


International periodic scientific journal
ONLINE

www.sworldjournal.com
D.A.Tsenov Academy of Economics - Svishtov (Bulgaria)

Indexed in
INDEXCOPERNICUS
(ICV: 87)
GOOGLESCHOLAR

YRS

Issue Ne23

Part 1
January 2024

Published by:
SWorld & D.A. Tsenov Academy of Economics, Svishtov, Bulgaria



ISSN 2663-5712

DOI: 10.30888/2663-5712
UDC 08
LBC 94

Editor: Shibaev Alexander Grigoryevich, Doctor of Technical Sciences, Professor, Academician
Scientific Secretary: Kupriienko Sergiy, PhD in Technical Sciences

Editorial board: More than 300 doctors of science. Full list on page:
https://www.sworldjournal.com/index.php/swj/about/editorial Team

Expert-Peer Review Board of the journal: Full list on page:
https://www.sworldjournal.com/index.php/swj/expertteam

The International Scientific Periodical Journal "SWorldJournal" has gained considerable recognition among domestic
and foreign researchers and scholars. Today, the journal publishes authors from from different countries.
Journal Established in 2018. Periodicity of publication: twice a year
The journal activity is driven by the following objectives:

e Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best
examples of scientific journalism.

Publications of the journal are intended for a wide readership - all those who love science. The materials published in the
journal reflect current problems and affect the interests of the entire public.

Each article in the journal includes general information in English.
The journal is registered in the INDEXCOPERNICUS, GoogleScholar.

UDC 08
LBC 94

Published by:
SWorld &
D.A. Tsenov Academy of Economics
Svishtov, Bulgaria
e-mail: editor@sworldjournal.com

Copyright
© Authors, scientific texts 2024

ISSN 2663-5712 2 www.sworldjournal.com


https://www.sworldjournal.com/index.php/swj/about/editorialTeam
https://www.sworldjournal.com/index.php/swj/expertteam
mailto:editor@sworldjournal.com

R
SWorldJournal Issue 23 /Part 1 | \Q;

https://www.sworldjournal.com/index.php/swj/article/view/swj23-00-004

DOI: 10.30888/2663-5712.2024-23-00-004

UDK 621.3.061
CONTROL NODAL VOLTAGE LOSSES OF ELECTRIC POWER SYSTEM

WITH CORRECTION TRANSFORMATION RATIOS
Arakelyan Varuzhan Pavlik,
Ph.D. in Technical Sciences, Associate Professor
National Polytechnic University of Armenia, Institute of Power Engineering and
Electrical Engineering, chair of Electric Power Engineering,
Republic of Armenia, Yerevan city, Str. Teryan 105, Yerevan 0009

Abstract. Introductory speech on the research topic: Electrical systems are complex systems.
Multifaceted connections between the elements of modern electrical systems determine the features
of their management. In the course of research, the system is modeled by two interconnected
components. The first component relates to modeling the electrical system modes, and the second
component relates to modeling the electrical network scheme. The electrical network scheme model
contains passive parameters of power lines and transformers, on the basis of which a Z-matrix of
generalized parameters is formed. The influence passive parameters of two-winding transformers
leads to voltage and power losses in the system. Therefore, it is necessary to take into account the
possibility of changing the modules of transformation ratios when controlling the modes of the
electrical system.

The purpose of scientific research: Control nodal voltage losses of electric power system with
correction transformation ratios. Modeling of two-winding transformers with an I -equivalent circuit,
application of an algorithm for determining transformation ratio modules, formulae for calculating
voltage losses, correction formulae for transformation ratio modules.

Description of scientific and practical significance of the work: Scientific value of the work:
A new approach to managing nodal voltage losses of an electric power system is presented, based on
the I'-equivalent circuit for modeling transformers, using a Z-matrix without passive parameters of
transformers, controlling the level of nodal voltage by changing transformation ratios. Practical
significance: provides universality of calculation, analysis and assessment of the influence of passive
parameters of transformers on voltage and power losses in transmission electrical networks.

Description of the research methodology: Taking into account various types of modeling of
transformers of modern electric power systems, the complexity of network schemes, matrix theory,
numerical methods for solving system mode equations, an algorithm for determining transformation
ratio modules, control of nodal voltage losses was carried out with correction of transformation ratio
modules.

Main results, conclusions of the research work: The research was carried out on a macro-
model of the electric power system of Armenia. The analysis shows that the proposed algorithm for
determining the transformation ratios of two-winding transformers, formulae for calculating voltage
losses and formulae for correcting transformation ratios are applicable for transmission electrical
networks. Nodal voltage losses in the system scheme and changes in transformation ratios caused by
the passive parameters of transformers are estimated.

The value of the conducted research (what contribution of this work to the relevant branch
of knowledge): The presented approach expands the scope of application of transformer parameters
in the calculation and analysis of voltage and power losses.

Practical significance of the results of work: The resulting algorithm for determining
transformation ratios, formulae for calculating voltage losses, and formulae for correcting
transformation ratios make it possible to comprehensively analyze the level of voltage losses, control
the permissible level of node voltages by changing transformation ratios and solve problems of
voltage regulation.

Keywords: electric power system, transformation ratio, passive parameter, voltage losses,
correction, matrix.
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Introduction. Modern electrical power systems have an ever-evolving, complex
configuration of electrical networks. The configuration is characterized by a model of
the electrical network scheme. The electrical network scheme is modeled by equivalent
circuits of power lines and transformers. Typically, power lines are modeled with a =
-form equivalent circuit, rarely two-winding transformers with an I' -form equivalent
circuit. The electrical network scheme model forms a Z-matrix of passive parameters.
Many researches do not take into account the influence passive parameters of two-
winding transformers. Passive parameters of transformers cause changes in the nodal
voltages of the electrical system. Voltage and power losses in the system increase. The
form of representation of passive parameters of transformers is important for solving
mode problems of system. Currently, there are no researches of the modes electrical
systems related to the control of the permissible level of nodal voltages.

Literature review. Calculation of steady-state modes is the basis for the control
of electrical power systems. With the development of electrical networks, interest in
calculating modes with the presence of transformer parameters is growing [1-7,10]. If
there are transformers with complex transformation ratios in the electric power system,
the matrix equation of nodal voltages takes the following form:

U=Uyp+Z-I (1)
where Ugyg is a multidimensional slack voltage vector of the electrical system,

Z - nodal complex matrix of resistances of the electrical system, taking into
account the passive parameters of lines and transformers and complex transformation
ratios,

U - multidimensional vector of the complex voltage of independent nodes of the
electrical system,

[-multidimensional vector of the complex current of independent nodes of the
electrical system.

To model transformers, z-equivalent circuits are mainly used, and in some cases,
['-equivalent circuits.

ZTr ZKTZr S

YTr YTr

P

Fig. 1. m -equivalent circuit of a transformer

n-equivalent circuit of a transformer.
Z"- matrix of passive parameters (complex impedance matrix) of the [T-equivalent
circuit of the transformer has the following form:

-1
70 — Yrr + Yr, — Krp - Yrr 2)
—Krpy - Ypy K%r ’ (YTr + qu‘lr)
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Fig. 2. I'-equivalent circuit of a transformer

I'-equivalent circuit of a transformer.
Z'- matrix of passive parameters (complex impedance matrix) of the I'-equivalent

circuit of the transformer has the following form:
-1

YretYie Yoo
2 *
g7 — K1y Krr | (3)
_Yrr Y.
K Tr
Tr

The Z-matrix of generalized parameters of the matrix equation (1) is formed using
the Z™ or Z" matrices.

Calculation of electrical system modes using expression (1) has the following
disadvantages:

1.The calculation of system modes with complex transformation ratios and its
application becomes more complicated.

2. It is necessary to recalculate the Z-matrix if the transformation ratio changes.

3. Nodal voltage losses and power losses increase in the system.

To do this, it is necessary to rework the tasks of managing voltage losses of the
electrical system, taking into account the passive parameters of two-winding
transformers.

Aim of the Research. To control nodal voltage losses of the electric power
system, it is recommended to use:

1. I' -form equivalent circuit for modeling transformers.

2. Algorithm for determining the modules of transformation ratios of electrical
system transformers in nodes.

3. Formulae for nodal voltage losses of the electrical system due to the passive
parameters of transformers.

4. Formulae for correcting the modules of transformation ratios of transformers
due to nodal voltage losses.

Main Body. Let us present the calculation scheme of a two-winding transformer

in the following form (Fig. 3).
Tr

Tv K. LV

@ | @ | >Si1)

Fig.3 Calculation scheme of a two-winding transformer.
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Since the supply voltage of transformers differs from its nominal voltage, control
taps are installed in their windings, when they change, the transformation ratio changes
within certain limits.

The transformer turns ratio is determined using the following algorithm.

1. First it is accepted:

Ui = Ugri - 4)
where
U;- voltage module of the i-th node of the electrical system,
Usak- the calculated voltage value of the transformer regulating tap of the

electrical system i-th node.
2. The number of initial taps of the transformer voltage regulation device is
determined by the

following expression:
UCA.L _ UHV .
nho .= RT1 nomi (5)
SO

100
where

UiV .- the high-voltage winding nominal voltage value of the i-th node
transformer,

a;- the voltage regulation degree of the i-th node transformer relative to the
nominal voltage.

Let us make the following notation.

_ Wi " Uyomi
100 (6)

Taking into account notation (6), formula (5) takes the following form:
) UCA.L _ UHV .
Ny = R“Tinoml_ (7)

Aal-

where
Aa;-this is the voltage regulation step of the i-th node transformer.
The number of calculated initial control taps is rounded up.
Nuyi = Nyy;. (8)
3. The standard value of the transformer regulation tap voltage is determined by
the following formula:

Uri = Upomi * (1 + gy - ay). )
Let us make the following notation.
wrri = 1+ nypy; - a;. (10)

where
wryrithe relative turns number of the high-voltage winding of the i-th node
transformer.
Taking into account notation (10), formula (9) will take the following form:
Urti = Ungmi * Wari- (11)
4.The standard value of the transformer turns ratio is determined by the following
formula:
Tr U}g;:l
Ki = UT (12)

nomi
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where
Ukymi- the low-voltage winding nominal voltage value of the i-th node transformer.

The transformation ratio varies within the following limits:
T ST _ 1T . min
Kimin» When Ugrimin = Kinom * Wrri

imin’ i,nom
KiTr = Ki?rgom' when Ug%i, = Urlllc];m,i' (13)
Ki,Tr:zax' when Ug;i,max = KiTrtom ) w}g;"?x'
where
wrrit =1 —ngy; " a;, (14)
wryri = 14 ngyi - a;, (15)
Let us assume that the electric power system (EPS) consists of M + 1 nodes (see
Fig. 4).
——@ . (r+1}
— - —— 7
@ - T -
@ CH
UME : UIB
Meiciasansarassassnsrafissaguessasananaina LT
01 | u,=u,

Fig. 4. Equivalent scheme of the EPS with the Z-fofm

The node with index "0" is selected as the slack node. In this case, the equation
of steady-state of the electrical system in the Z-form takes the following form [8, 9,
10]:

Uy =Uos + Zyy Iy +Zip Iy + 4 Zypy Iy,
Uy =Upg + Zpy [y + Zpp + I +---+ZZM-1'M,j (16)
Uy =Ups +Zyr "Iy + Zygp - Ly + -+ + Zygag * Iy
where Ugyg, Uy, Us, ..., Uy-are complex voltages of nodes 0, 1, ..., M of the electrical
system,
I, I, ...,Iy-are complex currents of nodes 1,2, ..., M of the electrical system,
Z12se s Zipgs Za1se -5 Zams- -+ Zy1 - are mutual impedances of independent nodes of
the electrical system,
Z11> Z22,-.., Zym~- are self-impedances of independent nodes 1,2,....M of the
electrical system.
The nodal equation of the electrical system (16) in a compact form takes the
form:
U=Up+Z-1. (17)
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where U, is a multidimensional slack voltage vector of the electrical system,

Z - nodal complex matrix of self and mutual impedances, due to the longitudinal
and transverse passive parameters of power lines,

U - multidimensional vector of the complex voltage of independent nodes of the
electrical system,

[-multidimensional vector of the complex current of independent nodes of the
electrical system.

Taking into account the passive parameters of transformers in the electric power
system (Fig. 4.), the equivalent circuit of the EPS will take the following form (Fig.
5.).

K "
>—D e
.

Fig. 5. EPS equivalent scheme in Z-form, taking into account the transformation
ratios of transformers.

Let us write the matrix equation of the steady-state for the equivalent scheme of
the electric power system presented in (Fig. 5.), we will have:
UT" =Upg+Z- 1™, (18)
where
U™ multidimensional complex voltages vector of electrical system independent
nodes, taking into account the passive parameters of transformers,
[T~ multidimensional complex currents vector of electrical system independent
nodes, taking into account the passive parameters of transformers.
From the difference between matrix equations (17) and (18) we obtain:
U-ut=2z-d-I"™). (19)
Using matrix equation (19), we determine the voltage losses using the following
formula, we obtain:

VU = mod U — mod U™", (20)
or
vu=U-Uu". (21)
where
VU, U1
VU,
VU = , 22) U= , (23) Uu™r= (24)
VUy Um [ ]

We compensate for nodal voltage losses in the electrical system caused by the
presence of passive parameters of transformers by changing the transformation ratios.

ISSN 2663-5712 8 www.sworldjournal.com
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Let us write matrix equation (21) in the following form:
U=a- U, (25)
where
a- change coefficient in nodal voltage of the electrical system..
a=1+VvUu/ut, (26)

Using the algorithm for determining the transformation ratios of transformers,

matrix equation (25) will take the following form:
K= a- K. (27)

where

K- multidimensional vector of transformers transformation ratios of the electrical
system independent nodes,

K’"- multidimensional vector of transformers transformation ratios of ithe
electrical system independent nodes, in the presence of passive parameters..

K; 251 K"
L @ azl-..(f?l’ 29  kr=|K"| (30)
KM Ay KI\T[

Let us estimate the voltage losses of the nodes and the change in transformation
ratios using the Euclidean norm of vectors [11], 1.e.

IVUll; = / i21|VU 2, €19
lAK]l, = /Z{-‘?,-IAKL-IZ- (32)

The study was carried out on the macromodel of the Armenian EPS. The simple
iteration method is used to solve the steady-state equations. The results are presented
in tables. The Hrazdan Thermal Power Plant (index “0”) is represented as the slack
node, the Yerevan Thermal Power Plant (index “1”’), the Armenian Nuclear Power
Plant (index “2”) are the generator nodes.

Table 1 - Voltages

node,i |U,], kv |UiT rl, kv VU, kV a
0 220 220 : :
1 211.974 206.9752 4.9988 1.0242
2 214.6895 208.9606 57289 1.0274
3 210,517 206.3364 41806 1.0203
4 210.6054 205.559 5.0464 1.0245

Table 2 - Transformers transformation ratios

node,1 K" K AK
0 _ - _
1 0.0761 0.0743 0.0018
2 0.0754 0.0734 0.0020
3 0.0533 0.0523 0.0011
4 0.0511 0.0499 0.0012

ISSN 2663-5712 9 www.sworldjournal.com
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Conclusions:

1. Nodal voltage losses of the electric power system due to the passive parameters
of transformers are: ||VU||,=2.42%.

2. The change in the transformation ratios of transformers in the electrical power
system scheme is: ||AK]|,=2.41%.

3. Nodal voltage losses of the electric power system in the presence of passive
parameters of transformers are compensated by transformation ratios correction
equivalent to losses.

Prospects for further research

1. Study of voltage calculations in system-forming electrical networks, taking into
account the passive parameters of power lines and transformers.

2. Research on voltage regulation in transmission networks.
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IMPLEMENTATION OF THE FUNCTION OF STEPWISE CURRENT
RELAY PROTECTION BASED ON A PARALLEL OPERATION

PROGRAMMABLE LOGIC CONTROLLER
PEAJIIBAIIISI ®YHKIII CTYNIHYACTOTI'O CTPYMOBOTI'O PEJTEHHOI'O 3AXUCTY
HA BA3I ITIPOT'PAMOBAHOT'O JIOTTYHOT'O KOHTPOJIEPA ITAPAJIEJIBHOI JI1

Hrytsenko S.D. / I'punenxo C./.

assistant / acucmenm

State Biotechnological Universite, Kharkiv, Alchevsky, 44, 61000
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Abstract. The issue of increasing the reliability of relay protection devices by using
programmable logic integrated circuits (PLIC) has been considered.. The algorithm of the current
step protection is analyzed and implemented on PLIC using VHDL language. It is shown that the use
of PLIC can significantly increase the speed, reliability and noise immunity of relay protection
devices. The conclusion is made about the prospect of using PLIC to create highly reliable relay
protection systems.

Key words: improving the reliability of relay protection devices, programmable logic integrated
circuits, FPGAs, parallel-acting controller FPGAs

Introduction. Relay protection (RP) is designed to protect power systems and its
elements from dangerous consequences of damage and abnormal modes. Reliable RP
operation is essential for normal and reliable functioning of modern power systems.
Currently, microprocessor-based relay protection devices (MPRPD) have been
developed and are widely used. However, the practice of their application shows that
these devices have typical disadvantages of microprocessor equipment, namely:
limited reliability parameters of both hardware and software. Therefore, improving the
reliability of relay protection devices is an important and urgent task.

The use of programmable logic integrated circuit (PLIC) technology can eliminate
some MPRPD disadvantages, and first of all, replace the serial principle of information
processing with a parallel one, which allows to manifold increase the speed, reliability
and noise immunity of RP devices and systems [1].

Conducted studies have shown that implementation of RP systems on PLIC is
possible [2]. A PLIC parallel action controller was taken to practically test the RP
algorithm.

Analysis of recent research and publications.

The analysis of known publications shows that PLICs are widely used to build
digital devices of varying complexity and capabilities in various fields. However, no
mentions of using PLICs in RP devices were found.

Main research materials.

The main algorithms for the functioning of relay protection with relative
selectivity include current step protection. Current cutoff refers to overcurrent

ISSN 2663-5712 11 www.sworldjournal.com
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protection that responds to an increase in current. Its main difference from maximum
current protection [3] lies in the method of ensuring selectivity. Current step protection
is a combination of current cutoffs and maximum current protection, which allows
performing full-fledged protection with high speed. Usually, current step protection is
performed in three stages:

- 1Instantaneous cutoff - protects the initial line section;

- cutoff with time delay - used for reliable protection of the remaining line section;

- maximum current protection - performs the functions of close and remote

backing.

The controlled signal from the current transformer 74 is fed to the current relays
of the first stage KA1.1, KAI1.2, KAI.3, second stage KA2.1, KA2.2, KA2.3 and third
stage KA3.1, KA3.2, KA3.3. In case of short circuit, current relays are activated, which
generate one at the output. The signal at the output of logical elements DWI, DW2,
DW3 becomes equal to one if at least one input signal is equal to one. Elements DT/,
DT2 implement a time delay necessary to meet the requirements of protection
selectivity. KL is the output protection device, KH1, KH2, KH3 are signaling elements
(Figure. 1).

If the protection behavior is represented as a logical function T, then the tripping
condition can be written as:

T=(KAI1.1 OR KAI1.2 OR KA1.3) OR (KA2.1 OR KA2.2 OR KA2.3) AND DT1I

7 OR (KA3.1 OR KA3.2 OR KA3.3) AND D72 1 =1,
where KAI.1, KAI1.2, KA1.3, KA2.1, KA2.2, KA2.3, KA3.1, KA3.2, KA3.3 are the
logical signals at the outputs of the overcurrent protection measuring elements;

DTI 1, DT2 1 are time delay operators.

signal

Dw1

—p| KA12

e

v

KA1.3

KA2.1

v

TA KA2.2

Discannection
1 — 1 KL

Dw2 Dt1 Dw4

v

KA2.3

L
I
ik
[

KA3.3

v

Figure 1 - Algorithm of current step protection using logic elements
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In a very simplified version, the end product built using PLIC technology is a set
of discrete logic implemented on a single chip. The main difference is that the
"hardware" of the PLIC-based control device is determined not by the PCB routing and
a fixed set of elements and connections, but is programmatically formed from a set of
semiconductor switches. Thus, it is possible to implement control and processing logic
in a very compact semiconductor device package due to physically implemented
connections and transitions. Since PLIC technologies make it possible to implement
parallel single-cycle processing of vectors of arbitrary length, a PLIC-based device
operates much faster, and importantly, more reliably than any microprocessor device
with a traditional sequential mode of operation.

In addition, modern PLICs have another difference: thanks to the built-in
programming and configuration systems available in many PLIC types, which allow
reprogramming them directly on site without external programmers, PLIC-based
devices can be upgraded even while in permanent operation at the customer's facility.

To implement the RP device, a PLIC parallel action controller was used based on
the EPM7128SLC84 Cyclone family crystal from Altera with flash load memory. An
analog-to-digital converter (ADC) block was added to convert the input analog signals
from current (TA) and voltage (TV) transformers into digital format, as well as an
executive element that is used to disconnect the damaged network section from the
power source (Figure. 2).

FPGA - parallel action controller

Power supply
Configuration module

=] =

|
|
|
|
|
|
|
|
|
|
Clock generator |
N |
JTAG I
¢ > |
Signals from D te i it F P GA l
TA and TV Iscrete inputs Discrete outputs :
|
— 5| ADC | —> —> Galvanic — (I— Galvanic > > | Executive
solution ] ] solution d > | elements
> > > > ?
‘ |
| ‘ ‘ ‘ ‘ ‘ ‘ i
I I
| |
‘ |
} Discrete LED display Digital Discrete LED display |
| board scoreboard board :
|

Figure 2 - Functional diagram of relay protection on a PLIC parallel action
controller

The VHDL language and Intel Quartus Prime development environment were
used to write the control program for this algorithm.

Principle of operation. The controlled signals from the current and voltage
transformers are fed to the analog-to-digital converter. Next, the digital value of voltage
and current is transmitted to the discrete inputs of the PLIC parallel action controller,
via galvanic isolation to the input pins of the PLIC chip. In the PLIC, the data is
processed according to a given algorithm (Figure. 1) and, depending on the result,
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signals are generated at the discrete outputs of the controller. In case the algorithm is
executed with critical input values, a signal is sent to the executive elements.

Conclusion. The conducted research has significantly advanced our
understanding of the feasibility of integrating current step relay protection through
Programmable Logic Integrated Circuits technologies. The findings underscore the
potential for developing highly reliable relay protection systems by leveraging the
capabilities of PLICs. The successful implementation of current step relay protection
using PLIC technologies opens up promising avenues for enhancing the efficiency and
dependability of protective systems in diverse applications.

Furthermore, the results of this study highlight the adaptability of PLICs in
addressing the intricate requirements of relay protection, demonstrating their ability to
provide intricate and responsive solutions to dynamic electrical environments.

The positive outcomes observed in this research lay a foundation for future
advancements in relay protection technology, paving the way for innovative solutions
that can withstand the evolving challenges in the realm of electrical protection. As
technology continues to progress, incorporating PLICs into relay protection systems
holds great promise for achieving unprecedented levels of reliability, efficiency, and
adaptability.

In conclusion, the study strongly supports the notion that PLIC technologies
represent a viable and promising avenue for the development of highly reliable relay
protection systems. The ongoing exploration of PLICs in the field of electrical
protection is expected to contribute significantly to the evolution of smarter, more
resilient power systems, ensuring the continuous and secure operation of critical
infrastructure.
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KhNTUSG named after Peter Vasilenko, issue 102, Kharkiv, 2010. P. 100-101.

3 Hrytsenko S. D., Radchenko S. S., Furman I. O. Implementation of relay
protection functions using a PLIC parallel action controller // Problems of energy
supply and energy saving in the agro-industrial complex of Ukraine: Bulletin of
KhNTUSG named after Peter Vasilenko, issue 117, Kharkiv , 2011. P. 58-59.

Anomauin. Pozensinymo numanusa ni08UWEHHs HAOIUHOCMI NPUCMPOI8 PeNelHo20 3aXUchiy
WTISIXOM 3ACMOCYB8AHHS NPO2PAMOBanux nociunux inmeepanvrux cxem (ILJIIC). Ilpoananizosaro
aneopumm cmpymogo20 CmyneHego2o saxucmy ma peanizoéarno tozo xwa IIJIIC 3 eukopucmanHuim
mosu VHDL. Iloxazano, wo 3acmocysanus IIJIIC modice 3nauno nioguwumu ueuokooiro, Ha0iluHicmo
ma 3a8a00CMitiKiCmb NPUCMPOI8 peleliHo20 3aXucmy. 3pobieHo 8UCHOB0K NPO NEePCheKMUEHICIb
suxopucmanns IIJIIC 05t cmeopents 6UCOKOHAOIUHUX CUCTNEM PEetiHO20 3aXUCT).

KJllouoei cnosa: niOBUUEeHHsT HAOTUHOCMI NPUCMPOI8 penetiHo20 3aXUCHLY, NPOSPAMOBAHI
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Abstract. Individual values of working time and working conditions, thermal and technical
condition of gas turbine systems may differ significantly from the indicators of the average statistical
object. The work examines modern approaches to thermodynamic modeling of gas turbine system
state parameters and methods of assessing the actual degradation of characteristics over time. The
article presents the results of computational and experimental studies of the possible influence of
changes in the state of characteristics of engine components on the thermal state of gas turbine
components. An algorithm for finding the best combination of parameters of the state of the
characteristics of nodes of the thermodynamic model of the gas turbine system using the quasi-
Newtonian method and the finite-difference gradient is proposed. It was established that there are
promising methods of forming individual assessments of the technical condition of heat engine units
and working out measures to maintain a stable level of key characteristics in the process of resource
depletion and recovery during repairs.

Keywords: compressor, combustion chamber, gas turbine, thermodynamic model, algorithm,
identification, state parameters

Introduction

The actual operating conditions of heat engines are accompanied by
physicochemical processes of changing the mechanical properties of materials and
material systems from which their components are made, processes of changing the
characteristics of fuel-regulating equipment units and gas-air tracts. In the process of
real work (characterized by the operating time from the beginning of operation t and
the number of load cycles N), there is a process of multifactorial influence on the
technical condition of heat engines and scenarios of its change in the future. Karpinos,
Korovin, Lobunko, Vedischeva (2014) performed a study of the operational damage of
structural elements of more than 100 gas turbine engines of the same type with different
working hours since the beginning of operation. It was established that with an increase
in the operating time of heat engines from the beginning of operation, there is a
degradation of the properties of materials and an increase in the number of rejected
parts as a result of defects.

A set of operational damages P(t > 0, N > 0) set of parts and components of the
flow part of heat engines (according to different mechanisms) leads to a shift in the
functional characteristics of its nodes, which may differ significantly from the
characteristics of the corresponding node of the same engine at the beginning of its
operation (1 =0, N = 0).

The deterioration of the characteristics of heat engines in operation, the search for
technical and technological possibilities of maintaining their stable level as the
resource is exhausted, diagnosis and the choice of rational methods of restoration
during repair remain an urgent problem. The urgency of the problem is determined not

ISSN 2663-5712 15 www.sworldjournal.com


https://orcid.org/0000-0001-5273-4768

o U
SWorldJournal Issue 23 / Part 1 \t‘\ \

o
-

only by economic considerations, but also by the loss of traction by the heat engine
AR(7), increasing the amount of heat AQ(t) to ensure the specified parameters of the
thermodynamic cycle.

The value of thermodynamic parameters of the same name X, X;... X, reflecting
the real working processes of a sample of n heat engines of the same type with different
amounts of work since the beginning of operation (tx > 0, Ny > 0) under identical
external operating conditions (Py, Ty) and the position of control bodies () can differ
significantly. These discrepancies are determined by the individual characteristics of
heat engine units and their units. One of the urgent problems of mechanical engineering
is the search for opportunities to increase the reliability of modeling changes in
thermodynamic parameters AX"(t), which characterize the working process of the
object depending on the working time.

Main text. Literature review.

Fentai, Amare Desalegn, Baheta, Aklylu, Gilany, Syed Ihtsham Ul-Haq (2018)
presented a quantitative method of heat engine diagnostics. Artificial neural networks
are used to evaluate the progressive wear of one and several gas tract components from
the point of view of mass flow and isentropic efficiency indices. The data necessary
for training and testing this method are obtained from the thermodynamic model of the
engine in stationary conditions. Gaussian noise values were considered to assess the
tolerance of the method for measuring uncertainties. For complex problems of
diagnosing engines based on the structure of one artificial neural network, it may not
be enough to obtain reliable and accurate results. The authors used seven decentralized
frameworks to evaluate seven different component failure scenarios, which
significantly improves the accuracy of fault identification.

Khaled A. Naeim, Ahmed A. Hegazi, Mohamed M. Awad, Salah H. El-Emam
(2022) used the enthalpy-entropy approach to model the actual gas turbine cycle
(Figure 1). The developed program was used to study the influence of ambient
temperature, relative humidity, and ambient pressure on the output parameters of the
gas turbine. The gas turbine simulation results showed that as the temperature
increased, the power of the gas turbine decreased, while the thermal efficiency of the
gas turbine decreased, and the specific fuel consumption increased. Gas turbine power
decreased with increasing relative humidity.

Jeffryes W. Chapman, Thomas M. Lavelle, Jonathan S. Litt (2016) noted the fact
that the cost and risks associated with the design and operation of gas turbine engine
systems have led to increased dependence on mathematical models. In paper (4), the
main aspects of engine simulation, performance analysis and connections with the
development of the engine control system are considered. The focus is on
thermodynamic modeling using techniques common in the industry: Brayton cycle,
component efficiency maps, scaling maps, and generation of design point criteria. The
T-MATS scheme of the engine model is presented in the figure 2.

Alfredo Gimelli, Raniero Sannino (2017) applied a multifactorial multiobjective
methodology aimed at validating the thermodynamic model of a microgas turbine. The
methodology is based on a genetic optimization algorithm, where decision variables
and objectives are set depending on available experimental data. The results of the
studied case emphasize the ability of the method to indicate some inconsistencies in
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experimental data and the fact that it can lead to a consistent thermodynamic
reconstruction of microturbine behavior.
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Figure 1 — Validation and compressor T-S diagram

(b) GT compressor T-S diagram.
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Work R. Yadav, Yogesh Kapadi, Abhay Pashilkar (2005) is dedicated to the
development and validation of an aerothermodynamic model of a turbofan engine
based on the variable state and control volume approach. Using actual performance
data, steady-state and transient engine simulations were performed using MATLAB-
SIMULINK. A simulation model is systematically developed. Graphs of the engine
states are constructed for various stable operating conditions. The model is equipped
with capabilities that can be integrated with engine control design software. The results
are verified by software Gas turbine Simulation Program.
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Pawel Magryta, Konrad Pietrykowski, Michal Geca (2018) proposed a one-
dimensional model of an aircraft engine. This model is developed in software AVL
BOOST. The model is used to calculate the fuel and air flow parameters in the engine
intake system, as well as to analyze the combustion process and the flow of exhaust
gases into the external environment. The model is based on the equations describing
the isentropic flow. The geometry of the channels and all parts of the model is displayed
on the basis of an empirical study of engine elements.

Materials and methods.

Analysis of literary sources, applied thermogas dynamics, theory and practice of
the use of heat engines, reliability, technical diagnostics, computer modeling of
thermodynamic processes (Figure 3).

l T. P l To. Pa

Models of flow parameters in the B Characteristics of the input device,
input device h ps;
l Th, Py
Flow parameter models Characteristics of the compressor,
: —
in the compressor pSa, PSa

l

Flow parameter models
in the combustion chamber

+——| Characteristics of the combustion
chamber, psa

l T, Pu

Flow parameter models
in the turbine Characteristics of the turbine,

P&z, PSe

Characteristics of the output

Models of gas flow parametersin - [ dev
evice, psy

the output device

l

Figure 3 — Diagram of a thermodynamic model of a heat engine
Author's development

The thermodynamic model of a heat engine (Figure 3) is represented by a
sequence of equations that describe the work processes of air flow compression in the
compressor, heat supply in the combustion chamber, expansion in the gas turbine, and
acceleration in the output device. The thermodynamic model allows you to simulate
the values of the parameters in different parts of the engine when the input data changes

(THa PH) (X,)
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In order to assess the effect of changes in compressor characteristics on the
operating conditions of heat engine components, a calculation experiment was
performed. The thermodynamic model of the engine and the model of the gas turbine
blades were used in the experiment. In order to model the displacement (degradation)
of the characteristics of the elements of the flow part relative to the characteristics of
the engine at the beginning of operation, as well as to implement the procedure for
refining the individual thermodynamic model of the engine, a vector of state
parameters was introduced psy.

To the composition of the components of the vector psx parameters of
characteristic shifts are included (Figure 4, on the left) relative to the corresponding
characteristics of an average engine.

Results and discussion.

Computer modeling of the degradation of the signs of the technical state of the
unit is implemented by adjusting the values of the state parameter of the compressor
efficiency: — psgx = 1,0 — the value is valid for the engine at the beginning of operation;
— psex = 0,96, pspx = 0,92 — the value of the correction coefficients, which correspond
to the displacement of the characteristic branches of the compressor efficiency
coefficient to smaller values by 4% and §%.
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Figure 4 — Scheme of changes in state parameters (on the left), simulation results
of changes in the material temperature of turbine parts due to degradation of

compressor characteristics
Author's development

Analysis of the results of modeling the thermal state of the turbine parts (Figure 4)
shows that a decrease in the efficiency of the compressor leads to a change in the
operating conditions of the unit under study. The automatic control system (8)
compensates for the deterioration of the characteristics by additional heat supply AQ
in the thermodynamic cycle (fuel supply to the combustion chamber). At the same time,
the values of the parameters of the work process increase (Tg).

It was established that the displacement of the branches of the characteristics of
the coefficient of useful action of the compressor Ang on 8%, under other identical
operating conditions (same external conditions and mode parameters (P, Ty, o) heat
engine, leads to an increase in the temperature of the turbine blades AT = 100 K. The
total duration of operation of turbine parts at elevated temperature also increases. In
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transient regimes, fuel overdose can lead to its afterburning in the turbine path, which
contributes to intensive thermal destruction of the material of gas turbine parts.

Based on many years of computational and analytical research, an algorithm for
refining the thermodynamic model is proposed (Figure 5).

Experimental Mode parameters

parameters X(T) (T), Tu(T), Pu(T)

l- l’ Object data
‘ Analysis, structuring ‘ Thermodynamic model

X"( A1), Tu(T), Pu(T), ps) <
|

Comparison of modeled
> X"(t) and experimental
parameters X(T)

Expert assessment of the effectiveness
of node models

Correction ps, node characteristics

Refined characteristics of nodes

¥

Individual thermodynamic model of a
heat engine

Figure 5 — Algorithm for identifying the thermodynamic model of the engine
Author's development

The task of refining the thermodynamic model is solved by finding (2) the optimal
combination of state parameter values psx, which ensure the minimum value of the
root-mean-square discrepancy E(psx) between registered and calculated parameters of
the same name - signs of the state of the object under study.

B@) = Yom (A G = min, j =T, (1)

m — the number of experimental parameters used in the refinement of the
thermodynamic model;
psx — vector of state parameters of the thermodynamic model of the node;

P
H; — the relative incoherence between the j-th components of the vectors X,

=M C . .
X (ps), which is defined using a dependency
p M

Hy =S =1m, 2)

oH,; — jth parameter registration error.

The software implementation of the developed algorithm involves the use of a
subroutine for finding the minimum of the objective function with m variables. The
quasi-Newtonian method and the finite-difference gradient are used in the process of

searching for the best version of such solutions.

ISSN 2663-5712 20 www.sworldjournal.com



4*3‘7'

SWorldJournal Issue 23 / Part 1 | \Q;

The use of the developed methodology in the algorithms for diagnosing and
monitoring thermogasdynamic parameters will contribute to increasing the accuracy of
the assessment of the current technical condition of the heat engine in operation (9).

Conclusions. The results of the calculation of the possible degradation of the
thermodynamic parameters of the main units of the heat engine are presented.
Considered possible factors that affect the measured parameters of the same type of
heat engines. The presented approaches can be taken into account when: forming
individual assessments of the technical condition of components and systems of the
heat engine; development of measures to maintain a stable level of characteristics in
the process of resource depletion and restoration during repair.
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Abstract. InOugioyanvHi 3HAYEHHS YACY HANPAYIOBAHHA | YMOSU pobOmu, Mmeniosuti i
MEeXHIYHULL CMAaH 2a30MYPOIHHUX CUCMeM MOJCYMb CYMMEBD GIOPIZHAMUCL 610 HNOKA3HUKIG
cepeoHboCmamucmuyHo2o 06 ’ekmy. B pobomi pozensdaemvcs cyuacHi nioxoou mepmoouHamivHo20
MOO€N0BAHHS NAPAMEMpPI8 CIMAHY 2a30MyPOIHHUX cUCmeM [ CNocoOU oYiHKU (pakmuunoi deepadayii
Xapaxkmepucmuk y yaci. ¥ cmammi npeocmasineni pe3yivmamu po3paxyHKo80-eKCnepuUMeHmManIbHUux
00CNIOHCEHb MONCTUBO2O BNAUBY 3MIH CIMAHY XAPAKMEPUCMUK 8Y31i8 08USYHA HA MENlo8uti CmaH
KOMHNOHEHMi8 2a308ux mypOiH. 3anponoHo8ano aneopumm nouyKy Kpauo2o nOEOHAHHs Napamempie
CMany  Xapakmepucmux — 8y31i6 MepMOOUHAMIYHOI  MoOeni  2a30mypOiHHOI  cucmemu 3
BUKOPUCMAHHAM KB8A3IHBIOMOHIBCLK020 Memo0dy I KiHYeB0-pIi3HUYHO20 epadienmy. Bcmarnosaneno, wo
NepCneKmMUHUMU € Cnocoou GopmysanHs IHOUBIOYATbHUX OYIHOK MEXHIYHO20 CMaHy 8)371i6
meniogoeo O0B8USYHA | BiONPAYIOBAHHS 3aX00i8 3 NIOMPUMAHHA CMAOLILHO20 DIGHS KIIOYOBUX
Xapakmepucmux 8 npoyeci 6u4epnanus pecypcy ma 6i0HOGNeHHs NPU BUKOHAHHI PEMOHMY.

Key words: xomnpecop, kamepa 320pauHs, 2a306a mypOiHa, MepMOOUHAMIYHA MOOeib,
aneopumm, i0eHmugpikayis, napamempu Cmamy.
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Anomauia. Y cmammi 6yno 30iticneno cnpo6y po3pobumu cucmemy MOHIMOPUHY AKOCHI
30epicanHs CUPOBUHU, SIKA BUKOPUCTOBYEMbCA 0TI GUPOOHUYMEA De32I0MEHO8UX NACM, A MAKOHC
MOHIMOPUH2 NIO20MOBKU CUPOBUHU MA CAM NPOYeC BULOMOBIEHHS NACH.

Bcmanosneno, wo nio uac supobruymea 6e3eniomeHo8ux nacm U3HA4eHo YoOmupu KpUmuyHo
KOHMPOIbHI MOYKY, A came 00OHA HA emani NPOMINCHO20 30epieanHs NPOOYKMie ma mpu KpUmuiHo
KOHMPOIbHI MOYKU HA emani 8UCYULYBAHHS, OXOLOONACEHHs Ma MUMYAC08020 30epicanua. Tomy na
Oauux emanax nompioHO aKkyeHmysamu y8azy Ha KOHMpOJli NPOB8EOeHHs. ONepayill.

Knrouoegi cnosa: pociunni 6inku, cucmemu MOHIMOpuHey, YyHKYIOHAIbHULL XAP4OB8ULL RPOOYKM,
entomen, KKT.

Berym.

HaiiedexkTuBHIIIUM METOAOM 3a0€3MEUEeHHS SKOCTI Ta O€3MeYHOCTI Xap4yOBOl
npoaykiii HuHi y cBiTi Bu3HaHo cucreMy HACCP (Hazard Analysis Control Critical
Points - aHami3 pU3UKIB Yy KOHTPOJBHUX KpPUTUYHUX Toukax). lLle HaykoBo
OOTPYHTOBaHHM, pAIliOHAILHUN 1 CHCTEMATHIHUM MiAX17] 10 11eHTrH]iKaIlii mpoIyKiii,
OIIIHIOBAHHSI Ta KOHTPOJIIO PU3MKIB, Kl MOXKYTh BUHUKHYTH ITi/I YaC BUPOOHUIITBA,
nepepoOseHHs, 30epiraHHs Ta BHKOPUCTAHHS XapyoBHX NPOAYKTiB. [lpuHImmm
cuctemu HACCP pexomenaoBani ais nmpaktuyHoro 3actocyBanHs Kowmiciero Codex
Alimentarius 1 € 000B's13k0BUMU 151 KpaiH €C Ha BCIX XapuOBUX MIANPUEMCTBAX.

Cran xapuyBaHHS 1 370pOB'Ss HAceleHHA YKpaiHM Ha ChOTOJHIIIHIA JIEHb
MPOBIJIHI BYEHI OIIHIOIOTH SIK 3arpo3JIMBl JJIsI HAIlIOHAJIBbHOI O€3MEeKM YMHHUKHU. Y
Takid cUTyalli MiJBUILEHHS SKOCTI 1 0€3MeYHOCTI XapuoBUX MPOAYKTIB € OJHUM 13
HaWBAKJIUBININX 1 MPIOPUTETHUX 3aBAaHb JICPKABU.

Cucrema HACCP nHaOyna BeMMKOTO MONIMPEHHS Y CBITOBIM MPAKTHUIll 3aBISKH
TOMY, III0 BOHA MpaIoe 3 OyIb-IKUMU XapuOBUMH MPOAYKTaMHU 1 3 OYJb-IKOIO
CUCTeMOI0  BuUpoOHHMIITBA. Jlms  amanmramii 1€l MeToguku B YKpaiHi
YkpMeTpTecTcTaHaapT po3poOUB 1 3aTBepaAuB HamioHanbHuM cranmapt JCTY 4161-
2003 "Cucremu ympaBiiHHA O€3MEYHICTIO XapyoOBUX MPOAYKTIB. Bumorn", sikwuii
BKJIFOUMB 3arajibH1 MPUHIUIH (PYHKI[IOHYBAaHHS CUCTEMH, a TAKOK BUMOTH JlMpeKTHBH
93/43 "IIpo ririeHy Xxap4uoBUX NPOAYKTIB".

Tomy Hamu OyJia BUSIBJIEHA 3allIKaBJIEHICTh Y pO3po0ILll CUCTEMU MOHITOPHUHTY 1
SIKOCTI BUPOOHUIITBA O€3IIIOTEHOBUX IMACT B 3aKJIaJil PECTOPAHHOTO TOCIOJAPCTBA.
JUist ckylagaHHsl CHCTEMH MOHITOPUHTY BUPOOHUIITBA OE3IIIFOTEHOBUX MACT NOTPIOHO
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IPOBECTH aHAJII3 BUHUKHEHHS HEOE3MEeYHUX YMHHUKIB, @ cCaMe XapyOBHUX aJIepreHiB,
Ha eTarll MpUMaHHA CHPOBUHHU Ta BUPOOHMIITBA KyJIIHAPHOI MPOTYKIIIi.

3rigHo 3 MDKHApOAHMMHM cTaHiaptamu, BctaHoBieHuMu Codex Alimentarius,
MPOAYKIIisl, B SIKIi BMICT ITIOTEHY He nepeBuiye 20 Mr Ha KiJIorpaM MPOTyKTY MOXKe
Matu MapkyBaHHs "be3 rmroreHy". BukopucranHs MapkyBaHHs "be3 rmroreny"
no3BoJieHo Pernmamentom €C Ne 41/2009, 110 3acTOCOBY€ETHCS 10 XapuOBUX MPOAYKTIB
JUIS JTFOJIEH, SIK1 He TIePEHOCSATh KICHKOBHHHU.

[Ipu nmpuiiMaHHI CUPOBHHM CJiJl 3BEpTAaTH yBary Ha HasiBHICTb HA MapKyBaHHI1
JieH3iiHoro cumMBoiy «llepekpecieHuil KOJ0COK» Ta BUMaraTd y MOCTadyalibHUKA
MIATBEPAKYBAJIbHI JOKYMEHTH Ha JIaHy JILEH31I0.

Skmo a”ami3zyBaTH e€Tan BUPOOHHUIITBA MPOAYKIIl, XapyOBl aJIepreHu MOKYTh
MOTPANUTH BHACIIOK IEPEXPECHOTO 3a0pyIHEHHS MPOAYKIII1, TPOTE HA MIANPUEMCTBI
OpraHi30BaHMUM CHELIAIbHUN 11eX Il BUPOOHUIITBA OE3IIIOTEHOBOI MPOIYKIIii, a
TAKOX TMPHUMIMIECHHS [JI1 OKpeMOro 30epiraHHsS CHPOBUHU I BUPOOHMIITBA
O€3MIIOTEHOBUX BHUPOOIB Ta TOTOBOI MPOIYKIli, IO YHEMOXJIHUBIIOE TEPECIKaHHS
ITOTOKIB HA BUPOOHUIITBI, a OTXKE 1 3a0pyTHEHHS PO TYKIIIi.

[linmpueMCTBO Ma€e MUILOBUM ACOPTUMEHT MPOAYKIIl, aHaji3 pelenTypHOro
CKJIa/ly SIKOTO HE BMSIBUB JIKEpESl MOKJIMBOTO MOTPAIUISIHHS ajiepreHiB A0 TOTOBOI
MIPOTYKIITI.

OCK1JIbKY pU3HUK 3a0pyTHEHHS MPOIYKIIIi aJepreHaMu, y TOMY YUCH1 TII0TEHOM,
€ MaJIOBIPOT1IHOIO, KOHTPOJb JOIIBHO OpPraHi3yBaTH B MeXaxX YITKOIO KOHTPOJIIO
CUPOBHMHHM Ta JOTPUMAHHS YMOB 30€piraHHsl CHPOBHHHM Ta TOTOBOI MPOTYKLIIi.

Cucrema HACCP Takox NpomnoHye MOAUIATA BECh MPOLEC BUPOOHULITBA Ha
0JIOKHM 13aMpPOBAIUTH CUCTEMH KOHTPOJIIO 32 MOTEHIIIHHUMH PU3UKAMH 11010 KOKHOTO
3 nux OnokiB. Ilepenbauvaerbcs, 10 JeTalbHUM aHaNll3 PU3UKIB, KBali(iKOBaHE,
BIINOBIJa]IbHE BUKOHAHHS OMEpalliii KOHUM (hpaxiBIIEeM XapuyoBOTO MIAMNPUEMCTBA 1
BCJICHHS JIOKYMEHTAIlli Ha BCl 3aXOJW JaJyTh 3MOTY MIiHIMI3yBaTH BipOTIJIHICTh
BUPOOHUIITBA HESKICHOT ITPOTYKITIi.

MeTo10 poGoTH € po3poOKa CHUCTEeMH MOHITOPHUHTY O€3MeYHOCTI Ta SKOCTI
BUPOOHUIITBA OE3TIIOTEHOBOI KYKYypY/I3siHOi mactu Ha ocHoBi npuHuums HAACP.
ITix yac mporiecy BUpOOHUIITBA OE3TIIIOTEHOBOT MPOAYKIIIT HA eTari IpUHMaHHS CIIi]T
peTeNbHO CHIAKYBATH 3a BIJICYTHICTIO O1JIKa TJIFOTEHY Y CUPOBHHI, 110 TTOCTAYaEThCS
Ha BUPOOHUIITBO.

BukJiaa ocHOBHOro Martepiainy.

Mu po3po0iasieMo GyHKIIOHAIBHUN XapuOBUN MPOIYKT, AKUI MpU3HAYECHUH 115
JI0Ae XBOpPHX Ha TinoTpodiro, JEHKEeMio, pO3NaaAd KHUIIEYHOTO TPAKTy Ta
HEMEPEHOCUMICTh TIIOTEHY ILUIIKIS TaK Ipyna CI0XXHBadiB PO3MIUPIOETHCSI. Tomy,
NEePIIMM €TaroM pPO3pOOJEHHS CUCTEMH MOHITOPHHTY € BCTAaHOBIJICHHS KPUTHUHUX
koHTposibHUX TO4OK (KKT) Ha erami mpuiimanus cupoBuaH. OTpUMaHi pe3yibTaTH
MIPOBEJICHHS TAKOTO aHaJli3y MpecTaBieHl y Tabumi 1.

OTxe, BHACHIOK BUKOPUCTAHHSA AQJITOPUTMYy MPUUHATTA pillieHb OyIio
BCTAHOBJICHO, 10 Ha €Tall MpUMaHHS CHPOBUHM HE HasBHI KOHTPOJIbHI KPUTHYHI
TOYKHM, a HeOE3MEeYHI YMHHUKA MOXXHA HIBEJIIOBATH JOTPUMYIOUHUCH MPOTPaMHU-
nepeaymoBu  «Cnenudikaiii  (BUMOTM) 70 CHPOBMHM Ta KOHTPOJb 3a
MOCTavyaTbHUKAMID.
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Taoauus 1 - BcraHoOBJIeHHS KPUTHYHUX TOYOK KOHTPOJIIO HA eTani NPUiiMAHHA CHPOBUHU
Bianoiji Ha 3aIUTaHHS «IepEBa PIllICHb
. Ne3:UYme
Nel: Yu icHyrote Ha | Ne 2: Yu moxe . Ne 4: Yn
. . MO>KJIUBICTh Ha
. JAHOMY eTarll Yu Ha JaHWi eTan . rapaHTye
[To3naueHHs HaiimenyBanHs . bOMY €Tarll MOsIBH N
Hazpa . : . . . . HACTYITHOMY eTari 3MEHIIUTH Hactynuuii | Homep
imenTudikoBaHoi imenTudikoBaHoi . . HeOe3MeyHoro
MPOJYKTY MoTepe Ky BaIbHI piBEHB erarn KKT
HeOe3neKu HeOe3MmeKn YUHHUKY 200
Iii A7 1OTO HeOe3MeyHoro . . YCYHEHHS
30UTBIIICHHS HOTO
He0e3IeYHOro YUHHUKY JI0 He0e3IEYHOro
. 710 HEZOMyCTUMOTO
YUHHUKY? HIPUMHSTOr0? . YUHHUKY?
piBHA?
Salmonella spp,
Listeria Tax: BXiaHUIA He
b A Tak Tak -
monocytogenes; KOHTPOJIb 3aCTOCOBYETHCS
co Clostridium perfringens
baxkaJiiini ; .
Tokcu4H1 €J1eEMEHTH, Tak: mepeBipka
TOBapH . . He .
X pamioOHYKIIOH, TOTOBOI'O Hi - -
. . . 3aCTOCOBYETHCS
MIKOTOKCHHHU, IIOKCUHU | MPOJYKTY Ha SIKICTh
Tak: He Tak:
() CkI10, MeTAJl, IIACTUK . . Tak . -
BXIJHHH KOHTPOJb | 3aCTOCOBYETHCS MIPOCIIOBAHHS
[TaTorenni .
. . Tax: ceptudikat He Tak:
b MIKpPOOPTraHI3MH: Tak , . -
. Ha BOILY 3aCTOCOBYETHCS KHIT ATIHHS
E. coli
Hirparu, HiTputu,
TOp, CBUHEIb .
ITuTHa ¢ p,, Hb, Tak: ceprucdikar Ha
MU SIK, PTYTh, .
BO/Ia o . BOJly, IEpEBIpKa He .
X IaH1IH, aTFOMIHIN, Hi - -
! TOTOBOTO MPOIYKTY | 3aCTOCOBYETHCS
MOJIIOCH, CEJICH, i
C Ha SIKICTh
CTpPOHIIiH,
Oeputiii
) - - - - - -
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JIlpyrum eranoM NpOBeIEHHS MOHITOPUHTY — II€ BU3HAYCHHS HeOe3MeyHHX
YUHHUKIB Ha €Tami MpPOMDKHOTO 30epiraHHs Ta MIATOTOBKM CHPOBHHU [0
6e3nocepennboro npurotryBanHs topry. [lpu ananizi moximBux KKT npoBenenmii
aHAJIOTIYHUIN MPOIEC BU3HAYCHHS 3a JIOMOMOIOI0 «JepeBa MPUMHATTA PIIICHbY.
OTpumaHni pe3yJIbTaTh 3alIOBHEHO y TaOIUII 2.

Tadauus 2 — BcTaHOBJIeHHS KPUTUYHUX TOYOK KOHTPOJIIO HA MPOMisKHOTO
30epiraHHsi CHpOBHHH

BianoBiai Ha 3anTUTaHHS «IepeBa PIIEHbY
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MA®A=M, BI'KII,
Tak:
Salmonella, KOHTDOIL
b Bacillus subtilis, p Tax - -
s . YMOB
S.Aureus, mIicHsB1 SGeDIrANHS
rpubu P KKTI
TumuacoBe .
. MIKOTOKCHHH, Tak:
30epiraHHs
3aTUIIKH KOHTPOJIb
MPOMYKIII1 X . Taxk - -
MHIOYHX 3aC001B, YMOB
MIEPEKUCH 30epiraHss
CKJIO, METall, Tax:
() ImiacTMaca, HirTi, Tak Hi Tak pocCito- -
BOJIOCCSI, TYIA3UKH BaHHS

OTxe, BHACHIOK BHUKOPUCTAHHS aIrOpPUTMy MPUHHATTSA pilieHb OyJo
BCTaHOBJICHO, IO €TaIl MPOMIXXHOTO 30€piraHHs € NePIIO KPUTUIHOIO TOUKOIO, SIKY
CJI1J1 KOHTPOJIIOBATH.

Etan BupoOHMIITBA OE€3TIIOTEHOBOT MPOAYKINi € OJHHM 3 TOJIOBHUM IIpU
JOCITIDKeHH] HeOe3neuHuX (pakTopiB, TaK K Ma€ HAaHO1IbITY KIJIbKICTh HIOAHCIB, K1
MOXYTb CTaTU MPUYMHOIO BUHUKHEHHS HeOe3MneK. BimoBiiHO, HACTYITHUM €TanoM €
BU3HAUCHHS, sIKI HEOE3MEYHI YMHHUKKA MOXHA KOHTPOJIIOBATH 3a JOIMOMOTOIO
nporpam-nepeayMoB, a siki 3a fonomoroto KKT, otpumani gani ohopmiieH1 y BUTIISIL
Tabnwmi 3.

OTxe, BHACHIOK BHUKOPWUCTAHHS QJITOPUTMY TPUHHATTA pillleHb OyJio
BCTAHOBJICHO, III0 €Tall BUCYIIyBaHHS, OXOJIO/DKCHHS Ta TUMYacoBe 30epiraHHs
MacTy € TOYKaMU KOHTPOt0. ToMy Ha JaHUX eTarnax MmoTpiOHO aKIEHTYBaTU yBary
Ha KOHTPOJI1 TPOBEJICHHSI OTepartii.

ISSN 2663-5712 26 www.sworldjournal.com



.\?,K\’)
g

(S
SWorldJournal Issue 23 /Part 1 {35
Taoauus 3 — BcraHOBJIeHHA KPUTHYHUX TOYOK KOHTPOJIIO HA eTaili
BHPOOHHMIIBA 0€3III0TEHOBOI MACTH
Binmoini Ha 3anMTaHHS «JIepeBa PILIICHbY
>
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He Tak:
MA®AHM,
b Tak 3acTtocoBy| Tak TEII0Ba -
BI'KII
€THCA 00pobka
[TinroroBui . .
H Tak: mirounii He Tak:
omeparti, 3anuiKku .
X . TJ1aH 3actocoBy| Tak |moTouHHit -
MPUTOTYBaHHS MUIOYHUX 3aC001B
! MUTTS €THCS KOHTPOJIb
TiCcTa,
OpMyBaHHS . .
(bopmy ) Tak: mirouniut
IUIACTIB Ckiio, meTa, 1am He Taxk:
() IracTMaca, HirTi, . 3actocoBy| Tak |morouHuit -
npodinakTu
BOJIOCCS, TYA3UKH - €THCS KOHTPOJIb
Bacillus subtilis
b ’ Tax Tax - - KKT 2
S.Aureus
BucymyBanus . . He Tak:
Saaumku Tax: mirouunii o
X . 3actocoBy| Tak |mnorouHwmit -
MUIOYUX 32CO01B | TUIaH MUTTS
€THCS KOHTPOJIb
Tax: gitoumit
Ckio, MeTal, A He Tax:
0 UTaH .
BucymyBanns o I1acTyaca, Hirt, | dinaxma 3actocoBy| Tak |mnorouHwmit -
BOJIOCCS, TYA3UKU P . €THCS KOHTPOJIb
MA®AHM,
BI'KII,
Salmonella
b . . Tax Tax - - KKT 3
Bacillus subtilis,
S.Aureus,
OX0510KEHHS . .
TUTICHSIBI TpUOHU
Tak: girounii He Tax:
3anumKu .
X . IJ1aH 3acrocoBy| Tak |morounui -
MUIOYHUX 3aC001B
MUTTS €THCS KOHTPOJIb
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Tak: giroumii
Cki10, MeTa, HiaH He Taxk:
IracTMaca, HirTi, . 3actocoBy| Tak |moTouHuit -
npodigakTu
BOJIOCCS, TYA3UKH c €ThCS KOHTPOJIb
Tak: girounii He Taxk:
MADAHM, niaH 3aCTOCOB Tak | moToyHui
BI'KII y
MHTTS €ThCS KOHTPOJIb
Crupomn, comi
BOKKHX METaJIiB Tak: He Tak:
ITaxyBaHHs (uMHKY, ceptudikar |3actrocoBy| Tak |moTouHMIA -
IIOMOyMYy, SKOCTI €TBCS KOHTPOJTh
apceHy)
Tak: giroumii
Ckio, MeTai, niaH He Tax:
ImiacTMaca, HirTi, . 3actocoBy| Tak |morouHuit -
npodiIakTH
BOJIOCCSI, TYA3UKH . €THCS KOHTPOJTh
MA®AHM,
BI'KII, Tak:
Salmonella KOHTPOJIb
. P Tax - - KKT4
Bacillus subtilis, YMOB
S.Aureus, 30epiraHHs
ILJIICHSIBA
TumuacoBe
30epiraHHs Tak: girounii He Tax:
3aJUIIKI .
. IJ1aH 3acrocoBy| Tak |norounui -
MHIOYHX 32C001B
MHTTS €ThCS KOHTPOJTb
Ckio, MeTai, He Tax:
I1acTMaca, HirTi, Tak 3actocoBy| Tak |moTouHuit -
BOJIOCCS, TYJI3UKH €THCSI KOHTPOJIb

[Ipu wnactynmHomy eram po3poOku mnany HACCP cnig  BcTaHOBUTH

KOperyBajbHI i (Tutan yIpaBJIiHHS OE3IEeUHICTIO) TUISt
nonepeauboinenTudikopanux KKT. KopuryBanbHi aii — 11e Aii, sIKi BCTAHOBJIIOIOTHCS
B TOMY BHIIaJIKy, KOJIM B MPOIIECI MOHITOPUHTY OyJI0 BUSBIICHO, 110 1IEHTU(IKOBaHI
HeOe3neYH1 YNHHUKH Ha TIEBHOMY TEXHOJIOTIYHOMY €Tarll BUHIIUIM 32 KpUTHYHI MEXKI.
Cknamaemo tuan HACCP, 3aHocuMO B HBOTO TNONEPEIHBO 1ACHTH(IKOBAHI
HeOe3NeyHl YWHHHUKWA, BHU3HAYAEMO TPAHWYHI TIOKa3HUKHM Ta BCTaHOBIIIOEMO
kopuryBaisibHi 111 11t ko>kHOi KKT. ITnan HACCP naBeneno B Tabinuiti 4.

Omxe, mpu po3poOIl IUJIaHy YOPABIIHHSA OE3MEUHICTIO KYKYpYI3sHOI
0e3rIITEeHOBOI macTh OyJ0 BCTAHOBIEHO 4 KPUTHUYHUX KOHTPOJBHUX TOYKH, IO
CTOCYIOThCSI €TalliB BHPOOHHIITBA MPOAYKIi, 30epiraHHs CHUPOBHHH Ta TOTOBOTO
MPOJYKTY, JOTPUMAHHS MEPCOHAIOM MPABHJI OCOOMCTOI TIT€HU Ta KapaHTUHHHUX
Bumor. Jlns koxxkHoi KKT Oyno BcTaHOBICHO IpaHWYHY BEIMYUHY, MPOIETYPY
MOHITOPHUHTY Ta KOPUTYBAJIBHY iIO.
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Taoauus 4 - [li1an ynpaBjiiHHA 0€3MEeYHICTIO KYKYPYA35HOI 0€3III0TeHOBOI
nmactTu
HailimeHyBaHHS IPOAYKTY «KYKYpyI3siHa O€3rIII0TEHOBA acTa»
Kputnuna Mpoweava
HebGesneunuii | Ne | rpaHuyHa POHEIYD Kopurysanbna | [IpoTokon |Bignoriga
Eran MOHITOPUHTY .
YUHHUK KKT |Bennuunanis Jst HACCP |1pHa oco0a
; KKT
koxHO1 KKT
) PUR—— BiamosinansHa
p Pyl W=60- 65%, 0coba peryoe
yYMOB 30epiraHHs . o Kypnan
t=+12 °C; TeMmneparypy,
Tum4aco-| Moke OYaTUCS besnepeps- . KOHTPOJIIO
bopomno: . BOJIOTICTh Ta
BE PO3BUTOK o HUI KOHTPOJTh . YMOB
. =10 6 TepMiH . )
30epiraH-| MaTOreHHHUX L YMOB . 30epiranss; | KomipHuK
. MICAIIIB; X 30epiranHs
Hsl MIiKpO- N 30epiraHHs Kypuan
.. . Omis: =1 MPOAYKLII Ta
MPOIYKIli OpraHi3MiB, . . NIEPCOHAIOM CIIUCaHHS
. 1 | Micsmp micis JTOKYMEHTY€
TUTICHSIBH, . . IPOIYKITiT
. BIJTKPHUTTS OTpUMaHi
MEePOKCH/IIB
MOKA3HUKH
[Topymienus BiamosinansHa
MOB oco0a peryiroe
YMOT besnepeps- pery Kypnan
TEXHOJIOTTYHOTO . . Jac,
CymriHHas 5 |HU KOHTPOJb KOHTPOJIIO .
Bucymry-| mportecy Mmoxe TEMIEpaTypy .| Crapumit
TOJ., TIPH - | IepCOHAITY 3a . TEXHOJIOT1Y-
BaHHS | IPU3BECTH JI0 0 BUITIKaHHS, KyXxap
03BUTK 10C PERIMOM o riepar X
p Y 2 BUIIKAHHS patyby pEeXUMIB
MaTOTeHHOT BCEpeInH1
MiKkpo-¢opu BUPOOY
BiamosinansHa
[Tpu mopymenH1 oco0a peryiroe
IVII)OB 362yil"aHH5[ TeMnep aTy Kypuan
Y P W=75%, besnepeps- PatTypy, KOHTPOJIIO
MOJKE TTOYATUCS - ol o BOJIOTICTh Ta
. t=+15...+25° |Huit KOHTPOJIb . YMOB
30epiran-|  pPO3BUTOK TEPMiH . .
C YMOB . 30epiranns; | Komipauk
HS MAaTOTEHHUX . 30epiranHs
. , T=710 2 30epiraHHs Kypnan
MIiKpO- L MPOAYKIIi Ta
L MICSIIIB TIEPCOHAIIOM CIUCAaHHS
OpraHi3MmiB, 3 JIOKY-MEHTY€
. : MPOTYKITiT
TUTICHSIBU OTpUMaHi
MOKA3HUKH
IIpu 3amiHa Macok
HEJOTPUMaHHI Ta pyKaBUYOK
71oTp PYK Kypnan
MEPCOHAIIOM KO>KHI 3 TOJ; . . ;
. besnepeps- |BignoBimanbHa| 3aMiHU
MpaBUII HasBHicTh N
. HUU KOHTPOJIb|0c00a peryitoe| Macok Ta
. ocobucToi MEIMYHUX
Bci eranun .. 3a npo1ec pykaBu4oK, |MeHemxkep
TiTi€HH, KHIKOK,
BUPOOHHU- .. | noTpuMaHHs | gotpuMaHHs | JKypHanm | BUpOOHH-
KapaHTUHHOTO ceprudikatiB .
ITBa neppcoHanoM| mepcoHanoMm | dikcarii LTBa
PEXUMY MOXKE po
. . |kapaHTUHHUX | KapaHTHHHHX CTaHy
BiOyTHCS 4 | BakuMHAILIIO, ,
BHUMOT BHUMOT 3JI0pOB’sl
3a0pyAHCHHS abo
nepCcoHATY
CUPOBUHU/ HEraTUBHHX
POTYKIIIT [1JIP TeciB
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BucnoBkmu.

B xoxi nochimkens Oyino nMpeACcTaBiIeHO CUCTEMY MOHITOPUHTY 0€3MeYHOCTI Ta
SKOCTI BUPOOHMIITBA OE3TIIOTEHOBUX OOPOIIHIHUX BUPOOIB, a caMe KYKYpYI3SHOT
MaCTH, BOHA € JI1€BOIO Ta €()EKTHUBHOIO 1 MOXKE 3aCTOCOBYBATHCS MPU BIPOBAIKEHH1
cucremu HACCP, gk y 3akimagax pecTOPaHHOIO TIOCINOJapCcTBa, TaK Ha
HiANPUEMCTBAX 3 BHUPOOHUIITBA BITAMIHI30BaHOI OE3IIIOTEHOBOI MPOIYKINT 3
ypaxyBaHHSIM MOTPeO CIOkKUBava Ta 3 BIMOBIIHOIO SKICTIO.
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Abstract. In the article, an attempt was made to develop a system for monitoring the quality of
storage of raw materials used for the production of gluten-free pastes, as well as monitoring the
preparation of raw materials and the process of making pastes.

It was established that during the production of gluten-free pastes, four critical control points
are defined, namely one at the stage of intermediate storage of products and three critical control
points at the stage of drying, cooling and temporary storage. Therefore, at these stages, it is
necessary to focus on the control of operations.

Keywords: vegetable proteins, specific volume, amino acid score, energy content, shortbread
dough, gluten, quantitative quality indicator.
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Anomayia. Pozensanymo cepedosuuje i3 CKIAOOM XIMIYUHUX MA NOBEPXHEBO-AKMUBHUX
PeYoBUH AKI NOMPANIAYU HA YUTTHOPUYHY NOBEPXHIO POOOYUX OP2aHI8 BUKIUKAIOMb KOPO3IlHe
PYUHY8AHHA | 3HOWYBAHHA AOO0 KOpO3iliHO-MexaniyHe cnpaytoéants. OCKilbKu mepms 3a8xcou
CYNPOBOOIHCYEMBCS 3 HASPIBAHHAM 8 YMOBAX KOPO3IUHO-MEXAHIYHO20 3HOULYBAHHS, BUPIUATIbHE
3HAYEHHs OJisl OYIHKU AKOCMI MepMOpe2y08aH A MAE MPUBANICMb NPoYecy ma KOHCMPYKMUGHT
napamempu MauwiuHu 8 Ymiueomy cepedosuyi Wooo moyKku mepmoouHamixu. Bcmanoesneno, uo
memnepamypa cepedosud 3MIHIOEMbCA He MINbKU 6 4aci, ane i no 8ucomi pobo4oi kamepu, max
AK  2I0pOOUHAMIYHULL Npoyec BIOPIZHAEMbCA O0CUMb BEIUKOIWO CKAAOHICMIO 1 MOMY HAMU
nepeobaueno wiiAxXu O GUBUEHHs NPUPOOU YbO20 HPOYECy 3 HANEHCHOIW MOYHICMIO 3a0amu
Koeghiyienm mennogiooaui.

Kniouogi cnosa: nosepxmeso-akmusHi peuosunu, cepedoguuje, 2iopoOUHAMIiYHUILL npoyec,
Koeghiyienm mennogiooaui, cun mepms, 8aJIKU.

Berym.

AHai3 Cy4acHOTO CTaHy MapKy YyCTaTKyBaHHS XapuyoBoi ramysi YKpaiHu
CBITYUTH MPO TE, MO0 HOTO TEXHIYHUI PIBEHh HE MOXKHA BU3HATU 3aJ0BIIHHUM.
XapakTepHOI0 OCOOJMUBICTIO TEXHOJOTIYHOTO OOJIaHAHHS € HasBHICTH PI3HOI
KOHCTPYKLII poOOYMX OpraHiB, 110 MEXaHIYHO BIUIMBAIOTH Ha CEPEAOBUIIE NPHU
0e3mocepeTHbOMY KOHTAKTI 3 HUM. [le akTHBHO Bi10OpaXKa€eThCs 1 MIIMBAE HA MPOIIEC
ix 3HOIIYBaHHS. Tak fK cepeloBUIIE, B OLIBIIOCTI BUMAJIKIB € arpECUBHUMHU 1, IpU
KOHTaKTyBaHHI iX 3 MeTaJlaMH, PO3BUBAETHCS €JIEKTpOXiMIuHa Kopo3is [1, 2].

B Vkpaini 1 3a KOpAOHOM BeQyThCsl 1HTEHCUBHI POOOTH 3 PO3POOKH HOBOTO
MOKOJIIHHSI BUCOKOE(EKTUBHOTO OOJIafHAHHS MJi1 (OpMYBaHHS, pPO3KayyBaHHS,
TPAHCIOPTYBAaHHA, PO3JAUICHHS 13 BUKOPHCTAHHSIM PI3HUX KOHCTPYKLIA POOOYMX
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opraHiB. OCHOBHOIO BUMOTI'OI0 JI0 POEKTYBAaHHSI TAKOT0 00J1aIHaHHS € 3a0€3MeUeHHSI
MO>KJIMBUX KOHCTPYKIIIH 32 TEXHIYHUMH XapaKTEpPUCTUKAMU 3aMOBHUKA B KOPOTKUI
IHTEpBaJl yacy 13 MaJMMU BHUTpaTaMH 1 BHCOKOIO HajiMHICcTIO. [HIyCTpianbHi
TEXHOJIOT1i MOTPeOYIOTh pO3POOKH aBTOMATHU30BaHUX KOMIIJIEKCIB 13 KOMIT FOTEPHUM
IPOrpaMHUM YIPABIIHHAM, SIKI JaAyTh MOXIIMBICTH OINEPATUBHO pearyBaTd Ha
ChOT'OJIEHH1 BUMOTH J0 JOBTOBIYHOCTI 1 SIKOCTI CIIPAIFOBAaHHS MAIlIKH.

Poboui cepenoBria y Xap4oBiil ramysi 3a CBOIM CKIAIOM 1 IPUPOLOIO TyKe
pisHOMaHITHi. IX YMOBHO MO)KHA PO3ALIMTH Ha Tra30MOAiOHi, piAKi, TBepAi, LIO
MICTATh XIMIYHI Ta TIOBEPXHEBO-aKTHBHI pe4oBHHU. [loTparuisioun Ha MOBEPXHIO
PYyXOMHUX pOOOUYMX OpraHiB BOHU BUKJIMKAIOTh KOPO31iiHE pYWHYBAaHHS 1 3HOLLIYBaHHS,
a00 KOMILJIEKCHE KOpPO3iiiHO-MeXaHIYHe crpaitoBaHHs. e BU3HaueHHs KOpOo31HHO-
MexaHiyHoro 3HolryBanHs (KM3) 3naiiuo cBoe Bigodpaxenus B [OCT 23.002-78,
7ie TIeil BUJ 3HOIIYBaHHS TPAKTY€ThCA, K «3HOIITYBaHHS B PE3yJbTaTi MEXaHIYHOT
B3a€EMOJIIT, SKE CYMPOBOKYETHCS XIMIYHOIO 1 (a00) ENEeKTPUYHOI0 B3aEMOJIEI0
Marepiaiay 3 CepeIOBUIIIEM.

PobGoui cepemoBuiia XapyoBOi MPOMUCIOBOCTI B OIJIBIIOCTI BUMAIKIB €
HEHBIOTOHIBCHKUMHU piauHaMu. KOHTaKkTyBaHHS BUKIMKa€e Ha MOBEPXHI poOOYOro
opraHy KOpO3if0, sika CIIPUYUHSE HE TUIBKKA BTPATH METANIIB, aJie¢ TAKOXK 3HIDKCHHS
MEXaHIYHOI MIIIHOCT1 KOHCTPYKIiN MamuH. [lomkomkeHHs B KOpo3ii IpU3BOIAThH
70 3MEHILIEHHS TOYHOCTI 1 TPHUBAJIOCTI POOOTH MeXaHI3MIB (HOpMYyBaJIbHHUX,
TICTONMOIIBHUX, TICTOMICWJIBHMX MamuH. [IpoaykTh Kopo3sii 3a0pyaHIOIOTH
MOBEPXHI POOOYMX OPraHiB, MONIKOKYIOTh 30BHIIIHINA BUIJISAA 1, TOTPAIUISIOUNA B
XapyoBUM MPOJYKT, 3HIKYIOTh HOro siKicTb. B3aemoniss poOoumx cepeoBull 3
MOBEPXHEI0 METaly, IO 3YMOBIIOE KOpO3liiHE HOro pyWHYBaHHS, BHU3HAYA€ThCS
PSAIOM BHYTPILIHIX Ta 30BHIIIHIX YHHHUKIB.

AHaJi3 CHCTEMHHUX BILUIMBIB HA CIIPALIOBAHHS BAJKOBHX PO00YMX OpPraHis.

B psanai po6GiT [3, 4] moka3aHO, IO 3HOCOCTIMKICTh METaliB B XIMIYHHMX 1
KOPO31iHO-aKTUBHUX CEPEJOBHINAX BHU3HAYAETHCS B OCHOBHOMY iX KOPO31HHOIO
cTifikicTio. BoHa 00yMoBIieHa XapakTepoM Ta IHTEHCHUBHICTIO MPOTIKAIOYMX Ha
MOBEPXHSIX TEPTSA XIMIYHUX (€JIEKTPOXIMIYHUX) MPOIECIB 1 MIBUIKICTIO YTBOPEHHS
MPOJYKTIB KOpo3ii. B To# ke yac, Baxkko mependaynuTH MOBEAIHKY Marepiany Mpu
TEpPTI B arpeCUBHUX CepeloBHUINAX. BUKopucTaHHS pallOHAJBHUX MaTepialiB 1
3aXUCHUX TIOKPHUTTIB, SKI XapaKTEpU3YIOTbCSI BUCOKOIO 3HOCOCTIHKICTIO B
CepeloBHINAX OOpOIIHSIHOTO BHUPOOHMIITBA, YCKIATHIOETHCS YEpe3 BIJACYTHICTH
HaJIeXKHOT KUTBKOCTI IOCTOBIPHUX JaHUX.

BuyTpimHi pakTopu BU3HAYAIOTHCS MPUPOJIO0 1 OyI0BOIO METaly poOoyoro
oprasy, cnocobom ix o6po61<n HaNpYyKCHHSM, SIKI BUHHKAIOTh MPHU EKCILTyaTallii.
30BHIMHI (QaKkTOpU TMOB’SI3aHI 3 XapPaKTEPUCTUKAMU KOPO3IWHUX CEPEeNOBHUII 1
YyMOBaMH HaBaHTaXCHHsS JeTaneil. BoHM XapakTepu3yroTh 30BHIIIHI YMOBHU
eKCIUTyaTallii MalliuH, BA3HAYaI0Th AKICHY 1 KIJTbKICHY CTOPOHU SIBMIII.

3 aHamizy JaHuX JITEpaTypHUX JUOKEpeNl Ta JOCHIIKEeHb MiIIPUEMCTB
KOHJMTEPChKOT MPOMUCIOBOCTI [4,5] BUIUIMBAE, 110 AKICTh BUKOHYBAaHOI poOOTH
(GbopMyBaJIbHUX MAIlIMH 3 BaJKOBUMU pOOOUYMMHU OTaHAMU 3aJICKHUTh BiJl KOMIUJIEKCY
rapaMeTpiB, sIKi MOJKHA MOJIJIUTA Ha HACTYIMHI KaTeropii:

e (opma, KiIHEMaTHKa, CTaH 1 TEOMETPUUHI TapaMeTpH;
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¢ (HI3UKO-XIMIYHI BIACTUBOCTI CEPEIOBUIIIA;
® CKCIUTyaTallliiHi YMOBH POOOTH: 3a30p MDK BaJlkaMH, 3yCHJUIS B3a€EMHOTO
CTUCKaHHSI CEpEeIOBUIIA, YACTOTA iX 00epTaHHS;

® 0COOJIMBOCTI TEPTS B PIIKUX €JIEKTPOINPOBIIHUX CEPEIOBUIIIAX.

3a3Buuail pe3yibTaTH 3HOIIYBAHHS BAJIKOBUX pPOOOYMX OpraHiB MalluH
OIIIHIOIOTHCSI BUMIpaMU 3HOCY, Kl MOJUISIOTHCS Ha XapaKTEPUCTUKH CIY>KOO0BI1 1
maTtepianbHi [3,6]. Jlo ciyxk00BHUX XapaKTEpUCTHK 3HOCY BITHOCATHCSA MOKA3HUKHU,
0 XapaKTePU3YIOTh SKICTh TEXHOJIOTTYHOTO Tiporiecy. HalOinbin BKWBaHUMHU
MaTepiaJbHUMHU XapaKTepUCTUKaMU 3HOCY MOXYTh OyTH TOBIIMHA Ma3iB 1 Gopma
fioro nmomnepevyHoro nepepizy, GopMa KOHTYpY MO TOBKHHI BaJiKa Ta KyT 3aTsATyBaHHS
1 HarHITaHHS CEPEAOBHIIIA.

B pobGorax [2,3,6] BHCBITIICHO MHTaHHSA IIPO BIUIMB EJICKTPOXIMIYHHUX
KOPO31MHUX MPOIECIB HA MEXaHIYHI BJIACTUBOCTI MeTamB. BkazaHo, 110 1€ BIUIMB
IPOSBIISIETHCS B 3HAYHIM MIp1 1 IPU TEPTI Ta 3HOIIYBAaHHI MeTaliB. HasBHICTh XIMIYHO
aKTUBHOTO CEPEJIOBUIIA HA MMOBEPXHI TEPTA MOXKE y JEKUJIbKa pa3iB 301IBIIUTH 3HOC
1 HaBITh 3MIHUTH XapaKTep UbOro npotecy [3]. B HelTpaiibHUX cepenoBUIliax (Boja,
pPO3YMHM KYXOHHOI COJIi) TIepeBaka€ KHUCHEBa [EMOJspH3allisl 3a paxyHOK
PO3YMHEHOTr0 B CEPEIOBUILI KUCHIO.

3a xapakTepoM B3a€MO/Ii1 3 MeTajlaMH poO0Yi CepeIOBUINA MOKHA PO3JIIUTU Ha
XIMIYHO - 1 MIOBEPXHEBO-aKTHBHI. B rpymny XiMIYHO-aKTUBHUX CEPEIOBUII] BXOSAThH
BOJIHI pO3UMHH KUCJIOT, JIYTiB, COJIei. [X 0cOOIMBICTS € Ta, 110 MOJIEKYIIH PO3UHHEHNX
B HUX PEYOBHH MOXYTh JUCOIIIOBATH 1, THM CaMUM, OOYMOBIIOIOTh MOXJIUBICTh
MPOTIKAHHS €JIEKTPOXIMIYHUX KOPO31MHUX MPOIIECIB.

Heo0xiHO BIAMITUTH, 10 BAJIKOBI poO0OYl OPTaHH €KCILUTyaTyIOThCS B YMOBax
nigBuieHoi BojorocTi. [lapu Bomu, ampcopOyrounch Ha MOBEPXHI BAJIKIB, a TAKOXK
posuuHeni rasu (CQO;), CTBOPIOIOTH YMOBH [JIsi TPOTIKAHHS €JIEKTPOXIMIYHHMX
peakiiii. PoOoui cepenoBuiiia Xai0onekapcehbkoi Ta KOHAUTEPCHKOI TPOMHUCIIOBOCTI B
OUIBIIIOCTI BUMAAKIB € €JIEKTPOXIMIYHUMU CYyCleH31sMu. ToMy mpoliec KOpo3iiHO-
MEXaHIYHOT'O 3HOIIYBaHHS BaJIKOBHUX pPOOOYMX OraHiB B OUIBIIOCTI BHUIAJIKIB
MPOTIKAE B YMOBAX €JIEKTPOXIMIYHOTO BILJIUBY CEPEIOBUIII.

ITocTranoBka 3agaui.

YTBOpeHa TeMrieparypa 3 pO3IMOJIJIOM B CEPEIOBHUILI MPH Jii BaJKiB, 3HAUYHO
BIUIMBA€E HA HOTO CTPYKTYpy 1 HOBEpXHIO BajKiB. JlJii pO3paxyHKy pPO3MOALTY
TEMIIEpaTypyd HarpiBaHHS BaJlka TEPTSAM HEOOXIAHO, Hacammepea, BU3HAUWUTHU
MIBUJKICTh BUJIJICHHS TEMJIa HA TPAHWII PO3AULY CEepeloBHUIIE-BAIOK. ICHYIOTh
YOTUPU METOJM PO3PaxyHKY BHJIUICHHS TeIUia MpH TepTi. [[Ba 3 HUX 3acHOBaHI Ha
Koe(DilieHT1 TepTs, TPETid -HAa EKCIEPUMEHTATLHOMY BH3HAYEHHI PO3CIIOBaHHS
MOTY>KHOCTI, 1 YETBEPTHM - Ha 3BOPOTHIA MOJENI TEIJIOMPOBIAHOCTI IS OIIHKH
BHIICHHS Tema [4, 6].

Meta crarTi. BukoHaTu po3paxyHOK TEIUIOBUIIEHHS MHpH il poOouoro
OpraHy Ha CepeIOBHILE 13 BAKOPUCTAHHSIM METOJUKH, 1110 IPYHTYETHCS HA BUPIIICHHI
3BOPOTHOI 3a7a4l TEIUIONPOBIIHOCTI.

BukJiajieHHs 0CHOBHOTO MaTepiaJy.

JUnst  BUpIMIEHHS ~ 3BOPOTHBOI  3ajayl  TEIUIONPOBIAHOCTI  MOYKHA
BUKOPUCTOBYBAaTH pI3HI METOJIM, Taki sK Meron ['aycca, Meron HallMeHIIMX
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KBaJpaTiB, ITEpalliiHI METOAM Ta IHINI. 3a3BUYai, JI1 TPOBEACHHS TaKUX
pPO3paxyHKIB BUKOPHUCTOBYIOTH MPOrpaMy JJI  YHUCEIBHOTO  MOJIEIIOBAHHS
TEIJIONPOBIIHOCTI.

[Ipu pocnimxeHHl MpoOIEciB TEpPTs Ta 3HOLIYBaHHS IOBEPXOHb BaJKIB 3
BUKOPUCTAHHAM METOJIB TEPMOJAMHAMIKHM HEOOOPOTHUX IPOIECIB, AK IPaBUIIO,
3aCTOCOBYIOTh TPAJUIIIIiHI METOM BUMIPIOBAaHb Ta KOHTPOJO. J[0 TakKMX METOAIB
BIJIHOCSITH BUMIPIOBaHHS Ta KOHTPOJIb TEMIIEpaTypu B Oe3mocepeHii OJIM3bKOCTI BiJl
30HU TEPTS, a TAKOK BUMIPIOBAHHS Ta KOHTPOJIb CHUJIM 200 MOMEHTY TEPTS IIOBEPXOHB
(PUKILIIHOTO KOHTAKTY.

Hu3bka yyTIHBICTh A0 MPOIIECIB TEPTS Ta 3HOLIYBAaHHS HAa MIKPOPIBHI, peaKIlis
Ha HEOOOPOTHI MPOLECH, SIKI BUHUKAIOTh Ha CTaJIsAX KaTacTpo(piuHOTO pyHHYBaHHS
MOBEPXOHb, CKIAIHICTh IHTEpIpeTanii oTpuMaHoi iHdopmarlii mpo 3MIHU CTaHY
MOBEPXOHb (DPUKIIIHHOTO KOHTAaKTy NPU3BOAUTH JO HHU3BKOI JOCTOBIPHOCTI
ICHYIOYMX METOJIB KOHTPOJIIO Ta JIarHOCTUKU. TOMy MpU JOCIHIIKEHHI MPOIECIB
TEPTS Ta 3HOIIYBAaHHA TOBEPXOHb (PUKIIINHOTO KOHTAaKTy BAaJIKIiB 13 TICTOM
BUKOPUCTOBYIOTHCSI HETPAIUIIIHI METO/TH, 10 BOJIOAIIOTH BUCOKOIO UYyTIMBICTIO J10
MIPOIIECIB, SIKI BAHUKAIOTH MPU TEPTI MOBEPXOHBb HA MIKPOPIBHI.

HeoOxinHicTh 3a0€3medeHHs TapaHTOBaHO1 HAAIHOCT1 OPMyBaTbHUX MAIIIWH,
3amo0iraHHs iX BIAMOB, 3MEHIIEHHS BTpaT BijJ MONIKO/DKEHHS Ta PyHHYBaHHS
BUPOOIB B IIJIOMYy NOTpeOy€e BIOCKOHAJICHHS Ta PO3POOKHM METOMIB KOHTPOJIIO Ta
JIarHOCTUKU CTaHy [OBEPXOHb (PUKLIMHOTO KOHTAaKTy 3 MIJABUIICHHSIM iX
JOCTOBIPHOCTI.

ExcrniepuMeHTanpH1 1aHi O BU3HAYEHHIO TEMIIEpaTypy HarpiBaHHs Bajka B
MpoILIeCl HArHITaHHS, OJEpPXaHl 32 JOMOMOIOI PO3TAIOBAaHUX Yy 30HI HarpiBaHHS
Tepmonap. BukopucraeMo s po3paxyHKy TEIJIOBUM MOTIK Ha MOBEPXHI TEpTH
(puc.1). Ilpu BHUOOpI TEMIOBOrO MapamMeTpa IOBOJWTHCS BpPAaXOBYBATH, 3 OJHOTO
00Ky, 30BHIIIHI YMOBH, 30KpeMa MIKpPOKJIIMAT IeXy, 3 IHIIOro - OajaHc Teruwia
po0oyoi kamepu MamuHU (TOOTO TEIJIo, IO BUAUILETHCS B MPOLIECI HATHITAHHSA,
TEIJIO0 BHECEHE CEPeIOBUIIEM). 3 BCIX YUHHHUKIB, OUTBIIIOI0 YM MEHILIOO MIPOI0, BOHU
BIUIMBAIOTh Ha 3arajbHy Temmeparypy cepeaoBuina. [lpaktuuno nwuiie oauH
BUSBJISIETHCS PUJATHUM JIJI1 aKTUBHOTO BILUIUBY Ha CEPEJIOBUIIIE - TEMIIEpaTypa, 110
YTBOPIOETHCS B poOOUil KaMepl IpH A1l TOBEPXH1 BaJIKa.

Pucynok 1. Cxema ycTaHOBKM /IJISl BUSHAYEHHS TeMIIepaATypH:
1- mepmonapa 3 ocyunozpaghom,; 2- 0bepmogi eanxu; 3- mepmomemp, 4 —micmo;
5- maxomemp
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3MiHy TeMImepaTypyd B TpOIECi HarHiTaHHS BHUMIPIOBAIM 3a JIOTIOMOI'OIO
YOTUPHOX TEPMOTap, 3aKpIMJICHUX Ha MOBEPXHI BaJiKa BIAMOBIIHO Ha BiacTaHi 5; 15
1 25 MM Big Topus Baimka. BupimaibHe 3HAYEHHS IS OIIHKH SIKOCTI
TEPMOPETYJIIOBAaHHS Ma€ TPHUBATICTh BCTAHOBJICHHS TEMIIEPATypH B UyTIUBOMY
cepenosuiii. Le nmutanus npeacrapisie 0COOIMBUIA IHTEPEC 3 TOUKHU 30pY MOPIBHIHHS
SKOCT1 YyTJIMBOTO BaJIka B CTApOMY Ta HOBOMY BHMKOHaHHI. BoHa yckiagHeHa THM,
0 TEMIIEpaTypa CepeIoBHUIIA 3MIHIOEThCS HE TUTHKHU B Yaci, ajie 1 1o BUCOTI poOoUoi
kamepu. KpiM TOro, He MOKHa TOYHO C(OPMYJIIOBATH TpaHUYHI YMOBH, TaK SIK
TIPOJMHAMIYHUN TIPOIIEC BIJPI3ZHAETHCS JIOCUTHh BEJIMKOI CKJIAAHICTIO 1 TOMY HE
MOYKHA 3 HAJIG)KHOIO TOYHICTIO 3a1aTH KOe(DIIIEHT TEIIOBIAIayi.

[Tpu BU3HAaYEHHI XapaKkTepy TeMIepaTypHOTO MOJIs CEPEIOBHINA 110 BUCOTI OYJII0
MPOBEJCHO 3ICTABICHHS OJHOYACHOTO 3alHCy TEMIEpaTypu B JIBOX TOSACAX:
CIIOYATKy Y BEPXHbOMY 1 HHKHBOMY, a MOTIM Yy BEPXHbOMY 1 cepeaHboMmy (13
30epeKEHHSIM 3a3HAYEHOTO po3TalryBaHHs Tepmorap). OTpuMaHi OCHUIOTpamMu
CBIJT4aTh MPO PO3IIAPYBAHHS TEMIIEPATYpH IO BUCOTI, aje, pa3oM 3 TUM, IPUBEPTAE
Ha cebe yBary MEepiOJAMYHICTh TEMIEPATypPHOrO0 XOAYy CEpEJOBHINA, a TaKOXK
CUHXPOHHICTbh 3MIHHM TEMIIepaTypu Tia pi3Hiit Bucoti. Ha puc. 2 npeacrasnena oanHa 3
OCLIUJIOTPAM.

AR A AR AAAAAAAAN

L UL A (TTITA AL LRA LA L LLLLALRARARLLET LER e LD Uk
|I|1|n YR NTYY |'p-

'|I|\|!1 I'lllll -DII"1' I"Ifl1!P|I'|I CLALLLE R LA LR iyl I||r|l!| ||rl ]|
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A)
Pucynok 2. 3mina TemnepaTtypu HaJ OBepXHel0 Bajka 1 micjist a) — ocroro;
0) — BOCbMOI'0 UKJIIB HATHITAHHSA

JlocmipkeHHsT BCTAHOBWJIM, IO BIAOYBA€TbCsl MPUOJIUM3HO PIBHOMIPHO
BUJIIJICHHS Tera. L[MKn BHAUTIGHHS JTOCUTh KOPOTKHWM, 1 BTpaTH TeIula Ha
BUNPOMIHIOBaHHSI W KOHBEKI[IF0 HE3Ha4yHl. Po3momis TemriepaTypu MO TUTOIIHHI,
napayiesibHIi MOBEPXH1 TEPTS, € PIBHOMIPHHUM.

BianoBinHO 10 1[bOTO peaiibHy KapTHUHY 3MIHU TEMIIEPATypH B 00’ €Ml TaKOXK
JIOTyCTUMO 3aMIHUTH KapTHUHOIO 3MIHU i1 cepeaHboi apu(pMETUYHOI BEIUYUHHU.
Hanani npuifHsTI HACTYIIHI TO3HAYEHHS:

T" 1 T '- moTouHi TemnepaTypu cepeoBHUIIa 1 BaJKa; T - 4ac; C - TEIIOEMHICTh
Marepiaiay BaJika; p - HOro ryctuHa; F' - 6okoBa noBepxHs; V - 00'em; T - paniyc; A-
BHCOTA; 0 - KOEPIIIEHT TEIUIOBIIaYi; o, p, ¢, F'1 V - MOCTIHHI MapaMeTpH MpoIECy.

JificHa 3MiHa TeMIIepaTypH MO Yaci almpoOKCUMY€EThCS JITHIMHOIO (YHKITIEIO:

T"=Th)*ar,
Jie TTIO3UTHUBHUM 3HAK MPU JPYTroMy JIOAAHKY BIJIIOBIJAE MPOTPIBAHHIO CEPEIOBHUIIA,
a HETaTUBHUH - OXOJIOKEHHIO.

PiBHsSIHHS TerI000MiHY 3allUIlIEeMO B HACTYITHOMY BUTJISII:

o(T"-T)Fdt=cpVdT,
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[Ipniimaemo nmo3HaYeHHs - k= cp

r
V b

dT
OTpumyemo: e =k(T"y+ar-T".
T

[TouaTkoBy TemmepaTypy cepeioBHIa IpuiiMaeMo 3a modatok O BIITIKY 1
BIIITIOBITHO BBOAMMO I103HaueHHs: 7 -7 '=39.

© - saBise cOOOI HAIJUIIKOBY TeMIIEpaTypy MeETaly MO BITHOIICHHIO 0
MOYaTKOBOI TeMIEpaTypy CepeI0BHUIIIA.

Takum ynHOM, TIPU 0X0JI0/KEeHH] ¢ > 0, a mpu HarpiBaHHI 3 <0. OTxe ,

Z_gz_k(g_ar),acso 9+k9=kar

T

Ile 3BuuaiiHe nudepeHIiaNbHEe pPIBHAHHS, JiHIAHE, MEPIIOro MOPSAIKY,
HeoHOpiHe. Moro 3araibHe pilleHHs BUXOMHUTH SK CyMa JIBOX PillIeHb: 3arajibHOTO
PO3B’s3aHHSI OJHOPITHOTO PIBHSHHSA 4 1 BJIIACHOTO PO3B’SI3aHHSI HEOJHO3HAYHOTO
PIBHSIHHS J».

VY yMoBax HarHiTaHHS, KOJM YaCTHMHA BaJIKa HE 3HAXOJMUTHCS Yy KOHTAKTI 3
HABKOJIMIIIHIM CEPEJIOBUINEM, BUIBHHHI TMOTIK MOBITPS 330BHI 10 poO0OY0i Kamepu
BUSBIIIETbCS HAJ3BHYAaWHO clIa0KuUM. 3a OIllHKaMH, €(QEeKTUBHUM KOoe)IIlieHT
TETUIONPOBITHOCTI Ma€ BU3HAYEHE 3HAYCHHS. TakKMM YHUHOM, TEIJIOOOMIH y Il
KOHCTPYKIIii BITOYBA€ETHCS 32 paXyHOK SIK TETJIOPOBITHOCTI, TaK 1 BUTIPOMIHIOBAHHSI.
JIns BU3HAYEHHS IHTEHCUBHOCTI TEIJIOOOMIHY BBEIEMO CyMapHUN KOe]illieHT

TEIUIOB1JI]aul, IPEACTaBUBLIN MOTr0 y BUIIISIAL O = O + O

[Ipu 11poMy mepiuii JO1aHOK, BIAMOBIAa€ KOHCTPYKTUBHOMY NEPEHOCY TEIa,
. A
BU3HAUUTHCS Y BUTTISINL &y = ——
193
ae A - KOe(ileHT TEIIONPOBIIHOCTI MOBITPS;
9-TOBIIMHA MOBITPSIHOTO MPOIIAPKY.
Jlpyruii [0aHOK, IO XapakTepusye TEIIOOOMIH BUIPOMIHIOBAHHSM,
3HAXOAMUTHCSA 3 PIBHSIHHSA
EATR SRS
__1000" _“1000" _ g
Tmp - Tcm
ne Tip - abconoTHA TemnepaTypa BHYTPIIIHbOI TOBEPXHI BaJIKa;
Ter - abcomoTHA TeMIiepaTypa MoBEpXHI BajKa;
C -Koe(illi€HT BUIPOMIHIOBAHHS CUCTEMU BaJIKa.
KoedirmienT ¢ Bu3HauaeThes 3a hopmyIioro
1
Lo o 1 1
=)
F,c c,

mp cm

&y

C =

TyT, Cer 1 Crp - BIATOBIAHO KOEPILIEHTH BUIPOMIHIOBaHHS a0COIIOTHO YOPHOTO
TiJla Ta MaTepialy BajKa. 3a yMOBHU Majoi TOBIIMHU Ta BUCOKOI TEIUIONPOBIIHOCTI
CTIHKM BaJIka MOXXEMO TPUITYCTUTH, IO TeMmIeparypa 000X ii TOBEPXOHb €
OJIHaKOBOI. TpUBAIICTh BCTAHOBJIICHHS TEMIEPATYPHOTO PEKUMY, BUXOISYU 3
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YMOBH, II0 BIJHOCHA HAaJIMIpHA TeMIIepaTypa B YyCiX BHIIaJIKaX HarHiTaHHS Mae
OJIHAKOBE 3aJlaHe 3HAYCHHS, MOKE OyTH PO3INIIHyTa SK BEJIW4YWHA, OOCpHEHa 0

9
lnj
koeinienTa rermnonposiaHocTi (k).": 7 = ; 0
TakuMm YMHOM, Yac BCTaHOBJICHHS TEMIIEPATYpPHOTO PEXHUMY € BEJIMYMHA,
3BOPOTHA k
BucnoBku.

VY mporeci HarHiTaHHS CEpEeAOBHUINA, L0 3alOBHIOE 3a30p, BOHO BUSBIIIE
MOMITHY HIBHJAKICTh PyXY, IO CYTTEBO MiJICHIIIOE TEIJIO0OMIH. 3a3HA4yeHO, 110 B
yMOBaX TaKOTO pyXy CKJIaJHO TOYHO BHM3HAUUTU KOEQILIEHT TEIUIOBLAJAYl uepe3
CKJamHi TimpoauHamiyHi ymoBu. OJHaK dYac, HEOOXITHWUW JUIsI BCTAHOBJICHHS
TEMIEPATyPHOTO PEXUMY, [03BOJIAE€ €()EKTHMBHO BHPIIIMTA 3BOPOTHIO 3a7ady
TETUIONPOBITHOCTI.
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Abstract. The considered environment with the composition of chemical and surface-active
substances, which, falling on the cylindrical surface of the working bodies, cause corrosive
destruction and wear or corrosion-mechanical activation. Since friction is always accompanied by
heating under conditions of corrosive-mechanical wear, the duration of the process and the design
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parameters of the machine in a sensitive environment relative to the point of thermodynamics are
crucial for evaluating the quality of thermoregulation. It was established that the temperature of the
environment changes not only with time, but also with the height of the working chamber, since the
hydrodynamic process is quite complex, and therefore we have provided ways to study the nature
of this process with the appropriate accuracy to set the heat transfer coefficient.

Key words: surface-active substances, environment, hydrodynamic process, coefficient of heat
transfer, friction forces, rolls.
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VJIK 65.9
USING THE METHOD OF GROUP TRAINING OF MECHANICAL

STUDENTS

BUKOPUCTAHHS METO/Y I'PYIIOBOI MIAI'OTOBKHU CTYJIEHTIB-MEXAHIKIB
Kisietov J. V. / Kiceron FO.B.
c.t.s., as.prof. / K.m.H., 0oy.
ORCID: 0000-0002-5360-9376
National University of Shipbuilding,
Mykolayiv , av. Geroyiv Ukraine, 9, 54007
Hayionanvuuii ynieepcumem xopabiedyoysamnns,
Mukxkonais, np. I'epois Yxpainu, 9, 54007

Anomauin. Cyyacnuili 0c8imuitl npoyec 3 BUKOPUCTNAHHAM Memooié NPobIeMHO20 HABYAHHSL
00380.7151€ OMpuMamu HeoOXiOHY ni02omoeKy OJisl YCRiWHOI npayi cneyianicmie 6 Matoymuvomy. B
pobomi npoananizo8aHo 00C8i0 8NPOBAONHCEHHS CYHACHO20 NIOX00Y 00 NpopecitiHo-npaKkmuyHol
ni02omosKu ¢haxieyie pieHsa 6UWOi 0c8imu WLIAXOM opeaHizayii 2pynosoi pobomu. Hasedeno
NPUKIAOU BUKOPUCMAHHI Memoodd 2pynogoi pobomu cmyoewmis cneyianizayii « Ynpaeuinus
CYOHOBUMU MEXHIYHUMU cucmemamu i Komniexcamuy 3a cneyianvuicmio 271 «Piukosuii ma
MOPCOLKULL MPAHCROPMY 0151 Nepuioeo (0aKanaspcbko2o) pieHs U0l 0caimu.

Knrwowuosi cnosa: Inmencugixayii npoyecie nasuanHs, ni0comosKu CYOHOBUX MEXAHIKIS,
00C8i0 opeaHizayii epynoeoi pobomu, MexHoN02IUHI emanu 2pynogoi pobomu, NPUKIAoO peanizayii
2PYNno8020 3a80aHHS.

Berym.

Humnimni 00’ekTUBHI peanii oprasizaiii i IpOBEACHHS HAaBYAJIBLHOTO MPOLECY
3MyCWJIO 3aKJaJM BHINOI OCBITHM IIyKaTH HOBI (GOpMHU HaBYaIbHOI pPOOOTH,
nepeOyI0ByBaTH CTPYKTYpPY OCBITHBOTO mporiecy. CydacHa MmiArotoBka (haxiBIiiB
BUMarae IuUIeCpsMOBAHOI OpraHizailii OCBITHIX MPOIECIB y HampsMmi GopMyBaHHs
npodeciitHoi KOMITETEHTHOCTI (podeciiHuX 3HaHb, YMIHb 1 HABUYOK, MTPodeciiiHO
BOKJIUBUX SIKOCTEH). B ocTaHHI pOKU MUTAHHS TT1IBUIIICHHS 1HHOBAIIWHO1 CKJIaI0BO1
Cy4YacCHO1 OCBITM HaOyJIM 3HAYHOTO 1HTEpECY cepell BUCHUX 1 MPAKTUKIB AKI MAIOTh
BIIHOIIICHHS 10 HaBYAJIbHUX TporieciB OCBITU [1-4 1 iHmIl]. CyTTEBOIO CKJIAJ0BOIO
IHHOBALIMHOIO MOJEpHI3allli Cy4yacHOI OCBITH € HEOOXIJTHICTh peai3alli HOBITHIX
METOAMK MapayIeNIbHO 3 ICHYIOUHUMHU.

OCHOBHMH TEKCT.

B yMmoBax 3poctanHs o6csriB iHpopmailii 3 0araTb0X rajixy3eil Hayku, TEXHIKA
Ta TEXHOJIOT1l, BUCYHEHHS BHUCOKUX MPOQECIHHUX BUMOT 10 MaOyTHIX CYJIHOBUX
MEXaHIKIB ICHY€ HEOOXIJTHICTh IMOCTIMHOI 1HTEeHCHIKaIlli mpoIeciB 1 METOIUK iX
HaBYaHHS.

HaBuaHHs siK TBOpUMii MpOIEC CTAJIO MPOIIECOM pPO3B’SI3aHHS HECTAHIAAPTHUX
HAayKOBO-HaBYAJIbHUX  3aBJaHb  HECTAaHJAAPTHUMU  METOJaMH,  METOJaMu
MpoOJEMHOT0 HABYAHHS, CYTHICTh SKOTO MOJsSrajla B YTBOPEHHI B HaBYAJIbHOMY
npoliieci NpoOJIEeMHMX CUTyalid, BUPI3HEHHI Ta BUPILIEHHI CTYyJIEHTaMH 3ajad,
pILIEHHS SKUX JO3BOJMTH OTPUMATH HEOOXIJHY MIATOTOBKY JJIsl YCHIIIHOIL Mpall B
Maii0yTHBOMY.

Oco0MBICTIO MOPCBKOI OCBITH, € T€, 1110 BOHA PErNIAMEHTYETHCS BITYU3HSIHUMU
1 000B'I3KOBUMU HOPMATUBHUMHU TOKYMEHTaMH M1 KHapOJHOT MOPCHKOT OpraHi3ariii.

ISSN 2663-5712 39 www.sworldjournal.com



SWorldJournal Issue 23 /Part 1 () Q; \
- i‘x"’

3okpema, MIATOTOBKAa (axiBIiB MOPCHKOIO TPAaHCHOPTY B YKpaiHl IOBUHHA
BiAmoBizati BuMoramM MixkHapomHoi KoHBEHINi MO MiATOTOBIN, JUTIJIOMYBAaHHIO
MopsikiB Ta HeceHHto Baxtu I[IJIHB-78/95 (STCW) ta Kogmekcy II/IHB 3
Mamninscekumu nonpaBkamu 2010 p. [5; 6].

[IpodeciiinnmMu 0cOOIMBOCTSIMH MPOLECIB MiAITOTOBKU 1 HACTYMHOI IISIIBHOCTI
CYy/THOBUX MEXaHIKIB € TaKOX JOCTAaTHbO BEJIMKUN OOCST MPAKTUYHOI CKJIaJI0BOT
HaBuYaJgbHOTO KoMmruiekcy. (Hampukiax, B yuboBOMy TuiaHi MiATOTOBKH (DaxiBIIiB
OakamaBpPCHLKOTO PiBHS Taka (popMa HaBUAJILHO-BUXOBHOTO TPOIECY SIK NMPAKTHKa
3aitmae 10 25% Bcworo 4acy). KpiMm Toro, okpemi 0COOIMBOCTI BUBUCHHS JICSIKUX
MUTaHb MOTPEOYIOTh HASBHOCTI KOJIGKTUBHOTO (TPYHOBOTO) PO3B’S3aHHS IUIIXOM
IPYNOBUX JIHUCKYCi, POJILOBUX IrOp, pO3IrpyBaHHS CHUTyallili, BUKOPUCTaHHS
TpeHaxkepiB TowIo [5].

Oco0smBOCTI Opranizailii rpynoBoi poOoTH:

— TOJILT aKaJeMIvyHO1 rpynH Ha pobodi rpyn (2 - 4 CTy/IeHTa);

— KOXXKHa Tpymna OTPUMY€E TEBHE 3aBIaHHS 1 BHUKOHYE WOTO CIUIBHO T
Oe3rocepeIHIM KEPIBHUIITBOM JIijiepa IPyIu;

— 3aBJIaHHS B TPYIl PO3MOJIISETHCS TaKUM CIOCOOOM, MO0 JaTH 3MOTY
BpaxyBaTH W OIIHUTH 1HAUBIIyaJIbHUH BHECOK KOKHOTO;

— CKJIaJ TPYIU HEMOCTIMHUI (BiH JOOUPAETHCS y 3aJIEKHOCTI B 3MICTY Ta
XapakTepy OYiKyBaHOI pPOoOOTH 3 ypaxyBaHHSIM TOTO, 100 €(PEeKTHBHO
MOTJIM pealli3yBaTUCs HaBYAJIbHI MOKJIMBOCTI KOKHOTO WI€HA TPYyIn).

TexHOJ0r1YH1 eTanu rpynoBoi poOOTH Ha 3aHSATTI:

[Tepmmii eTam — MiATOTOBKA JO BUKOHAHHS TPYIIOBOTO 3aB/IaHHS:

e [I0CTaHOBKa 3aja4i (MpoOJeMHO1 cuTyailii) 1 ii MeTH;

® PO3MO/IUI 3374241 Ha OKPEMI CKJIaJIOBI;

e (hopMyJIIOBaHHS 3aBAaHb rPyIam;

Hpyruii etan — rpynoBa podora:

e 03HallOMJIEHHS 3 MaTepiajioM, IJIaHyBaHHS pOOOTH B IpYIIi;

® DPO3MOJIIJ 3aB/IaHh MK YICHAMH TPYIIH;

® 1HJUBIlyaJbHE BUKOHAHHS 3aBJaHb;

e 0OrOBOpPEHHS 1HIUBIAYaTbHUX PE3YJIbTaTIB pOOOTH B TPYIi;

e OOTOBOpCHHSI 3arajbHOTO 3aBAaHHS TPyNmud (3ayBardw, JOMOBHEHHS,
YTOYHEHHS, y3arajabHCHHS);

¢ odopMIIeHHS TPYNOBMX Pe3y/bTaTiB 3arasibHOrO 3aBAaHHSA;

Tperiii eran — miACYyMOBYIOUYa YaCTHHA!

® TIOBIJJOMJICHHS MPO PE3yJIbTaTU POOOTH TPYIL;

® TIJOUTTS MiJICYMKIB BUKOHAHHS TPYNOBHUX 3aBAaHb;

® 3araJbHHI aHaII3 MI3HABAJIHHOI 3a/1a4i;

® BHCHOBOK TIPO TPYINOBY pOOOTYy 1 [OCSTHEHHS IIOCTaBJICHOI METH
(KOMEHTYBaHHS BUKJIaJjladeM poOOTU TPYIIN).

[lin yac rpymoBoi poOOTH BHUKIAJAa4 KOHTPOIIOE XiJg pPoOOTH B rpynax,
BIJIMIOBIJIA€ Ha TMHUTAHHS, PETYJIOE CYNEpPEewIMBl CHUTYyallli Ta MOPSIOK POOOTH, Y
BUIAJIKY KpallHbO1 HEOOX1THOCT1 HaJla€ I0TIOMOTY OKPEMHM CTyJeHTaM abo rpymnam.
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Hwxue HaBeneHo pparMeHT peanizallii rpyroBOro 3aBaaHHs Ha TPUKJIIA/II 3a1adl
Ha Temy «OOpoOka BiIXOJIB HAa MOPCHKUX CyAHAX». 3arajbHHUMA 3pa3KOBHUIl IUIaH
3aBAAaHHS IS TPYIIOBOT pOOOTH HaBEICHO HUKYE:

o Tema I. Buznauenns npobaemu. Beedenus y memy oopooKu 8i0xo0ie Ha
Mmopcokux cyonax. Ilocmanoexa 3adaui ma akmyanbHicmv npooiemu,

o Tema 2. Po3zensao MidicHapoOHUX HOpM ma cmanoapmis 3 06pooKu
8i0x00i8. 02150 3aKOH00A8CMBA, WO PecYNto€ JIIbHICIb MOPCbKUX
cyOeH y yiu eanysi;

o Tema 3. Buou 6ioxodie ma ix oacepena. Knacugirayis 6ioxoois na
MOPCOKUX cy0ax. Buznayenns ocHOBHUX Odicepen PopMYBaHHs 8i0X00i8.
Texnonozii 06podKU 8i0X00i8 HA MOPCLKUX CYOHAX,

o Tema 4. Pozensao memo0dig 30upanms ma mumuaco8oco 30epicants
8i0x00is. lIpuxnaou opeanizayii 360py ma 30epicanmsi;

o Tema 5: Obpodbra meepoux 8i0xo0dis. Bueuenms memoodie 0opodxu
meepoux 8i0x00i8 Ha MOpcbKux cyonax. Ilpakxmuuni npuxiaou
peanizayii 3 BUKOPUCTAHHAM 8i0NOBIOH020 00JIAOHAHHA. YnpasninHa ma
MOHIMopuHe 00poObKU 8i0X00i,

o Tema 6: Cucmemu ynpasninus 6ioxooamu Ha cyoax. Q2na0 cy4acHux
cucmem ynpaesuints eioxooamu. Po3zenso npuxnadis peanizayii maxux
cucmem.

o Tema 7: Monimopune ma oyinka epexmusrnocmi. Beeoenus y memoou
MOHImMopun2y 06pobku 6i0xo0is. Ilpakmuuni énpasu 3 OYiHKU
eghekmusHocmi cucmemu 0OpoOKU.

VY 1abn. 1 HaBeneHO pe3yibTaT BUKOHAHHS ()parMeHTy peajizailii rpyrnoBOro
3aBAaHHs Ha npukiaa Temu 6. (Bukopucrana iHpopMailisi CTOCOBHO XapaKTEPUCTHK
obnagnanHs BupoOHunrsa ¢ipmu Delitek (Hopseris) [7].

Taoauus 1. 3pa3ok ¢pparmenTiB pe3yabTaTiB BUKOHAHHS 3aBJIAHHSA HA Temy 6
«Cucremu ynpasiiHHS BiixogamMu Ha cyaHax. Orisig Cy4acHUX CHCTEM
ynpasJiHHsd Bigxoaamu. Po3risia npukiaaiB peasizanii TakMx cHCTEM»
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3aBnanus st rpynu 1 — « CyTHOBI KOMIIAKTOPH ISl CMITTS 1 BinxoaiB» BukoHasi: ctynentu Al, A2

3aCTOCOBYIOTBHCS JIJIsl YIIUIBHEHHSI PI3HUX THINB BIAXOAIB: KapTOHY, Xap4yOBUX
BiJIXO/1iB, MAIepy, INIACTUKY, KOHCEPBHUX 0aHOK To10. OCHOBHI XapakTepHi 0COOIUBOCTI
TaKoro oOJa HAHHS:
* BuroromieHi 3 HepKaBitOUOi CTalli JJIs1 BHYTPIIIHEOTO 200 MagyOHOro pO3MIIICHHS.
» KoHTeiHepHu 3 HEpKaBir04oi CTaji OCHAIEH] KOJIeCaMu IS 3pyYHOCTI COPTYBaHHS 1 yTHITi3aLil
BIIXOIB.
* IHKONM MO€HAHI 3 MAKYBAIFHUM KOMIAKTOPOM.
*  MaroTh NOTYXKHHU# €IEKTPOTiApaBIiuHUI MPUBI [is 3a0e3MeUeHHs] BACOKOTO MPECYBABLHOTO
3yCHILISL.
o CMITTS MOXe YIUIEHIOBATHCS Bipa3y y BEIWKUX MIIIKaX JUIS 3pYYHOT yTHTI3aIlii.
* IcHyroTh Bepcii BUBYX03aXMLLEHOIO BUKOHAHHS.
[IpoananizyeMo OCHOBHI TEXHIUHI XapaKTEPUCTUKU OOJaHAHHS JUISI OOPOOKHU CMITTS

(puc.1.1).

DT-220PN, DT-200MC, DT-1000MC, DT-500MC & DT-1500MC

Puc. 1.1 CyaHoBi koMIaKTOpPH JJIsA CMITTA i BiTxoaiB

Kommaxkrop Bimxonie DT-220 PN moctaBnseTses 3 koHTeitHEpoM C-200 Ha KoJjecax
MictkicTio 0,2 M3 i momieruneroBuM nakerom HD (puc. 1.2).
DT-220PN wMmoxe miATpUMYBAaTH KUIbKa KOHTEWHEpPIB TIPH COPTYBAaHHI BIIXOIB
BiMOBiAHO 10 pexomenaaniit MARPOL, To0To oquH Ais TUIACTUKY, OJMH IS Manepy
TOIIIO.

Taboauus 1.1 Texniuni xapakrepucTuku komnakropa DT-220PN
Mapka DT-220PN

Mamepian  Heporcasitoua cmanv AISI 304 abo AISI 316
Micmxicme 0,2 M3

Posmip omeopy 3asanmadicenns 530 mm x 340 mm

3ycunna ywinonenns 1500/3000 ke

Tabapummni posmipu 760 mm x 695 mm x 1983 mm

Baea (sxnrouarouu xonmeiinep) 190 ke

Pigenv wymy <7805 Maxc

Puc. 1.2 KomnakTop Binxoais DT-220PN
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3aBnanus st rpynu 2 — «llpenepu (moapidrroBayi)» Bukonasii — cryaenTtu B1, B2

Hlpenepu mnpusHaueHi A TNOAPIOHEHHS PI3HUX THUIIB BIAXOMIB: 3MIIIAHOTO
MOOYTOBOTO CMITTS, TManepy 1 KapTOHY, IJIACTUKOBHUX IUISAIIOK, aIFOMIHIEBUX OaHOK,
JiepeBa, ToIo). BupoOnsioTeCcs 3 Hepr)kaBitouoi cTalli AJisi BHYTPIIIHBOro 200 mamyOHOro
PO3MIIIIEHHSI, OCHAIICHI KOJIECAaMH JUIsl 3PYYHOCTI COPTYBaHHS 1 YTWJIi3amii BIIXOIiB,
MalOTh MOTY)XHUH EJNEKTPOTipaBIiYHUNA TpPHUBIA s 3a0e3NeueHHs] BUCOKOTO
npecyBabHOTO 3ycuiuis (puc. 2.1).

B

Puc. 2.1 3oBHilHIi BUIIAA CyYacCHHX LIpeaepiB

Binbm peranbHO XapaKTEPUCTUKU CyYaCHUX MIPENepiB PO3TISTHEMO Ha MPHUKIAJI
mpenepa DT-190LCS (puc. 2.2, Tabum.. 2.1).

—

DT-Z30SR, DT-STSSR,

Puc. 2.2 HIpenep DT-190LCS

[penep DT-190LCS mpusHaueHuid yisi MOAPIOHEHHS PI3HUX KaTeTropiil BiAXOIiB
(3MiIIadi CHOXKUBYI BIIXOJH, Mamip 1 KapTOH, TJIACTUKOBI TUIAIIKH, aTIOMiHIEBI OaHKH,
nepeBrHa To1o). [loapiOHIOBaY MOCTaBIAETHCS 31 CMITTEBUM OakoMm Ha 190 1.

Taoauus 2.1 Texniuni xapakrepuctuku mpeaepa DT-190LCS
Mapxka DT-190LCS

Mamepian Heporcasitoua cmane AISI 304 abo AISI 316 - [IBX
Konmeiinep emnicmo 190 nimpis

Posmip omeopy 3asanmasicenna 600 vum x 350 mm

Posmipu (Il x I' x B) 940 mm x 1348 mm x2041mm

Baea (sxnrouarouu konmetiinep) 440 ke

Hanpyea osueyna 380 ~ 440 B, 3Ph, 50 ~ 60 Iy
Tlomyoicnicmo enekmpoosueyna 3 kBm

Kpymnuii momenm na eany 1900 Hm

Pigenv wymy <700bh Maxc
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3aBnanus s rpynu 3 — «[loapiOnroBayi ckia» Bukonasii: ctynentu Cl, C2

[MonpiOHIOBaYi CKia crieHialbHO PO3pOOIIeH] A1 JPOOICHHS CKIISHUX IUISAIIOK, OaHOK
Ta moAiOHMX BUPOOiIB 31 ckia (puc. 3.1). XapakTepHi 0cOOIUBOCTI 00JIaTHAHHS:

* BuroroBieHi 3 Hep>kaBitouoi cTalli sl BHYTPILIHHOTO a00 MasyOHOTO pO3MilICHHS;

» KoHTeitHepu 3 HeprKaBir04yoi CTall OCHAIICH] KOJIeCaMH Il 3pyYHOCTI COPTYBaHHS 1
yTHIII3AIi1 BIAXO/IiB;

* [ToTy>XHUI €eKTPOTiApaBIIYHAN MPUB1I 1J1s1 3a0€3MeUeHHS BUCOKOTO MPECYyBATBLHOTO
3YCHIUIS,

* CMITTS YIIUTBHIOETHCS BIIpa3y y BEIMKUX MIIKAX IS 3pyYHOT yTHITI3alIii;

* besmeuyna ekcrutyaramisi 3aBISKM TNpHETHAHOMY KOHTeHHepy. CKISHHM MUl He
MOTPAILISE B HABKOJIUIITHE CEPEIOBHIIIE.

P

Puc. 3.1 CyaHoBi noapioHoBayi ckia

Cynnosuii noapioHtoBau ckia DT-500GC crenianbHO po3poOiaeHuit mist 1poOIeHHs
CKJISTHUX TUIAIIOK, 0aHOK Ta aHaJOTIYHHMX CKJISHHUX MarepianiB (puc. 3.2, tabm. 3.1).
[TocTaBnseTbes 3 KomicHuM KoHTelHepoM C-500 emuicTio 0,5 M°.

> BN T T
. M. . .

Puc. 3.2 l'[oupi%monaq K.]Ia DT-500GC

Taoauus 3.1 Texniuni xapakTepucTuku noapionwosava ckiaa DT-500GC
Mapxka DT-500GC

Mamepian Heporcasitoua cmane AISI 304 abo AISI 316

Emnicmo 0,5 M3

Hiamemp mpybu, wo nooace ckno @ 162 um

Tabapumni posmipu (Il x I'x B) 975 mm x 1 208 mm x 1815 mm

Baea (sxntouarouu xonmetinep) 240 ke

Hanpyea osueyna 220 B/ 380 ~ 440 B, 3Ph, 50 ~ 60 I'y

Tomyocuicmo enexkmpoosueyna  <1,8 kBm

Pigenv wymy <650bh Maxc
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BucnoBok. Hasenena indopmariis Moxe OyTH BUKOPUCTaHA B SIKOCTI IOMOMOTH
npu po3poOIi pi3HUX Y4OOBO-METOAMYHUX JIOKYMEHTIB (HaBUaJbHUX ILJIAHIB,
MOCIOHWKIB, METOJMYHUX BKa31BOK TOILO) JJIs 3a0€3MEeUYEeHHs MPOLeCy MiArOTOBKU
CYy/JTHOBUX MEXaHIKIB. TakoX TaHWH M1JIX1]] Ja€ MOXKJIMBICTh PO3POOKU aHATOTIYHUX
iHQOpMAIIHHUX MIATPYHTYBaHb IS 1HIIMX CHEIlaii3amiii  CHUCTEMH OCBITH
MaOyTHIX MOPSIKIB.
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Abstract. The modern educational process using problem-based learning methods allows you
to get the necessary training for the successful work of specialists in the future. The paper analyzes
the experience of implementing a modern approach to the professional and practical training of
specialists at the level of higher education through the organization of group work. Examples of the
use of the method of group work of students specializing in "Management of ship technical systems
and complexes" in specialty 271 "River and sea transport” for the first (bachelor) level of higher
education are given.

Key words: Intensification of training processes, training of ship mechanics, experience of
organizing group work, technological stages of group work, an example of the implementation of a
group task.
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Abstract. The paper presents the results of a study of drying a dense layer of grain under
conditions of using microwave field energy. Cyclic modes of supplying microwave energy to a layer
of material, alternating with periods of air blowing, are considered. The influence of the duration
of layer blowing and air temperature on the patterns of changes in temperature and moisture
content of the material, drying speed and specific energy consumption is studied. Oats were used as
grain material. A comparative analysis of the characteristics of the processes of microwave
convective cyclic drying under various modes is presented.

Key words: plant scheme, blowing air through the layer, duration, temperature, moisture
content, specific energy consumption, drying speed.

Introduction.

Heat drying is the most important and most energy-intensive technological
operation during post-harvest grain processing. Freshly harvested wheat grain should
be dried to a moisture content of 14 percent or less within 48 hours to prevent
sprouting and spoilage [1]. Most studies on grain drying are performed on the
laboratory scale to study the factors that determine the quality of grains on a large
scale. Such factors include air temperature and flow, grain layer thickness, raw
material composition, and drying system employed [2]. Currently, convective dryers
are the most common for drying grains; they have a number of significant
disadvantages, which can be partially eliminated by microwave-convective heat
supply. Studies of microwave convective drying of grain [3] have shown that the
duration of the drying process in the presence of a microwave energy supply is
reduced by 3.5 times compared to convective drying. When studying the kinetics of
grain drying, convincing evidence was obtained of the applicability of microwave
technologies and the feasibility of developing microwave dryers [4, 5]. Knowledge of
the peculiarities of drying kinetics when using a microwave energy contributes to the
selection of rational grain drying modes.
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Experimental setup and experimental procedure
The experimental setup diagram is shown in Fig. 1. The setup provides research
during microwave, microwave-convective and convective drying.

S

o =

('

Figure 1 — Scheme of experimental setup for studying the Kinetics of drying
grain materials under microwave and convective heating
1 —door, 2 — magnetron, 3 — fan of the magnetron cooling system, 4 — experimental
cell with grain, 5 — chamber, 6 — electric heater, 7 — fan

An air duct made of radio-transparent material was installed inside the working
chamber, into which a cell made in the shape of a parallelepiped from a radio-
transparent mesh material was placed. The dimensions of the cell strictly
corresponded to the dimensions of the air duct, so that when the material was blown
with air, no lateral leaks occurred.

The influence of the duration of blowing t_, as well as the temperature of the air

blowing through the layer, on the patterns of changes in temperature and moisture
content of the material, drying speed and specific energy consumption is studied. In
this case, the duration of switching on the magnetron rt,,, in all experiments was the

same.
When blowing with unheated air, 3 series of experiments are carried out,
differing in duration t_. After each step, the material 1s weighed and the temperature

of the layer is measured at several points, then a new portion of material with the same
weight and moisture content is poured into the cell, and the experiment is carried out
with the next period (MW or blowing).

Thus, the obtained initial data make it possible to determine the loss of moisture
and the average temperature of the layer, as well as calculate the moisture content and
specific energy consumption after each period. In the experiments, the initial and final
masses (m,, m,) and temperatures (¢,,¢;) and the duration of blowing (t_) are

measured.
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0.1 kg of grain with an initial moisture content of 0.2 kg/kg was loaded into the
microwave installation. Grain drying took place in a cyclic mode - periods of
microwave heating alternated with periods of blowing. The duration of the microwave
heating period in all experiments was the same and amounted to 10 s, the magnetron
power was 600 W. The duration of the purge period was 10, 20 and 30 s. The air
temperature was 20 °C, the filtration rate in the grain layer was 1 m/s. The initial grain
temperature was 20 °C. In all experiments, oats were used as a grain material. The
method for calculating drying characteristics from experimental data is given in [4].

Results and discussion.

Microwave drying with air blowing through the grain layer without preheating

During the experiment, the air temperature was 20 °C, the filtration rate in the
grain layer was 1 mvs. The initial grain temperature was 20 °C.

With a ratio of 10 s MW - 10 s blowing (total duration of the process - 130 s),
the specific energy consumption for the entire experiment was 9.07 MJ/kg, the
average drying rate was 4.3-10* kg/(kg's) — Table 1, mode 1. At t,=20 s (total

process duration — 190 s), the specific energy consumption for the entire experiment
was 9.68 MJ/kg, the average drying rate for the entire experiment was N =2,77-10*
kg/(kg's) — Table 1 mode 2. Average speed of microwave drying N,,, =2,01-107"
kg/(kg-s), average speed during the blowing period N, =2,78 107 kg/(kg's).

When blowing air at 7,=30 s, the total duration of the experiment was 250 s.
The specific energy consumption for the entire experiment was 8.96 MJ/kg, for the
entire experiment the drying rate was N =2,0-10~* kg/(kgs) - Table 1, mode 3. The
average speed of MW drying was N,,, =1,57-107 kg/(kg-s), the average speed
during the blowing period N, =2,33-10"* kg/(kg's).

The drying rate during purging periods decreases as their duration increases.
This is explained by a noticeable decrease in the temperature of the material during
the period of blowing with cold air.

Microwave drying with heated air blowing through the grain layer

The results were obtained under conditions of blowing the layer with air heated
to a temperature t,; = 50 °C. The initial grain temperature was terin = 20 °C, magnetron
power P = 600 W, air speed 1 m/s, flow rate 0.0118 kg/s. The duration of the

microwave energy heating period was always 10 s.
When blowing with a period of t,=10 s (experiment duration 130 s), the specific

energy consumption for the entire experiment was 11.72 MJ/kg, the average drying
rate for the entire experiment was 3.54-10—4 kg/(kg's) — table 1 mode 4. Average
speed of microwave drying N,,, =2,57-107 kg/(kg's), average speed during the
blowing period N, =5,33-107* kg/(kg-s).

When blowing with a period of t,=20 s (experiment duration 190 s), the specific
energy consumption for the entire experiment was 14.33 MJ/kg. The average drying
speed for the experiment was N =2.94 10* kg/(kg-s) - Table 1, mode 5. The average
speed of MW drying N,,, =1,24-10" kg/(kg's), the average speed during the
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blowing period N, =4,32-10* kg/(kg -s). At the same air temperature, but shorter

blowing duration, the drying rate was higher.

The characteristics of the processes of microwave convective cyclic drying
under various modes are given in Table. 1. Duration of the MW heating period
T, =10 s, total MW heating time t,,,, =70 s.

Table 1 - Characteristics of microwave convective cyclic drying

Mode

Name 1 [ 2 [ 3] 4 5
Duration of the convective period t_, s 10 20 30 10 20
Total convective heating time t,_, s 60 120 | 180 | 60 120
Total drying duration 7y, s 130 | 190 | 250 | 130 190
Air temperature ¢, , °C 20 20 20 50 50
Loss of moisture: Am, 1073 kg 463 | 434 | 469 | 421 | 5,03
Final moisture content u,, kg/kg 0,144 10,148 | 0,144 | 0,154 | 0,144
Final temperature ¢, ,°C 80,5 68 63,3 95,33 91
Drying speed: N, 10 kg/(kg's) 43 12,74 | 2,0 | 354 | 2,94
Specific energy consumption ¢, MJ/kg 9,07 | 9,68 | 8,96 | 11,72 | 14,33

The final moisture content, as experiments have shown, is practically
independent of the sequence of microwave and convective heating for a given initial
moisture content. Specific energy consumption depends to a greater extent on the
duration of microwave heating, and not on the order in which it is turned on.

Conclusion

The final humidity, is practically independent of the sequence of microwave and
convective heating at a given initial humidity. The specific energy consumption
depends to a greater extent on the duration of microwave heating, and not on the order
in which it is turned on.
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Anomauia. Y pobomi npeocmasneni pe3yiomamiu O0CAIOHNCEHHSA CYUITHHA WITbHO20 WAPY
3epHa 3a YMO8 3aCmocy8aHHs eHepaii MIKpoxXeunb06020 nous. OCcHo8010 0715l KOHCMPYIOBAHHS HOBUX
VCMAHOBOK € 3ANIeHCHOCMI O PO3PAXYHKY MeMNepamypu ma émicmy 60J1020CMi OUCHEPCHO20
mamepiany 6 npoyeci CyuinHs, Wo € npeomMemom 00CHioxceHts oanoi pooomu. Hageoeno cxemy
eKCNnepuUMeHmanvbHoi  ycmanosku. Ycmanoska 3abesneyye npoeedeHHs O00CHiOxcenb npu
MIKPOXBUTILOBOMY, MIKPOXGUIbOBO-KOHBEKIMUBHOMY MA KOHEEKMUBHOMY CYWiHHI. Posenaoaromubcs
YUKTIYHI pedcumu ni08eOeHHs Menjiomu i3 3aCmOoCy8AHHAM Nepiodié KOHBEKMUBHO2O CYULIHHSL.
Bueuaemucs ennue mpusanocmi npooysanHs wapy ma memnepamypu nogimpsi Ha 3aKOHOMIPHOCHI
SMIHU memnepamyp ma éMiCmy 0a02U MAmepiany, WEUOKICMb CYWIHHA ma NUMoMi eumpamu
enepeii. YV mikpoxeunvogy ycmanosky saseanmaoicysanocs 0,1 ke 3epua 3 nouamrkosum eémicmom
sonocu 0,2 ke/ke. CywinHA 3epHa NPoOXoouno 6 YUKIIUHOMY pedcumi - nepioou MX naepieanus
yepeysanucs 3 nepiooamu npooysants. Tpueanicme nepiody MX waepigy y écix docnioax 6yia
oonakosa i cmanosuna 10 ¢ nomysicnicmoe macnempony 600 Bm. Tpusanicms nepiody npooysanis
oyna 10, 20 ma 30 c. Hx 3eprosutl mamepian 3acmocogyeascs ogec. Haseoeno nopiensanbHutl ananiz
xXapaxmepucmuk npoyecie¢ MX — KOH8eKmMUBHO20 YUKIATUHO2O CYULIHHA NPU PISHUX PENCUMAX.

Kniouogi cnosa. cxema ycmanogku, mpusanicmes npooysanHs, memnepamypa, 6Micm 60102u,
NUMOMI eHep2osUMpamu, WEUOKICMb CYULTHHSL.
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Abstract. This text discusses the production of diamond polycrystalline materials, factors that
contribute to the strength of the diamond-diamond bond, conditions for forming a dense and finely
dispersed material structure, and the resulting composite with improved performance
characteristics.

Key words: diamond, composite, high pressure, sintering, activating additive.

Introduction

The advancement of science and technology necessitates the creation of
materials that can function dependably under the influence of force and temperature
fields, harsh environments, deep vacuum, and high pressure. Developing and creating
composite materials, including nanostructured ones, is a promising way to improve
the physical and mechanical properties of materials for structural and functional
purposes.

Composites must meet specific requirements, such as high strength, hardness,
wear, and corrosion resistance, to be used as materials for tooling or other functional
purposes. Only a few composite materials currently meet these requirements to a
sufficient degree due to factors such as low strength, hardness, thermal and electrical
conductivity, and reduced physical and mechanical properties at extreme temperatures
or in a vacuum.

During the 1960s and 1970s, there was a significant development in the
production of diamond polycrystals using high-pressure techniques [1]. These
materials are characterized by a rigid framework of fused diamond grains, which
gives them isotropic properties. This results in improved mechanical properties,
particularly impact strength, when compared to single crystals. Diamond's unique
properties, such as its hardness, high thermal conductivity, and low friction
coefficient, make it a valuable material for tools in various industries [2]. These tools
often use composite polycrystalline materials with diamond powders and sintering-
activating additives. It is important to maintain consistency in the use of specific terms
and units throughout the document.

Diamond-based superhard materials are 2-5 times harder than the materials they
process, making them ideal for cutting tools used in processing non-ferrous metals
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and alloys, ceramics, metal-ceramics, wood chips, plastics, polymeric materials,
granite, and sandstone products.

Main text

The manufacturing of diamond polycrystals is based on two processes: the
transformation of non-diamond carbon, usually graphite, into diamond through high
static pressures and temperatures or the use of the CVD method [3]. Alternatively,
diamond micropowders can be sintered within their thermodynamic stability region
[4].

These impurities and inclusions can significantly affect the quality of the
polycrystals. Polycrystals obtained through phase transformations often contain
impurities and inclusions of graphite or solvent metals, which can be located both
inside crystallites and at their boundaries, often forming a second phase. Therefore,
when synthesizing carbon materials using carbon solvent alloys, the resulting
polycrystals are composed of diamond, metal phases (both through and isolated
inclusions), and residual graphite. This composition leads to low heat resistance,
which ultimately limits their performance in tools.

During the direct phase transformation of carbonaceous materials into diamond,
non-diamond carbon remains in the final product, reducing its physical and
mechanical properties as well as thermal stability.

To address these issues, diamond powders are often sintered at high pressures
and temperatures. Polycrystalline diamond material is produced by sintering diamond
powders under high pressures and temperatures in the presence of additives that
activate the sintering process. This technology involves the use of additives to activate
the sintering process, resulting in the production of polycrystalline diamond material.
In most cases, sintering technology involves a liquid phase. According to sintering
practice, the sealing process has four stages: cold compaction, liquid flow,
dissolution-precipitation, and solid-phase sintering.

The cold compaction stage involves compressing the diamond without
temperature to seal the composite. As pressure increases, the powder compacts due to
the sliding of the grains. With further pressure, intensive powder crushing occurs,
although not all grains are crushed. Initially, the more defective grains are destroyed.
If the operating pressure is slowly released without heating the charge, it is evident
that the solid phase particles are surrounded by fine particles (powder) of the same
phase.

The liquid phase activates the movement of solid particles, causing pores and
capillaries to quickly fill with substance. When the solid particles are well wetted by
the liquid, menisci, or curved liquid surfaces, form between them. These menisci are
subject to capillary forces that bring the particles closer together, resulting in
shrinkage. When there is a layer of liquid at the particle contacts (with good wetting),
it reduces friction and jamming between solid particles. This increases the mobility
of the particles, allowing them to regroup.

The dissolution-precipitation stage is observed in systems where the solid phase
is sufficiently soluble in the liquid phase. The process mechanism involves grain
growth resulting from the dissolution of small particles in the liquid and their
subsequent deposition on larger particles. Shrinkage occurs due to the presence of
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compressive forces in the contact areas, which increases the chemical potential of the
components in the solid phase and their solubility in these areas compared to other
areas of the solid phase. During sintering, the solid phase moves from the contact
points to the free surface, causing shrinkage as the distance between particles
decreases.

If solid particles are in direct contact without a liquid phase layer, they fuse
together, known as solid-phase sintering. In the case of diamond polycrystalline
composite materials, this results in the fusion of diamond particles, as shown in Fig.
1. The final stage of sintering produces solid phases with a rigid, strong framework.

Figure 1 - Elements of the structure of diamond polycrystalline composite
material

The material obtained through this method contains a second phase, as shown in
Figures 1 and 2.

Figure 2 - The structure of the plycrystalline diamond shell (/ - grains of
diamond; 2 - destroyed small grains of diamond and sintering additive)

The sintering of diamond powders is influenced by the formation of
polycrystalline structures during barothermic treatment. Diamond micropowders
experience plastic deformation at a temperature of 1230 K and a pressure of 7 GPa.
Graphite is formed in the pores between diamond particles where the sintering
pressure is lower. When using additives to activate the sintering process, such as
cobalt, nickel, or iron, the graphite formed in the pores transforms into diamond.

When sintering a composite material with increased wear resistance based on
diamond powders and additives, it is important to consider that the material's hardness
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has the greatest influence on its physical and mechanical properties. The relationship
between wear resistance and hardness is determined by the formula:
S = (HV)I/Z'K1C3/4.

The wear resistance parameter is represented by S, while material hardness is
represented by HV, and crack resistance is represented by K¢ [5].

The physical and mechanical properties of polycrystals are determined by the
presence of a continuous framework of diamond particles. This is due to the formation
of diamond-diamond bonds and a dense, highly dispersed grain structure. The plastic
deformation of diamond particles plays a significant role in the formation of diamond-
diamond bonds. It has been established that in order for plastic deformation to
effectively consolidate diamonds, high pressures and temperatures corresponding to
the thermodynamic stability of diamond are necessary [4]. Additionally, the formation
of interdiamond boundaries is mainly determined by the development of mass transfer
in the areas where grains indent each other. To strengthen the intergranular boundaries
in a polycrystal, sintering process-activating additives are added to the sintering
charge. Initially, metals and alloys of the iron group (Fe, Co, Ni) were proposed as
additives to activate the sintering process of diamond polycrystals. However, it should
be noted that the materials produced using such additives have limitations that restrict
their applications. The additives' adhesive activity causes them to interact with the
workpiece's surface during smoothing, resulting in tears and a significant decline in
roughness.

To ensure high hardness and strength of a diamond composite, a fine-grained
dense structure can be achieved by using nanocrystalline diamond powders, advanced
methods of preliminary formation and activation of starting materials, and the
introduction of sintering-activating additives, grain growth inhibitors, carbon,
nitrogen, and oxygen getters into the charge. For instance, cobalt oxide was proposed
as an additive that activates the process of diamond sintering in [6]. It was discovered
that this substance inhibits grain growth and acts as both a carbon and oxygen
heterogeneous agent. It forms various compounds when interacting with metal oxides.
The charge was prepared using a special technology that involved submicron powders
of diamond grade ASM5 0.1/0 and cobalt oxide. The sintering process was carried out
at a pressure of 8.0 GPa and a temperature of 2000 K for 20-30 seconds. The study of
sintered composites [7] has shown that combining preliminary mechanical activation
of the initial charge with the introduction of activating additives can significantly
improve the physical and mechanical characteristics of the diamond nanocomposite
sintered under high pressure and temperature. Hardness can be increased by 1.7 times
and crack resistance by almost 2 times. The homogeneity of the sintered composite
microstructure and the suppression of growth and recrystallization processes during
sintering are the primary factors contributing to this result.

Composite polycrystalline materials based on diamond and silicon carbide, such
as geothermal and sindax-3, are currently used in tools for drilling, straightening, and
smoothing various materials. These materials are produced by impregnating diamond
powder with silicon under HPHT conditions, resulting in polycrystals with high
thermal stability (~1500 K). The composites in this case consist of a framework of
diamond particles (80-85% of the total volume), with silicon carbide and a small
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amount of unbound crystalline silicon interspersed between them. Experimental
evidence has shown that the strength of this material can be increased by introducing
a mixture of silicon and graphite powders, diamond nanopowders, or silicon carbide
into the impregnating layer [8].

A two-stage sintering method was proposed [9] to enhance the quality and
strength of diamond composites. During the first stage, diamonds are sintered to the
melting point of silicon, which increases the contact area between diamond particles
and strengthens the diamond-diamond bond. During the second stage, silicon is
melted to impregnate the diamond framework and bind free carbon formed in the
pores of the material into silicon carbide. This approach improves the physical and
mechanical properties of the diamond composite heat-resistant material, resulting in
a compressive strength approximately 25% higher than that of the material obtained
through one-stage sintering.

Thus, summarizing the above, we can conclude that, in accordance with the tasks
set, the sintering process-activating additive should:

— to act as grain growth inhibitors, i.e. to help preserve the fine-grained
component of the composite;

— moisten the diamond, helping to reduce inter-particle friction;

— under the thermobaric parameters of sintering, dissolve graphite formed during
sintering or present in the diamond powder as an impurity.

Meeting these requirements will help to create favourable conditions for
achieving a dense and finely dispersed material structure, resulting in a composite
with improved performance characteristics.

When sintering diamond powders to obtain polycrystalline composites with
predetermined performance properties, it is recommended to control the structure and
properties of polycrystals using the following means [10]: controlling the sintering
process parameters such as pressure, temperature, and sintering time. Controlling the
sintering parameters allows to produce polycrystals with varying inclusion contents
(such as Co and Si), intense grain fusion, and controlled fracture patterns (either
transcrystalline or intercrystalline), resulting in increased wear resistance.

Other important factors include selecting the appropriate diamond particle size,
ensuring proper grain surface condition (including thermochemical cleaning), adding
sintering process-activating additives, and choosing the appropriate schemes for
equipping the reaction volume.

The hardening of the material can be achieved by introducing finely dispersed
impurities that prevent the movement of dislocations and cracks. Additionally, the
introduction of extra crystallization centers, such as nanodiamonds when
impregnating diamond powders with silicon, can also be effective.

Conclusion. The scientific and technological foundations for creating diamond
polycrystals with activating additives of various physical and chemical natures under
high pressures and temperatures have been developed. The physical, mechanical, and
operational properties of the diamond composite are influenced by the composition,
properties, and structure of its components. This provides a scientific basis for
obtaining new superhard diamond materials for various functional purposes under
high pressure and temperature.
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NIOBUYEHUMU eKCNIYAMAYIUHUMU XAPAKMEPUCTMUKAMU.
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Anomauyia. Y cmammi 3anponoHo8aHo SUKOPUCTIAMU MOOENi NPOSHO3VEAHHA GUXIOHOI
NOMYIHCHOCIE MA NPOOYKMUBHOCI homoenreKmpuunoi cmanyii 08 aHanizy ix nausy Ha 3MiHy
Hanpyau 8 mepedici. [Ipu mooentosanni pobomu enepeocucmemu 3 QOmoeseKmpuyHUMU CIMAHYiAMU
HeobXiOHO 8paxo8ysamu nepcneKmuey 3pOCManHs UPOOHUYMEa enepeii, AKi MO*CYmb 8NIUBAMU
Ha pexcumu pobomu eHepeocucmemu, a mMakoXdC 8paxysamu NnepioouyHicms i He8UIHAYEHICMb
6xiOHux napamempis. Kinokicms enepeii, saxa modxce Oymu ompumauna 6i0 ¢homoenexmpuuHoi
Ccmanyii  3anexcums 6i0 080X KIIOHOBUX SUNAOKOBUX 3MIHHUX, @ came OC8imieHocmi ma
memnepamypu. Po3yminua cmoxacmuunocmi cenepayii 00360715€ KOMNAHIAM Ma Onepamopam
eleKMmpoCmanyiti.  Kpawje YHPAeuiamu pusuKamu, nose sa3aHuMu 3 6UPOOHUYMBOM KOIUBAHD,
Hanpukiao, NJIaHy8aHHAM pe3ep8HUX 0xcepell eHepaii uu ONMmuMizayicto NOMYHCHOCMI COHAUHUX
e1eKmpOCmMAaHyill.

Knwuoei cnoea: ¢omoenekmpuuna ycmanoska, NpocHO3Y8AHHS KIIbKOCMI 32eHepO8aHOl
enekmpoenepeii, Hanpyaa, nepemoKu e1eKmpoeHepeii.

Beryn.

®dotoenektpuyHi craniii (PEC) € mkepenamu BITHOBIIOBAIBLHOI €HEPTIi, sKi
CTarOTh BCE OUTBII BaXJIMBUMHU B CBITOBIM eHepreTuill. [IpoTe, BXiaHI mapaMeTpH, 1110
BIUIMBAIOTh Ha IXHI XapaKTEpUCTHKH, TakKi sIK 3MIHHA 1HTEHCHBHICTb 1HCOJISIIII,
TEMIIEpPATypHI KOJUBaHHSA Ta 1HIN (aKTOpu TPU3BOIATH JO 3MIH B
€JIEKTPONOCTAaYaHHI, M0 MOXe OyTH mNpoOJIeMaTUYHUM [UIsl  CTaOUIBHOCTI
€HEeproCUCTEM.

Oneparopy Ha €HEPreTUYHUX PUHKAX BXKE 3apa3 aKTHUBHO BUKOPHUCTOBYIOTH
MPOTHO3U I €(PEKTUBHOTO YMPABIIHHS pecypcaMu Ta MIATPUMKH CTIHKOCTI
eHeprocucteM. Taki TMPOTHO3M BPaxOBYIOTh YacOBl 3aJ€KHOCTI Ta 3MIHHICTh
BUPOOHMIITBA BIIHOBJIIOBAJILHOI €HEPTii, JO3BOJISIIOYM ONTUMI3YBaTH BUKOPUCTAHHS
pecypciB Ta 3a0e3neuyBaTi HaAIHHICTh OCTAYaHHs €JIEKTPOSHEPTii.

OCHOBHU TEKCT.

Ockiibku HeOOMexeHa iHTerpauis (GOTOETEKTPUYHOI EHEPTii B €JIEKTPOMEPEKY
BIUIMBA€E HA 3MIHU B MEPETOKAX EJIEKTPOEHEPrii pOo3NOAUTbHOI MEPEXi, BIAXUICHHS
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HalpyTy, KOJMBAaHHsS HANpPYTd TOLIO, CUCTEMHI OINEpPaTOpU 30CEPEIKYHOThCS Ha
TOMY, SIK BU3HAUUTH Ta MOKpAIIUTH 1HTerpamiiiHy 3aatHicTs DEC.

®doToeNneKTpUYHA EHEPTis TeHEPYETHCS 3aJICKHO BiJl IHTEHCUBHOCTI CBITJIA, L0
MO’K€ 3MIHIOBAaTHCS B peaJlbHOMY 4acl yepe3 MOorojiHi yMOoBHU Ta iHII (aktopu. Lle
pOOUTH JI€TEPMIHOBAHUNW METOJ| PO3PAXyHKY MOTYXKHOCTI MEHII e(EeKTUBHHUM,
OCKUIBKH HE MO’KE€ MOBHICTIO BpaXxyBaTu Bapiallii BUPOOHUIITBA €JIEKTPOCHEPTIi BiJ
(OTOETIEKTPUYHUX TTAHEIICH.

[Iporno3yBanHs npoaykTuBHOCTI @EC BUKOHYIOTH 3a IOMIOMOTOI MTPOCTUX Ta
CKJIQJIHAX MAaTeMaTUYHHX MOJIeJei, HEHPOHHUX MEpPEX, IITyYHOTO IHTEIEKTy, 3
BUKOPUCTAHHAM MOJ€Jell aBToperpecii, TrapMOHIYHMX (QYHKIH, a TaKoxX
BpPaxOBYIOUHM MOTOJIHI KOpeJsiiiiiHi koedimientu [1-4].

JUiss  onTUManbHOrO  yHOpaBilHHA Ta  MakcuUMi3alii  BUKOPUCTaHHS
(bOTOENEeKTPUYHOI €Heprii 4acTo BUKOPHUCTOBYIOTh AJITOPUTMH Ta CHUCTEMH, fKi
BpaxoBYIOTh HU3KY (hakTopiB. Hanpukian, cucteMu mporao3yBaHHs MOTOU MOXKYTh
BUKOPUCTOBYBATUCA JJiA TiepenOaueHHs IHTEHCUBHOCTI CBITJIa BIEpe] Ha KUIbKa
roauH ado HaBITH IHIB.

[TinkrodeHHst GOTOETEKTPUYHOI CTAHIIIT 10 MEPEXKI TOJIOBHUM YMHOM BILJTUBAE
Ha PO3MO/ILI MMOTOKY €JIEKTPOCHEPTil B MEPEXKI, SKICTh €JIEKTPOCHEPTii Ta TUHAMIYHI
xapakTepucTuku. [IpoTe BHXiHa MOTYXHICTH (POTOETEKTPUYHOI €eHeprii — Iie
BHUIIAJIKOBA BEJIMYMHA, SIKA BU3HAYAETHCS 3 3aJIEXKHOCTI Bl COHSYHOI 1HCOJIALII B
peanbHOMYy 4aci. JleTepMiHOBaHMII METOJ| pO3paxyHKY NEPETOKY MOTYXKHOCTI HE
MO>K€ MOBHICTIO BIJOOPA3UTH Ta OLIHUTHA YUHHUKUA T4 MAaCIITaOU BILIUBY.

VY TpaaumiiHOMy OJHOCHPSIMOBAaHOMY pO3MOAUIBHOMY (ifepl BelIHYMHA
Halpyru Ha KiHII (igepa MeHIIa 3a Hampyry jkepena. LI BeqnuuHu Hampyru
HEOOXITHO MIATPUMYBAaTH B NEBHUX MeEXaxX. PerymioBaHHS Hampyru Moxe OyTu
JOCATHYTO JBOMa CHOCOOAMM: HAJIKHUM IMPOEKTYBAaHHSM CHCTEMHU (HAIMPHUKIAI,
BUOOPOM IMPOBIJIHMKA, HAJIAITYBAaHHAMU HANpyrw Ha MiACTaHLIi 3a JOMOMOIO0
PO3MOAUILHOTO TpaHc(hopMaTopa abo MPUCTPOIB KOMITCHCAIIT), @ TAKOXK MPUCTPOSIMU
KEPYBAHHSIM, TaKUMHU SIK PpETyJIOBaHHS Hampyru Il HABaHTAKEHHSAM Ha
tpanchopmatopi (PITH). Yacto nanpyra By3na npu renepariiii ®EC eneprii moxe
3pOCTH, 0COOJIMBO B YMOBAX HU3bKOTO CIIOKUBAHHS €JIEKTPOCHEPTI.

Konu Mepexa mpaioe B peXHMMI MIHIMajIbHOTO HABaHTAXXEHHs, 3arajbHa
HanpyTa HIMH MIcs TpaHC(OpMaTopa 4acTO HE PETYJIIOEThCS BIANOBIIHUM YHHOM,
TOMY Hampyra Bci€l Mepexl TakoX 3poctae. HalBakuMMm CTaHOM € BapiaHT 3
nepenarnpyroto Oinbine 10 %. PiBeHb reHepyBaHHS €IEKTPOCTAHIIIl 3aJ€KHUTh BiJ
gacy (Micsis, JHS POKy) Ta morogHmx MereodakrtopiB. Ha puc. 1 mokaszano
BIIMIHHOCT1 MI’)K MAKCUMAJIbHUM Ta MIHIMaJbHUM T€HEPYBAHHAIM (POTOEIEKTPUIHOT
eJleKTpocTanlii noTyxHicTio 1 MBT yepBHi Ta nucronai.

Sk BuaHO 3 rpadikiB Ha pUC.] B JMITHI MICSII 30UIBIIYETHCS Yac T€HEPYBAHHS
(TpUBAJIICTh CBITJIOBOTO JHS 3pOCTA€) Ta MiHIMaJIbHA MOTY>XHICTb.

[IpoBenemo anpoxumairito kpuBoi reHeparitii ®EC a1t 1ITHHOTO MICSIIS — JIUITHS
2022 (puc. 1). 3naiimemMo 3aJ1eXHICTh MOTYXHOCTI BijJ 4acy. Bukopucraemo meTon
NIJCTAaBJIEHHSA 1) 5 TOUOK. BukopucraemMo anpoKCUMOBaHYy KpUBY JAJIsl BUSHAYEHHS
«PIBHS TE€HEPYBAHHS», KU 3aJ€kKHO Bij nmoroau Oyaemo 3agaBatu 25 %, 50%, 75
%, 100 %, mani 3BereMo B TaoOx.1.
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Pucynok 1 — 3minu nory:kHocTeil (poTOCJeKTPUYHOL CTAHUII NPOTATOM JIHS B

yepBHI Ta gucronaui 2022 poxy
IDicepeno: Asmopcoka pospobka

Taoauus 1 — «PiBenb npounkHeHHss PEC) 3rinHo anpokcumanii

dac, | HoTyRHICTE, | b e | 25% | 50% | 75% | 100%
roJMHa MBT

7 0,05 0,05 |0,0125] 0,025 |0,0375| 0,05
10 0,3 0,42 | 0,105 | 021 | 0315 | 042
13 0,65 0,51 |0,1275] 0,255 |0,3825| 0,51
16 0,55 0,52 | 0,13 | 026 | 039 | 052
19 0,3 0,39 |0,0975] 0,195 |0,2925| 0,39
22 0,05 0,02 | 0,005 | 0,01 | 0015 | 0,02

Ha puc. 2 nokazano 3miny notyxHocti ®EC 3anexHo Bii piBHS COHSYHOT
1HCcomsAIIl abo («piBHA COHAYHOCTI»). llel rpadik BpaxoBye 3MeHIIIEHE 3HAUYCHHS
COHSIYHOT 1HCOJIALIT MPOTATOM JTHS.

MNoTyHicTe @EC 3anexHo Big noroaum

0,6
0,5
= n
nai] e
= 0,3
. 0,2
L H'
'\.r|1 '._'_'__,.pl-""_ ——l-_‘_‘__-h‘-
7 10 13 16 15 22 FD,EI,
— 25 %0 | 0,0125 0,105 0,1275 0,13 0,0975 0,005
50% 0,025 0,21 0,255 0,26 0,195 0,01
759 0,0375 0,515 0,3825 0,39 0,2925 0,015
1009 0,05 0,42 0,51 0,52 0,39 0,02

Pucynok 2 — Kpusa 3minu nory:xuHocrti ®EC y Bigcorkax
IDicepeno: Asmopcoka pospobka

BaxnmmBo Takox orpuMatu KpuBi 3MiHU mpoayKTuBHOCTI PEC (Y(X)) s
PI3HUX MICAIIB POKY (puc.3)
V(X)=22,85-X-0,215-X>4+0,00042-X°+13,
ne X — NOpSIKOBUNA HOMEP POKY, TOOTO X=1 (ciueHb).
Po3paxyemMo kijibka BapiaHTIB 3MIHM HalPYTy HA MPUETHAHHAX CIICKTPOMEPEK]
3 migkmodeHHsM OEC. 3amaemocs ymMoBaMHM, 110 /10 HU3bKOBOJBTHOI JIOKAJIBHOI

(1)
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Mepex1 MIKII0YEHO CIIoXKMBaul (GKUTIIOB1 OyauHKK ) 3a jornoMoroto ClIly mepepizom
35 Mm% 3MOJETIOEMO MiKIIOUEHHs PHEIHAHD CIIOKUBAYIB Ha PI3HMX BiJCTaHAX
onuH Bix oxHoro (Bim 10 mo 200 M) Ta Bijg 3HMKYBAJIBHOTO TpaHChoOpMaTopa.
Hanpyry na Buxoai Tpancdopmaropa mnpuiiMaemo 235 BOJIBT, aje BOHA MOXKeE
KOJIMBATHCS 3aJI€KHO BiJ MepBUHHOT Hanpyru 1 peryitoersess PITH. CnoxuBanus
3MIHIOETBCS TUHAMIYHO 3aJIeKHO BiJl MICSIIS POKY Ta 4acy A00Hu.
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Pucynok 3 — LnrocTpanist BiAnoBigHoCTi piuHOI KPUBOI reHEPYBAHHA
npoaykrusHocti ®EC y Bincorkax
IDicepeno: Asmopcvra pospodra

Konu OyiMHKHM BMHUKAIOTh €IEKTPOOOIaHaHHS (OCBITICHHS, €eKTPOYAHUKH,
XOJOJWIBHUKK 1 T.[I.), BOHM TIOYMHAIOTH CIOXHUBATH EJIEKTPUYHHI CTPyM.
MonenoeMo BapiaHT HaBaHTa)XEHHS B BCiX OyauHKax piBHuil 5 kBT. Ha mouatky
ninii PITH migrime Hanpyry TpaHncdopmaropa.

Kputnunumu BapiaHTamu JUis BIAMOBIAHOCTI HAmpyrd HOpMaMm Moxe OyTH
BapiaHT NpUeIHAHHA KUTbKOX Jukepen renepyBannsa (PEC) B kiHIi abo cepenuHi JiHiT
(notyxHicTs HOBUX ®EC npuitmaemo 30 kBT). Biacauku nHoBux ®EC B gorosopax
Ha TpPUEIHAHHS OIUIauyIOTh 30UIBIICHHS J03BOJIEHOI moTyx)HOCTI 10 30 kBT,
BIJIMOBIAHO MIJPSIHI OpraHi3alii 3000B’SI3yI0ThCSl MPOBECTH 3aMiHYy IMPOBOAY Ha
npoig CIII 4x70mm. Ha puc. 4 mokaszaHo BapiaHT 3MIHM Halpyrd B TOYKax
MpUENHAHHS. 3HI)KEHHS HANIPYTH Ha MOYaTKy JiHIi BIAOYJOCS Yyepe3 MEHI BTpaTu
HaIMpyry B MIPOBOJI1 3 OLJIBIIUM CIUCHHSIM.

Jist Toro mo6 nepenatu 60-120 kBT (Oinblile HIXK CIIOXKUBAaHHA) MOTY>KHOCTI
OyIWHKIB, IHBEPTOPY HEOOX1MHO MiAHATH Hanpyry Buie 262 B. e «Baxuum s
CUCTEMW» € CHUTYyaIlisi, KOJIU CIIOKUBaHHA MiHIMaibHE. B TakoMy pexxumi poOOTH
MEpeXi, Hampyra Moxke 3poctu A0 277 B, a 1mie o3Havae, mo 1HBEPTOp, SIKUM 3a
HaJalITYBaHHIMHU 32 3aMOBUYBaHHSM BiJIMUKAETHCS MPHU Harnpy3i 264 B, Oyzae 6arato
4yacy IpocToroBaTh 0e3 reHeparlii 1 BIaCHUK CTaHIli Oyje HeJOTpUMYyBaTH 3HAYHI
KomTu. Hampyra TakoX MiABUIIYETHCS Ha IHIIUX MPUETHAHHSAX, SIKI HE MAalOTh
(OTOENEKTPUYHOTO T€HEPYBaHHS.
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MiHimanbHO
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Hanpyra npu
MOTYXHOCTAX
CnoXmeavis 5 KBT

[Kepeno KuBneHHs
[Im 1 CnoXKuBaHHA
[Im 2 CnoXKuBaHHA
[Im 3 CnoXKuBaHHA
[Im 4 CnoXKuBaHHA
[Im 5 CnoXkuBaHHA
[Im 6 CnoXKuBaHHA
[Im 7 CnoXKuBaHHA
[Im 8 CnoXKuBaHHA
[Im 9 CnoXKuBaHHA

[Im 10 CnoXKuBaHHA

[Im 11 CnoXKuBaHHA

[AIm 12 CnoKnBaHHA

[Im 13 CnoXKuBaHHA

[Im 14 CnoXKuBaHHA

[AIm 15 CnoKnBaHHA

PucyHok 4 — 3miHa Hanpyru B MaricTpaJbHii JiHil 3 HABAHTAKEHHAM IiCJIA
reHepyBaHHs ejexkTpoeHeprii @®EC B kiHui JiHil Ta B cepeauHi JiHil
IDicepeno: Asmopcoka pospobka

BaxxnuBo Takoxx po3poOisSTH TEXHOJOTIl s 30epiraHHs eHeprii, OCKUIbKU
BOHHM JI03BOJISIIOTH 30€piraT HaJIMIIKOBY €JIEKTPOCHEPTiI0, 110 T'e€HEPYEThCS B
nepio iy BUCOKOI MPOAYKIIii, 1 BAKOPUCTOBYBATH ii B epio iy HU3bKOI mpoaykiii. e
MOXKE CHpHUATH 3a0€3MEeUeHHI0 CTaOUIPHOCTI B EHEPreTUYHUX CHCTEMax Ta
3MEHIIEHHIO 3aJIKHOCTI BiJl TPAULIIMHUX JPKEpel eHeprii.

BucnoBku.

1.  IlpoananizoBaHO, SIK BIUIMBA€ BEJIMYMHA MOTYKHOCTI, @ TAKOXX TOYKa
nocTyny (OTOENEKTPUYHOI CTaHIii MpU MIAKIYEHHI JO MEpPeXi Ha 3MIiHU
napameTpiB Mepexi Ta MePEBUILEHHS MEXK1 I03BOJIEHUX HOPM SIKOCT1 €JIEKTPOEHEPTTIi.

2. BHCBITIEHO MOXJMBOCTI  3aCTOCYBAHHS  MEXaHI3MY  Y3TOJUKEHHS
MPOTHO3YBAaHHS T€HEPYBaHHS €HEPTii (DOTOCTEKTPUYHOIO CTAHIIIEIO Ta CIIOKUBAHHS
B MEpEXi 3aJIe’KHO BiJI PEKUMIB Ta 3MIH HAPyTH.
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Abstract. The article proposes to use models for forecasting the output power and productivity
of a photovoltaic plant to analyze their impact on the change in voltage in the network. When
modeling the operation of the power system with photovoltaic plants, it is necessary to take into
account the prospects for the growth of energy production, which can affect the modes of operation
of the power system, as well as take into account the periodicity and uncertainty of the input
parameters. The amount of energy that can be obtained from a PV plant depends on two key random
variables, namely illumination and temperature. Understanding the stochasticity of generation
allows companies and power plant operators to better manage the risks associated with fluctuating
production, for example planning backup energy sources or optimizing the capacity of solar power
plants.

Key words: photovoltaic installation, forecasting the amount of generated electricity, voltage,
electricity flows.
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STUDY OF ENERGY EFFICIENCY OF CENTRAL PUMPING MAIN

UNITS
JOCIIIT)KEHHS EHEPTOE®EKTUBHOCTI BIAZIHIEHTPOBUX HACOCHUX
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AHnomauin. Ymouneno mamemamuyny MoOelb BIOYEHMPOBO2O HACOCA MALICMPATbHUX
HAGmMonposooie CMOCOBHO BIOOOPANCEHHS MEXAHIYHUX 6mpam, 6U3HAYEHO eHepeemuiHti
NOKA3HUKU 3a 1020 KOMNIJIEKCHUMU Napamempamiu, noOYO008aHO 6eKMOpHY  Oiazpamy
I’lOmy.?fCHOCWleﬁ HACOCHO20 acpezama, ompumaro xapakmepucmuku eqbeKmueﬂocmi
eHep2onepemeopenHsi 01 MA2iCMpaibHo20 8ioyeHmposozo azpecama HM-7000-210.

Knrwowuosi cnosa: enepeemuuna eghekmueHicmv, MEXAHIYHUL ~ ONIP, NOMYAHCHICMb,
8I0YEeHmMPOoBULL azpezam.

Beryn. Opniero 13 HaWBaKIIMBIIIMX XapaKTEPUCTUK BCIX MEPETBOPHOBAUIB
eneprii € koediuient kopucHoi aii (KKJ). EnexrponpuBoani HacocH1 arperatu (HA)
BIIHOCSITBCA JI0 HAWOUIBII PO3IMOBCIOKEHUX EJIEKTPOMEXaHIYHUX KOMIUICKCIB Ha
MIPOMUCIIOBUX MIANPUEMCTBAX 1 CHOXKHUBAIOTh OUIBIIY YaCTHHY BCi€l BUPOOJICHOI
enexkTpoeHeprii. Bimomo, 1o BapTicts podot HA 3a Bech nepioa excrutyaTarii B 10
pa3 TEpeBUINy€e WOTro 3aKymiBedbHY IiHY [1], a ToMy mpobiema €HEepreTU4HOI
€(EeKTUBHOCTI € KJIIFOYOBHM MUTAHHSM JJII BUPOOHUYOTO KOMILIEKCY. OCHOBHUMHU
npuunHamu 3MeHmeHHs KK/ HA e: HenpaBuibHuUiA mialip €lIeKTPOTiApaBIidyHOT
napu ’IABUTYH-HAcOC”, HEY3rOJUKEHHs MpPOJyKTUBHOCTI arperara 13 HOro
HAaBAHTAKCHHSM, 3HOIIEHICTh 1 poOOTa B KaBITAIMHUX pexumax Tomo. Bces
MPOMHUCIIOBICTh YKpaiHU € OJHIEI 13 HAWOUIbI EeHeproeMHUX Yy CBiTi [2].
Bcranosneno, mo Oinbime 60 % Bcix 3arpaT , MOB’S3aHUX 13 MOHTaXEM Ta
excrutyataiietro HA iige Ha omiiaty 3a €JlEeKTpOEHEpriio, sika B Ipoueci poOoTH
MEPETBOPIOETHCS B TiApaBIIYHY eHeprito pyxomoi piauau [3]. HepauionanbHe
BUKOPHWCTAHHS 11€1 €HEPrii B eIy Yepry MoB’si3aHe 3 BIJICYTHICTIO iH(opMalii npo
(dakTnuHuii ctaH eekTUBHOCTI podotn HA. A ToMy OCHOBHA yBara npuAISIETbCS
3a0e3ne4YeHHI0 HEOOX1AHOI BUTPATH Ta HANOpPy Ha BUXOA1 arperary, 3a JI0IOMOTOH0
00pi13kH KOJic a00 peryJiroBaHHIO 3allipHOI0 apMaTyporo. B cBoro uepry 111 onepairii
Texxk noHWKyroTh KKJI ycranoBku. Takuii cran pedyerd BUMAara€e CTBOPEHHS
aJICKBaTHOI MaTeMaTUYHOI MOJIENI, sIKa BiIOOpa3uTh (Pi3UUHY CYTh €HEPreTHUUHUX
nepeTBopeHb B HA 1 oOKkpecliuTh OCHOBHI HANPSMKY MABUIICHHS €(PEKTUBHOCTI HOTO
¢dbyHkiionyBanHa. OueBHUJIHO, 10 HAWOUIHIIMKA EHEPreTUYHUM ePEeKT MOKHa
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OTpUMAaTH Ha arperarax HaJBEJIMKOI MOTY>KHOCTI 13 TPUBAIUM PEXKUMOM pPOOOTH,
30KpeMa BCTAHOBJICHHX Ha MAariCTpajbHUX HA(PTOBHX MepeKauyBaJIbHUX CTaHIIN
(HIIC).

Jlis BUpILIEHHS 11€] €HEePreTHYHO1 MPOoOIeMHU MOXHA BUKOPHUCTATU MPUHIIUII
aHaiorii  [4,5], s BHU3HAYCHHsS TMOTOKIB €HEprii B TIAPOMEXaHIYHOMY
MEepPEeTBOPIOBaYl Ta TMOOYJAOBH CHEPTreTUYHUX 3aJICKHOCTEH Ha OCHOBI CTBOPEHOT
maTemaTnuHoi mozeni BH. 3acrtocyBanHs Takoro migxoJy Jajio 3MOTYy OTpUMAaTH
e(eKTUBHI MaTeMaTHU4HI MOJIET €IEeKTPUYHUX MAIlIMH. 3alOpPyKOK YCHiXy TaKoro
MiaxXoay € eDEeKTUBHE 3aCTOCYBaHHS €JIEKTPOSHEPIeTUYHUX 3aKOHIB JJIsi 00’ €KTIB
pi3HOI (P13UYHOT MPUPOIH.

Ha ocHoBi enektporiipaBiiuHoi aHajiorii Ta teopii kin Kipxroda [6] Oyna
CTBOpeHa e(dexTuBHa MaremarnyHa monaens BH, mo omnepye i3 30cepemxkeHUMU
KOMILIEKCHUMU NapaMeTpamu [4], ne Oyo JOMyIIEeHO, 110 B HOMIHATBHOMY PEXHUMI
po0OOTH BTpaTaMu MOTYKHOCT1 B CAJIbHUKAX, MIMIAITHUKAX MOXKHA 3HEXTYBaTH (Tipu
MOCTIMHIN MBUIKOCTI 00epTaHHs poOOYOro Kojeca), a CyMapHi MEXaHi14Hi BTpaTH -
MPUIHATH TIOCTIMHUMH HAa BChOMY I1HTEpBadl 3MiHM BUTpaTH Hacoca. lleit ¢akr
COPUYMHUB  HETOYHOCTI B  MOAAJBIIOMY  MOJEJIOBAHHI  €HEPreTUYHUX
XapaKTEPUCTHK, 0COOIMBO TOAI, koiii HA mpaltoe B HEIOBAaHTaKEHOMY PEKHUMI.
Tomy yrounenHss moneni BH yMoxnuBuTH neranpHimie BiAOOpa3UTH PO3MOILIT
MOTY>KHOCTEH Ta €eHeproepeKTUBHICTh arperara.

3agaul gocaiKeHb. MeTor poOOTH € YTOYHEHHSI CTBOPEHOI MaTeMaTH4HOI
mozen BH marictpanbaux HadTonpoBoAiB, Tuiry HM 3a paxyHOK BBEICHHS 3MIHHOT
BEJIMYMHU MEXaHIYHOTO OIOPY, SIKWW BPaxoOBY€ ITMHAMIKY 3MIHUM MEXaHIYHUX BTpaT
MOTYXHOCTI, @ TaKOXX MOOYAyBaTH BEKTOPHY JiarpaMy MOTY>KHOCTEW Ta BUKOHATH
PO3paxyHOK EHEPreTHYHUX 3alleKHOCTEH, fAKI BIIOOpaxaroTh €PEKTUBHICTH
EHEepronepeTBOPEHHS Y MaricTpalbHUX Hacocax.

OcHoBHa yacTHA. BUKOpHUCTOBYIOUM MOBHY KOMILJIEKCHY CXEMY 3aMillI€HHs
BH [3] moxHa oTpumMaTH MOJEIb HACOCY Y BHUIJISAAI YOTHUPHUIOIIOCHUKA, €
3MOJIeJIbOBaH1 MEXaHIYH1 BTPATH Yy MIJIMIUITHUKAX, CAIbHUKAX Ta JUCKOBOTO TEPTS, Y
(dbopmi 3MIHHOTO aKTUBHOTO OMOpPY Ryex, BeTMumHa € PyHKITiEIO Bix BUTpaTé Q).
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Hr,Hp, Hper- meopemuunuii, Oiticnuu ma pe3yiemyrouui 2iopaeniuni nanopu BH,;
Or, O, Ox - meopemuuna, diticha ma 06 ’emua 2iopasniuni eumpamu BH;

Zat, Zpes, Zno, Rimex- Hanipuuii, pe3yaomyrouuu, 06 emuuil ma mexaniynuu onip BH.
Pucynok1 — Cxema 3amimennss BH y BUIJIsi1i 4OTUPHIIOIIOCHUKA i3

BPaxXyBaHHSAM MeXaHiYHUX BTpaT
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Tyt omopu BH 3monenboBaHi y BUJISAAI KOMIUIEKCHUX YHCEN, 11O MICTSITh
aKTUBHY Ta 1HEPIIMHY CKIAJ0B1 1 300pa)kaloThCsl y BUTIISAI BeKTopa. Po3paxyHok
BCIX BEJIMYMH MPOBOAUTHCS y BIAHOCHUX HOMIHAIHHUX OJUHUIISIX.

ZM@X = rM@X + ijex b (1)
T€ FyexsXuex — AKTUBHUN (TUCUTIATUBHUM) Ta THEPIIMHUN OMOPHU TSI MOJICITIOBAHHS
MexaHiuHuX BTpaT BH, akTHBHY CKJIa[OBY SIKOTO BU3HAYAIOTh 13 CITiBB1IHOIICHHS:
7

r — —Mmex (2)
mex N
w/l + Re? ex

ne Re,..- BianenTpoBa ¢hopma uncia PeliHonbaca 11t BITKM MEXaHIYHUX BTPAT.

Ockinbku 3HaueHHs uncna Peitnonbaca € BenukuMm (s BH tunmy HM-7000-
210, Reyex=359), TO aKTUBHUM OTIOPOM 7,y MOKHA 3HEXTYBATU IO BIAHOIICHHIO 10
Xmex. TAKe CITIBBIAHOIICHHS MIX ONOpaMU He BioOpakae (I3UUHOTIO XapakTepy
€HEepPreTMYHUX NEePEeTBOPEHb IOAO0 BITKM MexaHiyHUX BTpaT HA, ski 3a3Buyaii
HOCSITh YITKO BHPAXEHUW TUCUNIATUBHHUMA Xapaktep. Takoxk, MOJETIOBaHHS BITKU
OTOpY MEXaHIYHUX BTpaT, SIK TOCTIMHOI Ta HE3AIEKHOI BIJI PEKUMY POOOTH
BEJIMYMHU CIIPABEJIMBE TUIBKHU I HOMIHAJIBHOTO pexumy podotu BH. s Oynib-
SKOTO 1HIIOTO PEXUMY Zmex Oy/I€ 3MIHIOBATUCH Y BIATOBITHOCTI O BUTPATH PIAMHU.
Lle mosicHrO€ThCSI TUM (PAKTOM, IO TIPpH 30UIBIICHH] BUTpaTH Q) 3pOCTaIOTh TUCKOBI
Ta CaJIbHUKOBI TEPTS 1 OChOB1 HABAHTAKCHHS HA M1 AIIAITHUKHY.

[IpoBeneni Ha EOM nocnmipkeHHsl ajid 3MOTY 3alpolOHYBaTH HACTYITHUN
BUpPA3 JIJIsl PO3PAXYHKY 3aJ€KHOCTI MEXaHIYHOTO OMOpPY Ryex Bif BUTpaT Q)

nom £/

Ryer = (R G)
RHOM . . .

ne R yex -3HaYeHHS MEXaHIYHOTO ONOPY B HOMIHAJIBHOMY pexxumi BH.

XapakTep 3MiHU Ryex MOXKHA TIPEACTABUTH Y BUTJISA I TpadigHOT 3aI€KHOCTI JJIs
BH tuny HM-7000-210

F

Lok

200
150
160 f‘;
140
120

100

/
a0
60 /

40
20 — Q
0 010203040506070805 1 111213 14 i

Pucynok 2 — 3miHa BeJM4uHU MexaHiqyHoro onopy ajasa HM-7000-210 Bin
BUTPATH
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BuxopucToByrouu cxemy 3aMillIeHHS Ha pUCYHKY | MOYKHA BU3HAUUTH PO3MOILT
MOTY>KHOCTEH, K1 poTikaoTh y BH. 3 1i€10 MeTor0 crioyaTKy BU3HAYa€EMO 3HAYCHHS
A1IICHOTO HANOpy Ha BUXO/I1 Hacoca 3a BUpa3oMm [7]

=22 (Bosnip)| -2l @

A A

ne B,A —momyni TepMOIUHAMIYHUX KOS(IIIEHTIB YOTHPUTIOIIOCHUKA,
o, [} - apTyMEeHTH TePMOAMHAMIYHUX KOE]III€HTIB YOTUPHUTIOTFOCHUKA.
Bu3HadeHHs KOPUCHOT OTY>KHOCTI Ha BHXO/II HAcoca

Stop = H 101 - (5)
Btpatu notyxHocTi y cniipaasHoMy BiziBoii BH
Scp = QEZZAH . (6)
BTtpaTtu noTy>KHOCTI 3yMOBJIEHI BUTOKaMH PiJIMHU Y€pe3 YIIIIbHEHHS
Sa0 =(H g +0nZuiNOr ~0y)- (7)
BayTpimiHi BTpaTu NOTY>KHOCTI Hacoca
Sp = (Hg + 042 )QT . (8)
BusHaueHHs OTY)KHOCTI MEXaHIYHUX BTPAT
H263
S = 22 ©)

mex

[TpoBiBIIM MaTeMaTUYH1 pO3paxyHKHU B MaTeMaTuuHoMy cepenoBuiii MathCAD
OTpUMAaHO BC1 HEOOXITHI AaH1 sl TOOYI0BM BEKTOPHOI Jiarpamu notyxHocteir BH
Ky 300pak€HO Ha PUCYHKY 3.

a

Sy - 8i0n06IOHO pe3ynIbmyoua NOMYAHCHICMs CMEopeHa Hanopom Hy,;
Pucynok 3 — BekropHa aiarpama norysxkHocrei 1jass HM-7000-210

BekropHa miarpama nmae 3mory rpadidyHO BiJOOpa3WTH BIUIMB MEXaHIYHOTO
OTIOPY Ha MEPETOKU MOTY>KHOCTEH B CEpeMHI TiPOMEXaHIYHOTO MEePETBOPIOBAYA.
Ha niit ocHoBi Bu3HaueHo pe3ynbTyrounii KKJI BH ny 13 ypaxyBaHHSIM XapakTepy
3MiHM yTouHeHoro Mexaniunoro KK/ 3a Bupazom

772 = nonenmex ) (10)
1€ Mo, N2> Nuexr — BIAMOBIAHO 00’ €MHMM, TiapaBmiuHuii Ta MexaHiunui KK/, sxi
BU3HAYAIOTHCA 32 HACTYITHUMH (popMyiaMu
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Pucynok 4 — Eneprernyni 3aje:xxnocti aiass HM-7000-210

AJIEKBAaTHICTb ~ OTPUMAHUX  PE3yJbTaTiB  MIATBEPIKYETHCS  301KHICTIO
pO3paxoBaHUX 3a JOTOMOTOK) YTOYHEHOI MaTeMaTHYHOI MOJENI Ta OTPUMAHOI
EKCIIEpUMEHTAIbHO  €HEepreTMYHoi  Xapakrtepuctuku  BH — marictpanbHux
HadTompoBoiB [§].

BucHoBxu

1.3anmponoHoBaHa yTouHeHa MaTeMaTU4YHa MOJIe]Ib MeXxaHIYHUX BTpat y BH, saxa
J1a€ 3MOTY TPOBOJUTH JOCIIHPKEHHS! €HEPreTUYHUX XapaKTePUCTUK Ta IM1JIBUIILYBATH
e(EeKTUBHICTb POOOTH.

2.Po3paxoBaHo 1 1OOyIOBAaHO BEKTOpPHY JlarpaMmy TOTY>KHOCTeH Ta
pesyabTytouoro KKJI mns nacoca tumy HM-7000-210 13 ypaxyBaHHSIM XapakTepy
3MmiaM MexaHigHoro KKJI.

Cnucoxk jgirteparypu
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Abstract. The mathematical model of the centrifugal pump of main oil pipelines in relation to
the display of mechanical losses was refined, energy indicators were determined according to its
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obtained.
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INCREASING THE RESISTANCE OF WELDING JOINTS IN MEDIUM

CARBON STEEL PRIOR TO CTACK FORMATION
NIIBUIIEHHSA CTIMKOCTI 3BAPHOI'O 3°€JTHAHHS CEPE/JJTHbOBYTJIEIEBOI'O
METAJIY 1O YTBOPEHHS TPILIIUH
Klochko O.Yu. / Kiouxo O.1O.
D.Sc. (Technology), prof. / 0.m.u., npog.
ORCID: 0000-0003-3623-6587
Deryabkina E.S. / Iepsokina €.C.
Cand. Sc. (Technology), as.prof. / k.m.u., doy.
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State Biotechnological University, Kharkiv, Alchevskih,44, 61002
epoicasrnuii biomexnonoziunutl ynieepcumem, Xapkie, Anuescoxux, 44, 61002

Anomauis. /[ocniodxceno 6naue eeuduHU NO2OHHOI enepeii 36apro8anHs Ha CMIUKICMb npomu
KpUCmanizayitiHux mpiwjuH 36apHux 3'€OHaHb, N0A8A AKUX 00YMOBIeHA YaACMKOIO Y4acmi 0CHO8HO20
cepeoHvosy2neyeso20 mamepiany y memani weda. Bcmawnoeneni Oianazonu noeonHoi euepeii
38apPI0BAHHA NEPULO2O T OPY2020 WAPI8, OONYCMUMUL 6MICM 8Y2leyto | WUBUOKICIb 0XOJI00NCEHHS
36ApPHO2O 3'€0OHAHHA, WO BUKTIOYAIOMb YMBOPEHHA KPUCMANIZAYIHUX MPIWUH 8 Memani weda i
2apmMiGHUX CIMPYKMYP 6 30Hi MEePMIUH020 GNAUBY 36APHO20 3'€OnanHs. Busnaueno 3anedcnocmi i
PO3paxo6ami pescumu 6a2amouiaposoco 36aplo6aHHs Y BV2lleKUCIOMY 2a3i 0e3 Nnonepeonbo2o
nioiepigy cmani 45J1 moswunor 8-16 um.

Knrouosi cnosa: 36apne 3'cOnanns, noconna emepeis, KpUCmManizayiiHi mpiwunu, 2apmieHi
cmpyKkmypu, nonepeorii nioiepie, emicm yeneyro, WEUOKICIb OXOL0O0NCEHHSL.

Beryn.

[Ipy BUTOTOBJIEHHI 3BapHOJUTUX KOHCTPYKIIA IIMPOKE 3aCTOCYBaHHS
3HaXOJATh BWJIMBKU 13 cepeaHboByrieneBux craiged 35J1 1 45J1 nigBuineHoi
MIITHOCTI, SKI MaloTh XOPOII JIMBApHI Ta MEXaHIYHI BJIACTHUBOCTI, ajieé MarOTh
oOMeKeHy 3BaproBaHICTh [1]. 3BapHi CHONYKH IIUX CTaJed CXWUJIbHI 10 YTBOPEHHS
TapTIBHUX CTPYKTYpP Y 30HI TEPMIYHOIO BIUIUBY Ta KPUCTAII3ALIMHUX TPIILIUH Y
metami mBa [1,2], yTBOpEHHS  SKHUX 3yMOBJIEHO  YacTKOI  y4acTi
CepeIHbOBYIJICLIEBOIO OCHOBHOIO MeETaly y IIBI, BEJIMYMHA SIKOi 3aJIEKUTHh BIJ
BEJIMYMHU TOTOHHO1 €Heprii 3BapioBaHHs [3]. YMOBOIO MOMEpEKEHHSI YTBOPEHHS
rapTiBHUX CTPYKTYp € 3a0€3MeUYeHHs MIBUIKOCTI OXOJIOJDKEHHS 30HH TEPMIUYHOTO
BILUIMBY HWK4Y€ 33 KDUTHUHY [4].

EdexTuBHUM 3ac000M MiABUICHHS CTIMKOCTI METaly IIBa MPOTH YTBOPEHHS
KpUCTaII3alIHUX TPIIIUH Ta 3arapTOBAHUX CTPYKTYp € monepenHiit miairpis [1,4],
MIPOBE/ICHHS SIKOTO YCKIIaIHIOE TEXHOJIOTTYHUI TIpouec, 30UIbIIy€e TPYAOMICTKICTD,
pI3KO TOTIpIIye yMOBHU Tpalll 3BaproBajbHUKIB. lle poOuTh mimirpiB mayxe
HeOaxaHuM, a 37e01IbIIOTr0 1 B3arajii HENPUHHATHUM [5].

ToMy akTyaJlbHUM € JOCHIJKEHHSI Ta pO3p0oOKa TEXHOJIOTII 3BAPIOBAHHS, MPHU
AK1MA 3a0e3MeuyeThbCsl OTPUMAHHS 3BapHUX 3'€HAHb JOCTATHHOI IUIACTUYHOCTI 0e3
KpUCTaTI3aIMHUX TPIIMH Ta TApPTOBUX CTPYKTYP MPH BUKIIOYECHHI TOMEPETHHOTO
niairpiBy craini 45J1 3aBToBiiku 8§ — 16 M.

OCHOBHM TEKCT.

JlocmipKeHHsT 3A1MCHIOBAINCA HA I[WIIHAPUYHUX TMOPOXKHUCTHX 3pa3Kax
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niametpoM 80 — 150 MM Ta rutactuHax po3mipom 450x100 MM 3aBTOBIIKH 8§ — 16 MM
13 cram 45J1. 3BapHi 3'eAHaHHS BUKOHYBajM Oe3 MiJIITPIBY BPYUYHY €JIEKTPOJaMH
YOHI-13/45 @5 MM Ta HamiBaBTOMAaTUYHHM 3BAapIOBAHHSM BYTJEKUCIOMY Tasi
3BaproBagbHUM JapoToM CB-0812C miametpowm 1,2, 1,6 Ta 2 MMm.

31 3BapHUX 3pa3KiB BUTOTOBIISJIMCS MIKPO- 1 Makpouulihu A BU3HAUYECHHS
YacTKM  yd4acTi  OCHOBHOTO  MeETally, HAsBHOCTI  TPIIIMH, MPOBEICHHS
MeTtajorpadiyHuX JOCHIKEHb Ta BUMIPY TBEPAOCTI. 3 CEpeaHbOl YaCTUHU IIBa
OpaJsiacst cTpykKKa JyIsl MPOBEICHHS XIMIYHOTO aHaiizy BuBYaBcsS BIUIMB MOTOHHOT
€Heprii 3BaproBaHHs Ha YaCTKYy y4acTi OCHOBHOT'O METaJly y 1Bl Ta MepeXiJi ByTJIELIO
B IIOB MPHU OJHO- Ta JBOILIAPOBOMY 3BapIOBaHHS y BYIJIEKHCIOMY rasi. TepMmiuHi
[IUKITU 3BAPIOBAHHS 3aMTMCYBAIIMCS 32 JIOTIOMOTOI0 XPOMEITb - ATFOMEJIEBUX TepMOTIap
Ta enekTpoaHoro notreHiioMmerpa [IPC-1. dikcyBanacs MBUIKICTE OXOJIOHKEHHS
30HU TEPMIYHOTO BIUIMBY 3pPa3KiB, 3BAPEHUX 3 P13HOIO TOTOHHOKO €HEPTIEIO.

JlociikeHHs BIUTMBY TTOTOHHOT €HEprii 3BaploBaHHs, BMICTY BYTJICIIO B METaJIl
IIBa 1 MBUAKOCTI oxosokeHHs 3TB Ha B1acTUBOCTI 3BapHUX 3'€qHAHb IMOKA3AJIH,
110 TpY 3BapIOBaHH1 y BYTJIEKUCIIOMY Tra3i 0€3 MonepeIHbOTo MiAIrpiBy, y MeTall IiBa
TPIIIMHY BIACYTHI MpH noroHHii eneprii g0 6000 Ix/cm 1 Bmicty Byremnto a0 0,2%.
Opnak npu upomy B 3TB yTBOpIOIOTBCS 3arapToBaHl CTPYKTYPH, BUKIIOUUTH SIKI
JI03BOJISIE 3MEHILIEHHS LIBUAKOCTI oXoopkeHHs 10 18-19°C/c, ane npu oMy y misi
CHOCTEPIraloThCs KpUCTATI3AIlHI TPIIIMHU.

[Ipu wMeranorpadiyHUX AOCHIPKEHHSIX 3BapHUX 3'€JHAHb, BUKOHAHUX SK
BpyuHy enektpoaamu YOHI 13/45 @5 mm, Tak 1y ByTJIEKUCIOMY T'a3i 3BaplOBAIbHUM
aporom CB-0812C O 1,2, 1,6 Ta 2MM, BUsIBIEHO, IO B 000X Bumajakax B 3TB
CIIOCTEPITaloThCsl TAPTIBHI CTPYKTYPHU - MApPTEHCHUT 1 TOJYACTUN TPOOCTUT [6], a B
MeTajl 1Ba € KpucTtanizauii TpinuHu. [lnactuuni ctpykrypu (peput 1 nepmit) 3
tBepaicTio Hv30=200-220 y 3TB MoHa oTpuMaTH Npu NOroHH1# eHeprii q/v =2400
KaJi/cM, aJie Py IIbOMY B 3BApHOMY IITBI YTBOPIOIOTHCS TPIIIMHKU KPUCTaTi3allii, TaK
K Cupa>0,2%[5]. Obnacts Ha rpadiky (pucyHokl), M0 JEKUTH MK 3a3HaYEHUMU
3HAYEHHSIMU TOTOHHOI eHepru NpU  OJTHOIIAPOBOMY 3BapIOBaHH1 0e3 miairpiBy,
XapaKTepU3y€EThCS HASBHICTIO KPUCTAMI3AIIHHUX TPILIKH 1 3arapTOBAHUX CTPYKTYp
oJlHOYacHO. TakuM YKMHOM, OJHOILIAPOBE 3BapIOBAaHHS JOCIIIKYBAaHUX CIOIYyK Oe3
HiJIrpiBy HEPUHHSTHE.

V 3B'13Ky 3 THM, TI10 31 301JIbIIIEHHSIM TTOTOHHOI €Heprii YacTKa y4acTi OCHOBHOTO
MeTay 30UIbIIYETHCSA 1 MPU3BOAUTH J0 YTBOPEHHS KpUCTai3alliiHUX TPILIUH, a
MIBUKICTh OXOJIOMKEHHSI 30HH TEPMIYHOTO BIUTMBY 3MEHIIYETHCSI 1 CTBOPIOIOTHCS
YMOBH JUIsl yTBOPEHHS MEHII HAMPY>KeHUX CTPYKTYP, 1 HABMAKHU, IPOBEACHO CITIJIbHE
JOCTIDKEHHST UX 3aleXHOCcTei. lle M03BONMIO MPHITyCTUTH, IO iCHYE 00JIacTh
PEXUMIB, B SIK1il MOKJIMBE OTPUMAHHSI 3BApHUX CIIOIYK 31 MIBUAKICTIO OXOJIOIKEHHS
30HU TEPMIYHOTrO BIUIMBY 1 BMICTOM BYTJICLIO B METAJIl IIBA HUXKYE KPUTUUHUX, TIPU
SAKUX MOXYTh OyTH OTpUMaH1 3BapHi 3'€THaHHs 0€3 KpUCTAII3aI[IiHUX TPIITUH Y IIBI
Ta 3arapTOBAHMX CTPYKTYP Y 30HI TEPMIYHOTO BIUTUBY. J1Ji1 BU3HAYCHHS 111€1 001acTi
Oynu moOyaoBaH1 cyMiileHi rpadiku (pUCYHOK]) 3alie’KHOCTEW BMICTY BYTJICIIO B
merani mBa (1map, 2map) ta meuakocti oxonomkenns 3TB (1,2,3,4,5ta 1/,2/,3'.4' 5
BiJl TIOTOHHOi €Heprii mpW OJHO - Ta JIBOIIAPOBOMY 3BaproBaHHI. [lepmmii mrap,
BUKOHaHU# Ha oronHii eHeprii 4000-5200 [Ix/cM, € MaIOBYTJICLIEBOIO IM1IKJIATIKOIO
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(Cexs~0,16%) 1 3a6e3meuye migirpiB 3ouu Tepmiydoro BmmBy (T = 200-250° C).
Touxa neperuny 3 C, oTpumana npu q/v =10000kan/cm.
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Pucynoxk 1 - Iloexnani rpadgiku 3ajie:kHOCTeil BMICTY ByIJIeI0 B MeTaJi IBa
(1map, 2map) Ta MIBUIAKOCTI 0X0JIO’KEHHSI 30HU TepMivHoro BiauBy (1, 2, 3, 4,
5i1,2,3,4,5) npu ongno - Ta ABOIAPOBOMY 3BApPIOBAHHI.

Aemopcovka po3pobka

3MIIEeHHST KPUBUX MIBUAKOCTEH OXOJIOKEHHS BJIIBO TIPH HAKJIAJEHHI IPYTrOTO
mapy 3a0e3Neunsio OTPUMAHHS KPUTHYHOI MIBHIKOCTI OXOJOJDKEHHS BJIIBO, MPHU
HaKJIAJIEeHHI Jpyroro mapy 3a0e3meumsio OTPUMaHHS KPUTUYHOI MIBUIKOCTI
oxonomxkenHs 3TB, nmpu noronnux eneprisx q/v =6000 -10000 kan/cMm, mBa 0,15-
0,20% i MBHUAKICTIO OXOJIOMKEHHS 30HA TEPMiuHOro BBy 6 ... 19°C/c, To6T0 Ge3
KpUCTANI3AIIHUX TPINMH Ta TapTIBHUX CTPYKTyp. B pe3ynbTari MareMaTH4HOT
O00OpOOKM eKCIEepUMEHTAIbHUX JaHUX OTPUMAHO 3aJIKHOCTI ISl BU3HAYCHHS
HANPYTH Ta CHJIA CTPYMY MIPH JIBOIIAPOBOMY 3BapIOBaHHI /i niepmoro mapy(1,2):

U, =(035-045)/(g/ 7, (1)
1, =(3,20-3,70){(q/V )V, (2)

u1s apyroro mapy(3,4):
U, =(0,35-0,45)\(q/V )V, (3)

1, =(3.40-401(qg/7), 4)
ne U, - Hanpyra nyTru, B;
I,, - 3BapIOBAJILHUM CTPYM, A;

36
q/V - moronHa enepris 3BaproBanss, [[x/cwm;
V., - MIBUJAKICTh 3BapIOBaHHs, CM/C.
BcranoBnieHo JiHIMHY 3a71€KHICTh ONTUMATBHOI TOTOHHOT €HEprii BiJ TOBITUHU

MeTally Ipy BUKOHAHHI1 aApyroro mapy(5):
q/V =13005+360, (5)

7€ - TOBIIMHA METAILY, CM.
Tomy BenMyMHM Hampyr® 1 CTPyMy NPU BUKOHAHHI JAPYroro mapy Tak camo
MOXYTh OyTH BU3HaAueH1 3a opmynamu (6,7):
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U, =(3.4-40)/135+3,6), (6)
1, =(34-40),/(135 +3,6)V,, (7)

Aemopcwvka po3pobdka
3aneHOCTI BUKOPUCTAHI 71l PO3paxyHKy PEeKHMMIB 3BaproBaHHs 1-oro Ta 2-ro
mapiB, ski 3a0€31euyoTh OTPUMaHHS 3BapHUX 3'€IHaHb 31 cTam 45J1 3aBTOBIIKA 8-

16 MM 6e3 kpucTaTi3alitHUX TPILIKMH Ta TapTIBHUX CTPYKTYP (Tabmuid 1). 3'enHaHHs

Tadanus 1 - Pesknumu 1BomapoBoro 3paproBanHs cradi 45J1

TosBmuna U [IBuAKICTE
MeTany, Tun 3'eqHanHsA L A Bﬂ 3BapIOBAHHSA
MM M/T
1-i1 map

8-10 Cruxkose, 31 CKocoM oAHi€T kpoMku | 190-210 | 22-23 26-32
11-13 CtukoBe, 31 CKOCOM KpOMOK, KyToBe | 210-250 | 23-24 24-30
14-16 CtukoBe, 31 CKOCOM KpOMOK, KyToBe | 250-300 | 24-26 24-30

2-i1 map

8-10 Crtuxoge, 31 ckocom ofHi€ei kpomku | 270-300 | 27-28 26-32
11-13 CrtukoBe, 31 CKOCOM KPOMOK, KyToBe | 290-320 | 28-30 24-30
14-16 CtHKoOBe, 31 CKOCOM KpOMOK, KyToBe | 320-300 | 30-32 24-30

Aemopcvka po3pooka

BucHoBkmu.

Takum 4yrHOM, Ha MiACTaBl MPOBEACHHUX JOCIIIKEHb BCTAHOBIICHO, IO IpHU
3BaproBaHHi cTaii 45J1 monepeanTu KpucTaiizaliiiHi TPIIMHU Ta FAPTIBHI CTPYKTYPHU
B 3TB MOXIMBO mpu ABOLIAPOBOMY 3BaplOBaHHI y BYIJIEKHCIOMY rasi MEpIIOro
mapy Ha norouHii eHeprii 6000-10000/1x/cM, a gpyroro mapy Ha MOTOHHIM eHepril
10 10000 JIx/cM Ta MBUAKOCTI 0X0J0KeHHs He Oinbie 18-19°C/c. Kpurnunuii
BMICT BYIJICLIO B MeTaJi mBa Mae nepesuinysatu 0,2%. BusHaueHo 3anexHOCTI Ta
pPO3paxoBaHO PEXKUMH JIBOIIAPOBOTO 3BaproBaHHsA Oe3 mimirpiBy cram  45]1
3aBTOBIIKM 8-16MM, 110 3a0e3MeuyroTh OTPUMaHHsS 3BapHUX 3'€HaHb 0e€3
KpUCTaTI3alIHUX TPiluH y MeTaii mBa ta 3TB 3 hepuTHO-TIepaiTHOIO CTPYKTYPOIO.

Pe3ynbraty 10CHiIKeHb peKOMEHAYIOThCS O BIPOBAKEHHS MPU 3BAPIOBAHHI
y BYIUIEKMCIOMY Ta3l IIECTepeHb, 31pOYOK, BaJIB Ta IHIIMX JeTajei, 110
BUTOTOBJISTFOTHCS 13 CEPEHBOBYTIIEIIEBUX CTasie Mapok 35,45, 35J1,40J1,45J1.
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Abstract. Below, we study the effect of heat input on the resistance against crystallization
cracks of weldments, that appears due to presence of the main medium-carbon material in the weld
metal. The amount of heat input inside the first and second layers have been established, as well as
the permissible carbon content and the cooling rate of the weldments. The latter excludes formation
of crystallization cracks inside the weld metal and hardening structures in the zone of thermal
influence of the weldments. The dependences are determined and the modes of multilayer welding
in carbon dioxide without preheating of 45L1 steel with a thickness of 8-16 mm are evaluated.

Key words: welding joints, heat input, crystallization cracks, quenching structures,
preheating, carbon content, cooling rate.
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leano-Dpankiecokuii HAYIOHANLHUL MEXHIYHUL YHIBepcumem Hagmu i 2asy,
leano-®panxiscok, Kapnamcwoka, 15, 76019

Anomauin. B  pobomi  posensdacmvcs  npodiemu  3a0e3neyeHHs — HAOIUHOCMI
eIeKMPONOCMAYAnHs.  3anponoHo8ano  peanizayito  MIKPONPOYecopHo20  UWBUOKOOII0Y020
ABMOMAMUYHO20 86€0EHHSL PE3EPEY.

Knwuoesi cnosa: e1eKMpoONnoCmMayanHs, e/IeKMPUYHI mepedici, HAOilHiCMb
e1eKMPONOCMAYaHHs, NPUCIPIU ABMOMAMUYHO20 YEIMKHEHHSA PE3ePEHO20 OHCepeNa HCUBTEHHS,
MIKPONPpOYeCcopHi pe3epeHi 0dcepeia HCUBTIEHHS.

Berym.

Oxna 3 OCHOBHMX 3a/ay, MIO0 BHPINIYIOTbCS MpPH OpraHizamii podotu
EHepreTMYHOi  CHUCTeMH, €  3a0e3ledyeHHs SKICHOro 1  0Oe3nepebiifHOro
CJICKTPOIIOCTaYaHHs crokuBadiB. [IpoBanm, mepepuBaHHS Ta BUKHUIWA HANPYTH
CJIEKTPUYHOI Mepexi € HalOUIbIl pPO3MOBCIOHXKEHUMU TNPUYMHAMH 300iB Yy
MIPOMUCTIOBIA PpOOOTI MIANPUEMCTB 1 TMOIIKOKEHh MOOYTOBOro 0O0JaJHAHHSA,
HAHOCSITh ICTOTHHM €KOHOMIYHMH 30MTOK SK CITOJKHMBadaM, TakK 1 IMOCTadaJbHHUKAM
€JIEKTPOEHEPTii.

OcHoBHMii TekeT. KopoTkoyacH1 MOpyIIEHHS eIEKTPONOCTaYaHHs HeOe3neyHi,
mepuI 3a Bce, JJIS MANPUEMCTB 31 CKJIQJHUMH TEXHOJIOTIYHUMHM MPOIECaMH, IO
IIUPOKO BUKOPUCTOBYIOTH 3acoOM aBTOMATH3allli Il BUPIIICHHS CBOIX 3ajau:
HadTOrazoBUI00YBHUX 1 NIEPEPOOHUX, METATYPI1IMHUX 1 XIMIYHUX, 1€pEBOOOPOOHHX,
MIAMPUEMCTB  BOJIOIIOCTAYaHHS, BOJOBIJIBEACHHS Ta IHmMMX. Ha pobory
BHCOKOBOJIbTHUX JBUTYHIB, HU3bKOBOJIbTHUX JIBUTYHIB IPUBOJIIB HACOCIB, IPUCTPOIB
VIPaBIIHHS €JIeMEHTaMU €JIEKTPOTEXHIYHUX CUCTEM 1 TEXHOJIOTTYHUX MPOIIECIB IIUX
MIAMPUEMCTB 3I1ACHIOIOTh BIUIUB KOPOTKI 3a TPHUBAIICTIO MPOBAIM KUBUIBHOT
HaIpyTH.

TumyacoBi mopyieHHs €JIeKTPONOCTaYaHHs BiAOYBAaIOThCS JECITKU pa3iB Ha
pIK 1 MPU3BOJATH JI0 3HAYHOI €KOHOMIYHOI IIKOJAM, HAaBITh SKIIO iX TPUBAIICTh
CKJIaJla€ JECATKU MUTICeKYyHJ. B Takiii cutyailii BUpilIeHHS! MPOOJIeMU HAAIMHOCTI
CJICKTPOIIOCTAYaHHS BCE YACTIIIE MOKJIAJAETHCSA HA CIIOKUBAYIB €ICKTPOSHEPTI.
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OnnuM 13 mOpuUHIUIIB, HA 0a3l SKUX MalTh BUKOHYBATHCS cXeMu
€JIEKTPOTIOCTAYaHHA MIANPUEMCTB, € TJIMOOKE pPE3epBYBAHHS >KUBIICHHS IS
BIJIMOBIIHAX KAaTETOPii CMOXKMBadiB. Take pe3epByBaHHS Ma€ Mependoadarvucs y
camiil cxeMi eNeKTPOIIOCTayaHHS BiJ €HEProCUCTEMHU JO E€JIEKTPONOCTaYaHHS BiJ
E€HEPrOCUCTEMHU JI0 eJIeKTpompuitmMada. JIjis 1boro yci enemMeHTd cxemu (JTiHii,
TpaHcPOopMaTOPH ) MOBUHHI PO3PaXOBYBATUCS HAIICBHE HABAHTAXKEHHS Yy TPUBAJIOMY
HOPMAJILHOMY PEXKHUMI pOOOTH, a y TICIIS aBapiiHOMY PEKUMI, ITICIISI BUKITFOUCHHS 3
poOOTH YIIKOIKEHOI JJAHKM CXEMU MPUHAMATH Ha ceOe MKUBJIECHHS YCIX CIIOXKUBAYiB,
0 3aJUMIIMIKCS B poOOTI 1 HE JOMYyCKalOTh MEPepBYy B €JIEKTPONOCTAYaHHI,
BPaxOBYIOUH MPU L[OMY JTOMYCTUMI NepEeBAHTAKEHHS [1].

TpanuuiiHO B €JIEKTPUYHMX Mepexkax sl OopoThbOM 3 mepepBaMH B
€JIEKTPOTIOCTAYaHHI  3aCTOCOBYIOThCSI TMPHUCTPOI ABTOMATUYHOTO  YBIMKHECHHSI
PE3EpPBHOTO JKeperia KUBIEHHS. Y SIKOCTI MyCKOBOTO OpraHy B IIMX MPHUCTPOSX, SIK
MIPaBUJIO, BUKOPUCTOBYETHCS OpraH MiHIManbHOI Hanpyru. He3Baxaroun Ha Te, 110
CIOKMBA4YaM TOTPIOHO SIKHAWUIIBUIIIEC OJEPKATH EJIECKTPOKUBJICHHS, HEOOXITHO
CHOBUIBHUTH CIPALIIOBaHHS IIyCKOBOI'O OpraHy pe3epBHOTO JKepelia XKUBJICHHS JIJIs
3amo0iraHHsl WOro 3aiiBoi Ail MpU KOPOTKOMY 3aMHKaHHI Ha CYMDKHHMX IIJISTHKAaX
Mepexi 1 IpH il MPUCTPOIB aBTOMATUYHOTO MOBTOPHOT'O BKJIFOUECHHS YKUBUIIbHUX
JiHIA. Y pe3ynbTari, BATPUMKA Yacy Ha JIiI0 PE3EPBHOTO JPKepena KUBJIEHHS MOXKE
JOCSATaTH ACKIIBKOX CEKYHI.

Taxa BuTpruMKa yacy il pe3epBHOTO JKepena KUBICHHS HEMPUITYCTUMA, SIKIIO
MIOCTAaBJICHO 3aBJaHHS 30€perT 0e3nepepBHICTh CKIAHUX TEXHOJIOTTYHUX MTPOIIECIB
Ha IPOMHUCIIOBUX MIANPUEMCTBAX, OCKUIBKU B PE3YJIbTATI BIAOYBA€THCA BUMAIAHHS 3
CUHXPOHI3MY CHHXPOHHUX JIBUTYHIB, TEpPEKUJAHHS ACUHXPOHHHUX JBUTYHIB,
BIJIKJIFOYEHHSI KOHTAKTOPIB 1 MyckayiB Hanpyrotwo 380 B, BIIKIIIOUEHHS 4aCTOTHO-
peryJibOBaHUX MPUBO/IIB Ta YCTAHOBOK €JIEKTPOBIIIIEHTPOBUX HACOCIB, 3001 B po0OOTI
1HIIIOTO BIAMOBIAAJIBHOTO HABAHTAXKEHHS 1 CUCTEM YIIPaBIIIHHS.

Knacudikariisi cnokuBadiB 3a CrnocoOOM 30epekeHHs iX (DYHKIIOHAIBHHUX
MO>KJIMBOCTEH TTPU KOPOTKOYACHUX MOPYLICHHSX €JIEKTPONOCTaUYaHHS:

- BUCOKOBOJIbTHI (Hampyroto 6...10 kB) enextpuuni asurynu. Ilim uac
TUMYaCOBUX MMOPYIIEHb EJIEKTPONOCTAYaHHS EJIEKTPOABUTYHH TaJIbMYIOThCS, a MICIIs
BIJTHOBJICHHSI HOPMAJIbHOTO €JIEKTPOIIOCTauYaHHsI MOXYTh CIIOKMBAaTH 3 MEpexi
ctpymi (5...7) Iypp B OCHOBHOMY 3a paXyHOK PEaKTHUBHOI CKJIaJ0BOI. 301JIbLICHHS

CHOKMBAHHSI PEAKTUBHOI MOTY>KHOCTI 3 MEpEX1 MPU3BOAUTD J0 3HUKEHHS HANPyTH
B MEpEXi Ta Ha JABUTyHAX MICJs THMYACOBOTO MOPYIIEHHS €JIeKTPONOCTaYaHHs, SIKe
1 Moxe OyTH NPUYMHOIO MOPYILIEHHS (PYHKIIOHAJIBHUX MOKJIMBOCTEH JBUTYHIB.
JlociIpKeHHsT TOKa3yloTh, 10 YCHIIIHUN camo3amyCK JBUTYHIB 3 TPaJuLlidHUM
PE3EPBHUM JKEPEJIOM >KUBJICHHS MOXJIMBUUN MPU CyMapHid MOTY>KHOCTI JIBUTYHIB
0,2 ... 0,3 BiT MOTYXHOCT1 XUBUJIBLHOTO TPaHCHOPMOTOpPA, a CyMapHa MOTY>KHICTb
EJIEKTPOJIBUTYHA Ma€ OyTH CIIBPO3MipHA 3 IOTYXKHICTIO TpaHchopmaTopa.

- HU3bKOBOJIbTHI (Hampyrowo 380 B) enekTpuuHi ABUTYHH. 3HAYHY YaCTUHY
TaKUX JIBUTYHIB CKJIaJal0Th ACUHXPOHHI ABUTYHU 3 KOPOTKO3aMKHEHUM POTOPOM, Y
AKUX O0COOIMBHX TpoOJieM 13 camo3amyckoM Hemae. OpHak 11 JBUTYHU
MIJKTIOYAOTECA 10 MEpPEXKi MAarHiTHUMHM ITyCKadaMmu, SKI YTPUMYIOThCS Y
BKJIIOYEHOMY CTaHl €JEKTPOMAarHiTamu, MiAKIIOYEHUMHU 10 cuiioBoi mepexi. [lpu
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npoBajax Hampyru (y Mepiol KOPOTKOYAaCHHX MMOPYIICHb EIEKTPOIIOCTauYaHH)
BiJI0YBA€THCS MAacOBE BIJKIIOYEHHS €JNEKTPUUYHUX JBUTYHIB, IO MOXE CIY>KUTHU
MPUYMHOIO MOPYIIEHh TEXHOJOTTYHUX MPOLECIB BUPOOHUIITB.

- TIPUCTPOi yNPaBIiHHS €IEMEHTaMH EJIEKTPOTEXHIYHUX CHUCTEM (HANpHUKIAI,
YaCTOTHUMH TIEPETBOPIOBAYAMH) 1 TEXHOJOTIYHUX TPOIECIB BUPOOHUIITBA. Taki
IPUCTPOi OCHOBHE JKUBJICHHS OTPUMYIOThH BiJI €JIEKTPUYHOI MEpexi, a OMyCcTuMa
TPUBAIICTh MEPEBUP 1X EIEKTPONOCTAUYAHHS CKIAMAE Yo < 0,1 c. Tomy Oyap-skuit

MpOBaJl HAMPYTH BUKIHUKAE MOPYIICHHS (YHKI[IOHYBAaHHS CUCTEM YIIPaBIIIHHSA, SKI
NPU3BOJATh, B KIHIIEBOMY pe3yJbTaTi, JO MOPYIICHHS TEXHOJOTIYHUX MPOIECIB
BUPOOHUIITB.

EdextuBHO Bupillye mpoOiIeMH THUMYAcCOBUX MOPYIIEHb €JIEKTPOINOCTAaYaHHS
3aCTOCYBAHHS CHUCTEM IIBHUJIKOAIIOYOIO aBTOMATHUYHOTO BBEACHHS pPE3EpBY, IO
JI03BOJISIIOTH 3A1MCHUTH Maii>ke MUTTEBHUI TIEpeXi/l HA pe3ePBHE HKEPEIO KUBICHHS
[2]. OcHOBHI eneMEeHTH MIBUAKOJIF0YOr0 aBTOMATUYHOTO BBEJICHHS PE3EpBY, IO
BU3HAYAIOTh HOro €(eKTUBHICTh 1 MIBUIAKOMIIIO, - 1€ MYyCKOBUW NPUCTPIA Ta
KOMYTAI[ll{HI arapaTH, 1110 BUKOHYIOTb IE€PEMUKAHHS.

[IponoHy€eThCS HACTyNHA peaiizalis MIKpPOIPOLECOPHOro HIBUIKOIAIIOUOTO
aBTOMAaTUYHOTO BBEJEHHS pE3epBY, IMOKa3aHa Ha PHUCYHKY 1, s cXemu, IO
CKJIQJAEThCS 3 JIBOX MapasieNIbHO MPAIIOI0UUX TPAaHCPOPMATOPIB Ha CEKIIHOBaHY
CUCTEMY ILIMH, BIJl IKO1 )KUBJIATHCSI ACHHXPOHHI JIBUTYHHU.
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Pucynok 1 — CTpykrypHa cxema peaJizauii MikponpouecopHoro npucTporo
IIBUAKOAII0Y0I0 ABTOMATUYHOT 0 BBE/ICHHS Pe3epBYy
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VY cxemy, mpeicTaBieHy Ha PUCYHKY 1, BXOISTH:

> aHaJIoro-1udpoBi MepeTBoOproBayi;

> OJIOKM TIOPIBHSHHA HANPYT 3 BCTABKAMU;

> 0JIOK BUMIPIOBAHHA KyTa M BEKTOpaMH HaIpyT MepIIoi 1 APyroi CEKIIii;

> 0JIOK BUMIPIOBAHHSA PI13HUIII MK HAIIPyTraMH MEPIoi 1 PYroi CeKITi;

> noriuni 6510kH «I» Ta «ABOY».

PoGora anamoro-mudpoBuxX MEpeTBOPIOBAYIB Yy IIii CXEMi 3acHOBaHA Ha
IpeACTaBICHHI CHHYCOIM Yy BHUIVISIAI CTYHiHYacToro curHainy. Pob6ora OJoky
BUMIPIOBAaHHS KyTa MK HallpyraMu IOJISITaE Y BUMIP1 PI13HULI MK CTYMIHYACTUMU
CUTHAJIaMU TIEPIIOi Ta IPYTOi CEKIlli Ta 3a TPUBAIICTIO CUTHATY PI3HUII BUSHAUYCHHS
BEJIMYMHM KyTa MK Hampyramu 000X CeKIlii. SIKIo BeJMYMHA KyTa MK CEKIIIsIMU
ctae piBHOIO 90°, TO Ha BUXO/I1 3'ABJISETHCSA CUTHAT «1», KO BeTUYMHA KyTa MEHIIIE
90°, To curHan Ha Buxoji oyae «0». J]

Y HOpMaTbHOMY PEKHMI CEKIIi1 JKUBIATHCS Bij cBOiX TpaHchopmaropiB T11 T2
1 IPUCTPIH MIBUAKOIIFOYOTO aBTOMATHYHOTO BBEJICHHS PE3EPBY HE BBOJAUTHCS B JIIIO
yepe3 curaai «0» Big OJOKIB MOPIBHSHHS HAMPYTH 13 33JJaHOI0 YCTABKOIO.

Pob6ota npuctporo 3acHoBaHa Ha TakoMy alroputMi. [Ipu BTpati )KUBJICHHS Ha
MePIIii CEeKIlli cucTeMa BEKTOPIB €JEKTPOPYUIIHHUX CHII JBUTYHIB, 1110 BUOITAIOTH,
MOYHE 00epTaTUCs MO0 CUCTEMH BEKTOPIB HANpPYyTH APYroi CEKIi 1 Hampyra Ha
MepIIii cexIii moyne 3HMXKyBaTucs. [Ipu JOCSITHEHHI KyTOM MK BEKTOpaMHU HaIpyT
JBOX CEKI1M 3HaUeHHs, piBHOTO 90°, 1 mpu 3HMKEHH] HAIIPYTH MEPIIOi CEKLIi HIKYe
3aJ1aHOTO PIBHS HA BUXO/1 OJIOKIB MOPIBHSAHHS HAIIPYTH 13 YCTABKOIO Ta BUMIPIOBAHHS
KyTa MK HampyraMu 3’ sSBISFOTBCS CHTHaIU «l». Ili curHanm momaroThCs Ha BXIif
JOT14HOTO OJIOKY «I», SIKU 1ae cUTHANI Ha BIJKJIIOYEHHS BUMHUKaya MEPIIOi CeKIii
QI, sKIo curHan Ha HOro BUXO/1 AOPIBHIOE «1». OIHOYACHO 3 UM 31HCHIOETHCS
KOHTPOJIb PI3HMII HAIIPYTHU MK JBOMA CEKI[ISIMU Ta MPU TOCITHEHH] PI3HUII MEHILIE
1,4 Uyox Ha BUXO1 OJIOKY BUMIPIOBAHHS PI3HUII HAMPYTH 3'SBUTHCS CUTHAT «1».

Jlns mpaBUiIbHOI pOOOTH MPUCTPOIO TepeadadeHuil joriyHuii 610k «ABOy, skuit
BUKJIIOYA€ XMOHE BKIIOYEHHSA CeKIiiHOro BuMuKaua QK mnpu pizHuLI MK
Harnpyramu Ouibiie 1,4 Uygy,. Curnanu Big 070Ky BUMIPIOBAHHS PI3HULI HAIIPYTH 1

B11 JJoriuHOTO 0J10KY «ABO» MogaroThCs Ha JTOTTYHUN 010K «I», IKHMH 1a€ CUTHAJ Ha
BKJIFOUEHHS cekiiifHoro Bumukada QK mpu HassBHOCTI curHaity «1» Ha HOro BUXO/I.

VY pa3i BUHMKHEHHA TpudazHux abo omaHo(a3HUX KOPOTKUX 3aMUKAHb Ha
BIJIX1THUX JIHISAX KyT MK BEKTOpaMH HAMpyT MEPIIoi Ta Apyroi CeKIlii Oyie MeHIe
90° Ta Ha BuX0/1 OJOKY BUMIPIOBAHHS KyTa M1 Hanpyroro Oyzae curHai «0», sKuii
HE MPU3BOIUTH 10 HEMPABUIBHOI poO6oTH TpucTporo. [Ipu BUHUKHEHH] 1BOGhA3HUX
KOPOTKUX 3aMHKaHb Ha BiIXiTHUX MPHEIHAHHIX HAMpyTa Ha CEKIlii HE 3HU3UTHCS
HUKY€ YCTAaBKH 1 HA BUXOJ1 OJIOKY MOPIBHSIHHS HAMpPYTH 13 YCTaBKOIO Oyae CUTHAI
piBHUI «O».

TakuM 9YMHOM, KOHTPOJb PIBHS HANpPyrHM HAa CEKIISAX 1 BETUYMHU KyTa MIX
BEKTOpPaMH HaIpyr 000X CEeKI[iil [103BOJsIE BHUKIIOUWTH HEMPaBUIBHY pPOOOTY
MPUCTPOIO NIPH PI3HUX BUIAX KOPOTKUX 3aMUKAHb Ha BIAXIIHUX NpueaHaHHs X [3]. 3a
3a3HaUYCHUMHU BHIIE TPUYMHAMU MIPUCTPii He Oyie CIpaIibOBYBATH i P BUHUKHEHHI
KOPOTKHX 3aMHKaHb Ha J>KUBISYMX TIPUETHAHHSX, SKi TMOBUHHI BiJIKIIOUATHUCS
IIBUIKOIIFOUNMH 3aXHCTAMHU.
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TakuM 4YMHOM, TPHU3HAYEHHS PO3TJSHYTOTO MPUCTPOIO HIBUIKOIIIOUOTO
aBTOMATUYHOTO BBEJACHHS PE3epBY MOJsira€ B 3a0e3MeueHH] HEBIAKIIOUYEHb OY/Ib-
AKUX CIIOKMBAYiB €JIEKTPUYHOI €HEprii MPOMUCIOBOTO MiJMPHEMCTBA HUIIXOM iX
NepeMHUKaHHs Ha pPE3epBHE JDKEPENO JKUBIEHHS 3a yac He Outbmie 40 Mc mpu
KOPOTKOYACHUX TOPYIICHHSX EJIEKTPOIOCTauYaHHsl Ha EJIEKTPUYHUX MiJCTaHIISX,
PO3MOJUIBUMX MPUCTPOSAX, TOJOBHUX HUBBKUX MIJCTAHIIAX 3 BaKyyMHUMH
BuMHKadamMu. OO0iacTh 3acCTOCYBaHHS - PO3MOAUIRYI TpUCTPOi (miacTaHiii) 3
HE3aJICKHUMU  JDKEpellaMd  eJICKTPOXKHUBJICHHS, 10 MAalTh HaBaHTAKEHHS,
BHCOKOUYYTJIUBE IO KOPOTKOYACHHUX TOPYIIEHB €IEKTPOIIOCTaYaHHS:

- Hanpyroto 0,38 kB,

- Hampyroro 61 10 kB.

BrpoBamkeHHsT MIBUIKOMIIOYMX MIKPOIPOLECOPHUX PE3EPBHUX JDKEpen
YKUBJICHHS JO3BOJISIE TOCSATTH HACTYITHUX IILJICH:

v'3a0€3MeunT HaMiiHe 1 Oe3lepepBHE EJIeKTPOIOCTAYaHHsS CIIOKUBAYiB 3a
PaxyHOK MIBHJKOJIIFOY0OTO BBOAY (He Oinbie 40 MC) pe3epBHOTO KUBJICHHS B
BUIAJIKYy aBapIMHUX 1 HEHOPMAJIbHUX PEXKHUMIB B KHUBISTYHX EICKTPUIHHUX
MepeKax;

v/ MIJBUINATH 3anuiikoBi Hanpyru Ha mmHax TII 6(10)/0,4 kB Tta ictoTHO
3MEHILIUTH BiJINaJaHHS MAarHITHUX ITyCKadiB, KOHTAKTOPIB B JIAHI[I031 )KUBJICHHS
HU3bKOBOJBTHHUX €JIEKTPOJIBUTYHIB, 3001B KOMI'IOTEPHUX CHCTEM YTIPaBIIHHS,
BIJIKJTIOUEHBb MEPETBOPIOBAYIB YaCTOTH 1 HAIIPYTH;

v/ 3a0€3Me4YUTH YCHIITHUNA caM03aIlyCK yCIX €JIEKTPOJABUTYHIB IICIIS BiTHOBJICHHS
€JIEKTPOIIOCTAYaHHSI CII0’KMBAYIB;

v BUKOHATH OCHMWJIOrpadyBaHHs IMapaMeTpiB pexumy (3adaHuil mepiojx A0
NOPYIIEHHS €JIEKTPONOCTaYaHHs, BECh IIPOLEC TUMYACOBOrO MOPYUICHHS
€JICKTPOINOCTAaYaHHs Ta MEepioj MiC/s MePeMUKaHHS Ha pe3epBHE JHKEPENO) B
CHeproHe3aJIeKHIM mam'saTi 3 3arajJlbHOI0 TPHUBAIICTIO 3aMUCy OO0 KIIBKOX
JIECSATKIB TOJUH (3aJICKUTH BT 00CsATY BcTaHOBIIEHHOT flash-mam'siTi).
BuchoBknu.

BrnpoBamkeHHST KOMIUIEKCY HIBHUAKOMIIOUOTO aBTOMATHYHOTO BBEICHHS
pe3epBy J03BOJIUTH:

1) 3a0e3neunTtn HafiiiHe 1 Oe3nepepBHE ENEKTPOIOCTAYaHHS CIIOKHUBAYIB Y
BUIAJKy aBapiiHUX Ta HEHOPMAJIbHUX PEXHUMIB y JKUBISYMX Ta PO3MOILUIBHUX
CJNIEKTPUYHUX MEPEXKaX;

2) miaBUIIUTH 3ayUIIKoBl Hanpyry Ha muHax TII 6(10)/0,4 kB (Ha piBHI Bulle
0,9 Uson), MIHIMI3YBaTH BIJIMIaJIaHHS MarHiTHUX MyCKa4iB 1 KOHTAKTOPIB y JIAHITIO31
KUBJICHHSI HU3bKOBOJIbTHUX €JIEKTPOJBUTYHIB, MOMEPEAUTH 3001 KOMIT'IOTEPHUX
CHUCTEM YIIPaBIIIHHS;

3)3a0e3neynTy  YCHIMIHMK  CcaMO3amyCK YCiX  €JeKTPOABUTYHIB  MICHS
BIJTHOBJICHHS €JEKTPONOCTaYaHHS;

4)3amo0irTu  TOpOTOBapTICHUM TepepBaM B poOOTI  TEXHOJOTIYHOTO
o0J1aTHAHHS;

5) mMABUIIMTU PECYpC €NEeKTPOABHUTYHIB, HACOCIB, TPAaHC(HOPMATOPIB 3 OTJISAY
3HIDKCHHSI CTPYMIB caMoO3amycky B 2.3 pa3u Ta BIJACYTHOCTI HEOOXIIHOCTI
MOBTOPHUX ITyCKIB arperaris;
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6) 3HU3UTH  PUBMKH  EKOJIOTIYHMX  KaTacTpod  TOpU  HOPYUICHHAX
€JIEKTPOTIOCTaYaHHS B €HEPrOCUCTEMI,

7) N ABUIIUTH piBEHb aBTOMAaTH3alii BUPOOHUIITBA, 301TIBIIUTH
MPOAYKTHUBHICTb.

Cnig TakoX 3a3HAYUTH, IO 32 CTATUCTUKOIO KOMIUIEKC IIBUIKOAIIOYOTO
aBTOMATUYHOTO BBEJECHHS PE3EPBY OKYIIOBYETHCS B CEPEIHBbOMY 32 PIK, 110 POOUTH
1€ pillIEHHS BKpail MpuBaOIMBUM.
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Anomauin. B pooomi posensanymo cnoci6 i npucmpiil 01 KOH8epcii OpiOHOppaxyitino2o
MeepO020 NAIUBA 8 20PIOUULL 243 8 2PABIMAYIUHO 3AMUCHYMOMY UAPI 3 NONEPEUHUM NPOOYBAHHSIM.

s ananimuuno2o 00cniodHceHHA npoyecy Ha NPuKIadi gppezepro2o mopy oyia po3pobieHa
MaAmemMamuyHa Mooeb i pocpama po3paAxyHKie MamepiaibHO20 I Menio8o2o 6AIAHCI8 NPUCmporo,
Meni000OMIHY YACMUHOK BUXIOHO20 NAAUEA 3 BUCOKOMEMNEPAMYPHUM 2A308UM MENIOHOCIEM,
PO3N0OLNEeHHST 2A308UX NOMOKIB I iX aepoounamiku. Modenb 3acmoco8yemvcs Ol GUSHAYEHHS §
OnmuMi3ayii OCHOBHUX MEXHOLOLIUHUX XAPAKMEPUCTUK NPOYeCy, a MAKOMC OMPUMAHHS GUXIOHUX
OaHux 0J151 KOHCMPYKMOPCbKOIL pO3POOKU NPUCTPOIO.

Kniouoegi cnosa: ¢pesepnuii mopgh, mepmoximiuna KOH8epcisisn, MamemMamuyHa Mooeb.

Beryn. Jlama poOota chopsiMoBaHa Ha OUIbII IITUPOKEe 1 e(eKTUBHE
BUKOPHUCTaHHS B TEIUIOCHEpreTulll ApiOHodpakuiiHuxX 1 Hu3bkocopTHUX (1500 —
2500 kkaj/Kr) BUAIB TBEPAUX NaIUB, HANIpUKiIaa, ppezepHoro Topdy.

[IpoOnema BUKOpUCTaHHSA (pe3epHOro TNajauBa B  TEIJIOCHEPTETUUHUX
YCTaHOBKaX, B MEPIIIY Yepry, OB’ sI3aHa 3 HOT0 BUCOKOIO BOJIOTICTIO ( B IPUPOTHOMY
ctaHi cupuii Topd mictuth 85-90% Boau) Ta 301bHICTIO (10% 1 Bume). Tomy mis
E€HEPreTUYHOTO BUKOPUCTAHHS HOTO MAMAa0Th CYIII 0 BOJIOTOCTI 35 - 40%.

[H1I010 0CO6MIMBICTIO 1 TPOOIIEMOIO, 1110 CTPUMYE HOTO BUKOPUCTAHHS, € HOTO
npiOHOMpaKIINHICTE Ta MUPOKU Ppakiiiuuii ckiaa. [IpoBeaeHuit cutoBuii aHami3
MOKa3ye, U0 MOro rpanyjloMeTpuuHuil ckiiajl Bkirovae: 70 — 75 % 4vactok 10 1mmM,
15-17% no 1- 2 mm, 8 -10% mo 2-3 MM, 3 — 4% Olnbire 3Mm.

BukopuctanHs Takoro majanBa, B ICHYIOUUX TETUIOEHEPTETUYHUX YCTaHOBKAX,
3/1e01IBII TIPUCTOCOBAHUX JI0 CHAIIOBAaHHS MPUPOIHOTO ra3y, 0e3 BIPOBaKEHHS
CHellaJIbHUX TEXHOJIOTIHN 1 TEXHIKHU € TEXHIYHO HEMOKJINBUM.

JieBuii 1UIAX BUPIMICHHS JaHOI MpoOjeMu, OauuThbCd y BIPOBATKEHHI
TEXHOJIOT1H, SIKI mepeadavyaroTh MOMEPEHI0 TEPMOXIMIYHY KOHBEPCIIO BUXIJIHOTO
nanauBa. Taki TEeXHOJOT1i MPEACTaBISAI0Th COO0K0 CYKYITHICTh BUCOKOTEMIIEPATYPHHUX
TEIJIO-TEXHOJIOTTYHUX MPOUECIB (PI3UKO-XIMIYHOTO MEPETBOPEHHS OPTraHiKH MajuBa
B HOBI ra3ono/1i0Hi, pifKi Ta TBEPAl CHEPreTUYHI MPOTYKTH.

[TepeBaroro nporieciB TEPMOXIMIYHOI KOHBEPCIT €:

- MOJKJIMBICTD ITi/IJIaBaTH KOHBEPCii Oy/ib — K€ MaJIMBO, HE3AJICKHO BijJ MO0
XIMIYHOTO CKJIa/ly, BOJIOT'OCTI, CKJIay 30JIM, JOMIIIOK CIpKH, (PpakIliitHOCTI Ta 1H.;
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- MOXJIMBICTh OTPUMAaHHsSI HOBOIO IajJMBa, SIKE MOKHAa BUKOPHUCTOBYBAaTH B
ICHYIOUHX €HEPreTUYHUX YCTaHOBKAxX 0e3 1X CyTTe€BOT pEeKOHCTPYKIIIi;

- MOKJIMBICTh MacIITaOyBaHHS 1 3a0€3MEYEHHS] TOPIOYMM Ta30M, SIK BEJIIMKHX
HiANPUEMCTB YU HACEJICHUX MYHKTIB, TaK 1 HEBEJTMKUX aBTOHOMHHUX €HEPTeTUYHUX 1
XIMIYHUX 00’ €KTIB.

OcHoBHuii matepian. Po3poOnenuii B [HcTutyTi TexHiuHOi Temnodizuku HAH
VYkpainu I1BOCTyNEHEBUH CIIOCIO CHaNfOBaHHS TBEpJOTo manuBa [1] OyB BHUXiTHOIO
0a3010 IS po3poOKH MpoIeCy TEPMOXIMIUHOI KOHBepcii ApiOHOdpakiiitHOTO
TBEPJ0T0 NMaJIMBa B TOPIOYMIL Ta3, y IPUCTPOI 3 MAIMBOM B IPaBITALIITHO 3aTUCHYTOMY
mrapi 3 MOTMEPEYHUM PO TyBaHHIM

[TpuHIIMIIOBA CXeMa TaKOTO MPUCTPOIO MIPHUBEICHA HA pUCYHKY | ne: | — HIDKHA
yacTuHa (kamepa rasudikailii); 2 — mwap naausa; 3 — NOBITpsIHUI natpyOok; 4 —
MOPUCTHUIA HUIIHAP (BUCOKOTEMIIEpaTypHa KepaMika); 5 — nepdopoBaHa LIeHTpajabHa
TpyOa; 6 — 307pHUK: 7 — BEpXHA YacTHUHA (Kamepa Mipojizy); 8 —ITHEKOBUU
KUBUJIBHUK; 9 — BUX1THUM MTaTpyOOK.

n ra3
I N

C+0,50:=CO+q2

N

AN
“H C+02= CO2t+q:

PucyHnox 1 - IlpuauumnoBa cxemMa NpUCTPOIO I TEPMOXIMIYHOI KOHBePCil
Api0OHOGPAKIiIHHOr0 TBEPAOIro NAJIUBA B TOPIOYHUIA ra3

B HwxHIA dYacTuHI NpUCTpOrO0 1, KPyNHI YaCTUHKHU TajuBa, K1 HE MOXYTh
TPAHCIIOPTYBATUCS TA30BUM ITOTOKOM, YTBOPIOIOTH HIIJILHUM 1Iap 2, € BiAOYBaEThCs
fioro moBiTpsiHa ra3udikaiis (BUIIJIEHHS JETKUX Ta MOBHE OKHCJICHHS KOKCOBOIO
3IMIIKY ). JlyTTs (MOBITPs) MOJA€ETHCS yepe3 MaTpyook 3 1 MOpUCTUi MUIiHIp 4, B
CTEX1IOMETPUYHOMY CIIBBIJHOILIEHHI, 00 T'a3u SIKi YTBOPIOIOTHCS B IIApl, MICTUIH
JIUIIE TIOKCHU BYTJIEII0, a30T, BOJISHY ITapy 1 METaH, a TBEpUi BYIJIeIlb KOKCOBOTO
B3a€MOJIISB 3 KMcHeM 3T11H0 peakiiii (1) mo CO,.

C+0, - CO, +q, (1)
7€ ¢ — TeTJIOBUH e(eKT peakilii.
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Y TBOpeHi BUCOKOTEMIIEPATYPHI razu, uepes neppopoBany Tpyoy 5, po3MilieHy
M0 OCl MPUCTPOIO, HAIXOAATh Y BEPXHIO HWOTO YacTUHY 7, Nieé MOBEPTAIOTH 0
nepudepii NPUCTPOIO, a MOTIM PyXalTbCAd JOTOPU, OO BHUXITHOrO marpyOka 9.
["a30BHil MOTIK, BiApa3y MHICHIs BUXOAY 3 TPyOHU, 3MINIYETHCS 3 BUIBHO MaJal0uuMU
YaCTMHKaMH BUXI1JITHOTO MAJIMBA, 10 MOAAETHCS ITHEKOBUM KUBMIbHUKOM 8. To0TO,
CyMIll JIETKMX 1 IHIIMX TPOAYKTIB rasudikamii KOKCOBOIO 3QIALIKY,
BUKOPDUCTOBYETHCSI ~ SIK ~ BHCOKOTEMIIEpAaTypHHUH  Ta30BHMl  TEIUIOHOCIH 1
TPAHCTIIOPTYIOUUH areHT.

[Ipu 1poMy, BimOyBaeThbCs pO3ITpiB MalWBa 10 TeMIepaTypu Mipomi3y, 3
BUJUICHHSM JIETKUX 1 KOKCOBOTO 3aJIMIIKy, OKHCIIEHHS SKOTO BiOyBAa€ThbCsA IO
peaxiiii (2), 3a paxyHOK 3B’S3aHOTO KHCHIO, IKHI MiCTUTHCS Y BUXiJHOMY ITaJIUBI.

C+0,50,=CO +q (2)
1€ gz — TEIJIOBUM e(PeKT peakIii.

Jlis cTIpollieHHs! MOAAJIBbIINX PO3PAXYHKIB MPUIMAETHCS, IO JIETKI MOBHICTIO
CKIIQJIAI0ThCs 3 MeTaHy. KpiM TOro, B METaH MEepPeXOoIUTh 1 BECh BOJCHb BUX1JHOTO
majuBa, a B 3aJIEKHOCTI BiJI €JIEMEHTAPHOTO CKJIaay BHUXIJHOTO TAJNBa,
HAJJIMIIKOBUM PEeareHTOM MO)e OyTH SIK KHCEHb, Tak 1 Byrienb. Hanpukmazg, mis
THUIIOBOTO CEPEHBOTO CKiIaay roprodoi macu Topdy (57% C', 6,0% H', 34,5% O, 2%
NY 0,5% S% [2]) #nebiuuTHEUM KOMIOHEHTOM € KHCEHb. BHacmimok 1mmoro,
OPOAYKTAMH YacTKOBOTO OKHCJIEHHS TBEPAOIrO BYIJELIO KOKCOBOTO 3ajHIIKY,
OyIyTh: IIOOKCHUJI 1 OKCUJ] BYTJIEIIO, a30T, BOJSHA [1apa, METaH, a TAKOXK, a00 KUCEHD,
a00 JIp10HI PO3IrpiTI YACTUHKU BYTJICITIO.

Kpim po3sirpiBy nmanmpa, BiiOyBa€eThCsl HOro cemnapaitisi, KOJIu BEJIMKI 1 po3irpiTi
yacTUHKU (OUTbIIe 1MM), SIKI HE MOXYTh TPAHCIOPTYBAaTHUCS Ta30BUM ITOTOKOM,
BUIIAJIaI0Th HA MOBEPXHIO LIIJILHOTO IIapy, B HIXKHIO YACTUHY NPUCTPOIo. [piOHi x
YacTUHKUA (MeHme IMM), Kl OpoMUUIM 1 SIKI HE NPOWIUIM CTaJil0 TEPMIYHOT
JIECTPYKIIiil, pa30M 3 IHIIUMHU MIPOTyKTaMu razudikaiiii, uepe3 BUXigHui matpyook 9,
TPAHCIIOPTYIOTBCS B TONKY ICHYIOUOi TEIJIOEHEPreTUYHOI YCTAHOBKH, JUIS
CHaltoBaHHs. BpaxoByrouW BHCOKY peEakLidHy CIPOMOXHICTh pPO3KapeHUX
KOKCOBHUX YaCTHHOK, IMBUIKICTh iX CIIaJIOBaHHS Maibke HE BIJIPIZHAETHCS BIJ
IIBUIKOCTI CIIATFOBAHHSI POEKTHOTO TaJIHMBA.

Cemapallis OTOKY MaJiiBa, TAKOXK JO3BOJISIE BUPIIIUTH BAXJIUBY OCOOJIMBICTH
caMoro TMpoIecy KOHBEpCii TBEPAOro NajuBa, sSKa IOJSTaE B PI3HIA MIBHIKOCTI
Mepexoqy CKIaJAOBHX HOro roprooyoi mMacu B ra3. Tak Hampukiaa, B poOoTi[3]
3a3HAYAETHCS, 10 IPU KOHBEpCii Pppe3epHoro Topdy, Ha CTa/lil0 BUXOAY JIETKUX (iX
B Top(hi1 70%) BuTpavaerbcs 61 10%, Big Bchoro uacy mpoiiecy. Peira x dacy,
npunajae Ha Jpyry CTafjilo - ra3udikaiilo KOKCOBOTO 3aJIMIIKY JIO0 30JH, fKa
BUHOCHUTHCSI Ta30BHMM TIOTOKOM Yy BEPXHIO YacTHHY mpucTtporo, I[lpm 1pomy,
B1I0YBA€THCSI OUUILICHHS MOBEPXHI YACTUHOK KOKCY BIJl 30JIM, IO MPU3BOIUTH O
HiABUIIEHHS HOro peakuiiHOI CIIPOMOXHOCTI Ta IHTEHCU(]IKaIIT IpoIIECy.

Metoro podoTu € po3pobOKka MaTeMaTUYHOI MOJENI 1 MPOrpaMU 1HKEHEPHUX
pPO3paxyHKIB poOOYOro Mpolecy TEpPMOXIMIUHOI KOHBepCii ApiOHO(paKiiiftHOro
TBEPJIOTO TMaJIMBa B TOPIOYMI Ta3 B 3alPOMOHOBAHOMY MPHUCTPOI JJIsl AaHATITUYHOTO
BU3HAYECHHS 1 ONTHMI3allli OCHOBHUX HOTO TEXHOJOTIYHUX TMapaMeTpiB. IO
JI03BOJIUTH OTPUMATH BUXIAHI JaH1 IS TOAAIIBIINX PO3PAXYHKIB 1 KOHCTPYKTOPCHKOT
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PO3pOOKHU TAKMX MPHUCTPOIB.

OCHOBHI MOJOXEHHS MATEMAaTUYHOI MOZIeJll pOOOUYOT0 MPOIECY TEPMOXIMIYHOT
KOHBepCii ApiOHO(PPAKIIIHOTO TBEPAOro MajuBa, B 3alPOIIOHOBAHOMY MPHUCTPOI,
PO3TISIHYTO B po0OOTI [4].

Ha npuknaai ¢pesepHoro Topdy, B Mozeni Oynu 3akiafeHi HACTYIIHI
nepeyMOBH:

1. ITpu HarpiBaHHI YaCTHHOK TOP(QY B1IOYBAETHCS CYIIKA 1 BUAAICHHS JIETKUX
MPOAYKTIB, 1110 B yaci ckiajaae ous 10%, a pemTy yacy 3aiimae BUTOPSIHHSI KOKCOBOTO
3aJTUIIKY.

2. TepmoxiMmiuHa KoHBepcis (pe3epHoro Topdy 3AIHCHIOETHCS B TMOTOLI
BHCOKOTEMIIEPATYPHOIO Ta30BOr0 TEIJIOHOCIS - CyMIIIl JIETKMX 1 MPOAYKTIB
razuikariii KOKCOBOr0 3aJUIIKY.

3. B npucTpoi BinOyBa€eThCs cenapailisi 4aCTUHOK TOpQy, KOJIM YACTUHKH SIK1 HE
MOKYTh TPAHCIIOPTYBATHUCS Fa30BUM MMOTOKOM, BHIIAJAal0Th HA TTOBEPXHIO LILIHHOTO
mapy, 4epes KUl mpoayBaeThCsl OKHUCHIOBAY (TIOBITPsI), @ AP10HI pO3IrpiTI YACTHHKU
BUHOCSITHCS] Ta30BUM MTOTOKOM JI0 BUX1JIHOTO MaTpyOKa.

4. Yac nepeOyBaHHs APIOHMX YACTUHOK Y BHCOKOTEMIIEPATYPHOMY T'a30BOMY
MOTOIll, B MEXax MPHUCTPOIO, JOCTaTHIM Ui MIBUAKOTO iX HAarpiBaHHsA [0
TEeMITepaTypu JECTPYKIIIT 1 BUIIJICHHS BOJIOTH Ta JETKUX MPOYKTIB.

J11st mepeBipKU ITUX MEPEyMOB, 3 BUKOPUCTAHHSIM B1JIOMOTO PiBHSHHS HarpiBy
YacCTUHOK [5], Hamu OyiM MpOBEAEH1 pO3paXyHKU TEIIOOOMiIHY YaCTUHOK Topdy B
MOTOIlI BHUCOKOTEMIIEPATYPHOTO Ta3y:
6Nui,

2
o CpPrty

~=0(,-T,); ©= 3)
ne T — remnepartypa; T — 4vac nepedyBaHHS; C, P, U — TUTOMA TEIJIOEMKICTh, I'yCTHHA
1 MBUAKICTh; A- KOS(ILIEHT TEIIONPOBIAHOCTI; & — AlaMeTp YaCTUHKU; Nu — 4HUCII0
Hyccempra (Nu = 2 + 0,6Re%%); Re — uucno Pelinonbiaca; g, p — iHAekcH, II0
BIIHOCSITHCS BIITMIOBITHO 10 Ta3y 1 YaCTUHOK.

Jliist cripoleHHs po3paxyHKiB, npuitMaemo Ty = const 1 © = const, Toa1 pilIeHHS
piBHsHHS (3) npuiiMae BUTTISA:

(T)=T, ~(T, ~T,, ) exp(07) 4

ne Ty, - moyaTkoBa TeMIiepaTrypa YaCTHHKH.

Jlesiki pe3yapTaTu MPOBEICHUX PO3PaxyHKIB MpHUBE/eHI B Tabuii 1.

Tadanus 1 - Pe3yabTaTn po3paxyHKy NporpiBy 4aCTUHHOK TOpPdy
T,C 0,5 1 2 3 5

¢ 600 | 800 | 600 | 800 | 600 | 800 | 600 | 800 | 600 | 800

M
1 429 | 572 | 552 | 735 | 596 | 795

2 242 | 322 | 386 | 545 | 524 | 699 | 573 | 764
3 165 | 211 | 283 | 377 | 433 | 578 | 512 | 672 | 575 | 767

S,

PesynpTaTi po3paxyHKiB IOKa3ylOTh, 10 HarpiB JpiOHUX YaCTHHOK
B11I0YBa€THCS JOCTATHBO IIBUJIKO, IO 1 MATBEPKYE MPABOMIPHICTh MPUITYIIIEHb.
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BusnaueHHs aepoguHamiku razoBoro notoky (Vy=0,191m%/¢c, npu temneparypi
T, ) 3BOAMIIOCH 10 OLIHKM HOrO TPAaHCHOPTYIOYOI 3[aTHOCTI, B PI3HUX INepepizax
npuctporo. Ilepi 3a Bce, npuiiMarouy NUTOMY I'yCTHHY KOKCOBOIO 3aJIMIIKY Pp = 800
Kr/M>, o (popMyJiaM PEKOMEHIOBAHKUM B [6], Oyl BU3HAYEHI IUBMAKOCTI BUTAHHS
YAaCTUHOK PI3HOTO pO3Mipy, 3 BpaxyBaHHSM iX Temmeparypu T, 1 6e3 3MEHIIeHHs
PO3MIpiB YaCTUHOK B TOTOIIl. Po3paxoBaHi 3HaYEHHS MBUIKOCTI BUTAHHS YACTUHOK
po3MipoMm Bif 1MM 10 SMM mpuBeieHI B TaOIuII 2.

Tadanus 2 - Po3paxyHKOBI JaHi HIBUIKOCTiI BUTAHHS YACTUHOK TOpPQYy

0, MM 1 2 3 5
V, m/c 4,05 8,1 12,2 19,5
Re 36,5 146 328 883

Pe3ynbpTatu po3paxyHKiB MOKa3ylOTh, IO ISl TOTO 100, HAITPUKIIA/l, YaCTUHKU
0 = 2MM 1 MEHIIIE MOTJIM TPAHCHOPTYBATUCS Ta30BUM MOTOKOM, HOTO IIBUJKICTH, B
caMOMy BY3bKOMY Iepepi3i BEpXHbOI YACTHUHU MPUCTPOIO, TOBUHHA CTAHOBUTH V=
8Mm/c, a 171t 9acTUHOK O = 1MM - V3= 4M/c, pH 1011 HOTO Nepepi3y, BIAMOBITHO,
MOBUHHA CTAHOBUTH:

Fy =V IV, =0,024x° F, =V 1V, = 0,048x° (5)

Toni mBHaKICTh Ta3y, B nepdopoBaHiil LeHTpalbHIA TpyOi, Oyae CTaHOBUTU
61511 3M/c. A BpaxoBYIOUH, L0 B MOTIK a3y MOXKYTh MONACTH JIUILIE APIOHI YACTHHKH
30J11, TO MOXHAa 3pOOUTH BUCHOBOK PO JOCTAaTHIO HOTO TPaHCHOPTYIOUY 3/1aTHICTb,
Opyu yMOBI JOTPUMaHHS BHU3HAUCHUX TII€PEPi3iB OCHOBHUX KOHCTPYKTHBHHUX
€JIEMEHTIB TIPUCTPOIO.

Ocob6nuBa yBara Oyna NpuAiIeHA PO3MOJAUICHHIO Ta30BUX ITOTOKIB, IO
YTBOPIOIOTHCSI B HUKHIN YaCTHUHI NPUCTPOI0. BaxinBor0 0COOIMBICTIO MPUCTPOIO €
Te, WO AYTTA (MOBITPsA), B IIAp MajMBa, MOJAETHCA Bl mepudepii 10 UEHTPY
(nomepeuynuii cnoci® rasudikauii), yepe3 MNOpUCTUH UWIIHAP 4, a MOPOAYKTH
razudikailli, BUBOJAATLCS 3 IIapy uepe3 HeHTpaibHy mnepdopoBaHy Tpyoy 5. Ilpu
bOMY, MPUITYCKAETHCA, IO (PUIBTpAllid ra3y A0 MOBEPXHI € MIHIMAIBHOIO.

Huxdue npuBeneHuil NpuKiIa] NEPEeBIPKA LBOTO TMPUIYIIEHHS, NMPU YMOBI
BUMagaHHs 5% BUXI1JHOTO MaJlMBa, B HIXKHIO YaCTUHY MPUCTPOI0. B 11poMy BUMAKY,
npu BuTparax nositps G, — 0,00863 kr/c, MpOAYKTH MOBHOTO OKUCJIICHHS TBEPIOTO
BYIJICII0O KOKCOBOTO 3ajJMINKYy, OyAyTh MICTUTH JIBOOKCHJI BYTJCLIO —
(Gep, =0.00273k2/c)1 azoT (G, =0,00664r2/c), a 3arajbHI BUTPATU

BHCOKOTEMIICPATYPHOIr'o rasy, IO BHXOJUTL 3 HWKHBOI YaCTHUHU IIPUCTPOIO,
CKJIayTh:
G, =G, +Gg, =0,00937ke/c (6)

[Tpunyctumo, 110 1015 rasy, o (GuUIbTPY€ETHCS Yepes map najausa J0 NOBEPXHI,
cranoBUTh y = 0,2, T006T0, Gr= G, ¥ = 0,00187 kr/c. IIpu nonepeuHomy mnepepisi
3aTHCHYTOTO IIapy MajinBa:

F-Top - -2,

~0,1>) = 0,0885.° (7)

HIBUAKICTH HOTO (iabTparii ((?/) CKJIaJe:
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G,
Fp,
3 BpaxyBaHHAM TeMueparypu razy (T,= 549°C), po3paxoBaniii no popmyii (3)
IpU: JiaMEeTPi YACTUHOK & = 2MM, UTOMIit rycTuHi py= 0,3 17kr/HM?, B'I3K0CTI g =
3.5¢10°TIasc i moposnocti mapy € = 0,5, no ¢opmyni Epryna [7,8] 3Haxomumo
BTPATH TUCKY IO BUCOTI APy MajanBa;

Ap (1-¢)’n, +1,751—8§)gv2
E0 0
Sk BugHO, pU BUCOTI Tapy (BiJ MICIIS BBEJICHHS OCHOBHOI KIJTBKOCTI MOBITPS

10 BepxHboi rpanuti mapy) H = 0,77wm, #toro omip 6yae cranoBut: Ap = 140 Ila.
3 iH1oro 60Ky, npu Butpatax rasy (Gg(1 —y) =0,0075 kr/c), yepe3 LieHTpaIbHY
Tpyoy (miamerpoM D3 = 0,09m 1 nosxwunoro L = 0,97 M), iioro mBUIKICTb Oyae Vv
=2,27w/c. Ilpu uncni Peiinonsaca Re, =V D,p, /5, =1820 1 npu KoediienTi onopy

%

—0,067m/ ¢ (8)

=18111Ia/ m 9)

A = 64/Re; =0,035, BTpatu TUCKY OyIyTh CTAHOBHUTH :

Lip.v’®
Ap, == 0311 (10)

3

3 po3paxyHKIB BHUJHO, L0 HaBITh 3 ypaxyBaHHAM BCiX MICIIEBUX OIIOPIB,
BennunHa (Ap) Ha ABa nopsaaku nepeBuilye (Ap;). ToOTO KiNIBbKICTIO ra3y, 1o MOXKe
GbiapTpyBaTHCS Yepes Iap 0 MOBEPXHI, IIIJIKOM MOXHA 3HEXTYBaTH.

Takum ymHOM, MPOBEACHI PO3paXyHKH BKa3ylOTh Ha MPaBOMIPHICTh HaIIUX
NPUITYIIEHb 1 Mpale3AaTHICTb BUOPaHOiI CXEMU MPHUCTPOIO, a TAKOX JIO3BOJIMIN
BU3HAUUTU P BHUXIIHUX JaHUX, HEOOXIHUX Ui TMOJAIBIIMX aHaJITUYHUX
JOCJIIKEHb CAMOT'0 TEPMOXIMIYHOTO MPOLIECY.

Hwxde mpuBeseHO MOCTIIOBHICTh PO3PAaXyHKOBOTO MPOIIECY 1 MPUKIIAA HOTo
peaizari.

Jliist BUOpaHOi CXeMHU TEPMOXIMIUYHOT KOHBepCli Ppe3epHOro Topdy, piBHIHHS
TEIIOBOTO OaaHCy MPHUCTPOIO MA€ BUTIISA

Qin = Qpc + Qpa + Qx] + Qx2 = ch + Qva + Qev + Qen = Qout (1 1)

ne: Qpe , Qpa — P13uuHe Temio Topdy 1 AYTTSA HA BXOA1 B MPUCTPIN; Qyi1, Qx2 — TEIIo
xiMiuaux peakiii (1) 1 (2); Qve, Qva — Pi3uune Temmo Topdy 1 AyTTS HA BUXOL 3
npucTporo: Qe., — BUTPATH TEIJIa HA BUMIAPOBYBAHHS BOJIOTH ; Qc, — BTPATH TEIUIOTH
B HaBKOJMIIHE cepeaoBUIIE; Qin, Qour - 3aTANBHUAN IPHXiJ] 1 BATPATH TEILIA.

Benuunna Q., po3paxoBy€eThCs SIK

Q.. = PO, (12)

ne B- koedilieHT BTpaT TeIjia B HABKOJIUIITHE CEPEIOBHUIIIE.

Po3paxynku npaBoi yactunu (11) BUKOHaHI 111 ceMH 3Ha4eHb Temreparypu T,
Ha BHUXO/Il MPUCTPOIO 1 I’ATH 3HA4YeHb KoedimieHty . Kpim Toro, s K0XHOTO
3Ha4YeHHs [} 3HaXO0auThCs 3HaueHHs Temrepatypu (Te), mpu sikoMy 3abe3reuyeThes
BUKOHAHHS 0ajlaHcoBoro piBHsHHS (11).

BuxinHi xaHi fKi 3a1a10ThCA:

a) miiicHl TeruoemMHocTi O,, CO,, CO, N, H,O, CHs 1 moBiTpst (ci), mpu
JEKUTBKOX 3HaYeHb TeMIepaTypu T,;

0) AiiiCHI TEMJI0EMHOCTI 30JIH 1 KOKCY, 06€3 1X 3aJeXKHOCTI BiJ TEMIIEPaTypH; ;

ISSN 2663-5712 85 www.sworldjournal.com



SWorldJournal Issue 23 /Part 1 () Q; \
- i‘x"’

B) cKJIaJl pobouoi Macu nayimea (Bosora, 3o01a, H, O, N, C) 1 iioro Butparty;

I) CKJIaJ AyTTS (OKMCHIOBAYa) 1 HOTO BUTPATH;

1) po3paxyHKoBI 3HaueHHs Ty 1 (BTpaTH Temia B TOBKILIA);

€) TEeIJIOMPOBITHICTh 1 TWHAMIYHA B’SI3KICTh MOBITPS JUIsl JEKUTBKOX 3HAYEHBb
TeMIIepaTypu;

) mo4atkosi Temmneparypu Topdy Te, 1 AyTTS;

3) MacoBa JI0JIs BEJIMKUX YaCTHHOK TOpdy (o) sKa BUMAJA€E 3 MOTOKY 1 hopMye
HITBHUN [Iap TajIrBa, a TAKOXK 1HII HEOOX1THI TOMOMI>KHI BEJTMUYNHHU;

1) pO3MipHU IPUCTPOIO (JlaMeTp 1 BUCOTA PEAKIIIHHOI 30HM).

IMocigoBHICTH pO3paxyHKiB

Criouatky po3paxoByroTbes 3HaueHHS Qpe 1 Qpa B (11), HE0OXiaHI BUTpaTH
kucHIo s peakiii (1), Butpatu nytts G, 1 Terio peakiii (1). [lotim Bu3HavaeTbes
SIKUW 3 peareHTiB B (2) € AedIilUTHUM, 1 BUKOHYIOTHCS PO3PaxXyHKH MaTepiaabHOTO
6anaHcy (To0TO, BUTPAT KOMIIOHEHTIB Ha BUXO/I1 3 IPUCTPOIO).

Jlam BU3HAYAIOTHCA BUTPATH TEIJIa HA BUITAPOBYBAHHS BOJIOTH, TEIJIO PEAKITii
(2), nns koxHoi Temnepatypu Tg — cTaTTi Qye, 1 Qya, @ 1S KOXHOTO B - Qen 3TIAHO
(12). IIpu po3paxyHKy (Pi3UIHOrO TEIIa pEYOBUH HEOOX1/IHI €HTaNbII] 3HAXOASTHCS
qiCIOBUM 1HTEerpyBaHHAM (QyHKUIT Ci(Ty).

3aKIIOYHUM €TaloM pPO3PAaxXyHKIB € BHU3HAYEHHS T, JUIsI KOXKHOTO [ mpH
JIOTIOMO31 JITHIWHOT IHTEPIOJIALIT Ta IHTETPATILHUX XapAaKTEPUCTHK MPOIIECY.

JApyk pe3yabTaTiB pO3paxyHKIiB

Cnouatky mependadeHuid BUX1J Ha JPYK YacTHMHHU BUXiAHOI 1Hpopmalii G, B
kr/c, Teo B °C, o 1 ckiag pobouyoi macu Topdy B MACOBHUX JOJISIX, a TaKOXK
po3paxoBaHux BUTpatT AyTTs G, B Kr/c. Jlami ApyKyrOThCS MIPUXO/IHI CTATTi TEIIIOBOTO
OanaHcy 1 3HaueHHs Qin B KJ[x/c.

[ToTiM Ha APYK BUBOIUTHCS TAOJMIIS, KA CKIAAAETHCS 3 TPhOX PSAKIB 1 ceMu
KOJIOHOK (1- # pspok - Ty B °C, 2-#1 1 3-i psaaxu - Que, 1 Qua, 1110 BIANOBIAAIOTH LIUM
temnepatypam, Tabmuus Qen (B) (aBa psaakm) 1 3HaueHHs Q. (yci Q; B k[[x/c).

Hactynuuii 610k orpumanoi iHpopMalii mpeacraBisie coO000 TabIUIo 3
JEB'SITH PAJIKIB 1 IIECTH KOJOHOK. B psakax 2 — 8 1 koJoHKax 2 — 6 IpUBOISATHCS
3Ha4eHHA Qou (K/K/C), 1110 BIAMOBIAAIOTH CEMU 3HaYEHHAM Temnepatypu Ty (BoHM
npuBeseHi B 1 — i KoJoHIIl) 1 I’ATU 3HaYeHb KoedilieHty P (mpuBeneHux B 1- My
PAIKY); B OCTAHHBOMY PSAKY IPYKYIOThCS 3HAUCHHS Te 115 pi3HUX 3.

[Ticas mporo APYKYIOTBCS TMapaMeTpud MarepialibHOTO OajaHcy mporecy —
BUTPAT Ta30BUX KOMIIOHEHTIB 1 TBEP/IOTO BYTJICIIO B KI/C Ha BUXO/Ii 3 IPUCTPOIO.

3akmouHuii GJIOK MiCTHTH iH(pOpPMAIiIo Mpo BUXix rasy (B HM>/ron) i eHeprii,
sIKa MICTUThCS B TIPOAyKTax rasudikaliii Ha BUXo/i 3 npuctpoto. TyT npykyrotscs 10
PAAKIB, MO JABa JUIS KOXKHOTO 3HadeHHs (. B HemapHuMX psakax MTPUBOIATHCS
3Ha4YeHHs (P13UYHOTO TeIlIa ra3y, TBEPJOTo BYTJIEIIO 1 30JIM, XIMIYHOT €Heprii ra3y 1
BYIJICIIO, TA CYMU IUX BEIWYMH B KJ[k/ToA. B mapHuX psakax — IpUBOIATHCS Ti K
napaMeTpH, aje BimHeceHi 10 1M’ rasy. Bcei BenuuuMHM sSKi BUBOIATHCS HA JIPYK
MarOTh BiJIOBITHUIN HAIHC.

Pe3yabTaTi AocaiTzKeHb. AHAMITUYHI JOCTIIHKEHHS TPOIECY MPOBOAUINCH B
HIMPOKOMY Jlarna3oHi MapameTpis:

- Temmneparypa nporuecy, 400 — 1100 °C;
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- BoJIOTiCTh TOpdy, 20 — 50 %;

- KUTBKICTh BYTJICIIIO, SIKAa BUMAIA€ B HIDKHIO YaCTUHY MPUCTPOIO, 5 -20%);

- 10JIs1 BTpAT TEIlIa B HaBKOJIUIIHE cepeaoBuiie 2 — 10%.

[Tpuxnan pe3yapTaTiB po3paxyHKiB MPUCTPOIO, 3 MPOAYKTUBHICTIO 35 KI/TOJ

dpesepuoro Topdy, mpu WP =30%, AP =12.6%, C—33,4 %, H- 3,5 %, 0 - 19,1
%, ipencTaBiieHo B Tabmili 3.

Pe3ynbpTatu po3paxyHKiB NPUCTPOIO MPH 301UIbIIEHH] HOTO MPOAYKTUBHOCTI 10
234 xr/roa, npuBeaeH1 HKYe. Tak, Ha PUCYHKY 2 MPUBEICHA 3aJICKHICTh KIJIBKOCTI
TEIUIOTH, HEOOX1THOI JIJIi TepMOXiMIUHOT KOHBepcii ¢pesepHoro topdy, Bij Horo
BOJIOTOCTI 1 TEMIIEpaTypu MpoIiecy.

Po3paxyHku MoKa3yroTh, 10 JJIA BEIEHHS Ipolecy mipoiizy Topdy (BepxHs
YacTHHA TIPUCTPOIO) HeoOxigHa Temreparypa Ha piBHI 450...500°C, a mns #oro
MOBHOI razu@ikaiiii (HWKHS yacTuHa npuctporo) B Mexkax 900...1100°C. I'pannyna
TeMIeparypa rasudikaiii 0OMexyeTscsi IPUPoAOcIo Topdy (BEpXOBUil, IEPEX1THUIM,
HU3WHHUIN) 1 TEMIIEpaTyporo MIaBKocTi ioro 3omu (1165...1250°C).

HeoOxiaHa KUIBKICTh TeTJia, JIs BEACHHS MPOLECY, OTPUMYETHCS 32 PaxyHOK
TeIuIa, SIKe BUAUIAETHCS 3 KOKCOBOTO 3aJIMIIKY, B HIKHIA YacTHHI MPUCTPOIO, NpU
HOTO0 TOBHOMY OKHMCJICHH1 BITLHUM (TIOBITpsI), ur 3B’ si3aHUM (CO,, H,0O) kucuem. s
KUIBKICTh TEIUIa OTPUMYETHCS 3a PIBHOBAXHOI TEMIIEpaTypH IMPOIECy, III0

e

e
AN

JOCATAETHCST HUIAXOM TOJa4l CTEX1IOMETPUYHOI KUIBKOCTI JIyTTS
HEOOX1AHOT 1JI MOBHOI ra3u@ikaliii TBEpA0ro BYIJICIIO 0 30JIH.

Taoauus 3 — Po3paxyHkoBi 1aHi nmponecy TepMoOXiMidHOI KOHBepcil
¢pe3epHoro Topdy, B NpUCTPOI 3 HIAPOM NAJTMBA, IKUHA 3ATUCHYTHI

rpaBiTaliiiHO | MPOAYBAETHCS NMONEPEYHO

(pucyHok 3),

MacoBa 10715 ITaJInBa sSKa BHIAIA€ B
HalimenyBanHs HIDKHIO YAaCTHUHY IPUCTPOIO
5% 10 % 15 % 20 %
®di3uvHe TeI1o ByTJeIo, kKJx /c 0,274 0,274 0,274 0,274
®dizuuHe Temno noBiTps, Kk /c 0,032 0,064 0,096 0,128
Tenno peakii (1) Qx1, kK/Ix /c 3,671 7,343 11,016 14,687
Temo peakii (2) Qx2, Kk /¢ 12,893 12,893 12,893 12,893
3araibHa KUTbKICTB Terna, KJk /c 16,872 20,576 24,280 27,984
Burpartu Topdy, Kr/rog 35 35 35 35
Butparu moBiTps. Kr/roj 4,65 9,3 13,95 18,6
Temnepatypa npu sIKii 3aI0BOJIBHSETHCS OanaHc,
npu BTpaTax Tera B, % 2 574,93 708,04 819,27 914,50
3 566,17 698.,7 809,27 903,94
5 548,86 670,54 789,01 882,4
7 531,15 660,38 768,49 860,76
10 504,88 631,63 737,72 828,31
BuTpaT ra30BUX KOMIIOHEHTIB, 10™kr/c
CO, 4,1 8,2 12,2 16,3
CcO 32,5 32,5 32,5 32,5
N2 11,3 21,3 31,2 41,1
H>O 29,2 29,2 29,2 29,2
CH4 13,6 13,6 13,6 13,6
C 7,2 6.1 5 3,8
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Pucynok 2 - KinbKicTh TenjoTn sika He00XiiHa 1JIs1 TEPMOXIMi4YHOI KOHBepCil
(¢ppeseproro Topdy piznoi BoJiorocti WP, % :
1-50;2—40;3—-30; 4-20.

XapakTep 3MIHHM PIBHOBaXHOI TeMIIepaTypH IIPOIECy B 3aJeXKHOCTI BiJ
KUTBKOCTI BYTJICIIO, 110 BUIIAJIa€ B HIKHIO YaCTUHY MPUCTPOIO 1 BOJIOTOCTI TOpy,
UTIOCTpye€eThed rpadikaMu Ha pUCYHKY 4. Po3paxyHku 3p00JieH1 3 BpaXyBaHHSAM BTpaT
TEIJIOTH B HABKOJIMIITHE CEPEIOBHINE Ha PiBHI 5%.

Kr/roxa

100
80

60 /
40 » /

20

s

0

0 5 10 15 20 @,%

Pucynok 3 - CrexioMeTpH4YHA KUIbKICTH AYTTS JAJIfl JOCATHEHHS] PiBHOBAXKHOL
TeMIlepaTypH npoiuecy, nNpu pi3Hiit Bosorocri topgy WP, % :
1-50;2—-40;3-30; 4-20.

PiBeHb pIBHOBaXHOi TeMIlepaTypHu Mpollecy, B 3HA4YHIA Mipi BIUIMBAE Ha
XapaKTepUCTUKHA OTPUMAHOTO Ta3zy B MpUCTPoi (Tabmuis 4). Sk BUIHO, KIJIBKICTh
TEeIJia, sIKe BUJUISAETHCA B HWKHIA yacTHHI mpuctporo (mpu o = 20%), UiIKOM
JIOCTaTHS JIJIs1 TEPMOXIMIYHO1T KOHBepCii ppesepHoro Topdy 3 Bosorictio 40%.
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PucyHok 4 - PiBHOBa:KHA TeMIiepaTypa npouecy B 3aJ1e;KHOCTI BiJl BOJIOTOCTI

Toppy WP, %: :

1-50;2—-40;3-30;4-20

Tabauusa 4 - XapakTepucTuKa razy TepMoxXiMiuHOI KOHBepcii ¢ppe3epHOro
TOp(dYy, B NIpUCTPOI NPOAYKTUBHICTIO 234 Kr/roa (npu BTpaTax temia 5%)

5

Q;

Te, °C COz, CO, Nz, H20, CH4, C, Vr, QPH, o, Wp,
kr/rog | kr/ron | kr/rox | kr/rox | kr/rox | kr/rox | am/roxn | MJx/am® | % | %

735,214,525 |89,68 | 14,76 | 46,8 36,5 22,34 120043 | 18,766 5

792,51 10,392 | 89,68 | 29,05 |46,8 36,5 20,74 | 21523 | 17,466 10 |20

907,5 | 22,124 | 89,68 | 57,61 | 46,8 36,5 17,57 | 244,83 | 15,336 20

470,7 | 5,27 78,21 | 16,11 | 70,2 32,76 | 18,63 | 217,03 | 14,949 5

5684 | 11,885 | 78,21 | 32,21 | 70,2 32,76 | 16,82 | 233,71 | 13,872 10 |30

7425 | 25,11 | 7821 | 64,41 | 70,2 32,76 | 13,22 |267,08 | 12,120 20

265 5,958 | 67,57 | 17,32 |93,6 27,14 | 1598 |231,5 11,570 5

3884 | 13,26 | 67,57 | 35,1 93,6 27,14 | 13,99 | 249,87 | 10,713 10 |40

592,8 | 27,85 | 67,57 | 70,6 93,6 27,14 | 10,00 | 286,70 9,317 20

87,0 |6,7 56,1 18,66 | 117 23,4 12,27 | 248,1 8,718 5

1952 | 13,98 | 56,1 36,4 117 23,4 10,28 |266,4 8,107 10 | 50

401,3 | 27,97 | 56,1 70,44 | 117 23,4 6,47 301,7 7,142 20

3araqpHa KapTHHA XapaKTEpUCTHK Tra3zy OTPUMAHOIO MPU TEPMOXiIMiuHii
KOHBepcii ppe3epHoro Topdy pizHOI BOJIOrOCTI, B IPUCTPOI 3 3 IIAPOM NaIUBa, IKUN
3aTUCHYTHI TPaBITAllIHHO 1 MPOIYBAETHCSA IOIMEPEUHO, LIIOCTPYETHCS TrpadikaMu
IIPUBEICHUMU HA PUCYHKY 3.

Pe3ynbTatu po3paxyHKiB MOKa3ylOTh, 110 IPU TEPMOXIMIYHIN KOHBEpCii 100pe
BUCYIIEHOTO TOpdy, MOxke OyTH OTpUMaHHM Troprouuii ra3, B KuibkocTi 10 300
HM?/TOJl 1 3 TEIOTON 3ropsHHsA Bix 15 mo 18 MJDk/uM’, 1m0 103BOJIsAE HOTO
BUKOPHCTOBYBAaTH 3 BHCOKOIO €(EKTHUBHICTIO B ICHYIOUHMX TEIJIOCHEPTreTHYHUX
yCTaHOBKaX, MPAIIOI0YUX Ha TPUPOJAHOMY T'a3i.
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Pucynok S - XapakrepucTuku rasy TepMoxiMmivHoi KOHBepcii ¢ppe3epHoOro
Topdy pizHoi Bosorocti WP, %: 1-20; 2 —-30;3-40;4-50

ne: --------- - MEenIoma 320pAHHA 2a3Y, - - - - BUXIO 2A3).

BucHoBku

byna po3risHyTa HEOOXIIHICTH 1 MPOOJIEMH BUKOPUCTAHHS HU3BKOCOPTHUX
TBEpJUX MAJIMB B MAJIMBHOMY OaJlaHCI €HEPIeTUYHOTO KOMILJIEKCY KpaiHU.

byna po3po6ieHa maTeMaTHdHa MOJENb MPOIECY TEPMOXIMIYHOI KOHBEpCIi
npiOHOGPaKIITHOTO MaJIKBa 1 TporpaMa Moro po3paxyHKy ISl IPUCTPOIO 3 IIapoM
najivBa, IKU 3aTUCHYTUH T'PaBITAIIIHO 1 TPOAYBAETHCS MOMEPEUHO, IO J03BOIUIIO
BU3HAYUTHU 1 ONITUMI3yBaTH KOO OCHOBI TEXHOJIOT1YH1 Ta KOHCTPYKTUBHI IMapaMETPH.

Tak, Oynu OTpMMaHHI BUXIJAHI JaHI OCHOBHUX TEXHOJIOTIYHUX MapaMeTpiB
MpoIIeCcy TEPMOXIMIYHOT KOHBEPCIT ppe3epHOro Topdy, B MPUCTPOi PO TyKTUBHICTIO
10 300 HM?/TO TOPIOYOro rady, 3 TEIJIOTOO 3rOPAHHS Bix 15 1o 18 MDx/um’.

[IpoBeneHi JOCHIIKEHHST BKa3ylOTh Ha MEPCHEKTHUBHICTH PO3pOOIEHOT
TEXHOJIOT1i, 10 OOYMOBJIEHO BHCOKOI TMPOAYKTHUBHICTIO Tporecy. Kpim Toro,
MOJIUBO TepepoOisiTH OyAb-iKi BUAM TNaiuBa 0e3 OOMeXeHb MO TemIiepaTypi
IIUTAKYBAHHS 1 3IaTHOCTI JIO CITIKaHHS, BOJOTOCTI Ta 30JIbBHOCTI BUXITHOTO TaJIHBa.
BaxxyimmBuM Takox € Te, 0 OTPUMAaHUN TOPIOYHUM a3 MOXKIIMBO BUKOPHUCTOBYBATH B
ICHyIOYMX CHEPreTHMYHHUX YCTaHOBKaX, WPHCTOCOBAHMUX JUIA  CIAJIOBAHHS
MIPUPOJIHOTO Ta3y, 0€3 X CYTTEBOI peKOHCTPYKIIIi.

Kpim Toro, mopsa 3 €KOHOMIEIO TPAAUI[IMHUX TMaJMB, BIPOBAKEHHS
PO3pOOIEHOTO MPUCTPOIO B TEINIOCHEPTETUKY, TO3BOJIUTH TAKOXK 3MEHIIUTH TETUIOBI
1 IIK1/1JTMB1 BUKUIU B HABKOJIUIITHE CEPEIOBUIIIE.
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Abstract. In the context of a shortage of energy resources and a constant increase in their
prices, increasing the efficiency of their use and comprehensive savings, in particular through the
use of low-grade fuels, is a priority area for the functioning of the country's fuel and energy complex.

The main problems of using such fuels, for example, milled peat, are low heat of combustion,
high humidity and ash content, as well as its wide and small-fraction composition.

This article proposes a schematic diagram of a device for the thermochemical conversion of
fine-fraction solid fuel into combustible gas, which allows it to be used in existing power units
adapted to burn natural gas.

Preliminary analytical studies of this process were carried out with the help of a developed
mathematical model and a program for calculating its main characteristics. The sequence of
obtaining the calculation results of this process is given on the example of milled peat.

The results of calculations of the main technological parameters of the process of
thermochemical conversion of milled peat for a device with a capacity of up to 300 nm*/h of
combustible gas with a heat of combustion from 15 to 18 MJ/nm® have been obtained.

Key words: milling peat, thermochemical conversion, mathematical model.
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Anomauin. B pobomi npedcmasneno pozensio suauvenns cucmemu HACCP ma ii npunyunie
wooo opearizayii eupobHuymea oOiemuunoz2o xapuyysauus. Ilposedeno ananiz nebesnex i
NOemanHo20 KOHMPONIO 3d YCiMA emanamu HNpucomy8aHHs OIEMUYHUX CMpasé i NpoOYyKmis
Xap4y8aHHs, NOYUHAIOYU 8I0 NPULOM)Y NPOOYKMIE HA CKAAO i 00 MOMEHM) No0awi 20moeoi cmpasu.
3anpononosano cxemy MOHIMOPUHSY OCHOBHUX €mMAanié ma BU3HAYEHO KOHMPOIbHO KPUMUYHI

MOoYKU OJis1 KOHMPONIO MEXHOLO2IUHUX Napamempie Ha OCHOBHUX emanax npueomy8anHs Oi€emuyHol

npooykyii. Ilposedeno ananiz emanie ma Hebe3neUHUX YUHHUKIB, 3aNPONOHOBAHO KOPUSYBANbHI OIi.
L]e cnoci6, axuii 0ae MOAHCIUBICMb BNEBHUMUCH, WO HeDe3NneyHi pakmopu, AKi MOXCYMb GNIUHYMU
Ha Xap4o8y be3neyHicmv, NOCMIIHO MA HANEHCHO KOHMPOTIOIOMbCAL.

Knwuoei cnoea: oiemuune xapuysamHs, 30anamcosame Xapuy8aHHs, 00008Ul pPAYioH,
eHepeemuyHa YiHHICMb.

Beryn.

I'onoBHa MeTa opraHi3aliii IIETUYHOTO XapuyBaHHS, 1€ BTOpUHHA TPOoQiTaKTUKa
MOXJTMBUX PEIUAUBIB 1 TPOTrPECyBaHHS XPOHIYHUX 3aXBOPIOBAHb.

Oxkpim BopoBakeHHs cuctemu HACCP, cy0’ ekt rocnogaproBaHHs, SKUH HAJa€e
MOCIYTH JTIETUYHOTO Xap4dyBaHHS, Mae OyTH BHECEHWH 10 JlepaBHOTO peEeCTpy
MOTY)XKHOCTeH omeparopiB puHKy (abo, y pas3i HEoOXiIHOCTi, OTPUMATH
eKCIUTyaTaliiauii 103B11). OnepaTop puHKY TOBUHEH MaTH MOXKJIIUBICTh BCTAHOBUTH
IHITUX OTEpaTopiB PHUHKY, SKI IMOCTA4al0Th KWOMY XapyoBi MPOIYKTH, TOOTO
3a0€3MeYUTH MTPOCTEKYBAHICTb.

Kontpons pobOoTu 3akmaay pecTOPaHHOTO TOCIOAApCTBA 3a JOMOMOTOIO
CUCTEeMH aHaJli3y PU3UKIB Ta KOHTPOIIO y KpuTHuHuX Toukax «Hazard Analysis
Critical Control Pointsy (HACCP) — BaxxiMBuii iIHCTPYMEHT JJIs1 KOHTPOJIIO O€3IeKu
XapuyBaHHsI. AJIMIHICTpallisl 3aKjia/iiB PeCTOPAHHOTO TOCHOIAapCTBa 3000B’s3aHa
BIIPOBAJIUTU Ta TOCTIHHO MIATPUMYBATH (PYHKIIOHYBAHHS TPUHILMUIIB CHUCTEMHU
HACCP Ha xapuo6inokax [1, 3, 6, 15].
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MeTa mocJhaiaKeHHS

[IpoananizyBaTu CTaH, MOXJIMBOCTI Ta MEPCIEKTUBH BIPOBAKEHHSI CUCTEMHU
HACCP wna mianmpuemMcTBaX pEeCTOPAaHHOTO TOCHOJAapCTBa  YKpaiHW, IO
CHEIIai3YI0ThbCsl HA TMPUTOTYBAaHHS MIETUYHUX CTpaB 1 MPOAYKTIB XapuyyBaHHS,
MOYMHAIOUHU BiJ MPUHOMY IPOIYKTIB Ha CKJIAJ 1 10 MOMEHTY IoJja4i TOTOBOi CTpaBH.

Marepiaiam i 10CTiIKEHD

B po6oti Oyno BUKOPHUCTAHO TEOPETUYHUHN aHaJI3 JPKEpeN 3 JaHOT TeMaTHKHU.
BusHaueHHs KpUTHYHHX KOHTPOJBHMX TOYOK Ta TOJANbIIEe PO3POOICHHS
KOPUTYBAJIbHUX JIIi BUKOHYBaJIOCh 3a mpuHiunoMm «Jlepesa pimens» HACCP, Ta
nukiny Ilyxapra-Jleminra (Moaens Oe3nepepBHOro mnodinmeHHs npouecis) PDCA
(Plan-Do-Check-Act) [6-7] Ta pu3uk-opieHTOBaHOTO MUCJIeHHS [4, 11, 17].

Pe3yabTaTi TAa 00rOBOpPEHHS

[IpyHIIMIIN BUKOPUCTAHHS JIETUYHOTO €(dEeKTy HOBHUX CTpaB pO3pOOJICeHI Ha
OCHOBI KOHIEMNIi 30aJaHCOBAHOIO XapuyBaHHsS, 3aKOHOMIPHOCTEH 310pOBOi
acUMUIALIT HyTPI€HTIB Ta y pa3i xBopobu [1, 10, 8, 14].

[{i mpuHIMnU 0a3yrOThCsl HA afamnTallii XIMIYHOTO CKJIaAy Ta CHEPreTUYHOI
IIHHOCTI [II€TH, TEXHOJOTIi BHPOOHUIITBA CTpaB Ta PEXKUMY XapuyBaHHS [0
MOPYIICHUX XBOPOOOIO (pepMEHTHHUX cucteM [9].

[onoBHOMO TpH IbOMY € (i3ioNoriyHa MOTpeda JTIOAMHN Y XapuOBUX PEUOBHHAX
Ta EHeprii, ska BIANOBIAAE CTari, BIKy, Ba3l TLIa, PIBHIO €HEPrOBUTpAT, KIiMaTo-
reorpadiuyHMM YyMOBaM ITPOKUBAHHS, @ TAKOXK 0COOMCTUM 3BUYKAM Ta HalllOHATbHUM
0COOJMBOCTSIM XapuyBaHHS.

TakuM YMHOM, y AIETUYHO-JTIKYBAJIbHUX J1€TAX HEOOX1IHO BHOCUTU KOPEKTUBHU
CTOCOBHO 30aJJaHCOBAHOCTI XapUyOBMX pPEUYOBHH, PEKOMEHIOBaHI /IS 3I0POBUX
JroAeH. Y NesKHuX Al€eTax Mae Miclle 0OMeXKeHHs O1JIKa, ajie¢ BOHO Ma€ MEBHI MEX1, 00
palioH MOBUHEH 3a0€3MEYUTH MIHIMaIbHY MOTpe0y y HE3aMIHHMX aMIHOKHCIIOTaX,
o0 He BUHHUKIA OUIKOBa HEMOCTATHICTh. KpiM TOro, parioH Mae 3aJ0BOJBHSTH
noTpeOy XBOPOTO B €HEPrii 3a paXyHOK BYIJIEBOMAIB 1 JKUPIB, a TAKOXK Yy BiTaMiHaX,
MiHEpaJbHUX PEYOBUHAX, HE3AMIHHUX KHUPHUX KUCIOTaX Ta XapyOBUX BOJOKHAX [8,
15].

VY pa3i po3BUTKY JESKMX 3aXBOPIOBaHb HEOOXIJHO KOMIIEHCYBaTH XapyoBi
PEYOBUHH, AKI BTPAYAIOTHCS OPTaHI3MOM. Y IHMX BUIIAJIKaX BMICT JIEIKUX HYTPIEHTIB
y palioHi Mae OyTH BUIIUM 32 (h1310JI0T1UHI HOPMH.

Crnoci0 kyniHapHOTo 00pOOIEHHS TPOAYKTIB 1 pEKUM XapuyBaHHS JI€TH MAlOTh
BIJIMOBIAATH CTaHy NPOIECIB TPaBICHHS 1 BCMOKTYyBaHHS NpoAykTiB. CTymiHb
iXHPOTO 3MIHEHHS HEOJHAKOBHI TMpH PI3HUX 3axBOproBaHHIX. OcoOIMBOCTI
3aXBOPIOBAHHS € OCHOBOIO ISl 1HAMBIAYyali3allii J1€TUYHOI Teparnii Ta CKEpOBAHOTO
30aradeHHs A1€TH He3aMIHHUMH YNHHUKAMU Xap4yBaHHs (BITaMiHU, MIKPOEJIEMEHTH,
MOJIIHEHACUYEH1 KHUPHI KUCTIOTH, HE3aMiHH1 aMIHOKHUCIIOTH Ta 1H.).

Kpim Toro, mo cknagy OLIBIIOCTI JIETUYHUX PAIliOHIB BKJIIOYAIOTh 010J0TTYHO
aKTUBHI JOOABKM TBAPUHHOTO Ta POCIMHHOIO IMOXOJKEHHS, HANPUKJIIAJ, Xap4OBi
BOJIOKHA, a TaKOX aHTUIOTH, 5Kl 3B’SI3yIOTh Ta BUBOJSATH 13 OpraHi3My TOKCHUYHI
PEYOBUHU, PATIOHYKIIIU, TPOIYKTH OOMIHY PEUOBHH.

[IpuroryBaHHs JI€ETUYHUX CTPaB CHPHSIE BTpaTaM BiTaMiHIB, MOTpeda B IKUX Y
XBOpUX JIIOAeM mijgBuileHa. ToMy y TYyHKTaX MNPUTOTYBaHHA 1XK1 y JKApHSX,
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caHaropisx 1 mpodigakTopisix o0OB’sI3KOBa J0/aTKOBAa BiTaMiHi3allisi TOTOBOI 1%kl
acKopOiHOBOIO KHCIIOTOI0 — 80 Mr Ha 100y A HOpOCHNX — il PEKOMEHAYIOThH 10
nepuux abo TpeTix crpaB 00iay. [Ipote B oprani3mi BUSBISIOTH 3BUYAHO JeDIIUT
He auie BitamiHy C, a i iHIIUX BiTaMiHIB. ToMy OOIpyHTOBaHO peKOMEHaLii 1Mo
HeoOXxigHOCTI 3amiHM BuOipkoBoi C-BiTamiHizamii Ki Ha IIOACHHUN TPHIIOM
IpernapariB IMOMIBITAMIHIB Y (i310JIOTTUHUX J03aX. 32 MEIUYHMMH MOKa3aHHSIMU
MOKJIMBO 30UIBIIUTH TPUHOM TIONIBITAMIHIB, a OKpeMi BITaMiHU MpPU3HAYATU Y
(dapmakosnoriyaux no3ax [17].

VY nieTudHOMY XapuyBaHHI CJIiJ] BpaXOBYBAaTH MICIICBUMN 1 3araJIbHUN BIUIMB 1K1
Ha OpraHi3M JIIOAWHU. Y TEXHOJOrIi MIETUYHUX CTPaB CIiJ JAOAEPKYBaTHCS TPbOX
BUJIIB IIQJIHHSA: MEXaHIYHOTO, XIMIYHOTO Ta TEPMIYHOTO. [bka moBMHHA MaTH
CMak) 1 6e3rnocepeHbO Ha TPABHUI KaHAJI.

[TpuBabivBHi BUTTIS AIETHYHUX CTPAB, MOJIIMIIEHHS IXHHOTO CMaKy Ta apoMary
3a JIOTIOMOTOI0 JI03BOJICHUX MPSHUX OBOYIB, 3€JICHI, IPUIIPAB, MPSHOIIIB HA0OYBaIOTh
0COOJIMBOTO 3HAYEHHS Yy JII€TaX 3 OOMEXEHHSIM Ha0Opy MPOAYKTIB, KYXOHHOI COII,
MepeBaKaHHSIM BIJIBAPEHUX CTpaB. 3HA4YHI 3CyBU (YHKIIA OpraHiB TpaBJICHHS
CIPUYUHSIOTH 3MIHY XIMIYHUX, MEXaHIYHUX 1 TEMIIEPATypPHUX BILTUBIB TXKI.

UuHHMM 3aKOHOJABCTBOM YKpaiHM IepefdadeHo, IMo Yy 3akiagax s
MPUTOTYBAaHHS JIETUYHUX CTpaB OOOB’S3KOBO Mae OyTH BIIPOBA/KEHA CHCTEMa
HACCP. Cniz 3a3Ha4uTH, 110 BOHA HE TapaHTy€e O€3MEUHICTh XapuyBaHHS J1JIs1 XBOPHUX
Ha nemakito [12].

Unenamu rpyn HACCP y 3aknagax pecTOpaHHOTO rOCIOAapCTBa MOXKYTh OyTH:
3aCTYIIHUKH JHPEKTOpIB, IIed-Kyxapli Ta cy-med Kyxapl, MEIH4YHl CECTpH 3
JIETUYHOTO XapUyBaHHS UM 1HII (paxOBl MPAIIBHUKHU 3aKJIA/IIB.

HACCP mae 3Mory opranizyBatu BUPOOHHUI TPOIECH Tak, MO0 OOIagHaAHHS
MpaIloBaJi0 TMPAaBUIBHO, a NPHUMINICHHS HE CTAaHOBWJIO 3arpo3u OEe3MeYHOCTI
Xap4yoBUX MpoAykTiB. HegoctarHbo nuie po3poOUTH JOKYMEHTallilo, MOTPiOHO
HaJIarOIUTH MPOLIECH Y TaKUH c1ociO, 00 iX onucary Ta HaJlaTh I0Ka3| TOTo, IO I
MPOIIECH JO3BOJISIIOTh BHUITyCKaTu Oe3MeuHy MpoayKiio. Po3poOneHHs TOKYMEHTIB
0e3 MiIKpIMJICHHST 1a00paTOPHUMH JTOCTIIPKEHHSIMU YM KOHTPOJIBHUMH 3aXOJaMH,
CIOpsIMOBaHUMHU Ha TIpoliec, He 3abesneuye BrpoBamkeHHs cuctemu HACCP.
OCHOBHI eTanu TEXHOJIOTTYHOTO KOHTPOJIIO HaBEAEHO Ha puc.l.

BaxxnuBo, mo6 s cuctema JiicHO TparroBaia Ta Oyia eeKTUBHOIO, a He OyIia
TITIbKM Ha manepi. HasBHICTh Ha MIANPUEMCTBI AaKTUBHOI CHUCTEMHU YHIPaBIiHHS
6e3neunicTio xapuoBux nponykriB HACCP — ne HajiiiHe miaATBEpKEHHS TOTO, 10
BUPOOHUK 3a0e3rmeuye BCi YMOBH, SIKI TapaHTYIOTh CTAOUIbHMNA BHUIYCK SIKICHOT 1
6e3neunoi mpoaykii [11].

CroniBatucs Ha Te, 110 npuadaBiu «ceptudikar npo BrposamkeHHs HACCPy,
MO)KHa mpairoBatu 06e3 mpobieM, He BapTo. HasBHICTH nuie ceptudikara HE €
MaHalee, TOMYy IO cucTeMa Mae e(EeKTUBHO IMpaIloBaTh Ha KOXHOMY eTarl
BUPOOJICHHSI XapyoBUX MPOAYKTiB. E(EKTUBHICTH BIPOBAIKEHHS TaKOi CHUCTEMU
MOCTIHO KOHTPOJIIOETHCS 1 TIEPEBIPSIEThCA aynuTopaMu J{epKIpocrioKuBCIyK0u
VYkpainu.
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MIOJITHEH 3aKyIBII CHPOBHEH Ta
Hamiedabpukarie y
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SAxicTs 0DCIYTOBYBAHHS, BEMOTH JI0 IIEPCOHAIY,
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GMP 6

e

Pucynok 1 — OcHOBHI eTanu KOHTPOJIIO IKOCTI Ta 0e3MeYHOCTi NMPOXYKIil
IDicepeno — asmopcvka po3pobka

BropoBamxkennss cucremu HACCP mnorpiOHO poO3MOYMHATA 3 aHAJI3y
BUPOOHHYHMX 1 IOTIOMI’KHHUX MOTOKIB. IX HEOOXiIHO OpraHi3yBaTu Tak, a0M YHUKHYTH
MepeXpecHOro 3a0pyaHEHHS (3a0pyIHEHHS XapyoBHUX TMPOAYKTIB XIMIYHUMHU,
OloNoriyHUMU 4 (PI3UYHUMHU HeOe3NMeUHUMHU (pakTopaMHu dYepe3 IMOBITPs, BOAY,
JIIOZIeH, 1HII XapuoBl MPOAYKTH, AOMOMIXHI MaTepiaiu s nepepoOKH, MPeAMETH Ta
MaTtepiaiid, 110 KOHTAaKTyIOTb 3 XapuoBUMH Tmpoaykramu). [locraigoBHICTh
BUPOOHMYUX TPOIECIB OPraHi3oByIOTh Tak, MO0 3a0e3neunT ixHe Qi3udHe
po3auieHHsT abo po3nuieHHs B 4aci. DizudyHe po3miieHHS BUPOOHUYWX MPOIIECIB
BUMAarae HalleXHO1 1HPpacTpykTypu. PosmineHHS BUPOOHWYMX MPOIECIB y dYaci
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BHMAara€e OMUC TEXHOJOTIYHUX MPOIIECIB Ta JOTPUMAHHS AMCLMIUIIHA EPCOHAIOM
[5].

[Tporpamu-nepenymoBu GMP (Good manufacturing practice) BUKOPUCTOBYIOTh
11 3a0e3MeueHHsT KOHTPOIIIO SIKOCTI Ta Oe3MEeYHOCT] pecTopaHHoi npoaykiii. B Hux
NPOMUCYIOTh METY, 3aBJlaHHS, €Tald KOHTPOJIO, KOPUTYBaJIbHI [1i, HEOOXIIHY
nokyMmeHTanio. HeoOxiHO 4iTKO BU3HAYUTH BCl TEPMiHHU, ciocoOu Ta HeOe3neyH1
(dbakTOpu B pecTopaHi, a TaKOXK MaTH KBamidikoBaHuX (axiBiiB sl 0HOPMICHHS
JaHO1 JOKyMEHTalli. 3 I[I€l0 METOI B 3aKiaJii PEeCTOPAHHOIO TOCIHOJapCTBa
ctBoproioTh podouy rpyny HACCP, mo mae 3aB4acHO po3pOOUTH KOPUTYBaJIbHI
3aX0AM JJI1  KOXKHOI KpuUTU4YHOI KOHTpoibHOi Touku (KKT), ski HeraiiHO
3aCTOCOBYIOTH Y BUIIAJKY, KOJIM MOHITOPUHT BKa3ye€ Ha BIIXWJICHHS BiJl KPUTUYHHUX
MEX.

[TinnpuemcTBo, BianoBiaHO 10 BuMor HACCP, MOBUHHO CTBOPUTH HaJICKHI
YMOBH 111 30epiraHHs: CUPOBHHH, HarliBhaOpHUKATIB, TOTOBUX XapYOBHUX MPOYKTIB,
JIOTIOMDKHUX MaTepialliB JiIi TEpepoOKH XapyoBUX IMPOJIYKTIB, MPEIMETIB Ta

MarepiaiiB, 0 KOHTAKTYIOTh 3 XapYOBUMH MPOTYKTaMHU.
Tepmin 36epiranus — 11e Mepioj 4acy, IPOTATOM SKOTO MPOAYKT 30epirae cBoi
SKOCTI 1 XapaKTePUCTUKH, BCTAHOBJICH] 1 OMKCAHI y BiJIMOBITHUX HOPMATHUBHUX aKTax
(ACTY, TY VYkpaian).
Takox BaXJIMBO JOTPUMYBATUCh YMOB 30€piraHHs Ta MEPiOJUYHO MPOBOIUTH
MOHITOPUHT IPOMIKHOTO 30epiraHHsi CApOBHHHM (Tadu. 1).

Taoauus 1 - MoniTopuHr BUkKoHaHHs1 nporpamu GMP.

. . O0'ekT KonTpoJsaboBani MeTtoau
Buxounaseus | IlepioanuHicTb
KOHTPOJTIO napamMeTpu KOHTPOJII0
. . Kourpoin
3aBimyBau SIkicHI .p .
Koxne ) BX1JHO1
BUPOOHUIITBA, . CupoBuHa i IMOKa3HUKHU Ta
) npuiiMaHHS Ha . JIOKyMEHTAaIlli,
KOMIPHHK MaTepiaau IMOKA3HUKHA . N
CKJIa Bi3yaJIbHHM
Oe3neku
KOHTPOJIb
[TpomixknHa SIkicHi
. MIPOIYKIS / IMOKa3HUKH )
3aBiqyBay Koxna poay ’ BizyanbHo,
. KOHTPOJIb B KOHTPOJIb
BUPOOHMIITBA | BUPpOOHMYA 3MiHA : . JTOKyMEHTYBaHHS
porieci TEXHOJIOTTYHOTO
BUPOOHUIITBA poIecy
3asitysad JlaGopartopHi SkicHi Bizyanenuit
Y JIOCJIIJIKECHHS |, I'oToBa IMOKA3HUKH Ta KOHTPOJIb,
BUPOOHMIITBA, | . . i
vxa BIJICJIIIKOBYBaHHS | TMPOIYKIIis MMOKa3HUKHU cKapru
yxap cKapr - MOCTIHHO Oe3rnexu CIIOKHBaYiB

Lorcepeno — asmopcvka pospodxa

3abopoHeHo 30epiraTu mopyu:
® TPOAYKTH, IO MAIOTh PI3KUI 3amax (HarpHuKiIaa, KOM4eHi BUpOOH, MPSHOIILI1)
3 MPOAYKTaMH, IIO JIETKO MOTJIMHAIOTH 3amax (MOJIOKO Ta KHCIOMOJIOYHA
MPOYKIIist, X116, OOPOIIHO);

ISSN 2663-5712

96

www.sworldjournal.com



A""}q

SWorldJournal Issue 23 / Part 1 \

® BOJIOT1 MPOJYKTH 3 CYXUMHU TIPOCKOMIYHUMU (I[yKOp, CLITb, CyX€ MOJIOKO);

® CHUPOBHHY 1 TOTOBY IIPOJIYKIIIO.

SkicHa NPOAYKINS BIAMOBIIHO JO BHU3HAYEHUX OOCATIB CHUPOBUHHHUX 1
MPOJAYKTOBUX 3amaciB, HEOOXIJHUX JJId HaJIaroHKEHOTO BUPOOHHYOIO MPOIIECY,
HaJIXOJUTh y BUPOOHWYI LIEXU I MOAAJBINOI OOPOOKH 3 METOI MPUTOTYBaHHS
JTIE€TUYHOI MTPOJTY KL,

BaxxnuBuM etanoM po3poOKHM CUCTEMU MOHITOPUHTY BUPOOHMIITBA Xap4OBOi
MPOJIYKIIii € KOHTPOJIb TEXHOJIOTTYHOTO MPOIIECY BUTOTOBJICHHS Xap4yOBOi MPOAYKIIiT

(puc. 2).

. .
MogiTopHHT BUpOOHHITTBA Xapu0Boi mpolykmii K Bﬂﬁbﬁ%ﬂm
.

IIporpamu-nepeyMoBH

PoGoua HACCP
Lie Good manufacturing practice

il
%

| HmOTpEMaHHS 3aKNAJKH CHPOBHHH Y BiIOBIHOCTI 0 BCTAHOB/ICHHX HOPM
"| Ta mopAmKy 3AlCHEHHS BEPOOHIIOIO IPOLeECy,;

.| BiAIOBITHICTS BUTOTOBIEHO] nponyml (mixe) po3poGmeHrM TEeXHOIOTITHIM
i JOKYMEHTaM 3a AKICHAMH Ta KUTbKiCHHMHA napaMeTpamMu,

nepesipse

BHXiJl HamiB()aOpHKATiB i rOTOBOI MPOTYKIIii;

A 4

Y

0(hOpMIEHHS BiIIOBIHOI TOKYMEHTAITIi.

Buxinni daxropu:
- BHXiJl TOTOBOI IIPOYKIIIL;
- OpraHONENTHYHI MOKA3HHKH;
- TeMIeparypa mojadgi;
- SIKiCTb CTPaB.

PucyHnok 2 - OCHOBHI eJieMeHTH MOHITOPHMHTY BUPOOHUIITBA Xap40BOi
NMPOoAyKIil
Icepeno: [5].

B cuctemi MOHITOpUHTY BHpPOOJIEHHS Xap4yoBOi MPOAYKILIi CIiJl BpaxoByBaTH
BXiJIHI Ta BuXigHi (aktopu. Jlo kepyrouux (HakToOpiB BiTHOCSATH MOCIHIJIOBHICTb
TEXHOJIOTIYHUX OTepalliid, 00J1aJHaHHS, YMOBU TEXHOJIOTTYHOTO MPOIIECY.

Puszuku 3a BuzHaueHHsM HACCP maroTh BiJHOIIEHHS 10 O€3MeKH MPOYKIIii.
Takox pu3MKH, SKI BXOMASITH JIO aHAI3y pPHU3UKIB, TMOBHHHI MaTH JIOCTAaTHIO
WMOBIPHICTh BUHUKHEHHSI B IIPOLIECI, MO0 OLIHIOEThCS, OYTH TOB’A3aHUMU
3 MPOJYKII€0, SKa BHUTOTOBJSETHCS Ta OLUIHIOETHCS I KOXXHOTO i  BHIY
i BUpOOHMYOTO TIPOIIEeCy Ha MiAMPUEMCTBI (Tadm. 2).
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Tabauus 2 - XapakTepucTHKA PU3UKIB
bionoriuni XimMi4H1 DiznuH1
[TaTorenni Oakrepii, [TpuponHi TOKCUHH (TOCTPi: OXPATOKCUH, | YJIaMKH
Bipycu abo TPIXOTEIHH, 3€apajeHOH, a(pIaTOKCHH - CKJIa,
napasuTH/MpoTO30a XpOHI4HI: ahJIaTOKCHH, nepeBa,
(mpocTi): CTEPUTMATOIMCTHH, MATYJIiH). IJ1aCTMACH,
KMIIIKOBA MaJInuKa Meranu (Miib, KaaMiid, PTyTh CBUHEIb). | METaly.
(Escherichia coli), 3aMIIKOBI IOMIIIKH OYUIIYBAIbHUX/ Ocobucti
JicTepisi MOHOLIMTOTEHHA ne31H(}iKyounx 3aco0iB. peui
(Listeria 3aIUIIKOB] JTOMIIIKY ITECTULIUIIB. (roBeipHi
monocytogenes), BUJIU Auneprenu (siLst, MOJIOYHI TIPOJTYKTH). BUpOOH,
CaJIbMOHEIIN JIoBUIbH1 200 TOKCHYHI XIMIKaTH (XIMI4HI pPYUYKH
(Salmonella), PEYOBHHM JIJIsl OUUIIICHHS 001 THAHHS, TOWIO).
30JI0TUCTHIA CTa(P1ITIOKOK MaCTUJIbHI PEUOBUHU, JTOMIIIKH JIJIs
(Staphylococcus aureus). 00poOKHM BOJIM TOIIIO).

IDicepeno: |7, 9].

['pyna po3pooxun HACCP miarBepmxye, 1m10:
® MpOLEIypH BUPOOJICHHS XapuyoBHX MPOAYKTIB BIJAMOBIIAIOTh BUMOI'aM
YUHHOI 3aKOHO1aBY0-HOPMATUBHO1 0a3u;

¢ y nporeaypax HACCP BpaxoBani ciieriudigHi 0COOIMBOCTI MOTYKHOCTI;

e npoueaypu HACCP MoxyTh BUKOHYBAaTHCS Ha IPAKTHIII.

Bci HaBeneni Butie pakTopu MarOTh OyTH MIATBEPKEHUMH JOKYMEHTAJIBHO.

AHani3 pyu3MKy MOJIATa€ B OLIIHIOBAaHHI MMOBIPHOCTI HOr0 BUHUKHEHHS i Baru
foro HacmiakiB. Pusuku, siki po3TisgaroTh IiJl 4ac aHaji3y PU3UKIB, — 1€ Ti, fKi
3 BUCOKOIO WMOBIPHICTIO MOXKYTh BUHUKATH B 3aKJIa/ll pECTOPAHHOTO TOCIIOIapCTBA.
VYl IHrpeieHTH, KOKEH €Tall MPOIIECy, a TAKOK 30epiraHHs rOTOBOI MPOYKIIIi CJIiJT
TEX PETENLHO PO3TIIAIATH.

Po6oua rpyna 3 HACCP npoBoauTh aHa13 pU3MKIB 1 BU3HAYAE HAJICIKHI 3aX0I1
KOHTPOJTIO 3 BAKOPUCTAHHSIM JIBOX OKPEMUX, ajie MOB’sI3aHUX OJMH 3 OJIHUM KPOKIB,
K1 HA3UBAIOTHCS «BU3HAYEHHS Ta OLlIHKA PU3HKiIB». BU3HAUEHHA Ta OIIHKA PU3UKY
BUKOHYIOTb TPH II1Ji:

® PU3UKM BHU3HAYAlOThCS HA KOXKHOMY €Talll MpoIlecy Ta g KOXXHOIO

CKJIaJIHMKa i MaTepiajy, 110 BUKOPUCTOBYIOThCS;
® PDU3UKMA  OIIHIOIOTHCA 3 METOI0  BU3HAYEHHS  IXHBOI  3HAYYIIOCTI
Ta UMOBIPHOCTI BUHUKHEHHS;

® aHaJI3 CIY>XUTh MIATPYHTAM AJi1 BU3HaUeHHs 3ax0A1B KOHTpoto (KKT).

Kputnuna koutposbHa Touka (KKT) — e TexHosoriunuii eran BUpOOHUIITBA
Xap4YOBHX MPOJYKTIB, HA SKOMY MO’KHA BIIPOBAIUTU KOHTPOJIb 1 AKHM € KPUTUUHUM
JUTsl TIOTIEPEPKCHHS] BUHUKHEHHS HeOe3neyHux (axTopiB abo iX 3MEHIICHHS /0
OPUMHATHOTO piBHS. [HIIMMHU clOBaMu, SIKIIO Ha MEBHOMY €Talll HE 3aCTOCYBaTH
KOHTPOJIb, 3’ IBUTbCSA BUCOKUN PU3UK BUTOTOBJIEHHS HEOE3MEYHOTO POAYKTY.
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Taoauus 3 - llincymkoBa Tadauus miaany HACCP

HavimenyBaHHSI IpOAYKTY

Eran Hebe3neunnii 3anpornoHoBaH1 No KKT | Kputuuna | Ilpouenypa | Kopurysanbhi nii | Jlokymenty- | Biamosi-
YUHHUK peryoBabHi il IrpaHUYHA | MOHITOPHUHTY BaHHS nanbHa
BEJIMYMHA KKT (mpoTokoJu oco0a
HACCP)
Otpumanns | biojoriunuit ITepeBipka KKT 1 He [TpoTokonu Bxigauit [TpoTokonu 3as.
Ta cepTudikartiB IKOCTI MTOBUHHO NepeBIPOK, KOHTPOJIb MepPEBIPOK, BUPOO-
30epiranHs Ha CUPOBHHY. OoyTu BUPOOHUYI CUPOBUHHU BUPOOHUY] | HUIITBOM
CUPOBHUHU Bukonanus Bumor MaTOTCH- KypHaIH KypHaIU
IIEPCOHAJIOM, HUX (xypHaI Hamaromxenns (xypnan | KomipHuk
KOHTPOJIb ITPOLIECY MIKpOOp- | KOpHUTYBallb- oOJaHaHHS KOPUT'YBaJIb-
raHi3MiB HUX Jii) HUX i)

Oxoinox- bionmoriuanii | Ilocrtiuuii texormsan | KKT 2 He [TpoTokon PemoHT Ta [TpoTokomn 3aB.
YKEHHSI 00J1aIHaHHS, MTOBUHHO NepeBIPOK, HaJIaroJPKCHHS NepPEBIPOK, BUPOO-
nepe; nepeBipka oyTH KypHaI 00J1aTHaHHS. KypHaI HULITBOM

peanizali€ero TeMrepaTypHHUX naTtoreH- | TeMmieparyp, | BigOpakyBaHHs | Temmepartyp,

CTpaBu PEXKUMIB. HUX KypHaI HESKICHUX CTpaB KypHaI
JloTpuMaHHS MIKpOOp- | KOpWUTYBajlb- | 3 IICPECBHINCHUM | KOPUTYBAIb-

TEMIIEpAaTypPHOIO Ta raHi3miB HUX J11 TEPMIHOM HUX Jii

4aCOBOTO PEKUMIB 30epiraHHs
30epiraHas
IDicepeno: pospooka aemopie
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KKT mae Tpu o3HaKu:

® € €TaroM TEXHOJIOTIYHOTO MPOLIECY, a HE MPOTPaMoOI0-IIePeyMOBOIO;

® Ha IIbOMY €Talll MalTh OYTH 3aX0/1 KOHTPOJIIO HEOE3MEUHOTro (haKkTopy;

® [IpU NOPYIICHHI HA IIbOMY €Tarl BCTAHOBJICHUX BUMOT Y T€XHOJIOT11
BUPOOHUIITBA MPOIYKT Oyje HEOS3MEUHHM.

Hnst BuzHaueHHs KKT 3acTocoByloTh e€Tanu TEXHOJIOTIYHOTO IMpolecy, SKi
CTaHOBJISITh BHCOKMHA PHU3MK BIATOBITHO JO pE3yJbTaTiB 3aCTOCYBAaHHS IEPLIOTO
npunuuny HACCP «Amnaniz HeGesneyHux (axtopiBy». s bOro BUKOPUCTOBYIOTH
npodeciitHe oOrpyHTYBaHHS a00 «IEPEeBO pilieHbY [4, 16].

Kontponbs nmieBocTi  po3poOJeHOT CHUCTEMU  PO3MIISIAI0Th, AaHATIZYIOUYU
niacymkoBy Tabnuiio miany HACCP 3 inentudikamiero KKT, cknaneny 3a ¢popmoro
tabs. 3. Buaineno nBi ocHoBHi KKT: Ha etami oTpuManHs Ta 30epiraHHsI CUPOBHHH
(KKT 1) ta Ha etami 0XOJOKEHHS TOTOBOI MPOJYKIli, 16 TOTPIOHO BpaxoBYyBaTu
TeMIlepaTypHUi pexxum Ta TpuBaiicTh 30epiranns (KKT 2).

OCHOBHUMHU 3ax0JaMu 110710 po3poOJieHHs Ta BiipoBakeHHs cuctemu HACCP
y 3aKJa/iax PEecTOPaHHOTO TOCMOAApCTBa €: BU3HAYECHHS Ta 3aTBEPKEHHS Miclii,
MOJITUKK, METH W 3aBJaHb, SKI HEOOXIHO BHUPIIIUTH B TPOIECl MiABUILECHHS
Oe3MeYHOoCTI MPOAYKINi, JOBEICHHS KOHIICMINI «HOBOi TMOJITUKH 3 SIKOCTI Ta
Oe3MeYHOoCT» J0 BCIX TMpAalliBHUKIB 3 METOI PO3’ACHEHHS 1i aKTyaJbHOCTI Ta
IPOBEJCHHS IMATPUMKU ii peajizaili Ha BCIX eTamax JIaHIFora TEXHOJOTTYHOTO
IPOLECY 32 JJOTIOMOTOI0 MOTHUBALlT IEPCOHAITY.

BucnoBku

Posrnsinyto mexanizm  BmpoBamkeHHs cucremu HACCP y  3akmanmax
pectopaHHoro rocnojapcrsa. Ak 6aunmo, cucreMa HACCP € gocuThk ckiagHOMO 1
MICTUTB 6araTo BUMOT PI13HOTO XapaKTePy, 0 CTOCYIOTHCS OKPEMHX KaTEeropid pUHKY
XapyoBUX MPOAYKTIB. /[0 3akiajiB AIETHYHOIO XapyyBaHHS, IO KOHTPOJIOIOTHCS
cucremoro HACCP, BuCyBalOTh JOCUTh KOHKPETHI BUMOTH ILIOAO 3a0e3MeueHHS
ririeHd BUPOOHMIITBA, 30€piraHHs 1 TpaHCIIOPTYBaHH BCiel nmpoaykuii. Jlorpumanns
IUX BUMOT Tiepeadadae MOHITOPUHT HeOe3neuHux (PakTopiB, KOHTPOIb BUPOOHUYUX
MOTY>KHOCTEH 1 MPOLECIB BUPOOHUITBA J1€TUYHOI MPOAYKIIi, 8 TAKOX ONEPATUBHE
pearyBaHHs Ha TMOTEHLIMHY HeOe3NeKy, [0 MOXX€ BHHHKHYTH Y 3aKjiajax
PECTOPAHHOI0 TOCIOAAPCTBA.
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Abstract. The work presents a consideration of the importance of the HACCP system and its
principles in relation to the organization of dietary food production. An analysis of hazards and step-
by-step control of all stages of the preparation of dietary dishes and food products, starting from the
reception of products in the warehouse and the moment of serving the finished dish, was carried out.
A scheme for monitoring the main stages is proposed and critical control points are defined for
monitoring technological parameters at the main stages of the preparation of dietary products.
Analysis of stages and dangerous factors was carried out, corrective actions were proposed. This is
a way to make sure that hazardous factors that can affect food safety are constantly and properly
controlled.

Key words: dietary nutrition, balanced nutrition, daily ration, energy value.
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STUDY OF THE INFLUENCE OF ORGANIC PUMPKIN PURE ON THE

QUALITY OF BREAD WITH OAT FLOUR
JOCJIIIKEHHS BIVIMBY OPTAHIYHOI'O T'APBY30BOI'O ITIOPE HA AAKICTb
XJIBOBYJIOYHUX BUPOBIB 3 BIBCAHUM BOPOLLIHOM
Hryshchenko A.M. / I'pumienko A.M.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID: 0000-0002-0617-6918
Hanzyna B.O. / I'an3una b.O.
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National University of Food Technologies, Kyiv, Volodymyrska, 68, 01601
Hayionanvnuii ynisepcumem xapuoeux mexnonoeiu, Kuie, Bonooumupcoka, 68, 01601

Anomauia. Bupoonuymeo opeaniunoi npooykyii Habyeae NOnyaisapHOCmi y 8CbOMY C8inii,
OCKIIbKU OP2AHIYHI NPOOYKMU He MICMAMb WKIOIUBUX O/ OP2AHIZMY THOOUHU WKIOIUBUX PEYOBUH,
Wo BUKOPUCMOBYIOMbCA 8 KOHBEHYIUHIU azpomexHonoaii. Cnocusants maxkoi npooyKkyii, 30Kkpema
Xniba 3 OpeaMiuHOi CUPOBUHU, CMAHe 3ANOPYKON (HOPMYBAHHS 300P0B020 XAPYYBAHHA ceped
HacenenHs, 0cooauso dimeu. B pobomi nasedeno pesynomamu 00CHiONHCEHb 3 MEMOI PO3POO.IEHHS.
peyenmypu xaiba 3 OpeaHiyHOi CUpoBUHU. 3aNPONOHOBAHO NOEOHYBAMU & peyenmypi OGOpOUIHO
KPYR SIHUX KYIbMyp ma npooyKmu nepepooxu 080y4is. /[ocnioxiceHo 6nius nope mepmooopoonenoi
m’akomi eapbysa copmy «bammepnamy Ha NOKA3HUKU AKOCMI X1i6a 3 000A6AHHAM BIBCAHO20
bopowna 6 kinekocmi 10 %. Bcmanoeneno, wo mexuonociuno obrpynmosano ooodasamu 25 %
2ap6y306020 nope 00 Macu 6OpowiHa, a 3a OiNLUI020 003Y8AHHS NOIPULYEMbCS NOPUCMICTb Xi0a,
3'A6IA€EMbC HAOMO BuUpadCceHutl 2apoOy3oeuil 3anax ma cmax. B pezynemami Oocniodcens
6CMAHOBNIEHO, WO 2apby3068e niope CNPUsE NOKPAUWAHHIO CMPYKMYPHO-MEXAHIYHUX 81acmugocmel
micma, npo wo ceiouamv pe3yibmamu OOCHIONCeHH PONIUBAHHS KYIbKU MICma ma RUmMomoz2o
00’emy micma 6 yuninopi. JlocniodceHHs 2a30ymMEOpeHHss micma C8IOYUms NpPO HEe3HAYHY
inmencughixayiro npoyecie 6PoOiHHA 8 micmi 3 2ap0y308UM nrope.

Kniouogi cnosa: 2apbysoge niope, gigcsine 60powHo, opeanivHuil Xiio, aKicms xa1iba, Kpyn sami
KYIbmypu.

Beryn

3 TOYKy 30py XapyoBOi IMHHOCTI XOOOYJIOUYHI BUPOOM HE € iAcanbHUMHU
npoxykramu [1, 9, 10, 11], a X XiMi4HMI CKJIaq MOXe OyTH TOJIIMIICHUN 3aBISKH
BUKOPHUCTAHHIO HETPAIULIHHOT CHPOBUHHU (IIPOAYKTIB IEPEPOOKH KPYIIiB, 0000BUX Ta
OJIIHHUX KYJIBTYp, OBOUIB, (PPYKTIB, MOJIOKA, 3€JIeH], To1IO) [4, 8, 14]. Ciix 3a3HauuTH,
10 MPOJYKTH, BHUPOIIEHI KOHBEHIIIMHHUM CMOCOOOM, MOXKYTh MICTUTH IIKIIJIHBI
PEUYOBHHHU, 110 TOB’S3aHO 3 TEXHOJIOTISIMH BUPOIIYBAaHHS Ta MEPEPOOKH CUPOBUHU
POCIIMHHOTO Ta TBApUHHOTO MOXO/KeHHs. OpraHiuyHa CHpPOBHHA 3 TOYKU 30Dy
0e3MeyHOCTI XIMIYHOIO CKJIaay Mae€ psl mnepeBar. BHpoOHHUIITBO oOpraHiyHOi
xJ11000yI04HOT TPOAYKLIT B YKpaiHl MOKU L]0 HE HAJIArOJI)KEHO, TOMY 1151 Tpodiiema €
aKTYaJIbHOIO JIJI TOCHIKEHHS [16].

B nitepaTtypHux mpkepenax € pe3yJbTaTd JOCHIIKEHb BHKOPUCTAHHS Pi3HOI
HETPaJUIIIHOT CUPOBUHHU, TPOTE, K MOKA3aJIN PE3yJIbTATH JIITEPATYPHOTO TMOIIYKY B
OCHOBHOMY B PEIENTYpy BHUPOOY JTOMAIOThH JIHIINEC OJWH BHJ CHUPOBHUHH, HAPHUKIAM]
MPOJIYKT MEPEPOOKU KPYI STHUX KYJIBTYp a00 OBOUYEBHUX.

ISSN 2663-5712 104 www.sworldjournal.com



ﬁ@ ¢
SWorldJournal Issue 23 / Part 1 { Y
S

Bukopucranss oBodiB Ta MPOAYKTIB iX MepepoOKH B TEXHOJIOT1T XJ11000yI0UHUX
BHUpOOIB 00yMOBIIeHO OararbMa MpuUYMHAMH. 30KpeMa, OBOUl OaraTi HE JHIIE Ha
Xap4oBi BOJOKHA, SIKI HE TOJPA3HIOIOTh ILUTYHKOBO-KUIIKOBUH TPAKT, ajie il MICTSTh
3HaYyHy KUIbKICTh MIHEpPAJIbHUX peuoBUH, BiTamiHiB [3, 5, 13]. IIpomonyrots
BUKOPHCTOBYBATH MIOpPE, CYIIIEHI MOPOLIKU, COKH, MacTH. Ha Hamry 1ymMKy oco0iauBoi
yBaru 3aciyroBYIOTh MPOAYKTH NEpPEepoOKH CBIKUX rapOy3iB, aJpke Taka CUpOBHHA
M1J/1a€ThCS MIHIMAJIBHOMY TEXHOJIOTITYHOMY BIUIMBY, BHACHIIIOK YOTO 30€piraroThCs
yCl IIHHI pe4yoBUHU. OAHUM 3 TMOTYKHMX HaIpsIMIB € BUKOPUCTaHHS MPOJYKTIB
nepepoOKH KpyIl' ssHUX KyJdbTyp (OOpollHa, BUCIBOK, 3apOJIKiB), OaraTux Ha Xap4yosi
BOJIOKHA Ta MiHEpasbH1 pedoBuHU [2, 4, 6,7, 12, 14].

[ToennanHs B oAHIN pelienTypi NPOAYKTIB NEPEPOOKH OBOUEBUX Ta KPYI STHUX
KYJbTYp, JAaCTh MOXJIMBICTh II€ B OUIbININ Mipi 30araTUTH XJ1000yI04YHI BHUPOOU
Xap4YOBHMH BOJIOKHAMH, MiHEpaTbHIMH PEYOBHHAMH Ta BiTaMiHaMH. 3BayKal0uH Ha Te,
10 TaKe HAMPAaBIICHHS 111€ HE JOCIIKEHO, OyII0 3aITPOIIOHOBAHO BUKOPUCTATH B OJTHIM
penenTypi BiBCsSHE OOPOIIHO Ta TapOy30BeE MIOPE.

Pe3yabTaTn 10CaiIKEeHD.

3 MeTO10 po3pO0JIEHHS PeLeNTypHr OpraHigYHOro XJ1i0a 3 T0AaBaHHSAM JIEKIIBKOX
KOMITOHEHTIB JJ1 30aradueHHs HOoro XiMIYHOTO CKJIay TTPOBEIH P TOCHIKeHb. byio
o0paHO CHpPOBHHY BUPOOHMKIB OPTaHIYHOI MPOIYyKIii B YKpaiHi, 30KpeMa BIBCSHE
OOpOIIIHO Ta OpraHivHi rapoy3u.

3riIHO0 MPOBEACHUX pAHIIIE AOCTII)KEHb BCTAHOBJEHO, IO MAaKCHUMAaJIbHO
MOXJIMBE JI03yBaHHS BIBCSIHOro OopomiHa Moxe Oyt g0 10 % 3amicth macu
NIICHUYHOTO OOpOITHa, IO HE BHUKJIMKAE 3HAYHOTO TMOTIPIICHHS MOKAa3HUKA
MOPHUCTOCTI, X04a MPHU3BOJUTH IO 3aTEMHEHHS M’ SIKYIIKM 1 MOSBU CHELU(PIYHOrO
3amaxy BiBca. byso 3anponoHOBaHO JOJAaHHS B OJIHIM pelenTypi BIBCIHOTO OOpOITHA
Ta TapOy30BOTO MIOPE, IO MOKE OKPALTUTH BIACTUBOCTI BUPOOIB.

[TpoBoaunu mpoOHI jJabopaTopHi BHUMIKaHHS 3 fgoaaBaHHsSM 10 % BIBCSHOTO
OOpoIIIHa 3aMiCTh MIIIEHUYHOTO Ta 3 JOJaBaHHSIM rapOy30BOro MOpe B KIJTLKOCTI 25 Ta
50 % no macu OOpOUTHSHUX KOMIOHEHTIB. [Trope roryBanu B J1abOpaTopHUX yMOBax 3
IpPOBapeHoi M’SIKOTI opraHigyHoro rapoysa copty «barrepnar». [lo3yBaHHs mrope
oOpanu omnuparouydch Ha Jedki momnepeaHi gociipkeHHs [15]. Ticto rortyBanwm
O0e3zonmapHuM crocoboM 3 gonaBaHHsM 2 % uykpy 4 % ooii, 3amimnyBaid B
JIBOIIBUJIKICHIM TICTOMICHJIBHIN MaliiHi 12 XB, BUMKaJIX (GOPMOBHM Ta TTOOBUH XJ110
npu Temmeparypi nekapHoi kamepu 210°C (3 mapo3BOJIOKEHHSM) 23 XBHIJIWHH.
PesynbTaTu qocnikeHs HaBeneHO B Tabiuii 1 Ta Ha pucyHky 1. ['apOy3oBe mrope
MOKpAIIly€ OPTaHOJIENITUYHI TMOKAa3HUKHM SKOCTI XJiba OpraHiyHOro 3 JI0JaBaHHSIM
BIBCSIHOT'O OOPOIIIHA, MAacKy€e crieru(iuHmii 3amax Ta IpyucMak BiBca 1 HaJla€ M’ SKYIIIIT
BUPOOY JKOBTOTO 3a0apBIICHHS, siIKe Oy/ie Kpalie cripuiMarucs croxkupadamu. [Ipote,
y pasi gogaBanHs 50 % mrope cnocTepiraeTbesl HAATO BUPAXKEHU, Ha Hally TYMKY,
cMak Ta apomar rapOy3a. 3a Takoro JJ03yBaHHS TOTIPIIYETHCS PO3MYIICHICThH
M’ SIKYIIKH, 3HUKY€THCS TOKA3HUK IOPUCTOCTI, 3HUKY€ETHCS 00’ €M BUpOOiB. Y BUpOOiB
3 50 % mrope Jenio miIBUIYETHCS (HOPMOCTIMKICTD, III0 HA HAITy TYMKY OOYMOBIIEHO
MEeKTHHOM Yy CKJajai TapOy3iB Ta y4acTIO Xap4yOBHX BOJIOKOH rapOy3a y mporiecax
CTPYKTYpOYTBOPEHHS. 3a HEBEJIUKHUX J03yBaHb IIOpPE IO3UTHBHO BIUIMBAE HA
MOKa3HUK SIKOCTI BUPOOIB, a MpU 30UIBIICHHI J03YBaHHS CHPUYMHSE TOTIPIICHHIO
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OpPraHOJIENTUYHUX MOKa3HHUKIB. BCTaHOBIEHO, 110 y BUMAJAKYy BMICTY B peLeNnTypi
xJ1i0a BIBCSHOTO OOpOITHa, TapOy30Be MIOPE MOIIIBHO JO/IaBaTH B TICTO B KUIBKOCTI
10 25 % no macu 6opoIIHa.

[Trope rapOys3a chpuuMHS€ HE3HAUHY IHTEHCH(]IKalil0 MpoIeciB OpoIiHHS,
BHACJI/IOK YOTO Ha 2-3 XB 3HUXKY€EThCS TPUBAIICTh BUCTOIOBAHHS TICTOBHX 3aIOTOBOK.

Taoauus 1 — Ioka3HUKM TEXHOJIOTIYHOTO MPOLIECY TA AIKOCTi BUPOOIB 3
BiBCSIHMM OOpPOLIHOM i rap0y30BHM IIOpe

3 nonaBa”HHSIM rap0y30Boro mwope, % 10
[Toxa3auku KoHTpoib Macu OOpoIIIHA
25 | 50
TicTo
MacoBa yacTka 422
o 42,1 422
BoJIOTH, %
KucnotHicTs, rpa:
-I109aTKOBa 1,6 2,0 2,2
-KIHIIeBa 2.4 3,1 3.5
TpuBasnictb OpoAIHHSA, 90
XB.
TpuBamicThb
P 42 39 38
BUCTOIOBAHHS, XB
X110
[Topucricts, % 76 78 77
[Tutomuii 06’em, r/cm? 0,32 0,34 0,30
H/D noposoro xii6a 0,53 0,55 0,56
Kucnotnicts ximba
’ 2,1 2,7 3,1
rpaja
I'manka, piBHa, 6e3
MIAPUBIB Ta TPILIAH
) I'manka, P TPIIHH,
['manka, piBHa, BHa. Ges CBITJIO KOpUYHEBA 3
CraH moBepxHi 1 0e3 miapuBiB Ta Hpm I/I];iB a | JKOBTHM BiaTiHkoMm. Ha
3a0apBIICHHS TpIILKH, . p1 - MOBEPXHI MOMITHI
30JI0THCTA P ’ MaJICHbKI IITIMaTOYKH
CBITJIO-)KOBTAa , .
BOJIOKOH M’ SIKOTI
rapOy3a
o, Kpemoguii 3 CaiTiio- . .
Komip M’ aKymkn . o . Bupaxxenuit xoBTUN
CIpUM BIJATIHKOM YKOBTHM
) 10Ha Cepenns 10Ha, piBHOMIpHA
CrpykTypa nopHucTOCTI .I[p L - CPEAL, Hp >Hd, PIBHOMIDHd,
piBHOMIpHA piBHOMIpHA TPIIIKY YIIIJILHEHA
BimuyBaetrbca | BimuyBaerbes o
ATy Aty Hanro Bupaxenui
) pUCMaK Ta CMax Ta .
Cwmak 1 apomar : rapOy30Buii 3anax,
3aIrax BIBCSIHOT'O apoMar .
OBOYEBHUI MPHUCMAK
OoporrHa rapOy3a
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Pucynok 1. Opraniunumii x:1i0 3 107aBaHHAM BiBCcsiHOTo OopomHa (10 %)
Ta rapoy3oBoro mwpe: 1 — KOHTpoJIb (0€3 rapoy3oBoro mwpe), 2 —3 25 %
rap0y3osoro mwope, 3 —3 50 % rap0y3oBoro mwope.

JlocimKyBany BIUIMB rapOy30BOT0 MIOPE Ha CTPYKTYPHO-MEXaH14H1 BIACTUBOCTI
TICTa Ta Tra3oyTBOpPEHHs. ['a30yTpuMyBallbHYy 34aTHICTH OLIHIOBAJIM 32 MHUTOMHM
00’€MOM TiCTa B IIMIIHJPI1, 2 POPMOYTPUMYBaAJIbHY — 3a PO3IUIMBAHHIM KYJIbKHU TICTa,
Ipu JoAaBaHHI TrapOy30BOro mwope B KiuibkocTi 25 Ta 50% no macu OopoiHa.
Kontponbaum 3paskom Oyino Ticto 3 BMicToM 10 % BiBcsiHOro OopormiHa 0e3
J0/IaBaHHSI rap0y30BOT0 MIOPE.

Jlns pociipkeHHsT 3MIHM B S3KO—IUJIACTUYHUX XapaKTePUCTHK KyJbKa TicTa
miJiIaBasiack pepMeHTallii mpoTsroM 2,5 roauH y TepMoctarti 3a temmeparypu 30°C.
(puCyHOK 2).

OcHoBHOM

= .
OcHoBHOMU
ﬁﬁ
OcHaBHOM
=

**© * KoHTpoih

Ocn-%aHoﬁ
=i =825 % mope

OcroBHOM
o

Ociaror
cHHBHOM
<

[ . —+— 50% mrope
OckdsHoit ' | ' | ' i ' i : x : | P

OcHoBHoM OcHoBHoM OcHoBHOM OcHoBHOM OcHoBHOM OCHOBHOWM
TpuBasicth OpoOiHHS, XB

PucyHnok 2. — Bisius rap0y30B0ro nmiope Ha po3IJIMBAHHS KYJbKH TiCTa
3 10JaBaHHA rap0y30Boro mmwope.

B pobortax nesxux aBTOpiB 3a3HaueHo [1, 2], 1o BiBCAHE OOPOIIHO MOXKE
CIIPUYUHATHA TOTIPIIEHHS CTPYKTYPHO-MEXaHIYHMX BJIACTUBOCTEM TiCTa, BHACHIJAOK
YOro MOTIPHIYETHCS (POPMOCTIMKICTH BUpoOiIB. Hamr gochiakeHHs MOKazaiH, IO
KYJBKH TICTa 3 IOAaBaHHSAM TapOy30BOT0 MIOpPE PO3ILIMBAIKMCS MEHIIE, 1[0 CBIIYHUTH
PO MO3UTUBHUH BIIUB IMIOPE HA CTPYKTYPHO-MEXaHI4YHI BIACTUBOCTI TICTa, HaBITh HE
3Ba)KarO4yM Ha Te, 110 BOHO MICTUTh BiBCSIHE OOpOITHO. K BiKe 3a3HAYaI0Ch, 116 MOXKE
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OyTH 00YMOBJICHE BIUIMBOM INEKTHHY, XapuOBHX BOJOKOH M’SIKOTI, Ta B MEBHIM Mipi
BIUTMBOM OpTaHIYHUX KHCIOT rapOy3a Ha KIEHKOBUHY OOpOIIHA, WO CIpHIE
YTBOPEHHIO OUIBII B’S3KOTO TICTA, 10 Kpare TpuMae hopmy.

JlocmimKyBanmu TakoXX 3MiHY THUTOMOTO 00’€My TicTa B IWTHAPI (32 yMOB
depmenrauii 30°C). Busznauanu nutomuit 06’em Ticta yepe3 kKoxHi 30 XB, IO
XapaKTepU3ye 3/1aTHICTh TICTa YTPUMYBATH BYTJIEKHCIIUHI Ta3 (PUCYHOK 3).

OcHoRHOM
~

cMm3

-+ @--- KoHTpOIIB

OCHO%HOI/I *. — T — M |
2 25 % mrope

OCHOEHoﬁ
©
o

50% mrope

e
OCH0§H0171 ' 2
o

=

=
OCHEHOIX
OcuoBHoii OcHoBHOM OcHoBHOM OcHOBHOW OcHOBHOW OCHOBHOM

TpuBainicte OpoAiHHS, XB

Pucynok 3. — Iluromuii 06’eM TicTa 3 rap0y30BUM MIope

CrocTtepiranu, o MNpOTATroM MEPUIOi TOJUHU OPOAIHHS TUTOMUN 00’ €M 3pa3KiB
TiCTa 3 J0JIaBaHHIM TapOy30BOTO IMOpe OyB MEHINUM, MOPIBHSHO 3 KOHTPOJIEM, IIIO
CKOpilie 3a Bce 0OOYMOBJIEHO OUIBIIOI B’S3KICTIO TicTa. CTIWKICTh KOHTPOJIBHOTO
3paska (Jac 710 omaJlaHHs TicTa B IMIIH/P1) MeHIIa. ToOTO peuoBUHM, IO MICTSTHCS B
mope rapOy3a B 1aHiil perenTypHIA KOMITO3HUIII] CIPUSIOTH YKPITIEHHIO KIICHKOBUHH,
MOKpPAIIaHHIO B’ A3KOCTI TICTA, IO CIPUYUHSE OUTBIINNA HOTO MTUTOMHM 00’ €M 1 Kpaliy
CTIUKICTb.

Busznayanu BrmB rapOy30BOro MiOpe Ha Ta30yTBOPEHHS B TICTI, OCKIJIbKH B
rapOy30BOMy IMIOpPE MICTATHCS I[yKPH, SIKI MOKYThb BIUIMBAaTH Ha Tepedir OpoaiHHS
TicTa. 3a JTaHUMHU HAYKOBOI JITepaTypu 3aJie’)KHO BIJ COpTy rapodysza B HOTro
cKJ1aai Moxe MmicTutucs Bix 4% 10 8% uykpis [13]. B skocTi KOHTPOIBHOTO 3pa3ka
— TicTO 0€3 J0/IaBaHHs MIOpe. 3BaXKar0uu Ha Te, 110 B pELenTypi TicTa MICTHIIOCH 2 %
IyKPY, T0JaBaHHS MIOPE MPAKTUYHO HE BIUIMHYJIO HA IHTEHCUBHICTh Ta30yTBOPEHHSL.

800

©
g 700 o
5 600 T
Qe || e 9
H = oy
= O ) ~> .......K HTpOHB
m 400 >
2 O 300 - 3-25 % mrope
20 I I
% 200 2 350% mrope
5 100 =
& 1

0 @

0 50 100 150 200
TpuBainicts OponiHHS, XB

Pucynok 4. — CymapHe ra3oyrBOpeHHsI B TiCTi 3 rap0y30BuM IIope.
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3BaKalO4u Ha pe3yJbTaTH IPOBEIECHUX JIOCHIJKEHb MOXKEMO 3pOOUTH
BHCHOBKH, 1110 J0JaBaHHsS rapOy30BOTO MIOpEe HE COIPUYMHUTH 3HAYHUX 3MiH B
TEXHOJIOTIYHOMY TMpoLieci BUpoOHULITBA XJI1000yJIOUHUX BUPOOIB.

BuchoBkmu.

Pe3synabpTatu nocnipkeHb BIUIMBY rapOy30BOrOo IIOpE 3 OpraHidyHoro rapOysa
copty «barrepHar» mMoOKazanM JOIUIBHICTP WOTO BHUKOPWUCTAHHA B TEXHOJOTI]
MIIIEHUYHOTO OPTaHivHOTo XJi0a, o MicTuTh 10 % BiBCSIHOTO OOpOIITHA B PEIEHTYP.
['apOy30Be miope Jae MOXIMBICTH MOJIMIIMTH apoMaT BHPOOIB, MOKPAIIUTH
3a0apBIICHHS M’ IKYIIIKH Ta CKOPUHKH, a 3a11aX BIBCSIHOTO OOPOITHO CTA€ HEBITUY THUM.
BcranosneHo, 1o mope AOLUIBHO J0/IaBaTH B KUIBKOCTI He Oinbiine 25 % 1o macu
OOpoIlIHA, OCKUIbKM 32 OUIBIIOTO JT03YBaHHS MOTIPUIYETHCS CTPYKTypa MOPUCTOCTI,
3MEHIIYETHCS MUTOMUM 00’ €M BUpOO1B, a 3amax cMak rapOy3a CTa€ HaJTO BUPAKEHUM.
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Abstract. The production of organic products is gaining popularity all over the world, because
organic products don't contain substances harmful to the human body, which are used in conventional
agricultural technology. Consumption of such products, in particular bread made from organic raw
materials, will become a guarantee of healthy nutrition among the population, especially children.
The work presents the results of research aimed at developing a recipe for bread from organic raw
materials. It is proposed to combine cereal flour and vegetable processing products in the recipe.
The effect of puree of heat-treated pumpkin pulp of the "Butternut" variety on the quality indicators
of bread with the addition of oat flour in the amount of 10% was investigated. It was established that
it is technologically justified to add 25% of pumpkin puree to the mass of flour, and with a larger
dosage, the porosity of the bread deteriorates, and an overly pronounced pumpkin smell and taste
appears. As a result of the research, it was established that pumpkin puree helps to improve the
structural and mechanical properties of the dough, as evidenced by the results of the research on the
blurring of the dough ball and the specific volume of the dough. The study of the gas formation of the
dough indicates a slight intensification of fermentation processes in the dough with pumpkin puree.

Key words: pumpkin puree, oatmeal flour, organic bread, bread quality, cereals.
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Abstract. Today, in connection with the increase in the scale and complexity of automated
control systems, the problem of ensuring their reliability is becoming increasingly acute. The article
analyzes the main methods and means of increasing control reliability in automated control systems.

Key words: automated control systems, reliability of information, fail-safe control systems,
increased reliability, redundancy, reconfiguration, structural redundancy.

Introduction.

The effectiveness and quality of functioning of automated control systems (ACS)
significantly depend on the reliability of the source information and the values obtained
because of processing. The necessary reliability of information in the ACS is ensured
by the selection of effective control and error correction systems at all stages of data
processing and storage, optimization of their storage structures. The development and
operation of ACS, which provide the maximum or specified level of data probability
in conditions of limited resources, is a complex problem that includes the following
tasks: the development of methods for analyzing data processing systems from the
point of view of probability, the development of methods for the synthesis of control
systems that are optimal according to the selected performance criteria and error
correction, development of optimal data processing technologies in the operation of
ACS.

Requirements for the reliability of information are mandatory for any ACS. There
is enough documents in various fields that regulate the main methods of probability
control. Sensor readings, based on which system management decisions are made,
should be as reliable as possible.

Main text.

The analysis of well-known publications in the field of reliability and validity of
ASC work shows that mainly the diagnosis of ACS work is implemented using discrete
methods of information processing [2]. This makes it possible to expand the
possibilities of control and diagnostics due to the use of computing tools of
programmable logic controllers (PLCs) and to increase the reliability characteristics.

Special measures must be taken to ensure and maintain the required system

ISSN 2663-5712 111 www.sworldjournal.com



SWorldJournal Issue 23 / Part 1 |

reliability during operation. The main ones are:

1. simplification of structural of individual devices and the system as a whole.

2. use of highly reliable elements with guaranteed reliability.

3. reducing the load on the elements and stabilizing the operating conditions of

the equipment.

4. application of structural redundancy of devices and elements.

Technological means of increasing reliability are based on the use of a wide range
of methods of improving the quality of system components at the stage of their
manufacture.

Structural and hardware implementations at the initial stages of development are
reduced to the creation of the minimally necessary version of the system, that is, such
a variant that contains the minimally necessary number of elements, the failure of each
of which leads to the failure to perform one or more functions and provides for the
processing of the minimally necessary amount of information in the minimally
acceptable time of period.

The reliability characteristics of the minimum required version of the system do
not always satisfy the proposed requirements, which forces us to look for ways to
increase the reliability of the system being developed.

The issue of increasing reliability should be addressed, first and foremost, based
on the development and implementation of highly reliable components used in the
system.

Among the structural methods of ensuring system reliability, two groups of
methods are distinguished: methods based on the redundancy of their components, and
methods that involve reconfiguring the system in case of failure situations.

Methods of system reconfiguration involve altering the operational configuration
of the system during its operation. This may result in changes to individual
performance metrics, such as memory capacity, processing speed, or reliability
parameters.

Redundancy is a method of ensuring the reliability of an object by utilizing
additional resources and/or capabilities that exceed the minimum necessary for
performing essential functions.

Methods of system redundancy assume the stability of the basic working
configuration of the system during its operation. In the event of component failures
within the system, a straightforward replacement of the failed blocks with functional
backup blocks takes place. This replacement can occur either through operational
equipment switching (in which case the system downtime is considered insignificant)
or as part of the process of restoring the failed blocks (in this case, the analysis of
system reliability considers the finite restoration time).

However, the possibilities of redundancy are limited. This is because a significant
increase in the meantime between failures of a device, even in the extreme case, can
only be achieved with a practically unrealizable total number of its elements.
Moreover, the greater the redundancy factor, the lower its relative efficiency [3].
Single, double, triple, and tenfold hot redundancy of one element results in an increase
in the meantime between failures compared to the non-redundant option by 1.5, 1.8,
2.1, and 3 times, respectively. Analyzing the potential of overall loaded redundancy is
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not practical because such redundancy is less effective than element-wise redundancy.
Replacement redundancy requires significant hardware complexity.

However, in ACS and any other hardware, failures can also occur, leading to
disruptions in the correctness of system operation through the distortion of information.
To eliminate the consequences of a failure, it is necessary to restore not the hardware,
as 1s done in the case of a failure, but the information distorted by the failure.

Hardware of discrete action, as well as hardware used for transmitting information
with discrete signals, is particularly susceptible to failures. In discrete devices, the
failure intensity can reach (0,2-2)10"* 1/per hour failures per transistor. Experimental
data indicate that in discrete hardware, failures have a significantly higher specific
weight compared to faults.

The reliability of discrete devices can be enhanced by introducing structural
redundancy, where the outputs of devices or systems in a reserved connection are
combined by a recoverable logic element (majority element). Such redundancy can
also be implemented at a lower level. To detect a failure in each of the channels, mere
duplication is sufficient, and information recovery is possible with three or more
channels working in parallel. Such redundancy is quite effective, especially in dealing
with faults, but it requires significant overhead. Its effectiveness is significantly
reduced in the event of a failure.

To enhance the reliability of system operation, information redundancy can also
be employed. For example, redundant error-correcting codes or multiple repetitions of
non-redundant code can be used in information transmission through communication
channels. It is known that a significant information redundancy is required to correct
multiple distortions. The use of error-detecting codes in data transmission systems,
combined with feedback, is also associated with significant redundancy. This is also
true for the repeated transmission of non-redundant codes.

It should be noted that information redundancy inevitably leads to structural
redundancy, complicating the system and reducing its reliability. Information
redundancy is effective only in mitigating the consequences of failures. As for reducing
the impact of failures, its capabilities are quite limited.

The possibilities of ensuring the necessary operational efficiency of systems
solely through the implementation of direct methods to enhance hardware reliability
are limited. Alongside the application of these methods, the required efficiency can be
achieved through the timely restoration of failed devices and the proper handling of the
circulating information within them. To implement restoration, it is necessary to have
information about the state of the system's hardware, as well as the quality of
processing, transmission, and storage of information within it. This information can
only be obtained through monitoring.

Monitoring provides the ability to timely detect, and address failures and adverse
consequences caused by them. It can be concluded that achieving the necessary
reliability and efficiency of systems is most reasonable through the implementation of
direct methods to enhance hardware reliability, coupled with monitoring and
subsequent resolution of failures and their consequences.

Types of control are classified based on: the purpose of implementation; the depth
and completeness of performed checks; the degree of automation of control operations;
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the timing and sequence of their implementation; the type of constructive
implementation of control means and their location relative to the objects of
verification; the hierarchy of management; the type of implemented decision-making
rule; regarding the modes of operation of the system being checked.

Depending on the goal of control, it can be classified as operational control and
diagnostic control [4].

In operational control, the goal of checks is to timely detect the absence or
presence of malfunctions in the system under examination, as well as deviations in the
form of failures in the output information.

In diagnostic control, checks are conducted with the aim of determining the
location and cause of a malfunction or the nature of a failure. These types of control
are based on various verification methods, which are technically implemented and used
differently in different conditions.

In general, operational control is a component of diagnostic control. In principle,
diagnostic control can almost always be carried out without knowing whether the
system is operational or not. However, implementing diagnostic control typically
requires more time. Therefore, as a rule, operational control is performed first as it is
simpler and requires less time. Then, if necessary, a diagnostic check is conducted.

Hardware control is a form of control that operates continuously throughout the
entire operation of the system, running in parallel with the execution of the primary
tasks. It 1s implemented through the integration of control equipment into the system's
structure.

According to the principles of practical implementation, hardware control can be
divided into modular control, control using error-correcting codes, hardware-
microprogram control, and majority control.

Because hardware control operates continuously throughout the entire functioning
of the control object, it allows detecting both faults and failures at the moment of their
occurrence or with a delay of one or two operations. Since the control operations are
carried out in parallel with the main process of information processing and
transmission, hardware control practically does not reduce the performance of the
system's resources.

Thus, among the advantages of hardware control, its continuous operation, the
ability to detect both faults (failures) and errors at the moment of their occurrence,
automatic localization of faults with precision up to the functional node (more accurate
localization is achieved through diagnostic tests), and the ability for self-checking can
be mentioned.

A disadvantage of hardware control is the need for the introduction of additional
control equipment, which itself may serve as a source of faults and failures in operation.

Conclusion.

The described methods and means provide practical implementation of hardware
and information recovery, ensuring necessary reliability and durability of systems
during their operation, as well as the required likelihood of information transmission
and processing.

A properly organized control enhances the adaptability of the system being
monitored to prevent, detect, and rectify failures, thus improving its maintainability.
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Therefore, the quick restoration of control and the elimination of the consequences of
failures and malfunctions is a powerful and, in many cases, the only method to maintain
the required level of reliability during operation and ensure the necessary probability
of information processing and transmission.
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Abstract. Ha cb0200HiwHill OeHb V 38'A3Ky 3 RIOBUWEHHAM Macuimadie i CcKIaoHocmi
ABMOMAMU308AHUX CUCHEM KepPY8aHHs, yce OLibui 20cmpo nocmae npobaema 3abe3neveHus ix
Haoditunocmi. Y cmammi nposedeno amaniz 0CHOBHUX Memodie ma 3aco0ie nioguuerHHs HaIUHOCMI
KepYBaHHsL 6 ABMOMAMU30BAHUX CUCTNEMAX KePYBAHHSL.
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Anomauin. Y cmammi npogedero nopieHsaHHs ancopummie kiacmepusayii oanux: K-Means,
Hierarchical Agglomerative Clustering (HAC), Density-Based Spatial Clustering of Applications
with Noise (DBSCAN), Expectation—Maximization clustering using Gaussian Mixture Models
(GMM). IlopisHuanmus 30ilCHIOEMbCS 3A805KU HANEPEO 32eHePOBAHUM HADOPAM OAHUX, SKI MArOMb
Pi3HULL Xapaxkmep No8edinKu: KOHYeHmpuuHi kona (2 xnacmepu), cmyxucku (3), xmapu (3),
Hepo3oinvHa mHodxcuna (1), cepnu (2). [Hnsa xoocnozo 3 HaboOpie Oanux 3aCcmMoCO8aHO nepeniueHi
Memoou i BUBHAYEHO HAUKPAWULL aieopumm Kiacmepusayii 0 negHo2o muny oanux. Posensnymi
aneopummMu Kiacmepuzayii OaHux 000amKo80 3aCmoco8aHo 00 Mpbox HAOOPI8 peatbHux Oanux. /s
gizyanizayii - pe3yibmamié  NOPIGHSHHA  CMBOPEHO  [HMEPAKMUBHUL  68e0-3ACMOCYHOK — O0Jis
IHMepakmuenol Knacmepusayii OaHUX 32A0aAHUMU ANCOPUMMAMU, SIKULL PO32OPHYIMO HA XMAPHOMY
cepeepi shinyapps.io.

Knrouosi cnosa: xnacmepuzayis oanux, Kiacmepruii ananiz, memoo K-cepeowix, icpapxiuna
a2oMepamueHa Kiacmepuzayis, npocmoposa Kiadcmepu3ayis 3aCHO8AHA HA WitbHOCMI, MOOei
cymiwi I'ayca.

Beryn

[Tpobnema kmacTepu3allii JaHUX MTUPOKO BUBYAETHCS B JITEPATYPl IJIS aHATIZY
JaHUX Ta MAIIMHHOTO HAaBYaHHS Yy PI3HUX cdepax KUTTEAISUIBHOCTI JIIOAUHH.
Knactepusamito MoOXHa BBaXaTH KOPOTKOIO MOJEIUIIO JIaHUX, SKYy MOXKHA
IHTEpIIPETYBAaTH B CEHC1 MIJCYMKOBOi ab00 reHeparuBHOi Mojeni. OCHOBHY 3agady
KJIacTepu3allii MoKHa chopMyITFOBATH TaK: MalOYM HAOIp TOYOK JAaHUX, PO3IAUIMTH 1X
Ha HaOIp TpyI, SKi MaKCUMaJIbHO BIIPIZHSAIOTHCA. Y TOH K€ 4Yac €JIEMEHTH, SKi
BIIHOCATBCS J10 OJHIEI TPynu, MOBUHHI OyTHM MaKCHUMaJIbHO CXOXHMH. Mipa
MOAIOHOCTI MK BUMIPIOBAaHHSMH JaHUX BU3HAYAETHCSA 3a JONMOMOrow EBKIigoBOI
BiJIcTaHl, BiicTaHl MaxanaHo0ica TOIIO.

BaxxnuBo BpaxoByBaTH MPUPOIY JAHUX Ta iX BIACTUBOCTI MpU BUOOPI METOIY
KJIaCTEepHU3allli, OCKUIbKM HENMpPaBWIbHUW BHUOIp aJrOPUTMYy KJIACTEPHU3aALli MOXKeE
MIPU3BECTH J0 HEKOPEKTHUX Pe3ysibTariB. KpiM TOro, KOHKPETHUHN TUIT JAHUX TaKOX
Ma€ 3HAYHWI BIUIMB Ha BU3HAYCHHs IpoOieMu. Hampukiad, i 4UCIIOBHX AaHUX
Moxke OyTu edeKTHBHUM MeToa k-cepenmHix, TOMl fAK i KaTeropiaibHUX ado
TEKCTOBUX JAHUX BHUKOPUCTOBYIOTHCS 1HIINI METONW, Taki SK lepapxiyHa
KJactepu3ailisi abo METOJH, 0 0a3yIOThCS HA BEKTOPHUX MPEICTABIICHHSX.
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1. HaOip nanmx s Kjiaacrepu3amii

Y po0oTi BUKOPUCTAHO CiM HAOOpIB JaHMX, M'ATH 3 SKUX € 3T€HEPOBAHUMU 3
HOPMAaJIBHOTO PO3MOIITY, ABA — 3 PIBHOMIPHOTO PO3MOiTY. 3a JOMOMOTOIO JIIHIHHOT
KOMOIHaIlll 3reHepOBaHUX JaHUX OTPUMAHO HACTYIHI XMapu JaHHUX, SKI MOTPIOHO
PO3AUIMTH Ha KJacTepud 4YOTHphOMa MeToJaMu Kiactepusanii. Hukdye mokaszaHo
(pucynok 1) n'sTe THMIB BXiAHUX AaHUX. Harma Meta — 31iiCHUTH Ki1acTepu3aIlito 1ux
Ha0OpIB 3a JOMOMOTOI0 KOXKHOTO QJITOPUTMY KiacTepu3arlii Ta BCTAHOBUTH, SKHMA
aNropuTM mpaiiroe Haiikpanie. KoxxeH 13 m’atu HabopiB JaHuX (pucyHok 1) HazBaHMiA
BIJINOBIIHUM YUHOM JI0 pO3CiIOBaHHA TOYOK naHux: ['anmaktuka (Galaxy), Cepnu
(Sickle), Cmyxxku (Slash), Oxo (Eye), Piit (Swarm).
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Pucynok 1 - BxigHi gaHi, ski He00OXiIHO PO3AJINTH HA KJIACTEPH

Jlns Toro, mo0 moGauuTH, SIK Ha MPaKTHI[l IpaIoe KiacTepHu3allis JaHUX
PO3TJIsTHEMO 1€ TpU Ha0oOpH JaHuX, oTpumani 3 mathopmu Kaggle. Ilepmmit Habip
TaHUX JTOCTYITHUN 3a HACTYITHUM IMOCHUJIAHHSAM
https://www kaggle.com/datasets/arjunbhasin2013/ccdata?datasetld=14701 &languag
e=R. Ili mani cTOCYIOThCA CerMeHTaIlli KII€HTIB JJI1 BU3HAUYCHHS MAapKETHHTOBO1
ctparerii. Jlanuii Hablp JaHWX y3arajabHIOE MOBEAIHKY BUKOPHUCTAHHS MPHUOJIM3HO
9000 akTUBHUX BIIACHUKIB KPEIUTHUX KAapTOK MPOTATOM OCTaHHIX 6 MicauiB. [lns
KOXKHOTO KJieHTa haim MicTuTh 18 moBemiHKOBUX 3MIHHUX. Jlns 31iCHEHHS
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kinactepuzaiiii BukopuctaHo nBa cToBmnil — BALANCE: cyma Oanmancy, 1o
3aMUIIMIAcs Ha paxyHKy KiieHTa ans 3aiiicHenHs nokynok ta PURCHASES:
3arajibHa KUIbKICTh MOKYIOK, 31iICHEHUX 3 PaxXyHKY.

Hpyruii HaOip nanux https://www.kaggle.com/datasets/harrywang/wine-dataset-
for-clustering € pe3yapTaTamMu XiMIYHOTO aHAJ13y BUH, BUPOLICHUX B OJHOMY PErioH1
ITanii, ane oTpuMaHuX 3 TPHOX PI3HUX COPTIB BUHOTpaAy. Beboro 3HaiineHo 13 tumis
CKJIQJIOBUX Y TPhOX THUIAX BUHA. J[JIs1 3A1MICHEHHS KJTacTepu3ailii JaHUX BUKOPUCTAHO
Taki ckianosi: Alcohol Ta Malic Acid.

Tperiti Habip panux https://www.kaggle.com/datasets/uciml/electric-power-
consumption-data-set MiCTUTh BUMIPIOBAHHSI CTIIOKUBAHHS €JIEKTPOCHEPTii B OJTHOMY
JIOMOTOCIIOJJAPCTBI 3 OJHOXBUIIMHHOIO YaCTOTOIO 3aMKCIB MPOTATOM Mailbke 4 poKiB.
Bukopucrano Taki 3minHi: Global active power ta Global reactive power. KoxeH i3
3raJlanux HaOOpiB JJaHUX Ha3BaHMM BiAMOBIAHUM ynHOM — Card, Wine, Elect.

2. Pe3yabTaTu Kjaacrepusamii

VY nocniikeHH1 3reHepoBaHo JaHi 13 HOPMaJbHOTO Ta PIBHOMIPHOTO PO3IMOALIIB.
Takoro pomy cumyssnii abo cumynsiii 3a monomoror Meroxy Monte-Kapio [1]
4acTO 3aCTOCOBYIOTh JIJIsl IEPEBIPKU POOOTH Ta MOPIBHAHHS anropuTmiB. Ha nonatox,
BUKOPHUCTAHO peajbH1 aHi i 311HCHEHHS KjlacTepu3allii YOTUPhOM METOIaMHu.

KoseH 13 anroputmiB BUMarae HaJalITyBaHHS MapaMeTpiB KiacTepU3allii s
roro skicHoi poOotu. Kiacrepusaiiisi CHIBHO 3aJ€KHUTh BiJI KOHKPETHOTO HAOOpy
JaHuX 1 MeTu aHamizy. OTxe, PO3TIISTHEMO, SIK KOJKEH allTOPUTM MPAIIOE B KOXKHOMY
Bunaaky. Koxen HaOip nanux mae 181 ¢yHkmii X1 1 X2, gki TeHepyloTh TOUYKH
KJIAaCTEpiB 13 HABEJEHUX BUIIEC PO3MOAUIIB, 1 MITKY HaOOpy AaHUX (s ITIeH
Bi3yasizauii JaHuX).

Oynukiia calc cluster mpuiimae Habip naHUX 1 MapaMeTpu ISl KOXKHOTO
QITOPUTMY SIK apryMEHTH, OOUYHMCIIOE KJIacTepu Ta JOJA€ BIAMOBIAHI MITKHA IO
KOXKHOTO KiacTepa ganux. OyHkiis plot cluster nmpuiiMae Ha3By HabOpy JaHUX SIK
apryMeHT 1 0yjye rpadiku KiactepiB, 00UHUCICHUX KOKHUM aJITOPUTMOM.

JIist KO)KHOTO Ha0Opy JaHUX TMapaMeTpu aJIropuTMy 3MIHIOIOTHCS, 11100
VHUKHYTH TIOMHJIKOBOTO Bpa)XCHHS TPO HEIOCTaTHIO TPOAYKTHUBHICTh. BakamBo
Bi3HaunTH, 1110 DBSCAN iHOM1 BUBOJIUTH «HYJLOBUI KJIAaCTEp JaHUX, SIKHI BKazye
Ha ayTJa€pH, BUSIBJICHI aJITOPUTMOM.

OTxe, pO3MISTHEMO pe3yJbTaTH KiacTepu3alii HAWUMpPOCTIIIOr0 BUNAAKY —
lNanaktuka (Galaxy). Sk BugHO (pUCYHOK 2) Yy IbOMY HAUIIPOCTIIIIOMY BUIIAJKy HEMAE
npo0jeM (3a BHHATKOM TOYKH «3JIOBMHCHHKa» Yy CHHbOMY Kiactepi, 3agaHux k-
Means).

3po3ymino (pucyHok 3), mo Haiikpamie 3 kiacrepusariiero Sickle Bmopamucs
anroputMu DBSCAN 1a HAC. K-Means Ta GMM MICTATh 3€ieHI TOYKH JaHUX Y
HWKHBOMY ceprii. Lle moB’si3aHo 3 TUM, 10 HEHTpP 3€JIEHOTO KJacTepa 3HAaXOIUThCS
OJIr>K4Ye 0 KpalHIX TOYOK 3 HIKHBOTO Kiactepa. One 1 € BeTWYe3HUM HEAO0JIIKOM
BKazaHUX JBOX miaxojiB. UepBona kpamnka y metoji DBSCAN mno3navae HyJIbOBHi
KJjacrep, Tooto aytinaep (Bukun). AnroputM DBSCAN BBakae uepBOHE BUMIPIOBAHHS
ayTJIa€EpOM B JIaHUX.
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Pucynok 3 - PesyabTaTn kiaacrepusaunii Hadopy nanux Sickle
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Pucynok 4 - PesyabraTn Kiaacrepusanii Had0opy nanux Slash
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3po3yMuio (pUCYHOK 4), 110 jgifepamu y gaHomy Bumnaaky € merogu DBSCAN Ta
GMM. V npoMy BUNaAKy naibMmy mepuiocti Bigmaemo merony GMM, Tak sk
DBSCAN BkazaB Ha HasBHICTh ayTiaepiB. K-Means ta HAC (pucynox 4) ne
BIIOPAJIHCS 13 KJIACTEPHU3AIIIEI0 Y JTAHOMY BUIIAJIKY.

Jlam mpeacTaBieHO pe3ynbTaT (PUCYHOK 5) Kkiactepusarlii Habopy nanux Eye
yotupboma anroputmamu. Cepen ninepiB 3HoBy anroput™ DBSCAN Tta anroputm
HAC. K-Means Ta GMM 3niiicHIIN HENIpaBUIIbHY KJIaCTepU3AIlilo.

3naethes, mo gigepom € anroputm DBSCAN. [loguBumocss Ha pe3ysbTaTh
KiIactepusanii. ¥ maHomy Bumnajaky Oauummo, o K-Means, GMM, HAC uynoBso
Briopainucs 13 3aaaudero kinacudikariii, DBSCAN — ne Bnopancs.

kMeans HAC

Hasea knactepa

EEE e ; | e ! :
-50 -25 00 25 50-50 -25 00 25 50
X1

PucyHnok 5 - Pe3yabTaTn Kiaacrepusanii Hadopy nanux Eye
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Pucynok 6 - Pe3yabraTn Kiaacrepusanii Hadopy JaHux Swarm

st Habopy naHux Swarm (pUCYHOK 6) HEMae YITKMX MEX MK KiacTepaMu.
Came y upoMy Bumaaky Baxko BukopuctoByBatu DBSCAN, tomy mo mpocto
HEMOXKJIMBO BUOpATH MMapaMeTpH JJIsl PO31JICHHS JaHUX Ha MEBHY KIJIbKICTh KJIacTepiB
(y namomMy Bunaaky Bix 3 g0 6). Hampukian, sSKIIO 3HAYEHHS € 3MEHIIHUTH, 1100
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BU3HAYUTU MEHIIIUI OK1J, OTpUMaeMoO Ouibiie 15 kimacrepis.

OTxe, po3TIISIHEMO pe3yJbTaTh KiacTepusaiii. Maemo asox migepiB — DBSCAN
(me BmopaBcs 3 Habopom Swarm) ta HAC (me Bmopascsi 3 Habopom Slash), siki
MpaBWIbHO KiacTepusyBainu 4 13 5 HabopiB ganux. Ha npyromy micii — aaroputm
GMM (ne Bnopascs 3 Habopamu Eye ta Sickle), sikuii mpaBriibHO KilacTepu3yBaB 3 i3
5 nabopiB ganux. AnroputMm K-Means npaBuibHO KJIacTepU3yBaB JIMIIE OJAUH HaOip
nanux. K-Means — 11e iHTYITUBHO 3p03yMIJINI MIBUAKUI aJITOPUTM, aJie BiH HE B 3MO31
oOpoOJIsATM BHIAJKH, KOJIM KIJIACTepu TNOTaHO PO3AUICHI a00 NepeKpUBaIOTHCS,
OCKLUIBKH IIEHTP KJIacTepa BU3HAYAETHCS CEPEIHIM 3HAYCHHSIM HOTO TOYOK.

PosrasineMo tenep pe3ynbTaTH Kiactepusalii Habopis nanux Card, Wine, Elect.
Ha pucynkax 8-10 nmoka3zano kiacTepu3oBaHi HAOOPH JaHUX, BIAMOBIIHO. 3A1HCHEHO
kiacrepu3zauito qanux Card (pucynok 8). Sk 6aunmo, meroq DBSCAN kiacrepusye
JlaH1 Ha OCHOBI iX IIIIHOCTI. JlaH1 € MUTbHUMHU 01711 TOUKH [TOYaTKy KoopauHat. Tomy
el airopuT™M 300pa3uB 1€ CKYMUYEHHS OJHUM KiacTepoM. YUepBOHI Kparouku
BBAXKAIOTbCA ayTjailepaMu JaHuX. 3€JeHUM KJacTep MICTHUTh HEBEJIHKY KUIbKICTb
€JIEMEHTIB. [HIIN Tpu alropuT™MHU KIacTepu3allii mijacyMoBYIOTh, o AaHi Card BapTo
po3ainutu Ha 3 knactepu. [Ipote MeTos moimy adCONMIOTHO BIAPIZHAIOTHCS.
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PucyHnok 7 - Pe3ysabTaTn Kjaacrepusaiii ycix 3reHepoBaHuX HA0OPiB JaHUX

50000

400004

300001

kMeans

DBSCAN

20000+
%

10000

Ha3sa knactepa
0
o 1
2
° 3
NA

Pucynok 8 - Kinacrepusanis Haﬁoi)y ﬁaimi Card
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ITokazano knacrepuzamito naHux Wine (pucyHok 9). Sk 0aunmo, anroputmu
knactepusanii kMeans, HAC, GMM 3aiiicHiin cxoxe po30UTTs Ha 3 TPyHH BXITHUX
nanux. Meron DBSCAN knactepusyBaB JaHi Ha JABa KJIacTepu. 3HOBY IMPUUHUHOIO €
IIUTHHICTH TOYOK JaHUX 31 3pOCTaHHSM Y KOOpAMHATH.

kMeans HAC GMM

Hasea knacTepa
* 0

1

2
* 3

NA

Pucynok 9 - Knacrepusauist Habopy nanux Wine

[Tokazano kiactepusanito ganux st Habopy Elect (pucynok 10). Tyt 3HOBY
pe3yJibTaTh Kiactepusalii qanux anroputmamu kMeans, HAC, GMM e cxoxumu, a
pe3ynbTaT Kiactepusalii 3a qornomoroto anroputMy DBSCAN Bigpi3HSAIOTHCS.

kMeans HAC GMM

Ha3sa knacTepa
s 0

Pucynok 10 - Knacrepusauis Haﬁoﬁy ﬁaan Elect

3. CrBopenns Shiny App

V¥ cepenopuiii R Programming 3a gonomoroto nakety RStudio ctBopeno Shiny
App (iHTepakTHBHA BeO-cTOpiHKA). Shiny CTOPIHKY pO3MIIIEHO HA OE3KOIITOBHOMY
XMapHOMY cepBepi shinyapps.io. MeHIo Be0-104aTKy CKIAIAETHCA 13 BUTJISTY BX1JTHUX
JAHUX, 3HAXOJ/KEHHS ONTUMAabHOI KUIBKOCTI KJIACTEPIB 3a JOMOMOTOK YOTHPHOX
MIIXO0/IB Ta JAEMOHCTpallli abo IHTepaKTUBHOI KjacTepw3allli aHuX Ha BHUOpaHy
KUIBKICTh ~ KJacTepiB. BeO-cTopiHKa JOCTYNMHAa 3a HACTYIHUM TIOCHJIAHHSM:
https://wc7rar-brainshturm-mathOstatisticsOscience.shinyapps.io/Nick/.

BuxopuctoBytoun BeO-momatku Shiny, KiacTepusallis AaHUX cTae HabaraTto
3pO3yMINIIIOID 3aauer0. BUKOpHCTOByeMO Halip JaHUX MPO KPEIUTHI KapTKU
kiieHTiB 6anky Card.

Jlns xknmactepusalili BUKOpucToByeMo ctoBimi 2 Ta 3. HactynHi pucynku 12-13
MOKa3yI0Th PE3yJbTaT pOOOTH METO/11B BUBHAUYCHHS ONTUMAaIbHOT KIJILKOCT1 KJIACTEPIB
— NbClust, Metox miktsi, Metoa cunyety, Gap Statistic Method. Koxen 13 mux
METO/I1B MOKa3y€e Pi3Hy ONTUMAJIbHY KUIBKICTh KiacTepiB. Lle 1me oauH 10ka3 Toro, mo
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HEMa€ YyHIBEpCAIbHUX TMIIXOMIB Ta METOIB. 3ajadya ONTHUMAJIbHOI KjacTepu3arii
JAHUX 3AJTHIIAETHCS BIIKPHUTOIO.

BxigHi nani

CUSTID  BALANCE  PURCHASES

ONEOFF_PURCHASES  INSTALLMENTS_PURCHASES  CASH_ADVANCE

PURCHASES_FREQUENCY ¢

C10001 40.80 05.40 0.00 05.40 0.00 017
cioo2 320247 000 000 000 oa205 000
cloos 248515 T 3 000 000 100
cio005 s 1600 1600 000 000 008
clooos  1s00.83 13328 000 133328 000 0s7
cio007 2126 709101 10263 cs8.38 000 100
clooos 182365 43620 000 43620 000 100
10009 101493 86149 661.49 200.00 0.00 033
ci0010 15223 128160 126160 000 000 07
cioom msa2 02012 000 2012 000 100
cio012 e300 109218 145218 000 000 025
cwooi3 151653 1799 250023 vz 000 100
clo014 o219 213793 a1996 v 000 075
cons 2w 000 000 000 ass1 000
cioois esesat 161170 000 161170 20149 w50
cwoor 20m207 0% 000 000 1841 000
Pucynok 11 - Burasia BXiTHUX JaHUX
BB BxigHi gani
o Onicos cramucion Bu3Ha4eHHSA onTUManbHOT KifTbKOCTI
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Pucynok 12 - BusHaueHHs1 ONITUMAJIBHOI KiJILKOCTI KJIacTepiB
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Pucynok 13 - BuzHa4yeHHs1 ONITUMAJIBHOI KiJILKOCTI KJIacTepiB

HactynHi puCyHKH TIOKa3ylOTh CTATHCTHUKY KJAacTepH3allii Ta cam IMpoIiec
KJIacTepH3allii 3a JOMOMOTOI0 YOTHPHOX IT1AXO/IIB.
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DBSCAN clustering

Cluster plot Number of clusters

PURCHASES

BALANCE

Pucynok 14 - Knacrepusaunist 1anux meroanom DBSCAN Ha 6 kiacrepiB

Knactepusauia gaHux =
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PucyHnok 15

- Knacrepusanis nanux meronom GMM Ha 4 ki1actepu

GMM cTaTucTUKa KnacTepis

Cluster Statistics Dunn Index

$n [1]176 Scluster.number [1] 4 $cluster.size [1] 111 [1]0.01158721
3418 13 Smin.cluster.size [1] 13 Snoisen [1] 0
Sdiameter [1] 3749.356 6202.922 9706.633 23234.844
Saverage.distance [1] 1344.984 2015.354 3192.336
7313.970 $Smedian.distance [1] 1264.442 1909.315
2569.809 5250.345 $separation [1] 269.2269
269.2269 446.3582 1289.5T60 Saverage.toother [1]
6080.250 5053.868 5765.786 10613.953
Sseparation.matrix [,1] [,2] [,3] [4] [1,] 0.0000
269.2269 446.3582 4979.310 [2,] 269.2269 0.0000
673.9499 1289.576 [3,] 446.3582 673.9499 0.0000
2853.362 [4,] 4979.3103 1289.5760 2853.3675 0.000
Save.between.matrix [,1] [,2] [,3] [.4] [1,] 0.000
4519.5715121.223 11489.911 [2,] 4518.571 0.000
6207.418 8018.722 [3,] 5121.223 6207.418 0.000
10114.318 [4,] 11429.911 8018.722 10114.318 0.000
Saverage.between [1] 6301.184 Saverage.within [1]
2104.312 Sn.between [1] 8503 $n.within [1] 6897
$max.diameter [1] 23234.84 $min.separation [1]
260.2269 Swithin.cluster.ss [1] 820463451
Sclus.avgsilwidths 12 3 4 0.66878125 051090279
0.30688283 0.01061231 $avg.silwidth [1] 0.5526549
5g2 NULL 5g3 NULL 5pearsongamma [1] 0.6000365
$dunn [1]0.01158721 $dunn2 [1] 0.6179367
Sentropy [1] 1.033977 Swh.ratio [1] 0.333955 Sch [1]

1200181 Eruidaman 111 R1A N795 DS NA2R

Pucynok 16 - Cratuctuka GMM kJjacrepusamii

Innexc Dunn € Miporo BaiJHOCTI KJIACTEPIB, IKa BUKOPUCTOBYETHCS JJISl OI[IHKH
SIKOCTI1 pillieHb KJacTepu3allii. Yum MeHIUM € iHaeKkc Dunn, TUM TOYHIIIE 31HCHEHO
KJIaCcTepU3alliio JaHUX.
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HAC knactepuaauis

Gluster plot Number of clusters
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PURCHASES

BALANCE

Pucynok 17 - Knacrepusaunisa nanux merogom HAC Ha 2 kiaacrepu

HAC cTaTtucTUKa KﬂaCTepiB

Cluster Statistics Dunn Index

$n [1]1176 Scluster.number [1] 2 Scluster.size [1] 137 [110.03186254
39 Smin.cluster.size [1] 38 Snoisen [1) 0 Sdiameter [1]
12679.3% 26115.57 Saverage.distance [1] 2396.963
5086.231 Smedian.distance [1] 1769.440 3710.462
Sseparation [1] 832.1116 832.1116 Saverage.toother
[1] 7089.767 T029.767 Sseparation.matrix [,1] [,2] [1,]
0.0000 832.1116 [2,] 832.1116 0.0000
Save.between.matrix [,1] [,2] [1,] 0.000 T0B9.767 [2,]
7089.767 0.000 Saverage.between [1] 7082.767
Saverage.within [1] 2692.88 $n.between [1] 5343
Sn.within [1] 10057 Smax.diameter [1] 26115.67
$min.separation [1] 832.1116 $within.cluster.ss [1]
1678042314 Sclus.avg.silwidths 12 0.6556662
0.2522926 Savg.silwidth [1] 0.5662823 $g2 NULL $g3
NULL $pearsongamma [1] 0.5385929 Sdunn [1]
0.03186254 Sdunn2 [1] 1393914 Sentropy [1]
0.5289142 Swh.ratio [1] 0.4221408 Sch [1] 125.7673
Scwidegap [1] 3149.70 13345.77 Swidestgap [1]
13345.77 Ssindex [1] 1135.363 Scorrected.rand NULL
Svi NULL

Pucynok 18 - Craructuka HAC kinacrepusanii

Knactepuaauisa gaHux =

BB BxinHi aaHi

K-means knactepunaadis

Cluster plot Number of clusters
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BALANCE

Pucynok 19 - Knacrepusauis nanux meroaom k-Means Ha 9 kiacrepiB
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BALANCE

K-means cTaTUCcTUKa KJ'IaCTepiB

Cluster Statistics Dunn Index

[1] 0.01654088

Pucynox 20 CraTtucruka k-Means kiacrepusanii

Bucnosku.

Knacrepuszaniss € oaHier0o 3  HaWOwIbm  (yHIAMEHTAIBHUX  MPOOJIeM
IHTEJIEKTYaJIbHOTO aHaNi3y JaHUX 4yepe3 11 YUCICHHI 3aCTOCYBaHHS JJIs CerMEHTaLli
KJIIE€HTIB, LIJILOBOTO MAPKETUHTY Ta y3araJlbHEHHs JaHHX.

VY paniii cTaTTi MPOBENEHO MOPIBHSAHHS aJIrOPUTMIB KiacTepu3allili JaHUX.
Habopu nanux OynM momnepeaHbO 3reHepOBAHMMHU 3a JIONOMOTOI0 HOPMAJIBHOIO Ta
PIBHOMIPHOTO PO3MOUIIB. [[151 KOXKHOTO 3 OTpUMaHUX HAOOPIB JIAHUX 3aCTOCOBAHO
MepeNiueHi alropuTMH KJacTepu3allii Ta BH3HAYEHO Kpalluil ajaropuTM 3a
pe3yabTaToM ycix kiactepuszauiid. [lokazaHo, mo cepen po3risHyTHX alrOpUTMiB
Halikpaile 3 3ajadeto kiacrepuzauii Bnopanucs anroputMu DBSCAN ta HAC. 3a
JIOTIOMOTOI0 TPbOX HaOOpiB AaHuX, oTpumanux 3 1miatdopmu Kaggle, 3aiiicneHo
KJIACTEPU3aLII0 peabHUX JTaHuX. JleMOoHCTpallito poOOTH aNropuTMIB KilacTepu3allii
JAHUX 3JIIMCHEHO 3 BHUKOPHUCTAaHHAM makeTy Shiny y cTBopeHOMY BeO-10JaTKY.
OTpuManuii BeO-10/1aTOK pO3MIIIIEHO HA XMapHOMY cepBepi shinyapps.io.

Jliteparypa:

[1] . Simulations, Of & Zaidi, Habib & Labb, Claire & Morel, Christian. (1999).
Improvement of the performance and accuracy of PET Monte Carlo simulations. Proc.
SPIE. 3659. 10.1117/12.349537

[2] Doroshenko I.V., Knihnitska T.V., Deretorska T.I. Comparison of machine
learning algorithms for predicting mortality from Covid-19 virus // Sworld Jornal Issue
Noll, Part 2 January 2022 — P. 72-T7
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Abstract. The article compares the comparison of data clustering algorithms: K-Means,
Hierarchical Agglomerative Clustering (HAC), Density-Based Spatial Clustering of Applications
with Noise (DBSCAN), Expectation—Maximization clustering using Gaussian Mixture Models
(GMM). The comparison is made thanks to pre-generated data sets that have different behavior:
concentric circles (2 clusters), stripes (3), clouds (3), inseparable set (1), crescents (2). For each of
the data sets, the listed methods are applied and the best clustering algorithm for a certain type of
data is determined. Data clustering algorithms were applied to three sets of real data. An interactive
web application for interactive data clustering using the mentioned algorithms has been created,
which is deployed on the shinyapps.io cloud server.
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Anomayia. Toukocminui pomopu MmarOmv CKIAOHY 2e0MEeMpPUudHy @dopmy, GUKIUKAHY
PO32ANYHCEHICMIO IX MEPUOIOHANbHO20 NePEeMUHY | NOEOHAHHS 8 OOH)Y cucmem) 000JOHOK 8i0 EMHOL
2ayco8oi KpusuHu, YUIiHOPUYHUX | KOHIYHUX ODONOHOK, a MAKONC OUCKIB, 1onamox i Kiteyb. B
cmammi po32naHymo NUMAHHA U000 8NAUBY 3HAYEHHA KYMOGOI WEUOKOCMI pomopa HA 4acmomu
1020 GINLHUX KOAUBAHb MA HA POPMU YUX KOAUBAHb, NPOAHANIZ08AHO MAKONC 38 SA30K MIdHC
SHAYEeHHAMU YUX YacCmom ma KPUMUYHUMU WEUOKOCMAMU 00epmaHus, npu SKUX 6ai, Wo Hece
pomop, sunyyyemuvca. Ha konkpemnomy npukiadi 6yno npogedeHo meopemuyne 00CAiONCeHHS ma
3p0b.IeHi BUCHOBKU, WO 0OEPMAHHI NPYHCHO20 POMOPY NPU3BO0UMb 00 PO3UIeNTIeHHS 1020 KPAMHOI
yacmomu, npu YboMy OOHA I3 PO3WENNEHUX UACTOM 3MEHULYEMbCA HA GeIUYUHY KYMOGOi
weuoxkocmi, a Opyea 3pocmac Ha yio eeauduny. Popma KoauearHb pomopa npuiMac 8u2iso, 8 aKoMy
1020 pyX 30IUCHIOEMBCA 13 NOCMIUHOW WEUOKICIIO NO KONV 68 HANPAMKY 00epmanHs pomopy 0.
MEHWOT i3 pO3UjenieHux 4acmom i YeHmp pyxacmvcs no KoLy npomu HAnNpSAMKY 00epmanHs O
Oinbwioi i3 poswenaenux yacmo. Cmani enUYUHU, 8 AKUX 0OHA 13 YACTOM 81ACHUX KOJIUBAHb POMODPY,
AKULL 00epmaemuvcs, NepemeopOEMvbCsl 8 Hylb, € KPUMUYHUMU. B HUX pIGHOBAXNCHULI CTMAH POMODY
cmae Hecmitikum. Pozensnymuu npuxnad mae eaxciuse npakmuyHe NPUuHA4yeHHs, OCKIIbKU BiH
Modice Oymu MOOeLI0 CMamu4Hoi ma OUHAMIYHOT NOBEIHKU pomopy mypOiHuU, AKUl NPUEOHAHO 00
cepeOuHU NPYHCHO20 BALY WO 0OEPMAEMbCAL.

Knwuosi cnoea: monxocminHi pomopu, piBHAHHA KOJIUBAHb, KPUMUYHI 8EIUYUHU, BLIbHI
KOJUBAHHA, KPAMHI YaCIMOMU, PIBHAHHA DIBHOBACH.

Beryn.

TOHKOCTIHHI POTOpU € HAWOUIBII BIANOBIAATPHUMU POOOYMMHU €JIEMEHTAMU
TypOOYCTaHOBOK. 3a3BHU4ail BOHM MarOTh CKJIAJHY T€OMETpUYHY (HOPMY, BUKIHKAHY
PO3TaTy’>KEHICTIO 1X MEPUIIOHAIBHOTO TEPEeTHHY 1 IMOEJHAHHS B OJHY CHUCTEMY
000JIOHOK Bi/I’€MHOI TayCOBOI KPWUBHUHU, UWIIHAPUYHUX 1 KOHIYHMX OOOJOHOK, a
TaKOX JMCKIB, JOMATOK 1 Kielb. B TypO0oOyIyBaHHI HIMPOKO 3yCTPI4arOThCS 3aadl
PO KOJIMBAHHS Ta CTIHKICTh POTOPIB, 10 00epTaroThcs. PO3riIsiHEMO TUTaHHS MPO
aHaJli3 BIUIMBY 3HAU€HHS KYTOBOi IIBHJKOCTI POTOpa Ha YacTOTH HOro BIIBHHUX
KOJMBaHb Ta Ha (GOpMH IMX KOJMBaHb. [IpoaHamizyeMo TakoX 3B’SI30K MIX
3HAYEHHSIMU [UX YaCTOT Ta KPUTUUHHUMU IIBUIKOCTSIMU O0OEPTAaHHS, P AKUX BaJl, 110
HECE POTOP, BUITYUYETHCS.
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OCHOBHM TEKCT.

Posrnsnemo cucremy 13 1BOMa CTymeHsSMH BUIbHOCTI. Hexait porop macoro m
YTPUMY€ETHCS B HeZIe(hOPMOBAHOMY CTaH1 Ha MPYKHOMY Bally.

Criory4HuM 3 HOTO HEHTPOM Mac MOYaTOK CUCTEMH KoopAUHAT OxY, sKa 3B’ g3aHa
3 TUIOUIMHOIO MEPEMIILIEHHS Mac 1 MOKe 00epTaTUCs Pa3oM 3 HEIO BITHOCHO TOUkH O 3
KyTOBOIO HIBUAKICTIO @ . CKi1ageMo piBHSHHS PIBHOBAru poTopy MacH 7 Ha IJIOUIHHI.
B cucremi koopaumnar Oxy mio 00epTa€TbCs, BOHM MArOTh BUTIJIAJ OJHOPITHOT
CUCTEMH:

ma’x —kx =0,
2 b
mw°y—ky=0
1e k — koeilieHT mpyKHOI AKOPCTKOCTI Baly B TOULI MPUKPIIICHHS POTOPY.
O4eBHUAHO, 110 MPH JOBUIBHIN KYyTOBIN MIBUAKOCTI @ POTOP MOXKE 3aJTUIIATUCS

(1)

B craHi piBHoBaru x=0, y=0. Aune, 3Ha4CHHSI @), = | %1 , IK 1 B CHCTEMI 3 OJTHUM

CTyII€HEM BIJBHOCTI € KPUTHYHUM, OCKUIBKM B IIbOMY BHIAJKy cucteMa (1)
BUPOJUKY€EThCS. [[71s1 aHamizy CTIMKOCTI CTaHy PIBHOBAaru B Mepei] KPUTUYHOMY Ta 3a
KPUTUYHOMY CTaHAaX HEOOXITHO MPOAHAJI3yBaTH PyX POTOPY B mojoxkeHHi x=0, y=0.
B upoMy Bumaaky pyx poTopy, fKiii 0OepTaeThCsi € CKIaJAHUM 1 1€ HEOOXiTHO
BpaxyBaTu NpH MipaxyHKy cui iHepiii. ToMy piBHSHHS KOJMBaHb MPUUMAIOTh

bopmy:
m)'c'+(k-ma)2)x—2ma)j/20, 2
mj}+(k—ma)2)y+2ma)x:0.
ITpu BuBeneHHI piBHAHB (1) Ta miipaxyHKy CHJI 1HEPIlli BpaXOBaHO MPUCKOPECHHS
Kopwuouica [1]:
=2&% ¥, =20k X (Xi +y] )=2w(xi -3 ),
3)
ne i, j — optu oceut Ox, Oy.
[linkpecnumo, 110 TpUCKOpPeHHs (3) NTPUBOAUTHL 1O BKIIOYEHHS B (2)
KOCOCUMETPUYHHUX CKJIQJAOBUX 13 IMIBUJIKOCTSIMU X, ¥, SIKI pOOIATH 1i CHUCTEMOIO

ripockorniunoro tumy. Cucrema (2) UIIOCTpy€ BIAMIHHICTH KOJHMBaHb Mac, IO
o0epTaroThbcs Ta HE 00epTaroThes. Tak, SIKIo poTop He o0epTaeThes 1 @ =0, TO BOHA
MPUBOJUTHCS JIO BHUILY:
mx +kx =0,
i} 4
my + ky = 0.
KonmBanHs TEHTPY Mac pOTOPY B3MOBXK OCEH X Ta )y € HE MOB'SI3aHUMH 1

B1I0yBa€TbCA 3 PIBHUMHU (KPaTHUMHU) 4acTOTaMu [ = Jk i OpHak, KOoJu cucTema

NOYMHA€E 00epTaTUCs 3 KyTOBOIO IIBUJKICTIO @, PYXH B3JOBXK OCEH X Ta ) CTalOTh
3B'sI3aHUMH, 1 BOHHM OMMCYIOTHCS 3B’ I3aHOI0 CUCTEMOIO piBHSHG (2). [Ipu isomy hopmu
KOJIUBaHb OJEPXKYIOTh SKICHI 3MIHU, OCKUIBKH POTOP Y BIAMOBIAHOCTI 13 PIBHAHHSIM
(2) 3mMO%Ke 31HCHIOBATH TIIBKH 0OEPTOBI PYXHU.

Hiticno, cuctema (4) pomyckae 1Ba po3B’s3ku 3 (opMamMu KOJIMBaHb 13
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OJIHAaKOBUMHU (ha3aMHu.
»(t)=0, y2(t)=Cysin Byt.
be3nocepenHpoi MiCTAHOBKOIO YIIEBHIOEMOCS, 10 PIBHSIHHS (2) KOJMBaHb Mac,

10 00epTalThCs, HE TO3BOJISIIOTH PO3B’S3KIB y (hopMi (5). YV 3B 43Ky 13 IIUM OyaemMo
HIyKaTl HOTO y BUTJISAIIL:

x=C,;sinpt,
{ 1 sin B ©
y=C,cos ft.
[Tincranstoun (6) B (2), 0AEPKUMO CUCTEMY aJIreOpaiyHuX PiBHSAHb:
(= mw? —mp?) C, + 2mwpC, =0 -

2mwpC, + (k- me? - mp?)C, =0.
i BusHayeHHsa C, C,.

Bona Mae HeTpuBiaJIbHUH PO3B’ 30K, SKIIO BU3HAYHUK MATPUIll KOS(IIIEHTIB 11
MpaBUX YaCTUH JOpiBHIOE O, TOOTO Ma€ MicCIle XapaKTepUCTUYHE PIBHSHHS:

m’ Bt =2k +me® )mB* +(k—maw?* )* =
(8)
[Toznaunmo ﬁz = B ta nepenumiemo (8) y dhopmi:
2 _2(k+ma® )mB+(k-mw*)* =0. )
PiBusinus (9) Mae kopeHi:

(k+mo )+2a)\/_

B, = —,Bg+a)2i2ﬂoa)

Bi=5+o,
abo { (10)
Br= Py -
Taxum unHOM, 7151 POTOPY, 110 0OEPTAETHCS Ha IUIOLIMHI, € 1Bl 4HacTOTU [, 1a f3,
, AK1 CHIBNAJalTh Ta JOPIBHIOWOTh [, Npuw =0 1 NpuiMaroTh pi3HI 3HAYCHHS

(po3miemnoThes)) npu >0, NpuUuoMy pi3HUIA MK 3HAYEHHSIMH LHUX YacTOT
3pOCTAE 13 POCTOM @ 1 3aBXKJIU JOPIBHIOE 2 @) .
[ToGyryeMo opmU KOJIMBaHb, SIK1 BIIOBIIAI0Th KOXKHIHN 13 3HAMIEHUX 4acToT f,

uf,. g 1poro miJICTaBUMO CIOYAaTKy 3Ha4eHHs [, = [, + @, HAPUKIaJ, B Ieple

piBHSIHHS cucTemHu (7).
Onepxxumo:
—20(fy+@)C +20( By +w)Cy =0
Ile piBHSIHHS Ma€ pillICHHS
G =GC,=C. (11)
3 #i0T0 TOMOMOTOI0 Ha OCHOBI PIBHOCTI (6) OymyeThecst popMa pyxy IIEHTPY Mac
pOTOpa B IUIONINHI, SIKa MEPHIEHAUKYJIISIPHA 10 0C1 00epTaHHS:

{x = Csin( Sy + o)t

y=Ccos(fy+w)t=0 (12)
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PiBnocti (12) cBimuate mpo Te, 1o sl 1€l (OpMHU KOJMBaHb IIEHTP Mac
3MIACHIOE pyX MO Komy paaiycy C Ha ruouiuHi Oxy, sika 00epTaeTbes 13 MOCTIHHOIO
HMIBUJIKICTIO [, + @ Ta Mae€ HaNpsiM, MPOTHIEKHUN 10 HanpsiMy oOepTaHHS poOTopYy.

Takuit pyx Ha3BEMO 3BOPOTHOIO PETyJISIpHOIO Tipereciero [1, 2] .
[ToGyayemo Teriep popmy pyxy amist yactotu [, . [lincraBumo 3H0By S = ) — @

B niepie piBHAHHS cucteMu (7). Onepxumo:
20( )y —o)C, +20( By —w)Cy) =0.
I1e piBHsAHHSA Ma€ po3B’s130K ipu C = C; =—C,.
Jiig Hporo popma:
x=Csin(fy—o)t, 13
y=—Ccos()—w)t. (13)
Ha BigMiHy BiJ TONIepeIHHOIO BUIIAJIKY TYT [IEHTP Ma€ 3A1HCHIOE PyX Ha IJIOIIHHI
1o Koy paniycy C 3 NOCTIIHOIO KyTOBOIO IIBUIKICTIO [, = ff —@® B HaIPSIMKY, LIO
CHIBIAJA€ 13 HANPSAMKOM OOEpPTaHHA IUIOUIMHH. Takui pyx Mae€ Ha3By MpPsIMOi
pEeryJsipHOi Mmpouecii.
[Ipoananizyemo 3B’s130K KPUTUYHOI pIBHOBAru y ctai x=0, y=0 13 3HaU€HHSIMU
4acTtoT /3, , BIAacHMX KonuBaHb. KpuTu4Hi cramm npu o =@,, vacrora f,,

nopisusie B, | — Oy =+ % -, /% , IpUiiMae HyJIbOBE 3HAUEHHS. Y 3B’SI3KY 13 LIUM

PIBHICTb HYJIIO 4YacTOTH S}, MOXE CIY>XUTH JAWHAMIYHUM KPHUTEpIEM IMOSIBU

KPUTUYHOTO CcTany [3] .

BucHoBkwu.

Tenep Ha OCHOBI PO3IIIIHYTOTO MPHUKIATY MOKEMO 3pO0ITh BaXJIMB1 BUCHOBKH.

1. OGepTaHHs MPY>KHOTO POTOPY MPU3BOJIUTH JO PO3ILIEIUICHHS HOTO KPaTHOI
YaCTOTH, PU LIbOMY OJHA 13 PO3IIEIIJICHUX YaCTOT 3MEHIIY€ThCSl Ha BETUYMHY KyTOBOT
MIBUAKOCTI, a Jpyra 3pocTae Ha II0 BEIMYMHY, TOMY PI3HUIS MIX 3HAYCHHSIMHU
PO3IIETUICHUX YacTOT 3aBKIH JIOPIBHIOBATHUME 2 @ .

2. ®opmMa KOJIMBaHb POTOpa MpHUIIMA€E BUTIIA, B SIKOMY HOTO pyX 31HCHIOETHCS
13 TOCTIMHOIO MIBUAKICTIO MO KOJIy B HANpPsIMKY OOEpTaHHS POTOPY JJISI MEHIIOI 13
PO3IIEIUIEHUX YacToT (TIpsiMa peryJsisipHa Mperiecis) 1 HEHTP PyXaeThes MO KOJIy IPOTH
HanpsMKy oOepTaHHS sl OUTHIIOL 13 PO3IIEIJICHUX YacTo (3BOPOTHA peryispHa
nperecis).

3. Crani BenWYWHH, B SKHX OJHA 13 YACTOT BJIACHHUX KOJWBaHb POTOPY, IO
00epTa€eThCs, TIEPETBOPIOETHCA B HYJIb, € KPUTHYHUMHU. B HMX pIBHOBOXKHHH CTaH
POTOPY CTa€ HECTIMKUM.

PosrnsnyTrii npukiag Mae BaXIHMBE MPAKTHYHE NPU3HAYEHHS, OCKUIBKU BiH
MOXe OyTH MOJICJUTIO CTaTMYHOI Ta JUHAMIYHOI TOBEAIHKUA POTOPY TypOiHU, SKHIA
MIPUETHAHO JI0 CEPEANHM MPYKHOTO BaIy IO 00€pTAETHCA, MPYKHA MOJATIUBICTH B
IEHTP1 SKOTO XapaKTepU3y€EThCs BEIMUMHOIO k. B Takiil TypbocrcTeMi MpOsiBIASIOTHCS
BC1 O3HAYEHI1 BUIIE OCOOIUBOCTI 3MIHHU YacTOT 1 GOPMU KOJIMBAHb Ta MOSBU KPUTUUHUX
CTaHiB.
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Abstract. Thin-walled rotors have a complex geometric shape caused by the branching of their
meridional cross-section and the combination of shells of negative Gaussian curvature, cylindrical
and conical shells, as well as disks, blades and rings into one system. The main section of the article
deals with the problem of the influence of the angular speed of rotation of the rotor on the frequency
of its free oscillations. It is shown that the rotation of the rotor is accompanied by the effect of splitting
its multiple frequencies and the generation of precessional forms of oscillations. The relationship
between these frequencies and critical rotation speeds has been established. It was concluded that
the rotation of the elastic rotor leads to the splitting of its multiple frequency, while one of the split
frequencies decreases by the amount of angular velocity, and the second increases by this amount.
The shape of the rotor oscillations takes the form in which its movement is carried out at a constant
speed in a circle in the direction of rotation of the rotor for the lower of the split frequencies and the
center moves in a circle against the direction of rotation for the higher of the split frequencies. The
constant values in which one of the frequencies of natural oscillations of the rotating rotor becomes
zero are critical. In them, the equilibrium state of the rotor becomes unstable. The considered
example has an important practical purpose, as it can be a model of static and dynamic behavior of
a turbine rotor, which is attached to the middle of an elastic rotating shaft.

Key words: thin-walled rotors, equations of oscillations, critical quantities, free oscillations,
multiple frequencies, equations of equilibrium.
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