidy-
BajpHI Kpyrn KIIK mokpamryrors momady
30TC 6e3nocepenHbo B 30HY LLTipyBaHHS Ta
MacTWIbHY [0 CEpeAOBHILA, 3HIKYIOTh
TEMIIepaTypy B 30HI KOHTAaKTy 3a pPaxyHOK
BiIBENEHHsI 4YacTKM Temjla B  MaTepian
MacCTWJIBHOTO €JIEMEHTa TMpH HOro po3m-
JMaBI€HHI B Tmpomeci UnTidyBaHHA, IiIBHU-
HIyIOTh ~ JUHAMIYHy  CTIMKICTh  Tpolecy
nuTipyBaHHs, TO3BOJSIIOTH BHUKOPHCTOBYBATH
uid  3a0e3leYeHHS MHUI040I Ta  OXOJOM-
JKYyBaNIbHOI i  HAWTPOCTIiNI, MPaKTHIHO
uennkiaauei 30TC na BoxgHik ocHosi [10].

[opcTkicTs TOBEPXOHB JeTallell MpPHU
nutihyBaHHI i3 3aCTOCYBaHHSIM  TBEPAMX
MaCTWJIBHUX MartepiajiB Moke OyTH 3HHKEHA
3a paxyHOK BBEACHHS [0 iX CKIagy
HATIOBHIOBAa4YiB 13 BHCOKOAWCIIEPCHHUX IIPH-
pOIHUX  MaTepiaJiB  Ta  HaHOMAaTepiaiiB.
Hanpuknan, BBejeHHS HAHOMOPOUIKY —MiJii
CYTTEBO  3HIDKYE  CEPEIHI0O  KOHTAaKTHY
temrepatypy [10].

OnuuM 3 HAHOUIBII JIOCTYMHHUX —Ta
MIEPCIIEKTUBHUX 3ac001B HiIBUIEHHSA
pe3yIbTaTHBHOCTI nutihyBaHHS pi3HHX
MaTepiajgiB € BBEICHHSI Yy IIOpUM KoJia
CremianbHUX CKIaJiB (IMIpErHyBaHHS).

Immpernarop OesnocepeaHbO BIUIMBAE
Ha mpomec nuripyBaHHS, Oepydd yd9acTb y
KOHTaKTHUX TIporecax y 30HI pizaHHSA, 1
HenpsiMe — depe3 3MiHy (i3MKO-MeXaHiqHUX
BIIACTHBOCTEH 1HCTpyMeHTy. BuOip cxmamy
IMITpeTHaTOpa 3alie)KHTh BiJ Marepiaimy, 0
00pOOTsETECS, PEXKUMIB HUTIGYBaHHS, SIKOCTI
00pobeHo1 MoBEpXHi Ta iH.

IMnperHyBaHHS TO3UTHBHO  BIUIMBA€E
IIPAaKTUYHO Ha BCl IOKAa3HUKU MPOLECY
uutiyBaHHS: CTIHKiCTh IHCTpYMEHTY,
ITOPCTKICTH OOPOOIICHOI MOBEPXHI, MIBUIKICTD
3HOCY KT Ta I1X 3aCONOBaHICTh, IiJABHIIYE
pi3anbHy 3OaTHICTH i1HCTpyMeHTy. Y psai
BUMAJKIB MPH BHKOPHUCTaHHI IMIPErHOBaHUX
KiJI YCYBarOThCSI TETUIOBI MedeKTH mutihoBaHOi
noBepxHi (mpunanu, MikpoTpimuau). Ile-
peBaro JaHOTO METONy € BHUPIBHIOBAHHS
BJIACTUBOCTEH HE 3aBXAM HEOIHOPIZHOI
CTPYKTYpH aOpa3wBHOTO iHCTPYMEHTY, IO
3MEHIIIY€ HEBPiBHOBAKCHICTH KOJIA.

IIpu rpaHMYHOMY TEpPTI 3 BaXKKUMHU
peXUMaMH, OKpPEMHUM 1 TPAHUYHUM BHUIIaJKOM
SKOTO € TepTs TMpH pi3aHHI METajiB,
BUKJIIOYCHA MOXKIIUBICTh TiJIPOAMHAMIYHOTO
PO3KJIMHIOBAaHHSA IIOBEPXOHb 3a JIOIIOMOTOIO
MacTWIa i TOMY HasiBHICTh 3aXWCHHX IUTiBOK,
0 3amo0iraroTh CXOIUIIOBAHHIO METAlliB,
Ha0yBae BUPIMIAIEHOTO 3HAYESHHS.

MeTo10 po0OTH € JIOCIIPKEHHS BIUTUBY
BUKOPHUCTaHHSI IMIpErHaTOpiB B aOpasuBHOMY
IHCTPYMEHTI JUIA MiJBUIICHHS iX pi3aJbHUX
BJIACTUBOCTEH.

Buxnag ocHOBHOro Mmarepiajy

HocnimpkyBaHi pedOBUHH HAJIEXKATh 10
PI3HUX KIIACiB CITOJIYK: HEOpTaHiuHI COMi Taki
AK: XJIOpUCTUH aMoHil (XA), CipYaHOKUCIHIA
amonit (CA), asun natpito (AH) Ta cknanHi
OpraHiuHi CHOJYKH TIeKCaxJoplnapaKkCHIION
(I'’XK) terpamermnriypamuicyiabdin (TMT/),
nitiogimopdonin (JITIM). Ckiax nponykris
PO3KJIaaHHs y LuX pedoBHH pizHuid. [lpu
posknananHi AH Buninserscs a30T. OCHOBHUM
razoM npu po3kiaganHi CA ta XA € amiaxk,
npu Oinem Bucokux Temnepartypax y CA
BiIOyBa€ThCSI YTBOPEHHSI CIPUUCTOro rasy, y

XA - comgnoi kucmotu. IIpomykTom
po3kiaganHsas ['XK € monekymnsipHuid XJop.
OcHOBHUMU IPOYKTaMHU TEePMi4HOT

nectpykiii TMTJ] ta ATAM € MOHOOKCHU
BYTJICITIO, a30THCTI Ta3u, OKCHJIH CIPKH.

Jns Bu3HAUeHHA BIUIMBY MeETaly Ha
XiMiYHI TIEpETBOPEHHS Yy TIependadyBaHUX
iMIperHaTopax TpOBEJICHO TepMorpadiuHi
JOCII/DKEHHSI TIOPOIIKY 3aii3a SK OCHOBH
O17IBIIOCT] CTanel Ta CrjaBiB.

[lpu HarpiBaHHI TOPOWIKY 3aimi3a [0
temreparypu 300 °C 3HauyHMX 3MiH MacH
HeMae (pucyHok 1). 3a Temmneparypu OJIU3BKO
360 °C BimOyBaeThCs HEBENUKE 30UTBIICHHS
Macu 1npubmm3Ho 3 % Big  [OYATKOBOI.
OCHOBHOIO TNPUYMHOIO € OKHCJICHHS MeTaly,
T.K. HarpiBaHHi TOPOLIKY BiAOYBa€Tbcs B
atMocdepi  moBiTps.  Peakmis  cympo-
BOJDKYETBCSL  €K30TEpMIYHUM  edekrom i3
MakcumyMmoM nipu 460 °C.

Tepmoposnmax XA  TOYHHAETBCS 3
temreparypu Ommspko 200 C i mpu 260 C
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BTpaTa MacH CTaHOBUTb Omu3bko  4%.
HaitinTeHcuBHIma BTpaTta MacH BigOyBaeTbCs
B iHTepBami 260-420 °C. Maca cywmimi
3MeHIyeThess 10 15%, TOOTO. BTpara macu
CTaHOBUTh OnM3bKO 95%. 3 ypaxyBaHHSIM
MIEPIIOTO eTammy BTpaTa Macu B iHTepBaii 200-
420 °C cranoButh Maibke 98 % (pucyHOK 2, a).

Peakuisi poskinamaHHA MOYMHAETHCA 3
BHIIJICHHSAM TeIIa 1 TICPETBOPIOETHCS Ha
EHAOTEPMIYHY AUIAHKY 3 TIKOM TPH TeMIle-
patypi Omm3eko 340 °C. 3i 3pocTaHHIM
TEMIIEpaTypy IHTEHCUBHICTb TEPMOPO3IMATy
HOMITHO 3HIDKYETBCSI Ta CYIPOBOKYETHCS
BuaieHHsM Temna. [Ipu temnepatypi 900 °C
MOYaTKOBOI MacH 3aJIMIIAEThCA TPOXU Oinbliie
1 %.

M cymimi XA i3 HOpOIIKOM 3aii3a
CIIOCTEPIra€ThCsl IMOMITHA 3MiHA XapakTepy
tepmiuHuX edekrtiB (pucyHok 2, 0). Ilpomec
PO3KJIaJaHHs MMOYMHAETHCS NPU TEMIepaTypi
omu3pko 210 °C i mpoTikae B eK30TepMidHii
JTUJTSHIT.

[HTeHCHMBHE 3MEHIIIEHHS MacH CyMIIIi
BinOyBaeThes B inTepami mo 410° C, Brpara

MacH CTaHOBUTh 01u3bK0 46%. OCKinbKU Maca
3ajli3a B JITaHOMY TEMIIEpaTypHOMY IHTEpBaIi
HE TIOBWHHA 3HIXKyBatucs (amB. puc. 1),
3MEHIIEHHs] Macd cyMmimi  BigOyBaeTbcs
BHACITITOK PO3KJIamaHHT XA.

Ha Ttepmorpami cymimi eHmoTepMidHi
MEpeTBOPEHHS, 10 HAyTh B  00JacThb
HETaTMBHUX 3HadYeHb T  BiACYTHIH, 10
MOSICHIOETBCA HAKJIAAeHHSIM Ha TEpMOTpamy
XA ex30TepMidYHMX TIEPETBOPECHB, IO BiA-
OyBaroTbCs B 3pa3Ky MOPOILKY 3ailiza.

Huzka TtemmeparypHHX TMmiKiB, IO
BUHUKAIOTh y 3pa3Ky Cywimi B iHTepBai
BHUJIIJICHHS Ta30MOMIOHUX TPOIYKTIB, MOXE
YTBOPIOBAaTHCS BHACIIIOK BTpaTu OJHOPIA-
HOCTI CyMilll TpW BUJIUIEHHI Ta30MomiOHUX
OPOIYKTIB pO3KIagaHHd XA Ta YTBOPEHHS
MOBITPSIHUX 3230piB MiXK MOPOIIKAMHU CYMIIlI,
MOPOIIKaMH Ta CTiHKaMu TUris. [lopyrieHHs
OHOPITHOCTI CyMillli TMPU3BOAUTH [0 3MiHHU
TemIonpoBigHocTi 1 Ha  kpuBii DTA
3'SIBIITFOTHCS TTIOMHJIKOBI TTIKH.

10 ~ 104
TG
7,5 | \ 78
DTA

O 5 | -\ N 52 N
: S
B~
< [T

2,5 26

0 | 0

0 250 500 750 1000
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Puc. 1 - Tepmorpama nopoiuky 3aiiza
Fig. 1 - Thermogram of iron powder
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Puc. 2 - Tepmorpama XJIOpHCTOTO aMOHIO (a) Ta CyMIlIll XJIOPUCTOIO aMOHIFO 3 MOPOIIKOM 3aji3a (0)
Fig. 2 - Thermogram of ammonium chloride (a) and a mixture of ammonium chloride with iron
powder (b)

AmHami3 tepmorpam pucyHkiB 1 1 2 xo09 i
CBIJTYaTh MPO MOXKIIUBICTh XIMIYHOI B3aeMOIii
NPOAYKTIB po3kiamaHHa XA i3 3amizomM, aie
3araJoM MO)KHa TOBOPUTH MIPO HEBEIUKY
aKTHUBHICTh XIMIYHHX TMPOIECIB, IO MpO-
TIKaIOTh MiX MPOAYKTaMH po3kianaHHs XA i3
3aJTi30M.

HarpiBamas I'XK (pucynoxk 3, a)
CYyHPOBOIKYETHCS JIEKiIbKOMa ¢dazamu
po3kianaHHs pedoBuHu (kpuBa TG). B
inTepBaii 150-200 °C maca 3HWXKYy€eThCS Ha 3-
4%. Y po3risHyTOMY 1HTEpPBaJi PO3BUBAETHCS
€K30TepMIUHMIA TIpolleC, MK SKOTO TMociaae
CepelnHy iHTepBay.

31 30inbweHHAM TemiepaTypu no 270
°C BUXiIHUH MPOAYKT BTpauae mie 65% macu.
Ile mianma3oH HaAWIHTEHCUBHIIIOIO 3HIDKCHHS
macu. B inTepBani 270-360 ° C BTpaTta mMacu
CTaHOBUTEL Onm3bko 5%. 3a temmeparypu 500
°C 3arasibHa BTpara Macu gocsrae 95 %. s
cama TemIepaTypa BIANOBiZae MKy eK30-
tepmiunoi peakiii. [ToBue posxnamanus ['XK
BimOyBaeThcst 3a 750 °C. VYTBOpeHHS BCiX
ra3oBUX MPOAYKTIB PO3KIaJaHHs BiJOyBa€eThCA
B €K30TEPMIYHIH JISHIN Jiarpamu.

Harpis cymimi I'XK i mopomiky 3amiza
(pucyHok 3, 0) BiIpPI3HAETbCA  MEHII
3HAUYYIIOK 3MiHOIO Macu. B inTepBaii Bix 150

o 240°C BTpara Macu CTaHOBHUTH Om3pko 20
%. Jua unucroro I'XK mpu miii temmepatypi
BTpaTa Macu CTaHOBHUTH Onm3bko 50 %. Jnst
50-tu mponerTHOTO BMicTy ['XK y cymimi
Brpara macu I'XK cranoButmMe Omu3pko 25
%. Buxos4u 3 1IbOro MOKHA TPUITYCTUTH, IO
0mu3pK0 5% IOJATKOBOI MacH yTBOPIOETHCS B
pe3yIbTaTi B3aeMO/Iii Ta30MMo1i0HUX MPOIYKTIB
PO3KJIaIaHHs 3 3aJTI30M.

TToxuOka BU3HAYEHHS JOJATKOBOI Macu
Oarato B 4OMY 3aJICKUTh Bia KyTa Haxwiy TG
minii go BeprukambHoi oci. Ha 1pomy
iHTEepBaJli KyT JOCUTH TOCTPHH 1 IIPH 3pYIIEHH]
novarky temneparypu poskiaganHs ['XK nHa
2-3 rpagycu CyTTEBO 3pocTae IOXHOKa
BUCYHYTOT'O TMPHUIMYIIEHHA. binbnr moctoBipHi
pe3yabTaTH  MOXYTh OyTH OTpUMaHi Ha
MOJIOTUX JAuIsHKax mgiarpamu TG Ha 000X
rpagikax. Hampuknan, B iHTEepBaIi
temmeparyp 270-360°C pucyHok 3, a, 6 3miHa
Macu 000X rpadikax BOHupaerscs y 5 %.
BizeMeMO y BHIIJIGHOMY IHTEpPBaJl CEPEIHIO
temneparypy — 315 °C.

3 1pOro BHUIUIMBAE, M0 HAWOLNBII
iHTCGHCUBHAa XiIMiYHa B3a€EMOZIsl IOPOLIKY
3aji3a BiJIOYBAETHCS MPU HATrpiBaHHI B CyMilli
3 I'XK mopiBHSHO 3 paHime po3rIsSHYTHMA
peuoBuHamu (XA, CA, AH).
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Puc. 3 - Tepmorpama rekcaxyioprnapakChiIonNy (a) Ta reKcaxJioprnapakCUiIoNy 3 MOPOIIKOM 3aii3a (0)
Fig. 3 - Thermogram of hexachloroparaxylene (a) and hexachloroparaxylene with iron powder (b)
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BBenenns immpersHatopa B TOpH KoJia
30IBIlyE  HaBENEHY CEpeaHI0 IIBHUIKICTH
MMOMIUPCHHA AKyCTUYHUX XBUJIb, 1o

NPOXOAUTh uepe3 aOpa3uBHHUN IHCTPYMEHT.
ITpu BmicTi iMmpernaropa ['XK y xomi 5 ta 7
%  HaBegeHa  IIBHIKICTh  HOIMIMPEHHS

BucHoBku

AKyCTHYHUX XBWJIb 30UTBIIYETHCS BiATIOBITHO
Ha 7 T1a 10 %. ImmperHyBaHHS 3HIKY€
HEBPIBHOBAXXCHY Macy ULTiPYBalbHUX Kil 3
eNeKTpoKopyHy Oinoro Ha 17-33% 1 kapOiny
3eJIeHOro KpeMHito Ha 33-57%.

Konduaikr inTepeci

ABTOpY 3asIBJIAIOTH, 10 KOH(IIIKTY iHTEpeciB moao myoJikamii pykonucy Hemae. Kpim Toro,

aBTOPH TIOBHICTIO JOTPUMYBAIWCh €THYHUX HOPM, BKIFOUAIOYM IUIariat, Qamscudikailito JaHux Ta
HOABINHY ITyOJTiKaIlifo
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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 Bunanns HaBuanbHO-HaykoBOTO iHCTHTYTY "VYKpaiHChbKa iHXKEHEpHO-TIEJaroriyHa axaaemis"
XHY im. B.H. Kapazina «MammHoOy1yBaHHS» € HAyKOBHM XXYPHAJIOM, SIKMI BKItoueHo 1o Ilepeniky ¢axoBux
Bunasb BAK (B), e myOnmikyroTbCsSl OCHOBHI pe3yabTaTh AUCEPTAIiTHUX poOiT Ha 3100y TTS HAYKOBOTO CTYHECHS
JIOKTOpA 1 KaHIU/IaTa TEXHIYHUX HAYK.

Jo myOmikarii mpuitMaroTeCS CTATTi, SKi HANMMCAaHI YKPaiHCHKOIO ab0 aHTIIHCHKOI MOBAMH 3TiTHO 3a
TIpaBUJIAMH JIJIsI aBTOPIB 1 OTpUMAIK IIO3UTHBHI PEKOMEH/IaIlil peI[CH3CHTIB.

IIPABIMJIA JJIs1 ABTOPIB

Enexrponna Bepcis odopmisietses y dopmati Microsoft Word, mpudrt Times New Roman, posmip 11,
MiKpsakoBuit iHTepBan 1,0, Bci monst mo 2,5 oM. JKupHuM mpudTOoM BUIUIAIOTHCS IiA3arOJIOBKH y CTaTTi;
KypCHB JIOITyCKAETHCS JIMIIE Y BUHATKOBUX BUIIAIKaX.

Lmoctpanii, Bkimovaroun rpadiky i cXeMu, MaloTh OyTH po3MilleHi Oe3nocepeiHbo B TeKCTi. LimocTpartii
MOJAIOThCA YopHO-OimmMu. CKpi3b, € MOKJIMBO, NOLUIBHINIE BUKOPHUCTOBYBATH rpadikm, a He Tabmumi. Yci
pucyHku miamucysati sk Puc. 1 Haspa pucynky (posmip 10). Tabmumi takox opopmista 10 po3mipom. CroBo
Tabéauus 1 (kupHUM, TPaBOpYyY), HA HACTYITHOMY PSIKY Ha3Ba TaOJHI KUPHUM, IO IEHTPY, po3mip 10. Ha3zpu
PHUCYHKIB Ta Ta0/IMLb HAZAKOTHCA TAKOK aHIIiHCHKOIO0.

OpieHTanis CTOPiHOK KHIDKKOBA. BupiBHIOBaHHA 1o mumpuHi. Ab3arr 1,0 cm.

Jus crareit HeoOxinno Bkazatu Y /K (UDC) (;miBopyd, po3mip 11), iHinmianu Ta npi3Buie aBTopa (po3Mip
11, >KMpHHUM, TPONHMCHUMH, MO LEHTPY), HAYKOBUH CTymiHb Ta 3BaHHA (po3mip 11), Ha HACTYHHOMY PSAKY
BKa3aTu Mocaay, Ha HacTymHoMy Bkazatu e-mail Ta ORCID ID. Ha HacTymHOMY pSIKY BKa3aTH MOBHY Ha3BY
ycranoBH (po3mip 11, kypcus) Ta i moBHa aapeca

Hasga craTTi (KUpHUMU TPONIMCHUMHU, IO LIEHTPY, 11 po3mip)

Jani noparu anoranito (He meHme 1800 3HakiB) Ta kio4oBi cinoBa (5-6) MoBoro crarti: posmip 10,
inrepBan 1,0. g ekcneprMeHTaNbHUX CTaTel MOJAaTH CTPYKTYpOBaHE pe3ioMe, e Mae OyTH BKas3aHi CJOBa:
Mera. Meroau. PesyabraTu. BucHoBku.

CratTi IpyKYIOTbCS YKPaiHCHKOIO Ta aHTIIHCHKOI0 MOBaMHU.

TekcT eKCIepuMEeHTaIbHOI CTATTi MOBUHEH CKJIAJaTHCA 3 HACTYHMHHX po3finiB: «Berym», «Metomuka»
(«O0'ekT Ta METOOM IOCHiKEHHA»), «Pe3ymprati», «OOroBopeHHS» (MOXIHMBUN 00'€MHAHWHA PO3ALT
«Pe3ynbpraT Ta 00TOBOPEHHN»), «BHCHOBKNY, «CIMCOK BUKOPHCTAHOI JTiTEpaTypu».

Po3nin «BcTym» NOBHMHEH MICTHTH IIOCTAaHOBKY NpOOJEMH y 3araJbHOMY BHUIJIAAL Ta 11 3B'A30K 3
BaXXJIUBUMH HAYKOBUMHU 200 MPAKTHUYHUMHU 3aBJaHHIMU; KOPOTKHIA aHaIli3 OCTAaHHIX JOCIIKEHb 1 MyOmiKamii, y
SKAX pO3IIOYATO PIlllEHHs AaHOi MPOOJIEeMH, BUAIJICHHS KOHKPETHUX HEBUPIIICHUX MHUTaHb, SIKUM IPHUCBSIUCHA
CTaTTs, OPMYJFOBaHHS METH POOOTH.

Po3nin «Meronuka» TOBHHEH MICTUTH BIiJOMOCTI mnpo 00'ekT (00'€KTH) JMJOCIIJDKEHHS, YMOBH
EKCIIEPUMEHTIB, aHAJITUYHI METO/H, IPUIAJN Ta PEAKTHUBH.

VY posmini «Pe3ynbTaTH AOCHTIIHKEHB)» HANAIOThCS OTPHMaHI pe3yibTaTH Ta MOBHHHO BiJOOpakyBaTH
3aKOHOMIPHOCTI, SIKi BUTIKAIOTh 3 OTPUMaHUX JaHuX. OTpuMaHy iH(popMaIlito HeOOXiTHO MOPIBHATH 3 HASBHUMH
JTEepaTypHUMH JTaHUMH Ta ITOKA3aTH ii HOBU3HY.

VY pozmini «BUCHOBKM» HAJaeThCs y3arajdbHEHHS Ta IHTEpPIIpPETallisl pe3yibTaTiB, aHali3 MPHIMHHO-
HACITIIKOBHX 3B'SI3KIB MK BHSBICHHMH €(EKTaMH, i MMOBHHHO 3aBEPIIYBATHCH BIAMOBIIII0 HA MUTAHHS, SKE
MOCTaBJIEHO Yy BCTYTI.

[MocunaHHsi Ha JpKepena y TEKCTI IMOJAIOThCS Yy NPSMOKYTHHX JIy)KKax 3 BKa3yBaHHSIM HOMepa 3a
MOPSIIKOM MOCUJIAHHS.

CnHcoOK BUKOPHCTAHOI JiTepaTypu 000B's13k0B0 oopmirsierhest 3a JICTY 8302:2015, mo 60% marots OyTH B
JoKepena, 1o ony6iikoBaHi 3a ocranHi 5 pokiB, URL ne € (po3mip 10, mixpsinkoBuit intepsan 1,0). KinbkicTb
nocujiaHb Mae 0yTu He MeHie 15.

Yepes 2 iHTepBaIM TaKOXK I10/IaTH NPIi3BUILE, HAYKOBUI CTYIIHb Ta HAyKOBE 3BaHHs, Mmocaiy, e-mail Ta
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iHTeprperanito. sl eKcriepuMeHTAIbHUX CTaTel MOAaTH CTPYKTYpPOBaHi pe3loMe Jie Mae OyTH BKa3aHi ClIoBa:
Purpose. Methods. Result. Conclusion.; ta kiaro4oBi ciosa (5-6).
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HaykoBe Bumanus

MAIINHOBY IYBAHHA

Bunyck 34

YKpaiHCHKOIO Ta aHTIIIHCHKOI0 MOBAMH

MakeTyBaHHS Ta KOMIT I0T€pHE BEpCTaHHS
I'onoBuenko bornan

[ignucano xo npyky 25.12.2024. ®opmat 60x84/8.
Y. np. apk. 13,5, O6n.-pun. apk.. 14,8
Haknan 50 np. 3am. Ned8/24

61022, m. XapkiB, maiinan CBo6oxu, 4.
XapKiBCHKUI HAIIOHAEHUHA YHIBEPCHTET
imeni B. H. Kapasina
BupaBaunrso

HanpykoBano XapkiBcbkuil HamioHaIBHUN yHiBepcuTeT iMeHi B. H. Kapasina
61022, Xapkis, matigan CBobou, 4.
Cainonrso cy0 exTa BugaBHudoi cripasu JIK Ne 3367 Bix 13.01.2009



