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Tillage machines rank high in the structure of the machine and tractor fleet of modern agricultural enterprises. Loss of
their working condition during field work can significantly affect crop yields. Element that predominantly limits the durability
of the tillage machines is the operational unit. Solution of such a problem as increasing the durability and wear resistance of
the tillage machines operational units cannot be based on the use of one of the existing methods (technological, structural
and operational), but must be based on a systematic approach using the full range of available methods. It is necessary
to consider all significant factors that affect the durability and wear resistance of the operational units, in the process of
implementation of the system approach. It was found that the application of a wear-resistant coating makes it possible to
increase the durability of the tillage machines operational units: for hardened disc operational units, when used on sandy
loam soils, the durability increases by 1.28-1.41 times, on loamy soils — by 1.11-1.24 times, and on clay soils — by 1.07-1.18
times; for reinforced center hoes, when used on sandy loam soils, the durability increases by 1.41-1.53 times, on loamy
soils — by 1.48 times and on clay soils — by 1.39-1.44 times; for reinforced plowshares, when used on sandy loam soils, the
durability increases by 1.82-2.13 times, on loamy soils — by 1.5-1.85 times and on clay soils — by 1.34-1.52 times. Thus, the
application of a wear-resistant coating to the tillage machines operational units is more effective on soils with higher wear
capacity (sandy loam and sandy loam). Regularities of the influence of soil and climatic conditions, operating modes, and
storage methods on the durability and wear resistance of the tillage machines operational units are revealed. A scientifically
based system for the operation of the tillage machines operational units was developed on the basis of experimental data and
theoretical research. Basic principles of increasing the durability of the tillage machines operational units by an integrated
approach to adapting their wear resistance, considering soil and climatic conditions and operating modes, are formulated.
This allow increasing the durability of the tillage machines operational units by 1.84-2.51 times, depending on the type of
operational units and soil and climatic conditions.

Key words: abrasive wear, tillage machines, soil type, operational unit, production, durability, wear resistance.
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Introduction. In developed countries, losses caused
only by the effects of abrasive wear range from 1 to 4%
of the gross national product (Tylczak, 1992). In the agro-
industrial complex the most abrasive wear and tear are the
tillage machines operational units interacting with the soil
environment.

Tillage machines rank high in the structure of the machine
and tractor fleet of modern agricultural enterprises. Loss of
their working condition during field work can significantly

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

affect crop yields. Element that predominantly limits the
durability of the tillage machines is the operational unit.
There is a wide variety of types and types of operational
units, which are classified according to many features
(geometric shape, tillage depth, soil impact, presence or
absence of a drive, etc. (Sysolin et al., 2001, Morris et al.,
2010, Hevko et al., 2005, Salo et al., 2016, Tesliuk et al.,
2016, Borak, 2021). When studying the process of wear
of the tillage machines operational units and searching for
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ways to increase their durability and wear resistance, it is
advisable to divide them into the following types: plowshare
and disk. It is worth noting that the wear process of active
operational units differs significantly from that of inactive
operational units. Therefore, it is necessary to devote a
separate research to finding ways to increase the durability
and wear resistance of active operational units. This paper
focuses on three tillage machines operational units (two
of them are plowshares and one is a disc): a plowshare, a
center hoe, and a cutout disc (Fig. 1).

The ratio between the geometric parameters of
the operational units determines their type and field of
application. The main geometric parameters of plowshare
operational units, not shown in Fig. 1, should also include
the thickness and angle of sharpening (Fig. 2).

During the technological operation of tillage, due to
abrasive wear, the operational units change their geometric
parameters (Fig. 3), which leads to a deterioration in the
quality of the technological operation and an increase in the
traction resistance of the machine.

In addition to the geometric parameters, the physical and
mechanical properties of the material of the tillage machines
operational units change during wear.

Over the past 50-60 years, the load on the operational
units of tillage and sowing machines has increased by
about 4 times (due to the increase in their speed and soil
compaction by heavy agricultural machinery) (Borak, 2021).
All this leads to a constant increase in the wear rate of
operational units and a decrease in their reliability, which is
why the issue of solving the scientific and practical problem

Gl

Fig. 1. General view and main geometric parameters of the tillage machines operational units (Sysolin et al., 2001,
Morris et al., 2010, Hevko et al., 2005, Salo et al., 2016, Tesliuk et al., 2016, Borak, 2021, Bobrytskyi, 2007) used in
the research: a) — cutout disc; b) — center hoe; c) — plowshare; R - outer disc diameter; R - inner disc diameter;
K - groove width; F — tooth width; H — groove depth; s — disc thickness; i — angle of sharpening; j — angle that
defines the relationship between the disk diameter and the radius of curvature; R - radius of disc curvature;
o — the angle of raising the hoe shin; ¢ - the angle of the soil pulverization; 2y - the angle between blades;
b, b,—wing width; B — working width of the hoe; | — plow-point length; N — plowshare length; H — width of the
leading edge; H, — width of the blade part; -, — edge width on the furrow side; &' plow-point inclination angle;
¢" —inclination angle of the edge from the furrow side; T - blade length

al

Fig. 2. Scheme of sharpening methods: a), b), ¢) — two-sided, upper and lower sharpening, respectively;
S-thickness of the operational units

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Fig. 3. Changing the shape of the plowshare during tillage operations: H, H,, H,, S, i, h — geometric parameters of
the new plowshare, H', H,', H, ', §', i' - geometric parameters of the worn plowshare

of increasing the durability and wear resistance of the tillage
machines operational units is acute.

Increasing the durability and wear resistance of the
tillage machines operational units is possible only with a
comprehensive understanding of the process of their wear.
During the operation of tillage machines, the operational units
are exposed to wear rate in an aggressive abrasive mass
(sail), and, as a result, mechanical, physical and chemical
processes take place simultaneously in the contact zone.
The ratio between the rate of these processes determines
the mechanism and nature of abrasive wear.

Increasing the durability and wear resistance of the
tillage machines operational units is one of the main tasks
of modern mechanical engineering and enterprises involved
in their operation. The urgency of this problem is not only
due to the need to reduce material consumption, but also to
reduce maintenance costs and reduce equipment downtime
due to the need to replace worn-out operational units.

The urgency of this problem is not only due to the
need to reduce material consumption, but also to reduce
maintenance costs and reduce equipment downtime
due to the need to replace worn-out operational units.
N. K. Myshkin study emphasizes that the knowledge
gained over 50 years in the field of tribology is implemented
in industry in the following ratio: 80% design and 20%
operation (Borak, 2021). Author refers to a report by
P. Jost at a conference in London in 2016, where design
is understood as the use of structural and technological
methods to increase wear resistance (Borak, 2021).
With regard to this distribution for the tillage machines
operational units, the role of operational methods will
be even less. The solution of such a complex problem
as increasing the durability and wear resistance of the
tillage machines operational units cannot be based on the
use of one of the methods (technological, structural and
operational), but must be based on a systematic approach
using the full range of available methods.

Itis necessary to consider all significant factors that affect
the durability and wear resistance of the operational units,
in the process of implementation of the system approach.

Two types of the tillage machines operational units were
used in the work for research:

a) disc (cutout and solid disc operational unit);

b) plowshares (center hoes and plowshare).

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Materials and methods of research. Operational
researches of the influence of soil moisture on the wear rate
of the tillage machines operational units were performed in
agricultural enterprises of the Zhytomyr and Vinnytsia regions
during 2016-2018. The average speed of the disk tillage
machine was 12 km/h, plow — 10 km/h, cultivator — 11,5 km/h.

Soil moisture content was determined by drying to a
constant mass as per DSTU B V.2.1-17:2009.

Research was performed on agricultural machines
presented in Table 1.

In all cases, the fields were in post-harvest condition
(winter wheat and barley). The speed of the plow varied
between 10 and 13 km/h, the cultivator and disk unit — 11
and 15 km/h. To identify the nature of the change in abrasive
wear, the change in the linear dimensions of the constituent
parts of the tillage machines operational units was monitored.
Change in weight and linear dimensions was determined
after 10 hectares of production per center hoe, 30 hectares
per disk and 5 hectares per plowshare.

Research of the effect of the speed of tillage machines
on the wear rate of the operational units was performed as
per the current state and industry standards in the conditions
of agricultural enterprises of Zhytomyr and Vinnytsia regions
on tillage machines presented in Table 2.

The mass wear of the operational units was determined
on the laboratory scales CP 34001 S by Sartorius (Germany).

To find out the effect of the geometric shape and
chemical composition of the wear-resistant layer on the
wear resistance and durability of operational units, three
types of the tillage machines operational units were used:

a) spherical cut-out disk operational unit;

b) plowshare;

¢) center hoe of the cultivator.

It is necessary to consider all the essential factors that
affect the durability and wear resistance of operational units,
when implementing a systematic approach.

Works of A. V. Balabukha and H. Wenhua argue that
the geometric shape of the wear-resistant coating is crucial
for increasing the wear resistance of the tillage machines
operational units. To determine the effect of the geometric
shape of the wear-resistant coating on the surface of disk
operational units, various technological options were
proposed (Fig. 4). Wear-resistant coating was applied to the
disc operational units made of 65I steel.
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Table 1

Operational units used in the research process

Tillage machine Soil type Operational unit Material of the operational unit
Sandy loam Steel 28MnB5
. : ee n
John Deere 2210 cultivator Medium loam Center hoe Steel 651"
Light clay
Sandy loam Steel 65
; ee
MH-3-35 Medium loam Plowshare Steel Hardox 500
Light clay
Sandy loam Disk operational unit of Steel 28MnB5
_ ; isk operational unit o €e n
YOA-4.5 Medium loam the matricary type Steel 65
Light clay

Table 2

Operational units used in the research process

Tillage machine Soil type Operational unit Material cx;:ﬁrzgiﬂfﬁﬁmtﬂzr applied
Sandy loam 28MnB5
Medium loam eor
John Deere 2210 cultivator Center hoe 65IM+T-620
. 65M+T-590
Light clay 65r+M-Fe 6
65l
Sandy loam 65IM+T-620
65IM+T-590
rH3-35 Medium loam Plowshare 657 +M-Fe 6
. Hardox 500
Light clay 153
Sandy loam 28MnB5
Disk tional unit of oot
} . isk operational unit o 3
YOA-4.5 Medium loam the matricary type 65I+T-620
65M+T-590
Light clay 65I+M-Fe 6

Fig. 4. Options for applying a wear-resistant coating to disc operational units

Operational units were strengthened with three types
of electrodes T-620, T-590, and M-Fe 6, the chemical
composition of which is presented in Table 3.

Research of the wear characteristics of the plowshare tillage
machines operational units was conducted on three types of
soils during 2015-2018 in agricultural enterprises of Zhytomyr
and Vinnytsia regions. Tillage machines and operational units
used in the research are presented in Table 4.

Research included series-produced plowshares made
of J153 and Nardox 500 steel and center hoes made of

28MnB55 steel (Fig. 5, Fig. 6). Tests were performed without
changing the physical and mechanical properties provided
by the manufacturers. Operational units, made of 65
steel, were subjected to bulk hardening at a temperature
of 810...830 °C and medium tempering with very precise
holding at a temperature of 460...480 °C.

Results and discussion. Disc tillage machines are
becoming increasingly common in the Ukrainian agricultural
sector. In turn, this is due to the need to minimize the
impact on the soil, as it not only reduces the economic
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Table 3

Chemical composition of the wear-resistant layer on the surface of the tillage machines operational units

. Electrode type
Chemical element T-620 1590 M-Fe 6
Mn 1..15 1..1.5 <3.0
Si 2.25 2..25 -
C 29..35 29..35 <25
P <0.04 <0.04 <0.04
S <0.035 <0.035 <0.04
Cr 22..24 22..27 <10
Ti 0.5..1.5 - -
B 0.5..1.5 05..1.5 -
Mo - - <3.0
Nb - - <10

Table 4

Operational units used in the research process

Tillage machine

Soil type

Operational unit

Material of the operational unit + applied wear-
resistant material

John Deere 2210 cultivator

Sandy loam

Center hoe

Medium loam

28MnB5

65l

65IM+T-620

65IM+T-590

65I+M-Fe 6

MnH-3-35

Sandy loam

Medium loam

Plowshare

Light clay

65l

65 +T-620

65+T-590

65I'+M-Fe 6

Hardox 500

J153

Plow “Kverneland”

Sandy loam

Plowshare (with replaceable
chisel)

65l

Hardox 500

Plow “Diamant 11”
manufactured by Lemken

KMNC-9 PM Cultivator

Light clay

Plowshare (with replaceable
chisel)

65l

Hardox 500

Center hoe

28MnB5

65l

65M+T-620

65M+T-590

65I'+M-Fe 6

B

Fig. 5. General view of the plows used during the research: a - plow “Diamant 11” by Lemken,

b - plow “Kverneland”
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al

Fig. 6. Plowshares for the MNJ1H-3-35 plow: a -

B)

experimental plowshare for sandy loam soils;

b - series-produced plowshare

costs of growing crops, but also has a positive impact on
the environment (reduced impact on the soil from energy
vehicles and reduced soil erosion).

Increasing the durability and wear resistance of disk
tillage machines operational units has been studied by many
researchers (Sysolin etal., 2001, Morris et al., 2010, Hevko et
al., 2005, Salo et al., 2016, Tesliuk et al., 2016, Borak, 2021,
Bobrytskyi, 2007, Aulin & Tykhyi, 2017). The vast majority of
works are devoted to technological methods of increasing
wear resistance for certain soil and climatic conditions.

Some studies emphasize that the geometric shape of
the wear-resistant coating is crucial for increasing the wear
resistance of the tillage machines operational units (Kadenko,
2017). To determine the effect of the geometric shape of
the wear-resistant coating on the surface of the operational
units of disk tillage machines, various technological options
were proposed (Fig. 4). Wear-resistant coating was applied
to the disc operational units made of 65[" steel.

It has been proven that the geometric shape of the wear-
resistant coating applied to the friction surface is not crucial
for increasing the wear resistance of tillage machine disc
operational units on all types of soil. The difference lies
only within the statistical error (up to 3%) (Fig. 7). Sample 2
(Fig. 7) wears more actively because the volume of the
applied wear-resistant coating is much smaller than the
volume of the coating applied to other samples of the tillage
machines operational units.

After the wear layer of the applied wear-resistant coating
was worn off, the wear rate became equal to that of a
series-produced operational unit. There is also a noticeable
decrease in the wear rate as the disk diameter decreases.
This is due to a decrease in pressure on the edge of the
operational unit due to a decrease in the working depth.

Application of a wear-resistant coating on the surface of
disk operational units increases wear resistance on sandy loam
and sandy soils more significantly than on loamy and clay soils
(Table 5). This is also due to different mechanisms of abrasive
surface wear: on sandy and sandy loam soils, the process of
micro-cutting prevails, while on other types of soils, the process
of polydeformation destruction of the metal surface prevails.

T-620 electrodes (Table 6) have proven to be the best
for increasing the wear resistance of disk operational units,
as they are designed for surfacing parts that operate under

conditions of abrasive wear with moderate shock loads.
Tillage machines operational units hardened with M-Fe 6
electrode had the lowest wear resistance.

It should be emphasized that the use of disc operational
units made of expensive 28MnB5 boron-containing steel
has a significant effect on increasing wear resistance only
on clay and loamy soils. Operation of disk tillage machines
on sandy loam and sandy soils using operational units made
of 28MnB5 steel does not produce a positive effect.

The area and volume of the applied wear-resistant
coating has a significant impact on increasing the durability
of the operational units of tillage machines (Fig. 8).

It should be emphasized that as a result of hardening
(one layer of wear-resistant coating), the durability of disc
operational units increases by 1.28...1.41 times on sandy
loam soils, by 1.11...1.24 times on loamy soils, and by
1.07...1.18 times on clay soils.

The second layer of wear-resistant coating increases the
durability of the tillage machines operational units:

— by 13.1% when operating on sandy loam soil;

— by 9.3% when operating on medium loam;

— by 7.1% when operating on light clay.

As is well known, two limit states are possible during the
operation of disk operational units:

— bluntness of the blade;

— reduction of the outer diameter.

In the first case, the operational units are sharpened and
continue to be used, and in the second case, they are discarded.
The presence of the first limit state leads to equipment downtime
and increased maintenance costs. It is necessary to choose the
right side and angle of sharpening to avoid the first limit state.
As a result of the conducted research, recommendations for
sharpening disk operational units were developed (Table 6).

Anincrease in soil moisture generally leads to an increase
in its wear capacity. This phenomenon continues until a critical
state is reached, when free water is released on the surface
of the operational units. After that, the wear rate of the surface
is significantly reduced, as the groundwater will act as a
lubricant. It is impossible to cultivate the soil in this condition
due to the failure to meet agrotechnical requirements. For all
types of soils, the optimal moisture content was determined
at which the wear rate on the surfaces of the tillage machines
operational units is lowest (Table 7).
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Fig. 7. Wear rate of series-produced and hardened (with T-590 electrode) disc operational units during the
cultivation of the first 500 hectares of the field after harvesting corn for silage by the UDA-4.5 unit (variants of
wear-resistant coating application 1, 2, 3, 4 are shown in Fig. 1): a — sandy loam soil; b — medium loam; ¢ - light
clay (Rogovskii, et al., 2020)
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Table 5
Increasing the wear resistance of disk operational units of tillage machine made of 65[" steel
Soil Electrode type
T-620 T-590 M-Fe 6
Sandy loam 1.35...1.42 1.31...1.39 1.32...1.39
Medium loam 1.24..1.35 1.20...1.28 1.19...1.25
Light clay 1.16...1.21 1.14...1.26 1.13...1.21
BicHuk CymcbKkoro HawioHanbHOro arpapHoro yHiBepcurteTy 9



200

180

184

160

140

120
100
80
60
40
20

Production, ha

Sandy loam soil

m Light clay

Medium loam

Light clay

B Two coating layers

Fig. 8. Production time of the operational units of the Y[JA-4.5 unit to the limit state (coating scheme No. 4,
hardening with T-590 electrode)

Table 6

Necessary geometric parameters of the disk tillage machines operational units
to ensure their increased durability

. Radius of the disk .
Soil curvature, R Angle of sharpening
Heavy
Clay Medium © Outer 10°...20°
Light §
Heavy N Outer 10°...20°
Loam Medium ~
- Q °
Light D) . S
Sandy loam and Hoavy I sE5E% 5
andy loam an £c28c™ >
sandy San.dy loam - SSE 8o =
Consolidated sand 82 £
Free sand @ o
Table 7
Soil moisture that ensures the lowest wear rate
Soil Humidity, %
Heavy
Clay Medium
Light 13..17
Heavy
Loam Medium
Light
Sandv | d Heavy 10...11
andy loam an
sandy Sandy loam 9. 10
Consolidated sand
Free sand 7.8

An increase in the speed of movement of the tillage
machines operational units relative to the soil leads to
an increase in the wear rate. It is necessary to keep the
speed of the machine to a minimum to ensure increased
wear resistance. This is impossible in the actual operating

10

conditions of tillage machines, as it can lead to non-
compliance with the agrotechnical requirements for the
technological operation. Also, reducing the speed will
decrease the machine productivity and make it difficult to
perform the operation within tight agrotechnical deadlines.
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After harvesting crops, nutrient residues remain on
the soil surface, which, when interacting with the tillage
machines operational units, can release juices that will
intensify the process of abrasive wear. Soil cultivation should
be performed at the lowest moisture content of nutritious
crop residues.

Multifunctional capabilities of the center hoes have led
to the development of a large number of their designs that
differ in the specifics of wear. Wear process of the cultivator
hoes is characterized by high rate due to direct contact with
a complex abrasive mass — soil.

The main reason for the loss of the working condition of
the center hoes is the wear of the plow-point and wings in
width (Fig. 9, a). Other rejected indicators are also possible
(wing breakage, wear of the fastening part (Fig. 9, b), cracks,
etc.). Despite the fact that the center hoes are symmetrical
operational units, uneven wear of the wings is possible
(Fig. 9, a) due to improper adjustment of the unit.

The surface wear is not uniform during the cultivating
hoes operation. The hoe plow-point is subjected to the
greatest load, and therefore the wear rate of the plow-point
will be higher than of the other parts of the center hoe.
If the cultivator hoes are made of 65, 70" steel with the
same physical and mechanical properties of the material
throughout the operational unit, the hoe is rejected due to
premature plow-point wear. As a result of wear, the thickness
of the plow-point decreases and its strength decreases. This
leads to bending and breaking of the tip (Fig. 10).

It is well known that three groups of methods can
improve the durability and wear resistance of machine
parts: structural, technological and operational. As a result
of generalizing the information on the problem of increasing
the durability of center hoes, it was concluded that more
than 90% of the research works are devoted to technological
methods of increasing the durability of cultivator center
hoes (Kozachenko, 2017), about 8% — to structural and
about 2% - to operational methods. The works, devoted
to constructive methods, consider them in conjunction with
technological methods.

Analysis of research on improving durability and wear
resistance showed that all of them are aimed at solving a
specific local problem and do not systematically address
the issue of improving durability. The problem of increasing
the durability of cultivator center hoes shall be solved in a
comprehensive mannerwith the development of technological
and design methods. These methods will be based on the
soil and climatic conditions of operation, as well as apply
scientifically sound operating methods. To implement a
comprehensive approach, it is necessary to study the impact
of all relevant factors on the durability of cultivator center
hoes (material and method of tine reinforcement, soil type
and condition, and operating conditions).

Research of the wear characteristics and durability of the
center hoes was conducted on three types of soils during
2015-2018. “John Deere 2210” cultivator with a floating hitch
was used for this purpose. (Fig. 11).

a)

&)

Fig. 9. Reasons for the loss of the working condition of the center hoes: a — plow-point and wing wear in width
(on the example of a new and worn hoe); b — wear of the fastening part

Fig. 10. Cultivator plow-point after bending and breaking off
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Fig. 11. Used “John Deere 2210” cultivator

Operational units of the cultivator were made of wear-
resistant boron-containing steel 28MnB5 and steel 650
with different hardening options (Table 8). Steel 28MnB5
(analogous to 27MnB5) was chosen for the research because
it is used by world leaders in agricultural engineering for the
production of arrow tines and has increased resistance to
abrasive wear (Kovalchuk et al., 2015).

The center hoes, made of 28MnB5 steel, were operated
without changing the physical and mechanical properties
provided by the manufacturers. The cultivator's operational
units, made of 65[" steel, were subjected to bulk hardening
at a temperature of 810...830 °C and medium tempering
with very precise holding at a temperature of 460...480 °C.
The wear-resistant layer was applied to the front side; its
width on the center hoe was 2.5 to 3 times wider than on
the wings of the arrowhead. The application was performed
by manual arc welding in the conditions of the repair bases
of agricultural enterprises as per the scheme presented in
(Borak, 2021).

Since the operational units change their length and width
in the process of wear in the soil, the rate of massive wear
was determined to objectively assess the wear resistance
of the hoes at 10 hectares of production per hoe (Fig. 12).

The wear resistance of the cultivator center hoes made
of 28MnB5 steel is 18% higher than that of center hoes
made of 65 steel when operating on sandy loam soils,
23% higher when operating on loamy soils, and 57%
higher when operating on light clay. Applied protective
coatings significantly increase the wear resistance of the
cultivator hoes. In particular, as a result of applying a layer
with the T-620 electrode, the wear resistance increases
by 29...32 %, with the T-590 electrode — by 25...32 %

and with M-Fe 6 — by 15...29 %. Due to the wear of the
wear-resistant coating, the wear rate was equal to that of a
series-produced center hoe.

It should also be noted that the wear rate of the center
hoes in the first row is 14.5...21.2 % higher than the wear
rate of the center hoes in the second row. This is due to a
decrease in the degree of fixation of abrasive particles as
a result of partial loosening of the soil layer. An increase in
the wear rate by 24.2...38.4% was observed in the center
hoes working in the wake of a mobile power vehicle and
an agricultural machine. All of these reasons shall be
considered when installing center hoes on a cultivator to
ensure machine stability.

An increase in the speed of the tillage unit leads to an
increase in the wear rate (Borak, 2021). In order to identify
the regularity of the influence of the tillage machine speed
on the abrasive wear process rate, wear of the center hoes
at different machine speeds were researched: 8 km/h, 10
km/h, and 13 km/h (the boundaries of the research are
regulated by the technical characteristics of the John Deere
2210 cultivator). The research was performed on sandy
loam soils. Production was 10 hectares per hoe. As a result,
it was found that there was no effect of changing the speed
of the unit on the wear rate. Slight increase in the machine
speed is due to the absence of impact.

The tests showed that wing breakage and other
mechanical damage occurred only during operation on
sandy loam soils in all experimental samples, except for the
center hoes made of 28MnB5 steel. Mechanical damage is
caused by a large number of stony inclusions in the soil.
Damaged center hoes were not considered when calculating
their durability (Fig. 13).

Table 8
Operational units used during the research
28MnB5
Sandy loam soil 15/5000 65
John Deere 2210 cultivator center hoe 65+T-620
Medium loam 65IM+T-590
Light clay 65IM+M-Fe 6

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

12

Cepist «MexaHisaLjis Ta aBTomaT3aL|is BUpobH1umMx npovjecisy, Bunyck 1 (55), 2024



Wear rate g/ha

Steel 28MnBS Steel 650"

Sandy loam

Steel 65I'+T-620 Steel 65I'+T-590 Steel 65I+M-Fe 6
Material of the center hoe

® Sandy loam ®Medium loam = Light clay

Fig. 12. Wear rate of the John Deere 2210 cultivator center hoes (10 hectares of production per hoe)
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Fig. 13. Durability of the center hoes

The use of a center hoe made of high-quality 28MnB5
boron-containing steel has increased its durability compared
to a center hoe made of 65I" steel by 24% when operating
on sandy loam soils, 28% on medium loam, and 66% on light
clay.

It should be noted that the durability of cultivator hoes
made of 28MnB5 steel is higher than the durability of
reinforced cultivator hoes during operation on clay soils.
When using cultivator tines on sandy loam and medium
loamy soils, the hardened hoes have a higher durability
compared to tines made of 28MnB5 steel.

Some researches have noted that applying a layer on
the back side promotes self-sharpening and increases the
service life of the center hoe by 18% compared to applying
a wear-resistant layer on the front side. Tests have shown
that the durability of cultivator hoes with a wear-resistant
layer applied on the back side is higher than the durability
of cultivator hoes with a wear-resistant layer on the front
side, during operation on clay soils only. This increase was
within the statistical margin of error and amounted to 2.8%.
When operating such hoes on sandy loam and loamy soils,
as a result of rapid wear of the base material, we observed
the protrusion of the hardened layer, which broke off during
interaction with hard soil elements. The durability of such
hoes turned out to be 1.6...1.9 times less than the durability
of series-produced hoes.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

The ratio of the geometric parameters of the wear-
resistant layer applied to the plowpoint and wings of the
center hoe should be based on the ratio of the wear rate
of these parts. The ratio of wear rate of the plow-point
and wings of the center hoe was determined on a series-
produced hoe made of 65I steel (Table 9).

The results of Table 10 make it possible to determine the
scheme for applying wear-resistant coatings to the center
hoes, considering the soil conditions of their operation. During
the operation of the hoes on clay and medium loamy soils,
the wear-resistant layer should be 2.5 times wider and thicker
than the layer applied to the hoe wings. On sandy loam soils,
the geometric dimensions of the wear layer on the plow-point
and wings should have a ratio of 1.25/1. Such ratios can be
achieved not only by applying wear-resistant coatings, but also
by installing a removable tip on the plow-point of the center hoe.

The degree of abrasive particle adhesion in the soil
significantly affects the ratio of wear rate of the plow-point
and wings of the center hoe. Research of the influence of
the fixation degree of abrasive particles in the soil on the
wear rate of the plow-point and wings was performed on
sandy loam soils with different fixation degrees of abrasive
particles: a plot after harvesting winter wheat; a plot after
harvesting winter wheat and plowing (the day after plowing);
a plot after harvesting winter wheat and plowing (48 days
after plowing).
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Table 9

Ratio of plow-point and wing wear rate of cultivator hoes (production per hoe — 10 ha, field after rape)

Place of measurements Wear rate mm/ha
Sandy loam Medium loam Light clay
Plow-point 0.85 0.57 0.37
Wings 0.68 0.23 0.15
Correlation between plow-point and wing wear rates
Plow-point/wings | 1.25 2.48 2.46
Table 10

Correlation of wear intensity of the plow-point and wings of the center hoe in sandy soil conditions
with different degrees of abrasive particle fixation

Research conditions

Correlation between plow-point and blade wear rates

Plot after harvesting winter wheat

1.28

Plot after harvesting winter wheat and plowing (the day after plowing)

1.08

Plot after harvesting winter wheat and plowing (48 days after plowing)

1.21

The research results are presented in Table 10.

If cultivators are used only for secondary tillage (after
plowing), the wear rate of the plow-point and wings will differ
by only 8%, which must be considered when strengthening
the center hoes.

During operation, it is important that the center hoes are
self-sharpening to ensure that the cultivation operation is
performed efficiently. The ratio of the thickness of the wear-
resistant coating and the base metal can be determined
using the results presented above and the methodology
developed by A. S. Rabinovich.

Wear characteristics and proposed ways to increase
the durability and wear resistance of plowshares were
researched on three types of soils during 2015-2018 at
agricultural enterprises in Zhytomyr and Vinnytsia regions.
The tillage machines and operational units, used in the
research, are presented in Table 11.

Research involved series-produced plowshares made of
N53 and Nardox 500 steel. Tests were conducted without
changing the physical and mechanical properties provided
by the manufacturers. Plows, made of 65 steel, were
subjected to bulk hardening at a temperature of 810...830 °C

and medium tempering with very precise holding at a
temperature of 460...480 °C.

The scheme of applying a wear-resistant coating for
plowshares, during operation on different types of soils,
should differ significantly based on the ratio of wear resistance
of the blade and nose parts of the plow (Fig. 6, a), in contrast
to series-produced plowshares, where the reinforcement is
performed along the entire length with the same thickness
(Fig. 6, b). Previous researches have shown that the hardening
of series-produced plowshares leads to rapid wear of the plow-
point and loss of the ability to penetrate the soil, and therefore
it is replaced with an unused blade part (Borak, 2020).

The results of wear resistance researches of series-
produced and hardened plowshares are shown in Fig. 14.

It was found that the use of Nardox 500 steel for the
manufacture of tine and plowshare operational units is
more efficient when operating on clay soils. The wear
resistance of plowshares made of this steel is higher than
the wear resistance of plowshares made of 65I steel, by
26% during operation in sandy loam soil, by 43% during
operation in loamy soil, and by 82% during operation in
light clay (Fig. 16).

Table 11

Operational units of plows used in the research

Tillage machine Soil type Operational unit Material ‘Jvfggﬁrgggfat;?r:lag;gtar applied
65l
65M+T-620
65IM+T-590
MnH-3-35 Plowshare 65T+ M-Fe 6
1. Sandy loam Hardox 500
2. Medium loam n53
“ ” 3.Lightclay  Mpiowshare (with 65T
Plow “Kverneland rerz)lﬁicsee?)ble Hardox 500
g » Plowshare (with 65
Plow “Diamant 11
manufactured by Lemken re%ﬁgae?)b le Hardox 500
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Fig. 14. Wear resistance of INJ1H-3.35 plow plowshares (production of 4 hectares per operational unit)

High efficiency in plowing sandy loam and loamy soils
is provided by plowshares with a wear-resistant coating
applied by manual arc surfacing with T-620 and T-590
electrodes (Table 12).

Despite such a significantincrease in the wear resistance
of arc hardened plowshares at the initial stages of operation,
their durability does not increase significantly (Fig. 15). This
is primarily due to the intensification of abrasive wear on
the surface of the operational units after the wear-resistant
coating is worn off.

The use of series-produced plowshares made of Nardox
500 steel allows to increase the durability by 1.31...1.49
times compared to series-produced plowshares made of 65I
steel, and by 2...2.14 times compared to plowshares made
of L53 steel. A more significant increase in the durability of
plowshares made of Nardox 500 steel was observed during
operation on light clay compared to operation on sandy loam
and loamy soils. It should be noted that the durability of
plowshares made of Nardox 500 steel is higher than that of
hardened plowshares when working on clay soils, and vice

Table 12
Increasing the wear resistance of plowshares made of 65I steel
(NJIH-3-35 plow, production is 4 hectares per one plowshare)
Soil Electrode type
T-620 T-590 M-Fe 6

Sandy loam 3.20...3.33 3.21..3.32 2.95..3.07

Medium loam 2.85...2.87 2.84...2.85 2.64..2.71

Light clay 2.77..2.82 2.78...2.83 2.41..2.50
<
=
o
8
k3]
S
=
(a9

Steel 65T Steel 65T+T- Steel 65T+T-620 Steel 65I+M-Fe  Steel JIS3 Steel Hardox
590 6 500
Material of the center hoe
® Sandy loam soil ®Medium loam  ® Light clay
Fig. 15. The average service life of the plowshares MJH-3.35
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versa on sandy and sandy loam soils. This, in turn, is due to
the different ratio of the wear rate of the plow-point and the
plow blade during operation on different soil types (Table 13).

The data in Table 14 make it possible to determine
the scheme of applying a wear-resistant coating for
plowshares, considering the soil and climatic conditions of
their operation. Applying a wear-resistant coating only to the
toe of the plowshare will significantly increase its durability
during operation of plowshares in loamy and clay soils. On
sandy soils, it was found that it is necessary to change the
plow-point and blade at the same time.

The results of theoretical researches confirm that
the degree of abrasive particles fixation in the soil can
significantly affect the ratio of the wear rate of the blade
and the plow-point of the plowshare. To confirm or refute
this statement, researches were conducted on sandy
loam soil with three different degrees of abrasive particle
consolidation:

1) Plot after winter wheat;

2) Plot after winter wheat, repeated plowing on the 7th
day after the first cultivation;

3) Plot after winter wheat, repeated plowing on the 74th
day after the first cultivation.

The research results are given in Table 14.

The change in the ratio of the wear rate of the blade and
the plow-point of the plowshares is due to the fact that the
blade will interact with the landside in all processing options
and the degree of fixation of abrasive particles will not change,
unlike the abrasive particles with which the plow-point of the
plowshares interacts. An increase in the wear rate of the blade
part of the plowshare was observed on all types of soils. It is
necessary to strengthen the blade part primarily to increase
its durability when processing loose soils of all types.

The ratio of the thickness of the wear-resistant and
bearing layers should ensure self-sharpening conditions
with no possibility of a hard layer protrusion. Protrusion of
the hard layer will cause it to break off. Thickness of the

wear-resistant layer should be calculated as per the method
proposed in (Borak, 2021).

The use of plowshares with replaceable chisel significantly
increases their durability by replacing the chisel during
operation. During the period of operation of such plowshares,
from 2 to 4 chisel replacements can occur, as the wear rate
of the plowshare nose significantly exceeds the wear rate
of the blade. In addition, it should be noted that in case of
mechanical damage to the plow-point section, only the chisel
is replaced. The use of plowshares with replaceable chisels
can increase the durability of the plow by 2.3....4.4 times. A
special feature is that the chisel protects the plow-point of the
plowshare from wear not only along the length but also along
the width of the plow-point (Fig. 16).

For plowshares with a replaceable chisel, the thickness
change is wavy due to the formation of a wave of abrasive
particles by the chisel as it breaks up the soil.

During the operation of plowshare operational units, unlike
disc ones, no intensification of the abrasive wear process was
detected in the presence of plant residues on the soil surface.
Research works have shown that the difference in the wear
rate of plowshares and center hoes in the presence and
absence of plant residues is within the statistical error (£ 3%).

An increase in the speed of the tillage machine leads
to an increase in the wear rate of the operational units. It
is necessary to keep the speed of the machine as low as
possible to ensure increased wear resistance. This is not
possible in the actual operation of tillage machines, as the
productivity of the machine reduces with decreasing speed.
This can lead to a failure in performing a quality operation
within tight agrotechnical deadlines.

Findings. Research of the wear characteristics and
operational tests of plowshare operational units allows us to
draw the following conclusions:

— The nature and mechanism of abrasive wear depends
on the type of soil, its aggregate state and operating
conditions;

Table 13

Ratio of wear rate of the blade and nose parts for different soil types (series-produced plowshares, steel J153,
production is 4 ha per one plowshare, fields are in a post-harvest condition, after harvesting corn for silage)

Place of measurements Wear rate, mm/ha
Sandy loam soil | Medium loam Light clay
Plow-point (plow-point length) 8.42 7.31 4.27
Blade (blade width) 5.38 3.12 1.78
Correlation between wear rate of plow-point and plowshare blade 1.56 2.3 2.39
Table 14

Ratio of wear rate of the blade and plow-point parts in sandy soil conditions with different degrees of abrasive
particle fixation (processing depth in all cases — 220 mm)

Research conditions Correlation betmx::r ;:;ct);vs-point and blade
Plot after winter wheat 1.49

Plot after winter wheat, repeated plowing on the 7th day after the first cultivation 0.68

Plot after winter wheat, repeated plowing on the 74th day after the first cultivation 0.89
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Fig. 16. Changes in the thickness of a plowshare with a replaceable chisel during operation on sandy loam soils
(the plowshare has exhausted its service life)

— Application of a wear-resistant coating leads to an
increase in wear resistance on all types of soils, but this is
most pronounced on soils with a higher wear capacity;

— ltis necessary to use plowshares with a wear-resistant
coating, and on clay soils — plowshares made of high-quality
wear-resistant steels on sandy and sandy loamy soils in
order to increase durability;

— the presence of plant residues on the soil surface
does not significantly change the abrasive wear rate of
plowshare operational units (unlike disk ones);

— The ratio of the geometric parameters of the wear-
resistant coating should be based on the conditions and
operating modes of the plowshare operational units;

— Increasing the durability and wear resistance of the
tillage machines operational units should be based on an
integrated approach. This approach should use a range
of technological and design methods, considering soil and
climatic conditions, and implement scientifically sound
operating methods.

Wear of the disk tillage machines operational units is
complex (different mechanism and nature of abrasive wear

on the surface of the operational units, the occurrence of
related wear processes and the possibility of switching
to impact abrasive wear of the surface). Problem of
increasing the wear resistance and durability of the tillage
machines operational units that interact with the soil
environment cannot be solved by just using technological
methods to increase wear resistance and durability. To
achieve this goal, it is necessary to apply an integrated
approach, that includes the development of technological
and design methods to increase wear resistance and
durability, considering soil and climatic conditions, and
the introduction of scientifically sound methods of tillage
machinery operation.

As per the wear characteristics of plowshare and disk
operational units, schemes of wear-resistant coating
application have been developed to increase their durability
and wear resistance, considering the operating conditions
and modes of operation. It has been established that the
application of a wear-resistant coating is more effective
during the operation of operational units on soils with a
higher wear capacity (sandy and sandy loam soils).
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MidsuujeHHs HadiliHocmi po6o4ux opaaHie rpyHMoo6pobHUX MaWUH

[pyHMOo0o6pO6HI MalwuHU 3aliMaromes 00He 3 MPOSIOHUX MiCUb Y CPYKMYPI MaWUHHO-MPaKMOPHO20 MapKy Cy4acHux
agpapHux nidrnpuemcmes. Ympama ix npaue3damHo20 cmaHy rid 4ac rmposedeHHs1 osibosux pobim Moxe cymmeeso eriiu-
HYmu Ha ypoxalHicmb CinlbCbK020Crmo0apchKux Kynbmyp. Y rpyHmMoobpobHUX MawuHax eneMeHmoMm, KUl rnepesaxHo
nimimye 0og208i4Hicmb MawuH, € pobo4ul opaaH. BupiweHHs npobnemu nidsuuieHHs1 doe8208i4HOCMI ma 3HOCOCmIliKocmi
poboyux opaaHie rpyHmMoobpobHUX MallUH He MOXe basysamucs Ha BUKOpUCMaHHI 00H020 3 HasigHUX Memodig (mexHosmo-
2I4H020, KOHCMPYKMUBHO20 Ma eKcriyamayiliHo2o), a NO8UHHO rPyHMysamucs Ha cucmeMHOMY idxo0i 3 eUKOpUCmaH-
HSAM ycb020 criekmpy docmyrnHux Mmemodie. Y npoyeci peanisauji cucmemHozo nidxody HeobxiOHO 8paxyeamu 6ci iCmomHi
YUHHUKU, SIKi enueaoms Ha 008208i4HICMb | 3HOCOCMIlKiCmb pobo4ux opeaHie. B pobomi 6cmaHO8meHo, W0 HaHECEeHHS
3HOCOCMIlIKO20 nokpummsi 0ae Moxrnugicmb nidsuwumu 908208i4HICMb POOOYUX OpeaHie rPYHMOOBPOOHUX MalWUH:
0715 3MiYHEHUX AUCKOBUX pOobOoYUX OpaaHie npu ekcriyamauii ix Ha cyniwaHux rpyHmax 008208i4yHicmb nid8uULyemMbCs
8 1,28-1,41 pasu, Ha cyanuHkax — 6 1,11-1,24 pasu ma Ha anuHucmux rpyHmax — e 1,07—1,18 pasu; dns1 3MiyHeHUX cmpir-
yacmux nan npu ekcnayamauii ix Ha cyniwaHux rpyHmax 0ogzosiyHicms nidsuwyemscs 6 1,41-1,53 pasu, Ha cyenuHkax —
8 1,48 pasu ma Ha enuHucmux rpyHmax — 8 1,39—1,44 pasu; dnsa 3miyHeHUX nemewwis rpu ekcrayamauii ix Ha cymiwaHux
rpyHmax doezosiyHicmb nidsuwyemscs 8 1,82—2,13 pasu, Ha cyanuHkax — 6 1,5—1,85 pasu ma Ha enuHUCmuXx rpyHmax —
8 1,34-1,52 pasu. Ome, HaHECEHHS1 3HOCOCMILIKO20 MOKpUMMS Ha Poboyi opa2aHu rpyHMoobPOOHUX MaWwUH binbw eghek-
mueHe Ha rpyHmax, siKi Matomb 8UWY 3HOWY8anbHy 30amHicms (CyniwaHi ma niwaxi). BuseneHo 3akoHoMipHocmi ennusy
IPYHMOBO-KNiMamuyHuUX yMo8, pexumie excriyamauji ma crnocobie 36epieaHHsa Ha do8208i4Hicmb i 3Hococmitikicms pobo-
YuX opaaHie rpyHmoobpobHUX MaWwuH. Ha ocHoesl ekcriepumeHmarnbHUX 0aHux ma meopemuyHux AocnioxeHb po3pobrieHo
Haykogo 0brpyHmosaHy cucmemy excriyamauji poboyux opeaHige rpyHmoobpobHux mawuH. CghopMyTb08aHO OCHOBHI
MPUHUUNU nidsuweHHs1 Aoe208i4HOCMI POBOYUX Opa2aHie rPYHMOOBPOBHUX MawuH KOMIIEKCHUM ridxo0om adanmauii ix
3HOCOCMIUKOCMI 3 ypaxy8aHHSIM IPYHMOBO-KITIMamuy4yHUX yMO8 ma Pexumie ekcrinyamauii, ski 0o3eonsoms midsuwumu
008208i4HicmMb pobOYUX OpaaHie rpPyHMoobpobHUX MawuH 6 1,84-2,51 pa3u & 3anexHocmi 8id muny poboyux opaaHie ma
rPyHMOBO-KNIMamu4HUX yMos.

Knroyosi crioga: abpasusHutli 3HOC, rpyHmMoobpObHI MaluuHuU, murl rpyHmy, ekcriiyamauitiHul azpeaam, 8upobHUYMEO,
0os208i4Hicmb, 3Hococmilikicms.
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The article analyzes the use of an electric autoclave with the proposed system of automated control of the technological
process in the conditions of a small enterprise or a small workshop of a restaurant establishment. An analysis of the
implementation of the technological process of sterilization of canned goods in an electric autoclave was carried out on the
created automated stand for controlling the electric autoclave under the name "Stand for automatic control and management
of technological parameters of thermal equipment”. Option of the modes of operation of the programmable logic controller
OWEN PR200 with an electric autoclave are considered. The principle of operation of an electric autoclave in an electric
circuit diagram with a programmable logic controller is given. The procedure for connecting sensors and their types, which
participate in determining the parameters of a given technological process are considered. It was determined that the
initial option, which is responsible for the beginning of research, is option Ne1, and the number of options is 18, which are
programmed for specific values of the given technological process in the memory of the programmable logic controller.
Methods of controlling the electric autoclave were defined directly through the display of the programmable logic controller
or through the installed informative SCADA program on a personal computer. It has been previously established that the
SIMP Light ENT SCADA system provides access via a local network or via the Internet to current and archived data of the
technological process. It has been investigated that procedure for starting the SIMP Light ENT SCADA program is given
the channel editor, checking the channel settings, selecting the desired COM port, starting test channels, the mnemonic
editor, and starting the monitor. It has been experimentally proven that the heating of an electric autoclave is started either
directly by a programmable logic controller or by a personal computer with a SCADA program. It has been investigated that
the electric autoclave is heated during the time specified by the technological process to the specified parameters. It was
determined that the parameters set by the technological process correspond to the values of the resistance thermometer
and the pressure sensor for the corresponding technological process, to according option is No. 13 - sterilization of canned
meat. Voltage fluctuations and non-stationarity of technological parameters within 2% were analyzed, which is associated
with typical features of a programmable logic controller regulator, but the indicated indicators are within the norm.

Key words: technological parameters, electrical equipment, operating modes of sterilization of canned meat,
technological process, PLC automation, food product.
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Introduction. The food industry plays an important role
in meeting the needs of consumers by supplying raw and
processed food products (Fauziah et al., 2020; Munirah
et al., 2021). The food industry is now using cost-effective
and profitable automation solutions (Chandrasiri et al.,
2022) to achieve higher production volumes than the food
industry using manual process control systems (Mishachev
et al., 2020). Robotic processing and manufacturing are
more popular now that the abandonment of manual labor
is considered as a concept (Mokrushin, 2022). The food
industry is more compatible with automation systems than
any other industrial sector (Gordon, 2020). Automation
is a technology related to the application of mechanical,
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electronic and computer systems for the management and
control of production. Automation of control systems has
revolutionized the food industry, enabling faster and more
efficient production processes. As the demand for food
products increases (Meshram et al., 2019), manufacturers
are increasingly turning to automated production process
controls to increase productivity, reduce production costs,
and improve safety and quality standards. Overseas,
the food industry is an important sector of the economy,
generating over $2 trillion in sales in 2020, and that's just
in beverages. The use of automation in the food production
process has a number of advantages (Malaka, & Maruddin,
2020). Automated technological process management
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systems (ATPMS) reduce the risk of human errors, reduce
the level of contamination of the technological process, and
ensure compliance with food safety standards. Automatic
control systems allow manufacturers to maintain stable
product quality, minimize production waste, increasing its
efficiency (Radchuk & Savchenko-Pererva, 2023). Also,
automation technologies help reduce labor costs, allowing
manufacturers to invest free money in other areas of their
business (Savchenko-Pererva, 2022; Savchenko-Pererva &
Radchuk, 2021).

Today's advances in automation technology lead to
the development of competitive intelligent systems that
can learn and adapt to different situations, increasing the
efficiency and effectiveness of production processes.

Today, robots and automatic processes are considered
an integral part of industry. Supply chain efficiency has
become a priority for the food industry as it is a critical
step in handling and managing actual demand rather than
forecasted demand (Kalantzis & Revoltella, 2019; Nam &
Chung, 2020). The automation system is mainly driven by
the competitive success and safety of the food industry or
manufacturing enterprise. The most valuable advantage
of the automation system is the improvement of labor
productivity, product quality and profitability (Kumar et al.,
2020).

This article examines the impact of automation on the
process of manufacturing canned food products, which
controls the progress of the production process (Alvarenga
et al., 2018).

Autoclaves play a key role in food storage and
preservation processes, helping to ensure the safety and
extend the shelf life of a variety of food products (Stier,
2019).

Autoclaves are commonly used in the canning industry
to sterilize closed food cans (Triana et al., 2020). Jars
filled with food products and sealed with lids are treated
with high-pressure steam in autoclaves (Hartulistiyoso &

Akmal, 2020). This process effectively kills bacteria, mold,
yeast and other microorganisms, preventing spoilage and
ensuring long-term food preservation (Wang et al., 2019).
Autoclaves using high-pressure steam are widely used in
large and medium-sized processing enterprises. For small
enterprises, the use of steam is economically expensive
and therefore autoclaves with electric heating are used.
Such autoclaves are also subject to automation, which
significantly affects the quality of finished products and
prevents the negative influence of the human factor on the
technological process.

Materials and methods of research. Conducting
research on the automation of equipment for sterilization
of canned food was carried out with the help of a special
laboratory stand, Fig.1a.

This stand includes an electric autoclave and a
technological process control and automation unit. Let's
consider the components of the stand in more detail. The
electric autoclave consists of a body, which is presented
in Fig.1b, a cover with devices and a device for hermetic
closure, Fig.1c.

The body of the autoclave is equipped with electric
heaters for heating cans with canned food. The electric
curtains used in the laboratory stand have a power of 2.2 kW
and a nominal voltage of 50 Hz and 220 V. The tanks are
located in the lower part of the autoclave and separated from
the other part by a special perforated metal partition. Water
moves freely through the perforation of this partition. This
partition is used to install cans with canned food on it, which
must be subjected to the sterilization process. Capacity of
the laboratory stand: 8 cans of 0.5 liters or 5 cans of 1.0 liters.
In the upper part of the autoclave body there is a neck, on
which the cover is installed and with the help of a device for
hermetic closure, the internal environment of the autoclave
is sealed. A rubber seal is placed between the cover and the
neck for reliable sealing of the connection. The device for
hermetic closure is a screw with a handle that engages with

b c
Fig. 1. A stand for conducting research on the automation of equipment for the technological process of
sterilization of canned goods in an electric autoclave: a — a general view of the stand; b — body of the electric
autoclave; ¢ - the lid of the autoclave with devices and a device for hermetic closure
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a nut. The nut, in turn, has three rigidly attached elongated
rectangular rods that, when the autoclave is closed, engage
with three rods that are rigidly attached around the neck of
the autoclave. Thus, when the screw is turned, it moves
towards the neck of the autoclave body and rests against
the lid, sealing the autoclave.

Devices are installed on the lid of the autoclave:

- safety valve designed for a maximum pressure
of 600 kPa. This valve is used to prevent exceeding the
maximum pressure inside the autoclave;

- control manometer with the maximum ability to
measure pressure of 400 kPa. It is used to visualize and
control the progress of the technological process;

- resistance thermometer DTS 0.1 5-50 M.V.2.80,
which allows you to measure the actual temperature inside
the autoclave and transmit information to the controller. The
resistance thermometer has a measuring range: -50...+180 °C;

- pressure sensor PD 100-DY 0.25-171. The maximum
excess pressure measured by the sensor is 250 kPa (short-
term up to 400 kPa). This sensor converts excess pressure
into a unified 4...20 mA direct current signal. The resistance
sensor is connected to the controller and transmits real-time
information about the excess pressure inside the autoclave.

Thus, the autoclave has the ability to heat up with the
help of electric current and transmit the actual temperature
and overpressure readings to the controller.

The unit of control and automation of the technological
process of sterilization of canned goods has a
programmable controller OWEN PR200 in its composition.
The OWEN PR200 controller has the ability to program to
execute a certain sequence of commands. In its design, it
has terminals for connecting external devices, such as a
resistance thermometer and an excess pressure sensor.
Also, the design of the controller provides for the presence of
switches that are turned on and off under certain conditions
according to the program entered in the controller's memory.
The controller provides a connection via a USB 2.0 port to
a personal computer. Through this port, the process control
program, which is created in the specialized OWENLOGIC
software environment, is loaded into the controller.
Controller operation is controlled using a personal computer
and SIMP Light ENT special software. The technological
process of sterilization of canned goods is accompanied by

t,°C

st

11

a change in the temperature inside the autoclave, the form
of the graph of which can be represented as a dependence
of temperature t, °C on time T, min, t = f(T), Fig.2.

The dependence graph t = f(T) has three zones:

- | — a zone of intense heating from the temperature
of the surrounding air to the sterilization temperature of this
product t.. Intensive heating takes place over time from
0 to Tn - the time when the product is kept at a constant
temperature;

- Il - a zone of exposure to temperature t, during a
certain period from Tn to Tex, which depends on the type
of product and the size of the can in which the product is
located:;

= Ill - the cooling zone of the sterilized product.

You can control the change in temperature in the
autoclave by turning on and off its electrical elements to the
alternating current network. This happens with the help of a
switch controlled by the OWEN PR200 controller.

The general process of conducting research on the
automation of equipment for the technological process of
sterilization of canned goods is as follows:

1. It is necessary to connect the autoclave with the
controller, according to the automation scheme, Fig. 3.

2. In the middle of the autoclave, we install cans with
canned food. Pour water into the middle of the autoclave to
a level that covers the cans with a layer of at least 2 cm.

3. We connect the controller and the autoclave to the
220V, 50 Hz alternating current network. We also turn on
the personal computer, having previously connected it to the
controller via the USB 2.0 port.

4. We launch the SIMP Light ENT program on a personal
computer. The indicators of the technological process are
displayed on the monitor screen, Fig. 4.

5. On the screen of the personal computer monitor,
with the "mouse" manipulator, using the buttons "Choice
option+1", "Choice option-1", "Reset", select the program
number. A total of 18 programs have been developed and
loaded into the OWEN PR200 controller. The programs
differ among themselves in terms of the numerical value of
the sterilization temperature t_, °C and the exposure time
T, min. Accordingly, it is possible to choose the sterilization
temperature from the following series: 100, 110, 115, 120
and the exposure time from the series: 10, 15, 20, 30,

I

Tn

Tex T, min

Fig. 2. Dependence of temperature t, °C on time T, min during sterilization of canned goods in an autoclave
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Fig. 3. Electric autoclave automation scheme: 1 — autoclave; 2 — controller; 3 — pressure sensor;
4 - resistance thermometer; 5 — electric tan; 6 — person computer
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Fig. 4. General view of the SIMP Light ENT program for automating the control of the technological process
of sterilization of canned goods in an electric autoclave

40, 50, 60, more than 60. After selecting the program, the
OWEN PR200 controller automatically switches to mode
of its execution, the switch on the controller is turned on
and alternating voltage is applied to the autoclave's electric
shades. The number of the program variant, the temperature
in °C and the pressure in kPa inside the autoclave, the total
time of the program execution in minutes are indicated on
the personal computer screen in real time. Also, graphs of
the dependence of temperature on time t= f(T) and pressure
on time P = f(T) are automatically built on the screen of a
personal computer. This information can be exported in
numerical form for use in drawing graphs in MS Excel.

6. Atthe end of the program execution time, the controller
turns off the electric current supplied to the autoclave trays.
The process of cooling the autoclave and unloading the
finished product takes place. The technological process is
completed.

Results. In order to carry out a practical study, the
automation of the equipment for the technological process
of sterilization of canned meat was carried out. Canned meat
was placed in cans with a capacity of 0.35 liters, closed and
placed in the middle of the autoclave. Water was poured
into the autoclave 2 centimeters above the level of the cans.
The autoclave was hermetically closed with a lid. According
to Fig.3, the automation scheme was assembled. The next
step was to turn on the personal computer and the controller,
select program mode No.13 (table 1) in accordance with the
raw material. For this option, the heating takes place to the

22

sterilization temperature ;=120 °C with a duration of 20
minutes.

After selecting the program, the controller automatically
started its execution. The temperature and excess pressure
inside the autoclave are displayed in real time on the
computer screen. These indicators are fixed.

According to them, graphs of the dependence of
temperature on time t = f(T) Fig.5a and pressure on time
P = f(T), Fig.5b were constructed. Temperature is measured
in °C, excess pressure is measured in kPa.

Analyzing the graphs, you can distinguish 3 zones on
them. The first zone is the heating zone of the autoclave to
the sterilization temperature 72 °C. This heating takes 72
minutes (T,). At the same time, the excess pressure in the
autoclave increases from 20 kPa to 200 kPa. This pressure
allows water not to boil at a temperature of t =120 °C. The
second zone is a zone of exposure for 20 minutes. This
happens from 72 to 92 minutes of the technological process
of sterilization. As you can see, the temperature inside
the autoclave is within 119...122 °C. Such a change in
temperature is caused by the fact that the water is heated by
electric heaters and there is a certain inertia of the thermal
system. The electric tan is heated from the current to a much
higher temperature than 120 °C, then the heat released by
the tan is transferred to the water, which in turn heats the jar
with the food product and the temperature sensor. As soon
as the temperature sensor has recorded 120 °C, the electric
heater is turned off by the OWEN PR200 controller, but the
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Table 1

Autoclave operating modes

Option No. Sterilization temperature t, °C Exposure time T, minutes
1 100 10
2 100 15
3 100 20
4 100 more 20
5 110 20
6 110 30
7 110 40
8 110 more 40
9 115 20
10 115 25
11 115 30
12 115 more 30
13 120 20
14 120 30
15 120 40
16 120 50
17 120 60
18 120 more 60
f__ o L
" P kPa

tst=120 °C

=Tlmin

T£=22min

a

T, min

T min

b

Fig. 5. Dependence graphs: a — temperature t = f(T); b — pressure P = f(T) from the time of execution of the
technological process of sterilization in an electric autoclave

internal thermal energy accumulated by the body of the
electric heater will be transferred to the water. Therefore, the
water begins to overheat to 122 °C. Accordingly, the value
of the water temperature of 119 °C occurs as a result of the
fact that the water cools down to this temperature, only after
that the controller will re-connect the electric power to the
tank, and the heating will be repeated. The third zone on
the chart is at a time of more than 92 minutes (T,). At this
time, the controller turned off the supply of electrical energy
to the autoclave tank and the process of autoclave cooling
takes place.

Discussion. On the basis of the conducted research,
it can be stated that the automated stand for control and
management of an electric autoclave using a programmed
logic controller is adequate. The technological process of
sterilization of canned meat takes place with the help of
an electric autoclave and an OWEN PR200 connected
to a personal computer with a special SIMP Light ENT
software product. Comparing the stability and stationarity of
our proposed technological process with the technological

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

processes in the autoclave of other authors, we can
conclude that we have achieved reliable results. Thus, in
her chapter of the manual, Susan Featherstone presented
the calculations of the heating parameters of the sterilization
process, which, according to the table of options for existing
processes, coincide with ours. R. Malaka, A. Triana and
G. Ghoshal proposed a method of sterilizing milk with the
addition of extract in the same equipment as in our article —
an electric autoclave that works on the same principle (Mal-
aka & Maruddin, 2020; Triana et al., 2020; Ghoshal, 2018).
S.Piramuthu, E. Saldafa, G. Saravacos and S. Featherstone
substantiated the feasibility of using an electric autoclave
for food preservation (Piramuthu & Zhou, 2016; Saldafia
et al., 2013; Saravacos & Kostaropoulos, 2016; Feather-
stone, 2015). R.-Y. Chen, K. J. Jijo, K. K. Sandey, L. Pan
and W. L. Lau in their works investigated the dependence of
temperature on the condition of canned products sterilized
in autoclaves at high pressure (Chen, 2017; Chen, 2016; Jijo
& Ramesh, 2014; Sandey et al., 2017; Pan et al., 2017; Lau
et al., 2015). Their conclusions regarding the research are
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identical to ours, since the pressure exerted upon reaching
the required temperature during canning of poultry meat in
an electric autoclave did not exceed the norm and increased
at a proportional rate to the temperature. M. Muller,
R. Chaari, J. Igbal and H. A. Pierson in his publication
emphasizes the necessity and expediency of using robotic
systems in the world (Muller et al., 2014; Chaari et al., 2016;
Igbal et al., 2017; Pierson & Gashler, 2017). And scientists
E. Hartulistiyoso and M. Akmal studied the canning of crab
meat in a capacity of 0.35 liters, which determines the
standard indicator of the volume of cans for canning in the
food industry (Hartulistiyoso & Akmal, 2020).

Conclusions. As a result of the conducted research,
it was proposed to use an electric autoclave with a
programmable controller OWEN PR200, which made
it possible to automate the technological process of
sterilization of canned goods. For the first time, the software
product developed and loaded into the OWEN PR200
controller using a personal computer and specialized
OWENLogic software allows you to have 18 program

options in which the parameters of the sterilization process
are programmed, such as the sterilization temperature:
100 °C, 110°C, 115 °C, 120 °C and time durations: 10, 15,
20, 30, 40, 50, 60 and more minutes. The choice of such
indicators of the technological process allows sterilization
of canned meat and vegetables in cans with a capacity of
0.35 liters; 0.5 liters; and 1.0 liters. The main parameters of
the technological process of sterilization are indicated in real
time on the screen of a personal computer in the SIMP Light
ENT program. It is also possible to record these parameters
and export them to MS Excel.

The practical application of the obtained results consists
in the complete automation of the technological process
of sterilization of canned goods in an electric autoclave,
which allows the reproduction of the process any number of
times while preserving the technological parameters of the
process. And there is also an opportunity to conduct new
scientific research on the optimization of the parameters of
the technological process of sterilization and the preparation
of new types of canned goods with controlled parameters.
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Aemomamu3sauisi KepyeaHHs1 efleKmpUYHUM aemoK1agom

Y cmammi npoaHarnizoeaHO 8UKOPUCMAaHHS eIEKMPUYHO20 asmokK/iasa i3 3anporoH08aHOK CUCMEMOI0 agmomMamu3o-
8aH020 KepyBaHHsI MexHOM02iYHUM MPOUECoM 8 yMogax Masioeo nidnpuemcmea abo He8ermuKoeao uexy 3aknady pecmopaH-
Hoeo eocriodapcmea. [1posedeHo aHani3 BUKOHaHHST MEXHO02IHHO20 NMPOoUecy cmepurtidauii KOHCepsie 8 eneKmMpUYHOMY
aemokriasi Ha CmMeopeHOMy asmomMamu308aHOMy CmMeHOi KepysaHHsI eeKMPUYHUM aemokiagomM mid Ha3eow «CmeHd
asmomMamuyHo20 KOHMPOJIK ma KepysaHHs MEXHOI0_IYHUMU Napamempamu menno8ozo ycmamkygaHHs». Po3arnsHymo
gapiaHmu pexxumie pobomu npoepamosaHoeo foeidHo2o koHmponepa OBEH NP200 3 enekmpuyHum aemoknasom. Hase-
0eHo npuHYUn pobomu enekmpu4yHO20 agmokiasa y cxeMi eleKmpuYHO20 NaHyrea 3 npoepaMosaHUM f02iYHUM KOHM-
ponepom. HaeedeHo nopsdok nidkmo4eHHs1 Oamyukie ma ix eudu, wo bepyms yyacms y 8usHa4eHHi napamempie 3a0aHo20
MEXHOO02IYHOZ0 NPOUECY — MepPMOMEMp 0opy, ONd BU3HaYEHHS 3HaYE€HHST memnepamypu ma damyuk mucky. BusHaqyeHo,
w0 noyamkosuM eapiaHmom, skuli gidrosidae 3a no4amok rposedeHHs1 docniodxeHb, € apiaHm Ne1, a KinbKicmb eapiaH-
mie — 18, wo 3anpozpamosaHi M0 KOHKpemHi 3Ha4yeHHs1 3a0aH020 MEXHOM02i4HO20 NPOUEecy 8 nam’smi npoepamosaHo2o
1102i4H020 KOHmMponepa. BusHayeHo criocobu ynpaeniHHa enekmpuyHUM asmoknasom — be3nocepedHso Yyepe3 oucrnnel
fpoepamoeaHo20 f102i4H020 KOHmponepa abo Yepes ecmaHoerneHy iHgpopmamueHy npozpamy SCADA Ha nepcoHansHoMy
komm’tomepi. [MonepedHbo 3’sicosaHo, wio SCADA cucmema SIMP Light ENT 3abe3neqye docmyn 1o fokanbHit mepexi abo
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yepes IHmepHem 0o NOMOYHUX ma apxieHuUXx daHUX MexHoI02iYHO20 fpouyecy. [Midmpumyemsbcs poboma Monimopa e mepe-
XKegoMy pexumi — moxnuee nidkmodeHHs Kinbkox K Ao odHiei cmaHuii. HasedeHo nopsdok 3arnycky npoepamu SCADA
cucmema SIMP Light ENT — pedakmop KaHarie, nepesipka HanawmyeaHHs KaHanig, obpaHHsi nompibHozo COM nopm,
3anycK mecmosux KaHarsie, pedakmopa MHeMOCXeM ma 3arnyck MoHimopa. ExkcriepumeHmarnbHo 008e0eHO, HaegpieaHHs
€1eKmMpUYHO20 agmoKiasa 3anyckacmbCs 3a paxyHok abo 6e3rnocepedHbo MpoepamMo8aHuM f102i9HUM KOHMpPonepom, abo
nepcoHanbHuM Komm'tomepom 3 fpoepamoro SCADA. [ocnidxeHo, enekmpuyHuUl aemoknas HazpieaembCs npomszom
3a3Ha4YeHo20 MEeXHOMO02IHHUM fpoyecoM Yacy 0o 3adaHux napamempie. BusHayeHo, wjo 3adaHi mexHom02iYHUM npoyecom
rnapamempu gidnosidatome 3Ha4eHHsIM mepMomempa oropy ma damyuka mucky 0ns 8i0nogidH020 MEeXHOM02iYHO20 NpPo-
yecy, 8idrnosioHo 0o obpaHoe20 8apiaHmy — 8apiaHm Ne13 — cmepunisayis M’ICHUX KOHcepsig. [TpoaHani308aHO KOUBaHHs
Harpyau ma HecmaujoHapHICmb MEeXHOM02IYHUX napamempie 8 Mexax 2%, Wo o8’a3aHo 3 MunosuMuU O3HaKkaMmu peayrs-
mopa npozpamosaHo20 102i4H020 KOHMPOsIepa, ane 3a3HaqyeHi MOKa3HUKU — 8 MeXax HOpMU.

Knrovoei cniosa: mexHonoaidHi mapamempu, enekmpoobnadHaHHs, pexumu pobomu cmepunisayji M’sCHUX KOHcepeis,
mexHornoeaiyHuli npouec, asmomamusauisi /1K, xap4yosuti npodykm.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

26

Cepist «MexaHisaLjis Ta aBTomaT3aL|is BUpobH1umMx npovjecisy, Bunyck 1 (55), 2024



YK 637.071

AHATNI3 AOKYMEHTIB CUCTEMW HACCP HA AiIlo4OMY NiANPUEMCTBI

Bonrosa Hatanis BiktopiBHa

KaHOMAAT CiMbCbKOrOCMOAAPChKMX HayK, AOLEHT

CyMCbKMIA HaLioHanbHWA arpapHui yHiBepeutert, M. Cymu, YkpaiHa
ORCID: 0000-0002-0201-0769

natalia.bolhova@snau.edu.ua

CoxkoneHko BikTopis BikTopiBHa

CTapLmni BUKnagay

CyMCbKMIA HaLioHanbHWIA arpapHui yHiBepeutert, M. Cymu, YkpaiHa
ORCID: 0000-0002-2049-7013

viktoriia.sokolenko@snau.edu.ua

l'y6a CeiTnaHa OnekcaHapiBHa

acuCTeHT

CyMCbKMIA HaLioHanbHWIA arpapHuin yHiBepeutert, M. Cymu, YkpaiHa
ORCID: 0000-0002-0546-7940

snau-okunevska@ukr.net

Napoxin Ceprivt BiktopoBuy

marictp

CyMCbKMIA HaLioHanbHWA arpapHui yHiBepeutet, M. Cymu, YkpaiHa
ORCID: 0009-0005-2274-307X

ladokhin.1080@gmail.com

Mautok €BreH AHaTonioBuy

marictp

CyMCbKMIA HaLioHanbHWA arpapHui yHiBepeutet, M. Cymu, YkpaiHa
ORCID: 0009-0007-4305-4315

vd1989matsyuk@gmail.com

CucmemHuli nidxid do besneyHocmi xap4yosux npodykmie i 3anobizaHHs 3aX80PHBAHHAM Xapy08020 MOXOOKEHHS
pOMs20M XUMmMEBO20 YUKy xap4yosux npodykmie Haszusaomb cucmemoto HACCP. M’aco ma m’sicHi npodykmu
ggaxatombcsi Halbinbw Yymmusi 00 3apaxeHHs namoz2eHHUMU Mikpobamu. M’sco sende cobow noxuseHe cepe-
dosuuje 0ns1 po3sumky Mikpobie. 3axodu, HanpaeneHi Ha yOockoHaneHHs icHyrw4oi cucmemu HACCP Ha 8upob-
Huumei, € 06oe’s3kosumu ma rnocmitHumu. Mema docnidxeHHs: npoaHanidyeamu 0okymeHmu cucmemu HACCP,
0brpynmyeamu OouinbHicmb obpaHoi KKT. Mamepianu i memodu. [ns 0ocsizHeHHs memu obpaHo memod oarsiody,
aHanisy 0okasie 3 HU3KU Oxepen i docnidxeHb. Mamepianom € dokymeHmu cucmemu 6e3rneyHocmi Xxapyosux rnpo-
0ykmis (HACCP). BuknadeHHsi 0CHO8HUX pe3yribmamig docrnidxeHHs. B npoyeci enposadxeHHss cucmemu be3rney-
Hocmi Ha nidnpuememsi TOB «Jly6Hum’ssico» komnaHieto IT-Enterprise 6yno ecmaHoeneHo 12 KOHMPOMbHUX KPU-
muyHux moyok. OdHieto 3 KKT € do3ysaHHsa crieuill. Jna obrpyHmyeaHHs doyinbHocmi yiei KKT Hamu nposedeHo
aHania dokymeHmie cucmemu 6e3neyHocmi. OOHUM i3 0608’s3k08UX OokymeHmie cucmemu HACCP € onuc cupo-
BUHU, mapornakyseanbHUX Mamepianie ma iHzpedieHmie. Bumoau onucy cuposuHU MOWUPKMbCS Ha 8€Cb Xapyo-
eull naHyroe. [ins aHanizy obupaemo YacHUK 2paHynbosaHul. AHanizyrdu mabnuyr MoxHa cmeepdxysamu, W0
3a yMOBU BUKOHAHHSI 8UMOg2, SKi MpornucaHi 8 0nuci CUPOBUHU MOYUHaKYU 3 8XiOHO20 KOHMpPos Ao emany 003y-
BaHHS 2paHynb0B8aHO20 YacCHUKY, iHepedieHm 3anuwaemsbcsi 6e3neYHuUM. 3gaxarodu, Wo echekmueHicms cucmemu
6e3rneyHocmi OUIHIEMBCS Yepe3 NpocmeXxysaHicmb, HaMu poaHanizoeaHo mMexHosoeilo supobHuymea Komaemu
e2ambypaepHoi snosuqoi 3aMopoxeHoi. 3eaxaroyu Ha aHania dokymeHmie cucmemu HAACP, ii enpogadxeHHs1 ma
pearnisayito Ha 8UPOBHUYMEI, @ MaKoX 8paxo8yr4U NO3UMUBHI Npakmuku egaxaemo, wo obpaHa KKT He € 0brpyH-
moeaHow. BucHoeku. Takum 4uHom, docnidxyeaHy KKT cni0 esaxamu mo4Ykorw KOHMpPosw. 3axodu, wo enpo-
gadxeHi npu supobHUUMei kommaemu 2ambypeepHoi S7108UH0I 3aMOPOXEHOI, Ha Haw noassad, 00380M510Mb OMpPU-
mMamu 6e3neyHul npodykm, 3eaxatyu we i Ha me, wo npodykyisa byde npoxodumu neped 8XusaHHIM MePMIYHy
06pO6Ky.

Knrovoei cnoea: 6esneyricmb, xapyosuli npodykm, HACCP, HebesneyHuli YUHHUK, KpUMUYHa KOHMPOJIbHa mOoYKa,
fpocmexyeaHicmab, OfuUC CUPOBUHU, M'ICO, Komrema.

DOl https://doi.org/10.32782/msnau.2024.1.3
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Betyn. AHania Hebe3neyHMX YMHHUKIB | KPUTUYHI KOH-
TPOMbHI TOYKN BU3HAHI KIKOYOBOK YaCTUHOK MPaKTUK ynpas-
NiHHS GE3neYHICTI0O XapyoBKX MPOAYKTIB Yy CBITOBIN XapyoBiii
MPOMMCIIOBOCTI Ta MOXYTb 3aCTOCOBYBaTUCA Ha Oyab-sKOMY
eTani naHutora xapyoswx npopykTis (Wallace, 2024). mo-
GanbHy KinbkicTb HeBaay y 6e3neyHOCTi Xap4oBUX MPOAYKTIB
MOXHa BUPILLMTW NpuainueLumn Binblue yBaru Kynetypi BUpob-
HULTBA Xap4OBKX NPOOYKTIB, CTABNEHHI, KOMMNETEHLLSM, Biano-
BiZanbHOCTI Yepes NaHLor NocTaBok. beaneyHicTb xapqoBux
MPOAYKTIB € NOEAHAHHAM OpraHi3aLiHOi KynbTypu, coLliorno-
MYHUX (DAKTOPIB, TEXHOMOTYHIX Ta iHPOPMALINHMX haKkTopIB.
BusHaueHHs1 «ethekT1BHOCTI» 6e3ne4HOCTi XapUuoBUX MPOLYK-
TiB BU3Ha4ae cnabki CTOpoHK, 3abesnedye LWnsax Ans BOOCKO-
HamneHHs Ta MiATPUMYE MPUNHATTS PilleHb HA OCHOBI OLjHKM
puanky (Frankish & Ross, 2024). Came ToMy aHani3s puswkis Lie
MDKHapOAHO BU3HAHWIA NPOLEC, MPUAHSATUIA OpraHamMu perynto-
BaHHs 6e3NeYHOCTi XapUyoBWX NPOOYKTIB Y BCbOMY CBiTi (Huang,
Lau & Smith, 2024; Allam Ta iH., 2023; Yang, Wei & Pei, 2019).

Cuctema HACCP - ue cuctemHui nigxig oo 6esneqHo-
CTi Xap4oBMX NPOAYKTIB i 3anobiraHHs 3aXBOPIOBAHHSAM Xap-
YOBOTO MOXOPKEHHS NMPOTArOM XUTTEBOTO LIMKMY XapyoBUX
npozaykTis (Bolhova, 2022; Bolhova et al.2023; Pardo T1a iH.,
2013; Chen, Liou, Hsu, Chen & Chuang, 2021; EI-Mougy
Ta iH., 202). BnpoBamKeHHs iHPOpPMALiHUX TEXHOMOTIl
y cuctemax ynpasniHHa 6e3neyHICTI0O XxapyoBUX NPOOYKTiB
Lie He nuLe BiANOBIOb Ha BUKMNWK CbOrOAEHHS, a 1 BUMOra,
ska NOKPALWTb KOHTPOMb B KPUTUYHUX KOHTPOMbHUX TOY-
Kax, 3a6e3ne4nTb rapaHTOBaHWUI MOHITOPUHI pU3WKIB, Mig-
BULLMTB TOYHICTb | NOBTOPIOBaHICTL BUMIiptoBaHb (Trofimova,
Ermolaeva & Trofimov, 2020; Chernova, Bychenkova,
Kotova & Pupykin, 2019; Awuchi, 2023).

M’co Ta M'SICHI NPOAYKTU BBaXatTbCA HanbinbLL Bpas-
nuBi [0 3abpyaHEeHHs maToreHHUMK Mikpobamu, OCKinbKu
M’SICO SIBMSiE COBOID MOXMBHE CepefoBuLLe AN1S PO3BUTKY
MikpobiB (Sallam et al., 2020). Tomy 3axoau, HanpaBneHi
Ha yaockoHaneHHs icHytovoi cuctemu HACCP Ha BUpoGHU-
LTBI, € 060B’A3KOBUMM Ta MOCTIMHUMMU.

MeTa pocnigkeHHs: npoaHanisyBaTu JOKYMEHTM CUC-
Temu HACCP, 06r'pyHTyBaTh AouinbHicte 06paHoi KKT.

Matepianu i meTogu pgocnigxeHb. [Ans OOCArHEHHS
MeTn 0bpaHo MeToa Ornsay, aHanidy AoKasiB 3 HU3KW xe-
pen i pocnigpkeHb. Matepianom € JOKyMeHTU cuctemm 6es-
nevHocTi xapyoBux npogyktis (HACCP).

Pesynbrati gocnigxeHHs. B npoueci BNpoBamKeHHs
cuctemm 6esneyHocTi Ha nignpuemcTsi TOB «JTy6HUM ico»
komnaHieto IT-Enterprise 6yno BctaHoBNEHO 12 KOHTPOIb-
HUX KpUTUYHKUX Todok. OpHieto 3 KKT € go3yBaHHS chewii.
[nsa obrpyHTyBaHHs gouinbHocTi uiei KKT Hamu npoeeaeHo
aHani3 JOKyMeHTIB cuctemm 6e3neyHocTi.

OpHum i3 0bor’sa3koBuUx OokymeHTiB cuctemn HACCP
€ ONUC CUPOBWHM, TaponakyBanbHWX Matepianis Ta iHrpe-
aieHtis. Onucn cuposuHn (gani OC) € fgokymeHTamu cuc-
TEMU MeHeMKMeHTY Ge3nevyHOCTi XapyoBMX MPOAYKTIB Ta
AKoCTi, po3pobneHi BignosigHo Ao Bumor 1ISO 22000:2018
n. 8.5.1.2 no sakynieni cupoBuHm Ta GSO 2055-1:2015,
GSO 993:2015, SMIIC-1:2011. Bumorn OC noLumptoroTbes
Ha BeCb Xap4oBuii naHutor. [ins aHanisy obupaemo YacHuk
rpaHynsboBaHum (tabn. 1).

Ananisyloun Tabnuuo, MOXHa CTBEpOXyBaTW, LO 3a
YMOBU BMKOHaHHS BUMOT, ki nponucaHi B OC nounHatoun
3 BXiZIHOTO KOHTPONMNIO 40 eTany A03YBaHHS rpaHyiboBaHoro
YACHWKY, IHrpedieHT 3anuiiaeTbes 6esneyHmm.

Tabnuus 1
Onuc cupoBMHK, TaponaKyBanbHUX MaTepianiB Ta iHrpedicHTIB
Moka3Hmk Onuc
HaimeHyBaHHs YacHWUK rpaHynboBaHnm
HopmatnBHuMIn JOKyMeHT TY Y 10.8-41275804-001; 1ISO 22000:2018; GSO 2055-1:2015; GSO 993:2015; SMIIC-1:2011
XapaKTepucTuku:
BionoriuHi Kinekicto MA®AM, KOE r/npogyKTy, Wo He 6inbLwe, ans 1*105; bakTepii rpynu KULLKOBKUX
nanuyok (konicopmu) B 0,01 r npogykTy He JonyckatoTbCs. [atoreHHi MikpoopraHiamu B
T. Y. canbMoHenu B 50 1 npoayKTy He fonyckaeTbes, CynbdiTpeaykytodi knoctpugii 8 0,01 1
NPOZYyKTY He gonyckaeTbest, nnicHsBi rpubu KYO B 1,0 T. He GinbLue 17102,
XiMiyHi Xapyosi Bnactusocri, 100 r: Kanopiixicts — 330 kkan, binku — 16 r, XXupu — 0,5 r Byrnesogm —
64 r, 3ani3o, KanbLii, Kanin, MarHin, mapraHeLb, ocdop, LUMHK, cenex; Bitamitn: B1, B2, B3,B4,
B5, B6, B9, C;
®isnyHi Mae Burnsg rpaHyn ta kpemosui konip. CnyxuTb 3aMiHOI0 CBIKOMY YaCHUKY, Tak SIK MPU CYLUiHHI

He BTpayae CBOI KOPWUCHI BNACTUBOCTI.

Cknap cupOoBUHWU/IHrpeaieHTIB

OLHOKOMMOHEHTHMIA MPOAYKT YACHUK CYLUEHWIA TpaHyNbOBaHMIA.

MeTtop 06po6ku

[OTOBWI 0O BUKOPUCTAHHS.

[ToxomKeHHst

YkpaiHa.

MeTO,El NakyBaHHA Ta OOCTaBKU

'epMeTn4HO ynakoBaHoO B NOMIETUNEHOBWIA NakeT, hacyBaHHs No 1 Kr.

Ctpok 36epiraHHs

YmoBu 36epiraHHs: Temnepartypa He Ginblue 25 °C, BigHOCHa BOMOricTb NoBiTps He Ginbwa 75%,
CTpOK 36epiraHHs 12 MicsuiB

MigrotoBka nNpoaykuii nepen
BUKOPUCTAHHAM

MpoayKT roToBwWiA O BUKOPUCTAHHS, 3BaXMTH HEODXiAHY KinbKiCTb 3rigHO peLenTypy.

Kputepii npuiimarHs

Mpuiimae cupoBuWHY, TaponakyBasbHi MaTepiany Ha cknag nicns HagaHHs HeobxigHoT
CynpoBiaHOI fOKYMeHTaLi (SKiCHe NoCBiAYEHHS, cepTudikaT BiANOBIAHOCTI, FirieHIYHUIA
cepTudikat, caHiTapHO-eniaeMionoriYyHmii BUCHOBOK, AeknapaLlis BMpobHuka, BifoMicTb

nepeMiLLEHHsl, TOBAapHO-TPAHCNOPTHA HaKmagHa) Ta Mo KifbKOCTi.
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3Baatoun, Lo ehekTUBHICTL cMcTeMMU Be3neYHOCTi oLi-
HIOETBCA Yepe3 NPOCTEXYBaHICTb, HaMW MpPOaHani3oBaHo
TEXHONOTit0 BUPOBHMLTBA KOTNETM rambyprepHoi Sn0BUYoi
3aMOpPOXKEHOI.

MigroroBka Ao BUpOOHMLTBA:

1. Marictep abo npusHaveHa HUM BignosigansHa ocoba
npuiMae Big KOMIpHUKA CUPOBWHY 3rigHO 3aMOBMEHHS
3 Kamepu 306epiraHHs OXONOMKEHOT NPOAYKLT.

2. CupoBMHa NepeMilly€eTbCs Ha AifIbHALD HapidaHHS.
Ha ctoni Ha Hapi3kn BCTAHOBMIOKTHCA Barum Ans KOpury-
BaHHS iHOMBIQyanbHOI Macy wmatka. [Mpu npuiomi Ta npu
noganswmx obpobkax, Manctep abo npusHayeHa HUM
BignosiganbHa ocoba, 3BepTae yBary Ha OpraHONEnTUYHI
MOKa3HWKN CUPOBWMHW, Taki SIK KoMip Ta 3anax. Y Bunagky
MOMIYEHNX HEBIAMOBIAHOCTEN, TakMX $K: Temnepatypa
Y TOBLLi M’ICHOI TKaHWHU MeHLWe 3a +2°C abo 6inbLie 3a
+8°C; konip Ta 3anax (He XxapakTepHui Ans CBixoro Lobpo-
siKicHoro M’sica abo i3 CTOPOHHIM 3anaxoM); KOHCUCTEHList
(He xapakTepHa Ans OOOPOSIKICHOI CUPOBUHW, M'A3U He
MPYXHi); MOBEPXHS (He XapakTepHa ANns M’sica SMOBUYUHN
B OXOMOMKEHOMY CTaHi, NepeMiCTUTU B OKpeMy Tapy CUpo-
BWHY Ta [OMOBICTU NPO Lie MancTpy abo iHCNeKTOpY KOHTP-
onto 3 akocTi). Biabip i nigrotoBka i NoapiGHEHHS CUPOBUHN
[0 NepeMillyBaHHs.

3. OCHOBHa CMpOBMHA HaBaXyeTbCA Yy BI3OK 3riAHO
3 peLenTypolo i nepemillyetbcsl A0 NIANOMHUKa-NepeKun-
[laya BOBYKa. 3aBaHTaXuTu OyHkep BOBYKa i NOAPIGHUTK
CUPOBUHY Yepes BiAMOBIAHWIA pO3MIp OTBOPIB Y Bi3OK.

4. 3pobuTn HaBaxKy cneuin Ta XxapyoBux [06aBOK
B CrevwjianbHy eMHICTb 3riHO peuenTypu.

5. MigrotyBat HeobxigHMM 06'eM Xap4oBOi BOAW 3riHO
peuenTypu y €MHICTb. [lepemillyBaHHS CUMPOBUHK, MiAro-
TOBKa hapLuy.

6. 3a gonomorow MigMoOMHUKa-Nepekngada BUBaHTa-
XWTU noapibHeHy OCHOBHY CUPOBWMHY 3 MeTanesoi Tapw
y Millanky, gogartv xapyoBi Ta cmakosi gobasku, fogaty
XapyoBy BOAY.

7. 3aKpuTK KPULLKY Millanku, yBiMKHYTU. [lepemily-
BaHHS: TpUBanNicTb 6 XBUMUH, Bakyym — 76%.

8. lMicns 3akiHYEHHS NepeMmillyBaHHS BiAKPUTU KPULLIKY
BUBAHTaXeHHS OyHKepa, HAaTUCHYBLUM OHOYACHO AOBi KHO-
MKW Ha MynbTi KepPyBaHHA MALLUMHOW, BUBAHTaXMTU (apLu
y MeTanesun Bi3ok.

9. 3amoTat CTpeny-nmniBkol MeTarneBun Bi3oK, HaHe-
CTW €TUKETKY 3 iHdopmaLlieto nNpo Ha3sy Haniabpukaty
Ta [aTol BUrOTOBMEHHS. [lepeMiCTMTM BI3OK y kamepy
36epiraHHs oxonomxeHux Hanisabpukatis (0...+4 °C) ans
noganbLoro 36epiraHHs 40 (popMyBaHHS KOTMET.

®dopMyBaHHS KOTNET:

1. BctaHOBUTW Ha MalUmMHy Ans POpMYBaHHS KOTneT
MaTpuLto 3 0TBOpoM Aiametpom 120 minimeTpi..

2. BcraHoBWTM Ta 3adikcyBaTi nogaBasibHy CTPIYKY.

3. Mig'egHat mMalmHy 0O enekTpuUuHOI Mepexi Ta Ao
TpybKM cTUCHYTOro NOBITPS. [MigroTyBaT! KOHTPOIbLHI Bary.

4. BuBaHTaxuTu hapll 3 MeTaneBoro Biska y OyHkep
MalumMHW. BUCTaBUTW KOperylounin Bary rBUHT Ha BUaady
nopuii Baroto 120 rpamiB. HaTucHyTW HOrow Ha neganb
BKMIOYEHHS. 3HiMaTU KOTNETU 3 Nafatoyoi CTPIYKM Y ManeHb-
KW ALK, KOXKEH ALLMK MICTUTb No 11 KOTNeET. Yepes KoxHi
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6 Komnem HeobxiOHO pobumu KOHMPOMbHUL 3amip eaau
O0Hiel 0OuHUYi. SKwo eaea HesidnosioHa, HEOOXIOHO nid-
Kopeeaysamu 28uHm 8aau 8 binbuwy YU 8 MeHWwy CMOPOHY,
8 3anexHocmi 8id eidxuneHHd. MakcumansHO Aonyctuve
BiOXWUINEHHS OfHIET LUTYKM — 2 rpamu.

5. CcpopmyBaTh nigdoH SAWMKIB 3 KOTNeTaMu, HaHe-
CTW €TUKETKY 3 iHhopMaLlieto Npo Ha3By Hanisgabpukaty
Ta [4aTol BUroToBreHHs. [MepeMicTuTy NigaoH y Kamepy
36epiraHHs oxonomxeHux Hanisgabpukaris (0...4°C). Jo
rakyeaHHsi He 0oMnyckarombCsi Komaemu, Wo Malmb He
peanameHmosaHi 8iOXUNeHHs Mo 8a3i, 3 BKIMOYEHHAMU
xupy binbwe 5 mm, 0echopmosaHi abo 3 MopyweEHoH yiric-
Hicmio.

6. 3a 15 xBMNMH [0 NakyBaHHS, NiGLOH 3 KOTnetamu
nepeMiLLytoTb y kamepy 36epiraHHs 3aMOpPOXeHOT NPOoaYKLi
NS nNigMOpoXyBaHHSA A0 Temnepatypu -5°C Ha noBepxHi
npopykty i -1°C. Yepes 15 XBUIMH 3 MOMEHTY NiAMOPOXY-
BaHHS Mig4OH NEPEMILYIOTh Ha AiNbHULID NakyBaHHSA [0
nakyBanbHOT MaLUMHW.

7. Buknactu 4gi KOTNETW Y LLEHTPI Tapinku, Takum YUHOM,
o6 BiACTaHb Mix KoTneTaMmu He nepesuilysana 10 mMwm.

8. Banyctutn mawmnHy MULTIVAC Ta metanogertekTop.

9. NMicnsa 3akiHYeHHa uukny Bakymauii ogsarHytu o6i-
YaliKy Ha Tapisfky Tak, Lo6 KyT, Npu3HaveHuii 4Nns BiOKpUTTS,
3HaxXoAMBCS 3 NPOTUIEXHOT CTOPOHY Bif, BEPXHBOT YaCTUH
obivarikn. CknacTn y cepefHin AWK KoTneTamm yHus.

10. MapkyBaHHS NPOBOAMTLCS 3rigHO i3 3aKOHOM
Ykpaitn Ne2639-VIIl «lpo iHdopmaLito ans cnoxusadis
OO XapyoBUX MPOAYKTIBY. [Jo MapKyBaHHA He Jonycka-
€TbCA NPOAYKLSA 3 HACTYNHUMU BiAXUNEHHAMM:

— 3CyB KOTNETW, PO3BaKyMOBaHi abo MOLIKOMXeHi oau-
Huui. Taka npoaykLis niansrae nepenakyBaHHIo;

— NpoAyKUis, SKy BiCOPTYyBaB MeTaNoAeTeKTop, Nians-
rae yTunisauii.

TakuM YMHOM, MOXEMO HABECTW 3arasibHuUi onuc Brok-
cxemu BUpobHULTBa npoaykuii 3a cuctemoto HACCP.

1. CupoBUMHa Ta NOYATKOBWI KOHTPOSb SKOCTE:

— [Mpuxig CMPOBUHN.

— [MepeBipka AKOCTi CUPOBUHM Ta NMPUAMAHHS.

— Nabopatopis aHanian CUPOBUHK (SKLLO HEOBXIAHO).

2. MNpuUroTyBaHHS CUPOBUHM:

— MpuroTtyBaHHsa Ta 06pobka CMPOBUHK nepes BUPOBHN-
LITBOM.

3. BnpobHuuTBo:

— [Mpouec BMpobHULTBA NpOAYKLii.

— KoHTtponb napameTpa BupobHMUTBa (TEMnepartypa,
yac, TUCK TOLLO).

4. 3abesneyeHHst 6eanekn npoayKLii:

— BusiBneHHst noTeHuUinHMX puankis 6esneku.

— 3anobiraHHs 3abpyaHEHHI0 NPoAYKLiT.

5. Bumorw po ririeHn Ta caHitapii:

— BuKoHaHHS caHiTapHUX HOpPM Ta CTaHZApTIB.

— O6cnyroByBaHHs 0bnaHaHHs Ta NpUBUPaHHs.

6. MOHITOpUHT Ta KOHTPOMb:

— [1OCTINHWIA MOHITOPUHT NapamMeTpiB BUPOOHULTBA.

— 36ip Ta aHani3 BUGIpok NpoaykLii.

7. Banigauis Ta Bepudikavis:

— lNepeBipka Ta AOKyMeHTaLis eheKTUBHOCTI cucTeMU
koHTponto sikocti HACCP.
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8. 3bepiraHHs Ta TPaAHCNOPTYBaHHS:

— YMoBM 36epiraHHs i TpPAHCNOPTYBaHHSA NPOAYKLT.

9. YnpaBniHHs Bigxogamm Ta peareHTamu:

— O6pobka BigxoaiB Ta peareHTiB.

10. JokymeHTaLis Ta peecTpauis:

— BepneHHs 3anuciB BUpOOHULITBA Ta KOHTPOMO SKOCTI.

11. BUpOBHUYMIN KOHTPOMb SKOCTI Ta TECTYBaHHS:

— MNepeBipka SKOCTI NpoAyKLii nepeq ynakoBKow Ta Bid-
MPaBneHHsIM.

12. YnakoBka Ta MapKyBaHHS:

— YnakoBKa rotToBOi NPOAYKLLT Ta HAHECEHHS MapKyBaHHS.

13. 36epiraHHs Ta focTaBka:

— YmoBWM 36epiraHHs roToBOI NpoayKLii Ta 1i Joctaska Ao

— BeneHHs 3anuciB Npo KOHTPOMb SIKOCTI Ta 3abesne-
YeHHs BignosigHocTi ctaHgaptam HACCP.

15. PearyBaHHs1 Ha aBapinHi cuTyaLii:

—[naH gin y Bunagky aBapiiHWx cuTyaLin abo Bignosia-
HOCTi CTaHaapTam.

3Baxatoun Ha aHani3 gokymeHtis cuctemn HAACP, ii
BMNPOBaKEHHA Ta peani3auito Ha BUPOOHMLTBI, a TaKoX
BPaxOBYIOUM MO3UTUBHI MPaKTUKK, BBAXaEMO, WO obpaHa
KKT He € 0br'pyHTOBaHOI0.

BucHoBku. Takum umHoMm, pocnigxysaHy KKT cnig
BBaKaTW TOYKOK KOHTpOMto. 3axoau, Lo BNpOBamKeHi npu
BUPOGHWLTBI KOTNETW ramByprepHol SMoBMYOI 3aMOpOXe-
HOI, Ha HaL Nornsaa, 403BONSATL OTpUMaT 6e3nedHnin Npo-

KMieHTIB.
14. 3anucu Ta gokymeHtauis HACCP:

JYKT, 3BaXkatouu e i Ha Te, WO Npoaykuis Byae npoxoamTu
nepes BXWBaHHSAM TepMiuHy 06poOKy.
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Analysis of documents of the HACCP system at the current enterprise

The systemic approach to food safety and the prevention of foodborne diseases during the life cycle of food products
is called the HACCP system. Meat and meat products are considered the most sensitive to contamination by pathogenic
microbes. Meat is a nutrient medium for the development of microbes. Measures aimed at improving the existing HACCP
system in production are considered mandatory and permanent. The purpose of the study: to analyze the documents of the
HACCP system, to justify the expediency of the selected CCP. The purpose of the study: to analyze the documents of the
HACCP system, to justify the expediency of the selected CCP. Materials and methods. To achieve the goal, the method of
review and analysis of evidence from a number of sources and studies was chosen. The material is documents of the Food
Safety System (HASSR). Presentation of the main research results. During the implementation of the security system at
Lubnymyaso LLC, IT-Enterprise established 12 critical control points. One of the CCP is the dosage of spices. In order to
substantiate the expediency of this CCP, an analysis of security system documents was conducted. One of the mandatory
documents of the HACCP system is the description of raw materials, packaging materials and ingredients. Requirements
for the description of raw materials apply to the entire food chain. For analysis, we choose granulated garlic. Analyzing the
table, it is possible to state that if the requirements prescribed in the description of the raw material are met, starting from the
input control to the dosing stage of granulated garlic, the ingredient remains safe. Due to the fact that the effectiveness of the
security system is estimated through traceability, we analyzed the production technology of frozen hamburger beef patties.
Taking into account the analysis of documents of the NAASR system, its introduction and implementation in production,
as well as taking into account positive practices, we believe that the selected CCP is not justified. Conclusions. Thus, the
studied CCP should be considered a control point. In our opinion, the measures implemented in the production of frozen
beef hamburger patty make it possible to obtain a safe product, taking into account the fact that the product will undergo
heat treatment before use.

Key words: safety, food product, HACCP, dangerous factor, critical control point, traceability, description of raw materials,
meat, cutlet.
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Hapasi 3miHu, siki 8idbysarombCs 8 CilbCbK020Crno0apcbKkoMy 8UpobHULUMEI YKpaiHu, nompebyromb CMeOPEHHST ma po3-
POOKY HOBUX MerIOHaCOCHUX MeXHOos02ill, sIKi 8UKOPUCMO8YMbCS 011 MEenIonocmaYyaHHs CiflbCbKo2ocrnodapChKux rio-
npuemcms. B daHili pobomi po3ansidacmbcsi npobriema sukopucmaHHs 8005IH020 mernio8o20 Hacoca (TH), skuli npayroe
Ha peaeHepamugHuUX Oxepenax eHepeaii i BUKOPUCMOBYE HU3LKOMOMEHUitHy mennomy eo0u 3 pidoK, 03ep ma nid3eMHUX
600 0ns menionocmadyaHHs Ccinbcbko2ocnnionpuemcms. Mema pobomu ronsizae 8 oujiH8aHHI echekmugHOCMI 3acmocy-
8aHHS1 apOKOMITPECILIHO20 LUKy 80051H020 TH Ha nmidnpuemcmeax CiflbCbK020crno0apchbkoao 8upobHUymea 3 mepmMoou-
HamiyHoi mouku 3opy. [poaHanizoeaHo mepmoduHaMidHi xapakmepucmuku i ocobrugocmi pobomu TH «eoda-eo0a» 0nisi
CirlbCbK020Cn00apChKUX MOMPUEMCME ma OUIHEHO (hakmopu, WO Maromb 8MIuU8 Ha iX eHep2emuyHy eqheKmusHICMb.
Takox rnoka3aHo i poaHarnizosaHo enaue memnepamypu 800U Ha menaonpodykmugHicms makozo TH. [nsa nideuuweHHs
ehekmugHocmi pobomu cucmemu menaonocmadyaHHs CirlbCbK020Ccn0dapChKo20 MidnpueMcmea 3arnporoHO8aHO cXemy
mernioHacoCHOI cucmemu 8i06opy HU3bKONOMEeHUYitiHOT menomu 3 sukopucmanHam TH "eoda-eoda". MposedeHi docrii-
OXeHHs eKasanu Ha 0ocmamH ehekmueHicmb 3acmocysaHHs 800siHUX TH 3aedsiku 800i SIK HU3BKOMOMEHUIUHOMY Oxe-
peny i ix nepesazy neped iHWUM mennoeeHepytodum obnadHaHHsM. BodsHi TH crioxusaomb eHepeito HU3bKOMoOmeHuil-
HuX 0Xeper, Mpu UbOMy 3HUXYOMb 8UMpPamu Ha meraornocmadyaHHs binbw HiX 8 MoI08UHY. 3 MOYKU 30py EKOHOMIKU, Or1s
ymunisayii HU3bKornomeHUuitiHUX merao8ux nomokig 8uzioHo sukopucmosysamu TH "g8oda-eoda". Ha cyyacHomy pieHi, aHa-
nisyro4u mepmModuHaMiyHy eghekmugHiCmb mernnonocmadyasnbHUX cCUCmeM 3 8UKOPUCMAaHHAM Merogux Hacocig y Cifb-
CbKoMy 2ocriodapcmel, MOXHa 3p0bumu 8UCHOBOK, WO 8 Cy4acHUX EKOHOMIYHUX yMogax HeobXiOHO po3susamu cucmemu
mennonocmayaHHs i3 3acmocysaHHSM NapoKoMnpecitiHux 800ssHUX TH, a ue, 8 €801 Yepeay, cymmeso nidsuLyye xapakme-
pucmuku obrnadHaHHS1 07151 mocmadyaHHs MmenIomu, sike 8UKOPUCMOBYEMbLCS Ha CirbCbK020CM0dapChKUX nidnpuemMcmesax.

Knrovosi cnoea: eodsiHuli TH, cinbcbkozocrnodapceki nidnpuemcmea, dxeperna 008Kins, mennonocmayasbHi cuc-
memu, KoegpiyieHm nepemeopeHHsi, ekcepeemuyHul KK/.

DOl https://doi.org/10.32782/msnau.2024.1.4

Bctyn. HaranbHe nuTaHHs, sike MOTPiOHO BuWpiLLyBaTy
Ha JaHui Yac — Le HeoOXigHICTb BUKOPUCTOBYBATH HOBITHI
eHepro3bepiratoyi  TEXHOMOrIi MOCTayaHHs TennoTW Ans
ranysi CinbCbKOrocnogapcbKoro BUPOOHNLTBA.

Tomy 3apa3 akTyanbHOK 3aJaqolo B cdepi nocTavyaHHs
TENnoTu B mpouecax BMpoOHULTBaA, nepepobkn Ta 36epi-
raHHsl CinbCbKOrOCMOZapChKoi MPOoAyKLil, a Takox Ans obi-
rpiBy MpWMILLEHb Ta rapsyoro BOAOMOCTAYaHHA € BUKOPU-
CTaHHs1 eHeproedeKT1BHOTO TENOHACOCHOTO YCTaTKyBaHHS.

HesBaxatoum Ha Te, WO MPUPOAHI BYrnMeBOAHI MarTb
3HaYHe MicLe B TpaauLiiHUX cucTeMax nogadi TennoTw, ane
JOUINbHO NEPEXOANTUN Ha pereHepaTuBHI [xepena Tennotu
JOBKINNs, Hanpuknag, noBiTps, piYKOBOi Ta MOPCLKOI BOAM,
IPYHTY, I'PYHTOBUX BOL, $Ki BUKOPUCTOBYKOTHCS B HOBIT-
HIX Cy4YacHMX TennoHacoCHUX TexHomorisx. (Bezrodnyi &
Galan, 2011; Maliarenko & Lysak, 2004; Bezrodnyi et al.,
2013; Ostapenko, 2015; Arseniev & Meleichuk, 2018; Bosyi
& Kuzyk, 2020; Bosyi, 2022).

lNepcnekTMBOK NocTavyaHHs TennoTy BUPOOHUKaM Cinb-
CbKOTO TOCMOAAPCTBA € BWKOPUCTAHHSI PEreHepaTuBHOIO

xepena eHeprii, HanpuKnag, Takoro sk Boga B BoasHux TH
Ha faHoMy eTani.

3acTocyBaHHsI TEMMOBOI €Heprii  MPUPOOHUX  [xe-
pen, ocobn1Bo BOAW, 3ararioM EKOHOMIYHO Ta EeKOMOriYHO
BUri4HO, ane YacTka BUKOPUCTaHHS TENSIOBOI EHepril HaBKO-
NWLIHBOTO CepenoByLLa HeBEMMKa.

Tomy noTpibHO 36inbLUyBaTK 3aCTOCYBaHHA NMPUPOAHMX
€KOMOrYHO YMCTUX [pKepen eHeprii JOBKinng ana nocra-
YaHHsa TennoobirpiBy Ta raps4oro BoZONOCTayaHHs! BUPOO-
HUKaM CiflbCbKOrO rocnogapctea eHeproedekTUBHUMM
TennoHacocHuMu TexHonoriamu (Bosyi et al., 2022; Bosyi,
2022; Bosyi & Kuzyk, 2022).

AHani3 ocTaHHiX gocnigxeHb i ny6nikauin. Tennosi
Hacocy (TH) — edpekTVBHi, EKOHOMIYHI Ta EKOMOTYHO YMCTi
CUCTEMW TEMMOMOCTa4YaHHsl, BOHW [O3BOMSATH OTPUMY-
BaTU TENMOTY ANs TENNONOCTa4aHHs NpUMILLEHb 3a paxy-
HOK BMKOPWUCTAHHS TEMMOTU HU3bKOMOTEHLINHOMO Dxepena
BOZM, I'PYHTOBWX, apTe3iaHCbKMX Ta TepMarnbHUX BOA; Npu-
pOAdHMX BOZ, PIYOK, 03ep, MOpIB, OKeaHiB; NPOMWCIIOBI Ta
OuULLEHI MOBYTOBI CTOKM; BOZY TEXHOMOTMYHMX LmKkniB. MNpw
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BUKOpUCTaHHI 1 KBT enekTpuyHoi eHeprii, MoXHa oTpuMaTy
5 kBT Tennosoi eHeprii 4ns TennonoctadvaHHs (Sniezhkin et
al., 2008; Bosyi & Kuzyk, 2022; Pisarev, 2002; Bezrodnyi &
Prytula, 2012; Bosyi et al., 2022).

Mpu BUCOKI TEPMOAUHAMIYHIN €eHeproedeKTUBHOCTI
BCiX BMAIB TEMSOBUX HACOCIB, SKi BUKOPUCTOBYIOTb Pi3Hi
HU3bKOMOTEHLINHI NPUPOAHI [Kepena eHeprin - JOBKiNms,
Bce Ginblue pobnsATe BUBIp Ha KOPUCTb LMX CUCTEM [Ans
Tennornocta4yaHHs NpUMILLeHb Ta HarpiBaHHs BOAW [Anst
Cy4YaCHUX CinbCbKOrOCNOAAPCLKMX MiANPUEMCTB  Pi3HOrO
npusHaveHHs (Bosyi & Kuzyk, 2020; Bosyi, 2022; Bosyi et
al., 2022).

3a [onomoro cUcTemm TENSOBi HACOCU «BOAA-BOAAY
MOXNMNBO €(DEeKTUBHO Ta €KOMOMYHO YUCTO BUKOPUCTOBY-
BaTW NPUPOAHI [xepena eHeprii Ta eKomnoriYHo YUCTi npu-
poaHi areHTu gk pobodi Tina TH ana TennonocTayaHHs
npuMiLLeHb NiANPUEMCTB CillbCbKOrOCNoaapChKoro B1po6-
HMuTBa. Ha puc. 1. HaBeaeHO OCHOBHWI NpUHUMN poboTH
NapoKOMMPECIHOro TENNOBOro Hacoca.

+ | Kounpeco,
t (o) pecop

- [l20%

Bunapuux 9
< 80 %

-
Konoencamop
: B 1
i B H f=e
SR . T
| Dpocervnut eennuuto

Puc. 1. Cxema napokomnpeciiHOro TennoBoro Hacoca

MNpuHuMnoBa cxema poboTn BOASHOrO Ta I'pyHToBOrO TH
npeacTaBneHi Ha puc. 2.

Puc. 2. Cxema KkomMnpeciiHOro BOgAHOro Ta
rpyHtoBoro TH:

1 — BUNapHUK; 2 — KoMmnpecop; 3 — KOHAeHcaTop;
4 — npocenbHUI BeHTUNb; 5 — Hacoc; 6 — cuctema
TENJonocTa4yaHHs CiNbCbKOrocnogapcbKoro
niaANpMeMCTBa; 7 — KOHTYp (KkonekTop); 8 — mxepeno
BoAM; 9 — 'pyHT

PosrnsHemo poboTy BoasiHOro Ta rpyHtosoro TH (puc.
1 1a puc. 2). Pobounn areHT 3 BumapHuka 1 nocrynae
B koMmnpecop 2. B komnpecopi 2 BiabyBaeTbCs CTUCKYBAHHS
areHTy, Mpu LbOMY TUCK | TEMNepaTypa Noro 36iNbLUYTbCS.
[MoTim HarpiTn ra3 noctynae B KoHaeHcatop 3, Aani BiH
OXOINOMKYETLCSA NPU nepedadi CBOEI TENNOTY TEMMOHOCI
CUCTEMM TEMNONoCTayaHHs 6 i KOHAEHCYETbCS, TOOTO nepe-
XOOMUTb B PiOKWN CTaH.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Mo KOHTYpY Ha LIMSXY PiOWHM BMCOKOTO TUCKY BCTaHOB-
NEHUA PO3LUMPIOBANbHUIA BEHTUMb (OpOCenb) 4, KU 3HKYE
TuCK areHTa. [ig Yac NpOXomKeHHs Yepes Apocenb 4 YacTuHa
PiOVHW BUNAPOBYETLCA | Temnepatypa MOTOKY 3HUKYETHCS.
[ani uen noTik HaaXoauTb Y BUNAPHUK 1, SIKMA MOB'A3aHWI
3 [OBKINNAM (Hanpuknag, mkepenom Boau 8 Ta rpyHTy 9).
EHepris nepenaeTbcst TENMOHOCIO B KONEKTOPI 7, SKWiA NOCTY-
nae y sunapHuk 1. Poboumin areHT npy BignoBigHOMY TUCKY
i TeMnepaTypi BUNapoBYETLCS | NEPETBOPIOETLCA Ha ras. [1oTim
ra3onofibHWiA areHT NocTynae B KOMMPECop 2 i LMk poboTu
TH noeToptoeTbes (Bosyi & Kuzyk, 2020; Bosyi, 2022).

3aBasK1 BUCOKMM NOKa3HUKaM TepMOAMHAMIYHOT eHep-
roecpekTvBHOCTI TH Boga-Boaa, Bce Binblue 3aiMCHIOETLCS
X BUKOPUCTAHHA ANS NOCTayaHHs TennoTW Ta rapsyoro
BOAOMNOCTaYaHHA B CiMbCbKOroCnogapCbkoMy BUPOOHMLTBI
(Bosyi & Kuzyk, 2020; Bosyi et al., 2022; Bosyi, 2022).

Tomy Ha JaHoMy eTani HeobXxigHO MoZepHi3yBaTu Tpaau-
LIiHI cMcTEMM NOCTa4aHHS TENMOTH B CiNbCLKOTrOCTOAapCHKOMY
BUPOOHULTBI i 3aCTOCOBYBaTW  eHeproedeKTuBHI cUCTEMM
TennonocTayaHHs, Taki sk BoasiHi Tennosi Hacocu (Bezrodnyi &
Prytula 2012; Sirko et al., 2020; Bosyi et al., 2022).

MoctaHoBKa 3aBgaHHA. MeTo CTaTTi € BU3HAYEHHS
€(heKTUBHOCTI Ta OOLINbHOCTI BUKOPUCTAHHS LMKMY BOAS-
HOro TENMOBOr0 Hacoca Ha MignpUEMCTBAX CillbCbKOroCmno-
[apCbKOro BUPOBHMLITBA.

Matepianu i meToaun gocnimxeHHsa. Ha gaHomy eTani
iCHYIOYi CUCTEMM MOCTaYaHHs TeMOTU B CiflbCbKOroCnoaap-
CbKOMY BMpPOGHULTBI He 3abe3nevytoTb BiAMNOBIAHOI edek-
TUBHOCTI TOMY BUMHWKAE HEOOXiAHICTb 3acTOCyBaHHS nepe-
[0BMX TEXHOMOTIN nocTtadaHHs Tennotu (Bosyi et al., 2022;
Bosyi, 2022).

Hamu nponoHyeTbcsi TenrnoHacocHa cxema yTunisauii
NPUPOAHOIo [Xepena TENNOTY BOAMW 415 TeNNonoCTayaHHs
NiANPUEMCTB  CiNbCbKOrOCMOAApChKOro NPU3HaYeHHs, SKa
HaBezeHa Ha puc. 3.

) Byvoiena .4 7
citecero020ChHO-
oapcero2o
eUpoGHUYMmEnd

1

Puc. 3. 3anponoHoBaHa npuHuunoBa cxema TH ans
nocTavyaHHA TENNIOTU B CiNlbCbKOrocnogapcbKomy
BUPOGHUUTBI:

1 — BUNApHUK; 2 — KOMNpecop; 3 — KOHAeHcaTop;

5 — npocenbHUt BEHTUIb; 4 — eNeKTPOABUIYH;

6 — MaHOMeTpH; 7 — cucTeMa NOCTa4YaHHA TENNOTH
cinbcbKorocnogapcbKoro nignpuemMcTea

MNpoBegeMo nNOpiBHANBHE AOCHIMKEHHS TepMoauHa-
MiYHOT edpekTMBHOCTI TH Ans npupoaHux mxepen eHeprii —
I'PYHTY Ta BOAM.
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[locnigxeHHs BogsHOro Ta I'pyHToBOro TH npoBoaunoch
ans poboyoro Tina nponaHy. [na nponaHy Temnepartypa
BMNapoByBaHHs CTaHOBUTL ¢, =1...4°C, a koHaeHcauii —
t. =66 ...68 °C. Bubnpaemo HU3LKOMOTEHLiHE DHKepero
Tennotu. Boga abo rpyHT Ha BXOAi Y BUNapHUK Mae Temne-
patypy ¢, =10 °C, a Ha iioro Buxoai ¢, =5 °C. Temnepa-
Typa MepexeBoi BoAM (TENMOHOCIA) Ha BXOAi Y KOHAeHcaTop
CTaHoBUTL ¢/ =25 °C, a Ha BMXOAi 3 Hboro — £ =60 °C
(Bosyi et al., 2022; Bosyi, 2022).

BukoHaemo TepmoauHaMivHWA po3paxyHok umkny TH
«Bofa-Boga» Ta «I'pyHT-Boga» [15-23].

Temnepatypa HacuuyeHoi napu nponaHy Ha BUXOLi
3 BUMapHuKa

T =T" -AT.
Temnepatypa KoHAeHcaLjii NponaHy B KOHAEeHcaTopi
T=T" +AT.

(1)

()
MuToma poboTa CTUCHEHHSI B KOMMPECOPi
I.=h,=h,.
MuToMe TennoBe HaBaHTaXeHHs BUNapHIMKa
q,=h-h,.

)

(4)
MWToMa Tennosa NOTYXHICTb KOHAEHCATOPa

q.=h,-h,. (5)

Mepesipka banaHcy TennoTy
l.+q,=q.
BusHaueHHs E_ Ha oguHuLio BUpobrieHoi Tennotym
E,=l./q,- (7)
MNuToma eHepris, ska CNOXMBAETHCS ENEKTPOABUTYHOM
W=l Mey. M, (8)

ae M., =095 — koedpiuieHT KopuUcHOI Aii KomMnpecopa,
1. = 0,8 —KoediLieHT KOPMCHOI Al enekTpoaBuryHa.
KoeiuieHT nepeTBOpeHHs TeNnoTH
COP =COP_n_, 9)

Ae n . — KoedilieHT, KM BpaxoBye pearibHi npouec,
LU0 34iNCHIOKTLCS pobo4MM Tinom y TH, sKkuid 3MiHI0ETLCA
B gianasoHi 0,6...0,8 (npuiimaemo n,, = 0,75) [15, 18];
COP_ — TeopeTnyHuii koedpillieHT TpaHcopmauii TH.

EkcepretunyHuii pospaxyHok TH «Boga-Boga» Ta «rpyHT-
BOO4A» BWKOHAHMW Ha OCHOBI BW3HAYEHHS1 ekceprii Ta
ekcepreTuyHoro GanaHcy niaBeneHoi i BigBedeHoi ekcep-
ri B KOXXHOMY enemeHTi obnagHaHHs TH «Boga-Boga» Ta
«r'pyHT-BOAA» (Bosyi et al., 2022; Bosyi, 2022).

EkcepreTnyHuii koedillieHT BogsiHOro Ta rpyHtosoro TH
nokasye CTyniHb TepMoanMHaMivHoi fockoHanocTi TH i pos-
paxoBYETbLCS, SIK BiHOLLIEHHS BiaABeAeHoi Big TH ekcepril o
nigBeneHoi ekceprii (Bosyi et al., 2022; Bosyi, 2022).

nex = eBin./eniu.: (10)

Re e, = e, —BigBeneHa ekcepriia Big TH; e.~€,te—
ninseaeHa ekcepris go TH; e, — nutoma ekceprisi, Bigse-
[JeHa cepedoBuULLEM, SIKE HarpiBaeTbCs Bif KOHAeHcaTopa
TH; e, — nuTOoMa ekceprisi, nNiABeAeHa A0 BUNAPHUKA HU3b-
KOMOTEHLiiHOro [kepena TennoTu; e, — NuToma ekcepris

(6)

€nekTPUYHOI eHeprii, nigBegeHoi 4O KoMnpecopa Ha 1oro
npmeig (Bosyi, 2022; Bosyi et al., 2022).
OTpumaHa ekceprisi y KoHAeHcaTopi
e,=tq, (1)
Ae t — ekcepreTdHa Temnepartypa raps4oro TensioHo-
cis.

cp.MB

Tom — (o +273)

T, p

(12)
Cp.MB.
CepeqHsi Temneparypa rapsyoro TennoHocis
fun ~ n
" 4273
In¥&——
f —273

TE = (13)

cp.MB

Ekcepris, BiggaHa HW3bKOMOTEHLMHUM TEMNOHOCIEM
Y BUNAPHUKY

e =tq, (14)
Ae t, — ekcepreTdHa Temneparypa npupogHOro Tenso-
HOCIS.
Tfp_m_ —(t,. +273)

H ™ B

T (15)

Cp.HT.
Ae t,.— Temneparypa AOBKInms.
CepefiHs TemnepaTypa NPMPOAHOTO TENNOHOCS

t! _ l”
B — HT HT i 16
Lo 1, +273 (16)
(" 273

HT

Ekceprisi enekTpoeHeprii, Lo BATPaYaETbCsa Ha NpuBIg
komnpecopa

)
ee:W: cr

MNen e

Pesynbrati gocnigxeHb. 3a NpyBEAEHO0 BULLE METO-
VKO0 BUKOHAHO TEPMOAMHAMIYHWUIA aHani3 Ta po3paxyHoK
BOOSIHOrO Ta rpyHTOBOrOo TH, pesynbratu npeacTaBneHi
B Tabn. 1.

O6roBopeHHsi. TepmoaMHaMiyHa eHeproeeKTUBHICTb
pobotn TH «Boga-Boga» i «rpyHT-BOZa» BU3HAYAETHCA
TakuMmn cpakTopamu: no-neplue, TemnepaTypHUM pexu-
MoM poboTu; no-gpyre — KoedilieHTOM TpaHcdopmaLii
Tennooro Hacoca COP; no-TpeTe — BUKOPUCTaHHAM Npu-
POQHMX €EKOMOrMYHO YMCTMX poDOoYMX areHTiB; y YeTBep-
TUX —BapPTICTH ENEKTPUYHOI EHEPTT, @ TAKOX EKCEPrETUYHUM
KKO TH.

BucHoBku. 3acTocyBaHHsa TH ans noctavyaHHs Tennotu
Hapasi € CyvyacHUM NepCrneKkTUBHUM HanpsMKOM BUKOPU-
CTaHHSl anbTEepPHATUBHUX MNPUPOOHUX HU3bKOMOTEHLIMHUX
[Xepen eHeprii Ans 3abesneveHHs1 NoTped cuctemM Tenno-
nocTa4yaHHs Ta raps4oro BogonocTaqaHHs Oygisenb nia-
MPUEMCTB  CiNbCbKOTOCMOAAPCHKOro  BUPODHMLTBA, ane
JaHWA npouec CyTTEBO 3aNeXuTb Bif, MiCLE3HaXOMKEeHHs
00’ekTa Ta HasIBHOCTI JOCTYNy A0 MEBHOrO ONTMMAnbHOIO
ONS HbOro Axepena HW3bKOMOTEeHLIMHOI TENNOBOI eHepril.
lNpoBefeHWn TepMoaMHaAMIYHWIA PO3PaxyHOK BOASHOIO Ta
rpyHToBoro TH nokasas, Lo BOHM JOCTaTHLO Jobpe 3abes-
MeYvytoTb TEN0TO NiANPUEMCTBA CifllbCbKOrOCNOAaPChKOro

(17)
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Tabnuug 1
TepmoauHamiyHMI po3paxyHOK BoAsiHOro Ta rpyHToBoro TH

Mapametp Po3amipHicTb rpyHtoBui TH BoasHun TH
Temneparypa KuniHHs nponaxy, T, K 275 277
T1CK K1MiHHS Nponaxy, p, MMa 0,46 0,49
Temnepartypa KoHaeHcalii nponaHy, T, K 342 343
ExTanbnis nponanry nicnga kongeHcaropa, h, KIK/KT 206 215
Tuck KoHAeHcaLii nponaxy, p, MMa 2,60 2,69
ExTanbnis nponaxy Ha BxoAi B komnpecop, h, KLx/kr 529 541
ExTanbnis nponaHy nicnsg komnpecopa, h, KDx/Kr 652 667
M1TOMe TennoBe HaBaHTaXeHHs! BUNAPHUKa, g, KDx/Kr 323 326
M1TOMe TennoBe HaBaHTaXeHHs! KOHAEHCaTopa, g, KIDK/Kr 446 452
Po6oTa cTucHeHHs B komnpecopi, | KIDx/kr 123 126
lMepesipka 6anaxcy Tennotn TH, q_. - 446 452
KoediuieHT nepetsopeHHs Tennotu, COP - 3,82 3,89
Excepretnynui KK TH, n_ - 0,39 0,43

BMPOOHMLUTBA  BIOMOBIAHUMM  3HA4YeHsMKM Temnepatyp.  BogsiHoro TH popieHioe 3,89, a ans rpyHToBoro TH BiH
B nepuly 4yepry ogHWM 3 Hanbinbl edekTBHMX mxepen  cknagae 3,82. EkcepretnyHuii koedilieHT KopucHoi aii TH
NPVPOAHBOI eHeprii € TennoTa Boaw. [InNs NOPIBHAHHS BUKO-  AMNs NPUPOAHOrO TEMMOHOCIS BoAW CTaHoBUTb 43 %, a ans

pucToByBanu i rpyHT, KoediuieHT TpaHcgopmauii COP  TH «rpyHT-Boga» — 39 %.
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Bosyi M. V., Senior Lecturer, Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

Bosa 0. A., student of higher education, Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

Efficient and environmentally clean heat pump system of heating and hot water supply for agricultural businesses

Currently, the changes taking place in the agricultural production of Ukraine require the creation and development of
new heat pump technologies that are used for heat supply of agricultural enterprises. This work examines the problem of
using a water heat pump (HT), which works on regenerative energy sources and uses low-potential heat of water from rivers,
lakes, and groundwater for heat supply to rural enterprises. The purpose of the work is to evaluate the effectiveness of the
application of the vapor compression cycle of water TN at agricultural production enterprises from a thermodynamic point
of view. The thermodynamic characteristics and peculiarities of operation of water-to-water TN for agricultural enterprises
were analyzed and the factors affecting their energy efficiency were evaluated. The effect of water temperature on the heat
productivity of such a TN is also shown and analyzed. To increase the efficiency of the heat supply system of an agricultural
enterprise, a scheme of a heat pump system for the selection of low-potential heat with the use of a «water-water» heating
system is proposed. The conducted studies indicated the sufficient efficiency of the use of water heaters due to water as a
low-potential source and their advantage over other heat-generating equipment. Water heaters consume energy from low-
potential sources, while reducing heat supply costs by more than half. From the point of view of economy, it is advantageous
to use "water-water" TN for the disposal of low-potential heat flows. At the current level, analyzing the thermodynamic
efficiency of heat supply systems using heat pumps in agriculture, it can be concluded that in modern economic conditions
it is necessary to develop heat supply systems using steam-compression water heaters, and this, in turn, significantly
increases the characteristics of heat supply equipment, which is used in agricultural enterprises.

Key words: water heat pump, agricultural production enterprises, low-potential heat source, heat supply systems,
transformation coefficient, exergetic efficiency coefficient.
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CydacHul agpapHuUli cekmop Mae 8erukull enue Ha OUHaMiKy eKOHOMIYHO20 PO38UMKY KpaiHu. Ha mni mogHomacuw-
mabHoi 8iliHU 8 YKpaiHi, 8i0bysaembCsl 3Ha4YHE 3MEHWEHHS MOCi8HUX riow. Ha mux y2iddsix, ski 06pobngrombecs mpeba
3abe3nequmu makcumasibHe MOXIuge 36inbWeHHS MPodyKkmusHocmi 8UpObHUUMEa, WIISIXOM MOMIMWeHHsT SKOCmi MexXHo-
n02i4HUX onepauyil, onmumisauii pexumie pyxy MaluHHUX azpeaamie npu 3abesrneqyeHHi MexaHi308aHUX aepomexHosoaiti
ma 3MeHWeHHs umpam Ha 8UupobHUYUL rpoyec.

Tomy makul MoKa3HUK, K nPOoOyKmMuUBHICMb i Wisxu Uo2o Mid8UUEHHS He Mpocmo 3adaya HoMep 0OUH, sika cmoimb
neped azpapismu, a HauioHabHUU npiopumem.

Y cmammi niOHsmi numaxHs HeobxidHocmi nideuwieHHsI echekmusHocmi azpoeupobHUYmMea, 8 yMmosax eiliHu. Haeo-
JloweHo Ha HeobxiOHocmi 8rposadeHHs iHHo8auil — cmumMyneaHHs docnioxeHb ma po3poboK HOBUX mexHonoeil ma
Mamepianie 058 supobHUYymMea ma ekcriiyamauii mexsiku dns agposupobHuymea. Hanpuknad, makux, mexHomnoaid, K
«GIS technologies». Po3ansiHymo o0uH i3 memodie echeKmusHo20 yrpasniHHs npodykmueHicmio — «precision farming».

AHanis ocmaHHix docrnidxeHb ma nybnikauiti nokasye, ujo y Cy4yacHUX yMogeax po38UMKY PUHKOBUX 8iOHOCUH eghekmus-
HiCMb MaWUHHUX agpeaamie Mae 8erlUKe 3Ha4eHHSs. [JocsizHeHHs1 8UCOKOI eGheKkmusHOCMI MEXHIKU Y CillbCbKOMY 20¢rnodap-
cmei do3e0r1sie 36inbwumu 8poxalHicmb, 3HUSUMU 8UMpamu ma rniosuuumu KOHKYPEHMOCTPOMOXHICMb a2posupobHUYME.

Haykoea cninbHoma eusHadyuna, wo npodykmusHicms MA 3anexums 6i0 bazambOX MOKasHUKIG, SKi Mog’a3aHi Mix
coboro, a came: weudKicmb pyXy, WUPUHa 3axeamy, HOMiHanbHa nomyxHicms dguayHa, mseoee 3ycunns 3acoby, crnocio
posgopomy, kKoegiyieHm poboyux xodie, ehekmusHe 8UKOpUCMaHHS pobo4020 Yacy ma iH.

[LocnioxeHHs 3acmocysaHHs Yacy 3MiHU orepamopa mpakmopa ma pauioHaibHe 8UKOPUCMaHHS MpakmopHo20 agpe-
2amy 6yrio binbw 0emarbHO Po32/IsIHymo 8 cmammi.
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Bynu nposedeHi ekcriepumeHmu MemoOoM XPOHOMEMPAXHO20 CIIOCMEPEXEHHS HacCmyrnHUX MEeXHOM0_2iYHUX orepa-
uyisix: 3apobka POCAUHHUX PeWmoK (Memodom MynbdysaHHs1), 36upaHHs ypoxaro (Kykypydsa), opaHka.

HaeedeHi maki OaHi: mpuegasicmb nposedeHHsI KOXHO20 enleMeHmy mexHOI02i4HoOI orepaujii; KOHCmpPyKmugsHy ma ¢bak-
MUYHY WUPUHY 3axeamy; eumpamu nasnuea 3a 00C/idxysaHull NPOMIXKOK 4Yacy, MOPIBHSIHO 3 MOKa3HUKaMu KOMOHUEHmMPY
€eHep2emuyYyHo20 3acoby; mpusaricmb KOXHO20 eleMeHmy pobo4o20 Yacy ma mpusasicme 8Cix orepauit pa3om 3a 0ocsi-

OXyBaHull MPOMIXKOK 4acy.

PospaxyHkosum Mmemodom 8usHa4yeHo Hapobimok (mpusanicmbs abo obcse pobomu):

= BU3Ha4yeHo npodyKmueHicmb MalWUHHO20 agpeaamy — 3MiHHY (3 8UKOpUCMaHHAM HasieauiliHoI cucmeMu MawuH-
HO20 agpeaamy) ma chakmuyHy (Ha OCHO8I 3ibpaHux 0aHuX, OmpUMaHUX Mic/Isi MPOBEOEHHS XPOHOMEMpPaxy);

- BU3Ha4YeHO NPodyKmueHi ma HernpodykmusHi 3ampamu Yacy ma 3a O0rOMO20K KoeiuieHmy 8UKOPUCMAaHHS Yacy
3MIHU 8U3Ha4YeHO Yucmy pobomy MalUHHO-MPaKMOoOPHO20 azpeaamy.

PospaxoeaHi ma npoaHanizogaHi koeiuieHm sukopucmaHHs Yyacy 3miHu ma npodykmusHicms MA 3a docnidxyeaHuli
repiod sukopucmaHs, 0ns ouiHku echekmusHocmi exkcrinyamauii MA Ha docnidxysaHux eocriodapcmeax.

Knroyoei cnoea: mexHonoziyHa onepauisi, MaWUHHULU agpe2am, XpoHoOMempax, npodyKkmueHicms, skicmb, Koegiui-
€HM BUKOPUCMaHHS Yacy 3MiHU, WeuoKicmb pyXy, WUPUHa 3axeamy, precision farming.

DOI https://doi.org/10.32782/msnau.2024.1.5

Bctyn. OCHOBHOKW YMOBOK BMCOKOrO PIiBHS CoLliasb-
HO-EKOHOMIYHOrO PO3BUTKY Cena € NpPoLOBOMbYe Ta CUpOo-
BUHHE 3abe3ne4eHHs kpaiHu, i eKOHOMIYHOI HE3anEeXHOCTi.
Ak 6yno 3akpinneHo B 3aKOHOAABCTBI YKpaiHu NpuHLMA npi-
OPUTETHOCTI COLLianbHOro pO3BUTKY Cena Ta arponpoMmUco-
BOrO KOMMMEKCY, SIKWiA 36epiraeTbCs B HBOMY i 40 LibOro Yacy
(Zakonu Ukrainy, Dokument 400-XI1,1990).

B cyuyacHomy arpapHomy BMpOGHULTBI YkpaiHu Heob-
XiOHO BUAINUTM YOTUPW OCHOBHI rpynu BUPOBHMKIB arponpo-
JyKUii: gomaluHi rocnogapcTBa; NpuBaTHI NigNPUEMCTBA;
NiANPUEMCTBA KONEKTUBHOI BNACHOCTI, SKi € OiNbll Xapak-
TEPHUMUW NS Manoro i cepeaHboro arpoBMpobHuKa; arpo-
XONAWHIK, SKi MOXYTb ByTW, IK ManuMK, Tak i BENMKUMU
arpoBupobHukamu. Benuki chopmu arpo BubMpaoTb xon-
ZOMHroBy hopMy OpraHisaLlii.

OcobnumBICTIO  KOXHOrO TwMy NIANPUEMCTB € PIi3HUN
3eMenbHuiA 6aHK, BiAMNOBIAHO Pi3HWIA KINbKICHWA i SKICHUI
cKknag KOMMMEKCIB MallWH Ta BUKOPUCTAHHS CUCTEM edhek-
TUBHOI POBOTW TEXHIKM MpW BUPOOHWMLTBI MPOAYyKLUii poc-
nuHHKMUTBA. Lle 0byMoBneHo cTyneHeM ¢iHaHCOBOro 3abes-
NeYeHHss Ta pPiBHEM 3anpoBagkeHHs cucteM «Precision
Farming» y rocnogapcTsi.

BupobHuya fisnbHICTb  hepMepCbKMX  rocrnoaapcTs
i arpapHux nianpreMCTB, B YMOBaX PUHKOBOI E€KOHOMIKY,
BCe yYacTille Habyeae hopMu MigNPUEMHULIBKOTO BisHeCy.
Ha cyvacHomy eTani po3BUTKY arpapHoro BMpOGHULTBA
Ta 3i 3MiHOK 3eMernbHOro 6aHKy arpoBUMPOOHMKaM OaEThCs
csoboga y B1BOpI Ta BU3HAYEHHS HANPsSIMKY BUPOOHULTBA,
obcsariB NOCIBHUX NMOLL, NocTavanbHUKIB NOTPIGHUX pecyp-
CiB Ta pUHKiB 30yTy arpapHOi NpoayKLii.

Ane B yMOBaXx CkrnaHOI EKOHOMIYHOT cuTyaLii, piHaHCOo-
BOI KpW3K, SIKY CNIpUYUHMNa BiliHa, Nepes arpoBUpobH1Kamm
MOCTalTh HOBI BUKIMKK, Siki NOTPeBytoTb Big KEpiBHWKIB Ta
¢haxiBuiB po3pobkM Ta yxBaneHHs ynpaBniHCbKUX pilleHb,
AKi BMMaraloTb MPUHLMNOBO HOBMX MiAXOAIB OpraHisauii
arpobi3Hecy Ta ePeKTUBHOTO MEHEKMEHTY.

OfHvM 3 edheKTUBHUX BaXeniB Ha MigBULLEHHS edek-
TUBHOCTI arpoBMPOBHMLTBA € BMNPOBaKEHHS HOBUX TEX-
HOMori B arpapHoMy GisHeci, Takux Hanpuknag, sk «GIS
technologies». HOBITHI TexHonorii [alTb MOXIMBICTb
MoKpalLLyBaTh SKICTb BpOXato, 3MEHLLYBaTy BATPaTK nasb-
HOro, NOCIBHOrO MaTtepiany, 4o6puB, BNAUBATU HA PO3MNOLAIN
pobo4oi cunu, MOFCTUKY, TUM CaMUM [aloTb MOXMMBICTb

36iNbLUMTY NPUBYTKM Ta 3MEHLLINTW BUKOPUCTAHHS PECYPCIB
Ta HaMronoBHiLLE 3MEHLLIUTY PYWHIBHWI BNAWUB Ha JOBKINIS.

OpHieto 3 Takux TexHonorin € meton «Precision
Farming». Mig Ha3Bow «To4HE 3emMnepobCTBO», Ha OYMKY
aBTopa cTarTi (Soloviov A.l., 2014) po3ymieTbcs ynpasiHHS
NPOAYKTUBHICTIO MOCIBIB 3 ypaxyBaHHAM 3MIiHHOCTI haKTo-
piB, L0 BMNIMBAKTb HA POCIIMHU B MeXax MoniB.

Cuctemn «Precision Farming» 6a3ytoTbcsi Ha HOBOMY
nornsgi Ha arpoBMPOGHULTBO, B IKOMY arpapHi yriaas, Heo-
[HOpigHe 3a arpoxiMiYHM BMICTOM MOXUBHUX PEYOBUH, 3a
penbeom Ta noTpebye, YMOBHO Kaxy4u, 3aCTOCYBaHHS
ONTUMAnbHOrO YNpaBMiHHA AN KOXHOMO KBaApaTHOro
meTpa nons (Tochne...,2023).

3 BnpoBagxeHHAM TexHonorii  «Precision Farming»
BMMOrM [0 PiBHA 3HaHb Ta chopmaTy npaui oneparopa
€HepreTMyHoro 3acoby kapauHanbHO 3MiHMNMCb. Ha cbo-
rofdHi TPaKTOPUCT-MALLMHICT 3a CBOIM XapakTepoM Aisinb-
HOCTI HabnuxaeTbca [0 Npaui iHAYCTpianbHOro npawiBHKKa
Ta cneuianicta TexHonora arpoBUMpoOHMUTBA, TUM CaMUM
BMMaratouy Big onepaTtopa TpakTopa He nuiie isnyHKX,
ane v po3yMOBUX 3yCUTb.

BignosigHo i cTyniHb BUKOPUCTAHHS AOMOMIKHUX CUCTEM
Ha arpoTexHili Takox pisHuA. CyyacHi cucteMu He nuule
HanpaBneHi Ha MakcumanbHe 3abesnedyeHHs nNoTped poc-
NWH, a | Ha NigBULLEHHS edbeKTUBHOCTI poboTK camoro one-
paTtopa, a 3Ha4uTb i Ha 3MiHy T (KoediLieHT BUKOPUCTAHHS
yacy 3MiHu).

AHani3 ocTaHHix nybnikauiv. Ha gymky aBTopa cTatTi
(Kutkovetska T.O. & Berezovskyi A.P., 2020) ogHum 3 ronos-
HUX NOKa3HMKIB poboTK MalmMHHUX arperartis (MA) € akicTb
BMKOHAHHSI MExaHi30BaHUX TEXHOMOrYHUX onepauin. [ns
[OesKNX i3 HWX BOHa 3anexuTb Bif AKOCTI TEXHOMOTYHUX
martepianis. lNoka3HWKK SKOCTi 4atoTb 3MOTy OLHUTK poboTy
MA Ha npegMeT AOTPUMaHHS ONTUMarbHMX YMOB AMst POCTY
i po3suTky pocnmun (Antoshchenkov V.M. & Antoshchenkov
R.V., 2011).

KoHcTpykTvBHI napametpu MA po3spaxoBaHi Ha BW3Ha-
YEHy SIKICTb BUKOHAHHSI MexaHi3oBaHux pobiT, ane y Bupob-
HUYMX YMOBaX BOHMW peanisytoTbCs He NOBHICTHO. [puynHa —
e CKnaj rpyHTiB, TEXHIYHE HANarofKeHHs arperaty, CTaH
poboyoro mMatepiany, norogHi ymoBw, kBanidgikalis MexaHi-
3atopa i Tak gani (Melnyk L.1., et.al., 2007).
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Cknag KOMNIEeKCiB MalluH, a TakoX CTPYKTypa MaLluH-
HOro napky, B LinoMy OBYyMOBMIOETLCS MeXaHi30BaHUMK
TEXHOMNOMYHUMK MpOLeCaMn BUPOLLYBaHHA Ta 30MpaHHs
NPOAYKTIB arpoBMPOOHULITBA, OCHOBOKO SKUX € TEXHOMO-
riyHi onepauii, WwWo nepenbayaioTb BUKOHAHHA HEOOXigHUX
i JoctaTHix obcaris pobiT, NoYMHaKYU 3 MIATOTOBKM I'PYHTY
i 3aBepluytouM 30MpaHHSM Ta MEepBUHHOK 0BPOBKOKD
(Zubko V. M., 2008).

HaykoBa cninebHoTa (Pratt, Alejandro & Yu, Bingxin, 2008,
Headey D., et.al. 2010, Aweke C.S., et.al., 2021, Alene A.D.,
2010) B3HaYMNa TEXHOMNOTIYHI 3MiHU, Ik OCHOBHE [IXepero
3pOCTaHHS NPOAYKTUBHOCTI arpapHOro BUpobHuLTBa. OgHak
BaX/MBO 3a3HAYMTW, LLIO BMPOBAKEHHS iHHOBALLN Y YiTKO
BU3HAYEHOMY KOHTEKCTi € BaXMBUM NS CNOCTEPEXEHHS
3a TEXHIYHOK eBOnoLiElo, a CTillka Ta Jobpe CTpyKTypo-
BaHa cuctema pocnigpkeHb B AlK, € HeobxigHOW yMOBOK
Ans po3pobku umx iHHoBauin (Yannick Fosso Djoumessi,
2021).

OfHUM i3 HaMBaXNUBILLMX MOKA3HUKIB €(EeKTUBHOCTI
yHkuioHyBaHHS MA € npogykTuBHicTb pobotn (W) 3a
1 roguHy OCHOBHOrO Yacy. Ha npaktuui BoHa XapakTepu-
3yeTbca pobouoto weuakicTio pyxy MA (V) ta poboyoto
LUMPUHOLO 3axBaTy (Bp) MA (Nadykto, V. T. & Kiurchev, V. M.,
2018).

MpoaykTuBHICTL MA 3HaYHOK MIpOK0 3anexuTb BiA
poboyoi WMPUHL 3axBaTy, LUBMAKOCTI PyXy, HOMiHANbHOI
NOTYXHOCTI [BUryHa, TArOBOrO 3YCWUNNS EHEepreTU4HOro
3acoby, koediuieHTy poboumx XxoAiB, a TakoxX Bif pauio-
HanbHOro BUKOpUCTaHHS poboyoro Yacy (Dovzhyk M. Ya,
et.al., 2021).

IcHye GaraTo nuTaHb, SKi € NpegMeToM AN noganbLmnxX
[ocnioxeHb LoA0 eheKTUBHOI opraHisauii i npoBeaeHHS!
MeXaHi30BaHMX TEXHOIMOrYHNX onepaviin Yy pOCAUHHWLTBI.
Tomy BkasaHa npobnema € ayxe akTyanbHot.

MocTtaHoBKa 3aBgaHHA. 3aBOaHHAM CTaTTi € Aochi-
[DKEHHS1 ePeKTMBHOCTI OpraHi3auii i NpoBEeAEeHHS MeXaHi-
30BaHMX TEXHOMOMYHMX onepavin y pOCAUHHULTBI; AOCi-
[DKEHHS CKMagoBUX Yacy 3MiHK Ta SIKOCTi onepaLvii.

Meta pocnipxeHHs. [JocnimkeHHs Yacy 3MiHW BUKO-
PUCTaHHS MALUMHHUX arperatiB Ha pPi3HWX MeXaHi30BaHMX
TEXHOSMOrMYHMX OnepaLisix XpOHOMETPaXeM Yy Pi3HUX TUnax
rocnogapcTs.

Matepianu i MeToau gocnimkeHb:

Ob6nagHaHHs:

JIncTn cnoctepexeHHs (XpOHOMETpaxy), Hasiratop,
Luinarat, caxeHb, nasepHa pynetka, AepeB'sHi Kinku, MeTa-
neBa MiHinka, LWyn, CeKyHaAoMip, OniBLi.

OCcHOBHI 3af1a4i XpOHOMETPaXXHOrO [OCHiAKEHHS:

— aHani3 OCHOBHMX YMOB, B SIKUX BUKOHYBanacb MexaHi-
30BaHa TEXHOMOriYHa onepawis;

— BU3HAYEHHs BATPAT Nanuea MallMHHUMKW arperatamu,;

— BM3HAYEHHS! KiHeMaTUYHMX PO3MIpiB MALLUMHHUX arpe-
raTis;

— BW3HAYEHHS CKIaJoBKX ernieMeHTiB poboyoro yacy
3MiHV NPU BUKOHAHHI MeXaHi30BaHWX TEXHOMOrYHKX onepa-
Lt Ta Yacy Ha iX BUKOHaHHS;

— BU3HaYeHHs HapobiTKy (TpmBanicTb abo o6esr poboTn);

— BM3HAYEHHS NPOAYKTUBHOCTI MalUMHHOMO arperarty —
3MiHHY (3 BMKOPUCTAHHAM HaBiraliinHOi CUCTEMMU MaLLWH-
HOro arperaty) Ta (hakTU4Hy (Ha OCHOBI 3ibpaHuX OaHuX,
OTPUMAHKX MICNS MPOBEAEHHST XPOHOMETPaxy, 3a popmy-
noto);

— BW3HAYEHHs MNPOAYKTUBHUX Ta HEMNPOAYKTUBHUX
BUTpAT Yacy Ta 3a JOMOMOrow KoediLlieHTy BUKOPUCTaHHS
Yacy 3MiHM BU3Ha4UTK yucty poboty MA.

XpOHOMETPaxHi CNOCTEPEXEHHS MPOBOAMIIUCH Y rOCMO-
JapcTBax TpeTboi Ta YeTBepToi rpynu. BuxigHi gaHi nig yac
NPOBEAEHHS eKCNePUMEHTIB HaBeaeHi B Tabnuui 1.

Onuc MeToaMKM NPOBEeAEHHA CNOCTEPEXEHD i 3aCTo-
CyBaHHSAl MeTOAIB AOCHiAXKEHHS:

[lidecomoska 00 MposedeHHsT XPOHOMempPaxHUX Cro-
cmepexeHb (nidzomosyull):

1. B nnCT crnocTepexXeHHs 3aHeCeHi HaCTyNHi AaHi:

— HasBy arperarty, Bug pobiT, BiZoOMOCTi no gocniaxysa-
HOMY rocnogapcTay, Npi3BuLLe Ta iHiLianu onepartopa Tpak-
TOpa Ta XpPOHOMETPAXKMUCTa;

Tabnuusa1
BxigHa iHdhopmauis ansa npoBeAeHHS [OCNIAKEHHA
Ne Micue Oara Bug Cknap mawmHHuX | Penbed Ta | YMOBM NpoBeaeHHA XPOHOMETPaXy
3/n npoBeJeHHs npoBefeHHsi | 006poOGiTKy arperariB I'PyHT
1 Cymcbka 24.10.2023 MoapibHEHHS Case 400, 3 NOXWMoM; ®OH — CTEpHS;
obnacrtb, POCIMHHUX (TpakTop 17:693; CyniCKOBUM 3abyp’sHeHICTb — HEBENuKa;
TebeaunHcbKuin peLuToK matmHa 20:355, BonoricTb rpyHTYy — HeBenuka;
panoH 20:378), Bucora ctebnocToro — 24 cwm.
Balzer
2 Cymcbka 08.11.2023 36upaHHs Jon Deer S670i, PiBHuAR, ®oH — 3acisiHe norne;
obnacTb, KyKypya3un Olimac Draga SR | 3 noxunowm; 3abyp’sHeHICTb — HeBenuka;
CyMcbkuiA paiioH CynickoBuM BonoricTb 'pyHTY — AyXe BUCOKa;
Bucota ctebnoctoro — 196 cm.
3 Cymcbka 10.11.2023 36upaHHs Jon Deer S670i, PiBHuR, ®oH - 3acisHe none;
obnacTb, KYKypyA3u Olimac Draga SR | 3 noxwunowm; 3abyp’sHeHICTb — HEBENUKa;
CyMCbKUi paroH CynicKoBUM BonoricTb rpyHTY — AyXe BUCOKa;
Bucora ctebnoctoto — 196 cm.
4 Cymcbka 24.11.2023 Knacvuna Jon Deer 8320R, PiBHwiA, ®OH — CTEpHS;
obnacTb, opaHka nnyr Pottinger 3 MOXMIOM; 3abyp’siHeHiCTb — HemaEe,
CyMcCbkui panoH Servo 6.50 YOpHO3eM MunbnHa obpobitky — 28 cm;
CTaH r'pyHTYy — NigMep3nun rpyHT;
Bucota ctebnoctoio — 24,2 cm
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— YMOBM Ta XapaKTepUCTUKy YMOB, A€ NPOXOAUTL eKC-
NEPUMEHT (BUKOPUCTOBYIOUM CaXeHb BUMIPATU LOBXUHY
Ta LUMPUHY 3ariHKW, HaKpPecrnuTh cxemy Mons, BU3HAYUTK
penbed, TUM rPyHTY, arpodoH nons, 3abyp'saHeHiCTb, BOMo-
ricTb rPyHTY, rMBuHy 06pobiTKy, BUCOTY cTEBNOCTO (Comno-
MUCTICTb);

— 3acghikcoBaHO peanbHuWii obcar nanuea B Gaky nepeg
NoYaTKOM TEXHOMOrYHOI onepadii;

— NPOBEeEHI BUMIpU KOHCTPYKTUBHMX po3mipis MA.

2. Bu3HayeHHs KoopauHat nons ta oro hopmu.

[posedeHHs1 ciocmepexeHHs (0CHO8HUU emari):

1. 3adikcoBaHO y NUCTi CNOCTEPEXEHHS (XpOHOMe-
Tpaxy) 4Yac noyatKy Ta 3aKiHYEHHS! KOXHOrO 3 eNneMEHTIB
po60o40i 3MiHW.

2. 3adikcoBaHO Yy NUCTI CMNOCTEPEXEHHS! (XPOHOMe-
Tpaxy), 3 BUKOPUCTaHHAM HaBirauinHoi cuctemm MA Bykcy-
BaHH$ Ta 10ro WBMAKICTb NPU LibOMY.

3. 3anucaHi npuMiTky B TabnuLo XpOHOMETPAXY.

4. YTOouHeHa poboya LnprHa 3axBaTy: 3aMipsiHO LUKPUHY
06pobneHoi AiNaHKM nicns Kinbkox npoxomkeHb MA.

5. BusHaueHi sikicHi nokasHukm pobotn MA.

O6pobka 3ibpaHux daHux (3aKmryHul):

1. Bu3HayeHO TpuBanicTb MPOBEAEHHSI KOXHOMO ene-
MEHTY TeXHOIOoriYHoi onepauii y BiANOBIAHOCTI 4O nMUCTa
XPOHOMETPaXYy (BU3HAYEHO LLINSIXOM BigHIMaHHS Yacy 3aBep-
LUEeHHs onepadii Bif Yacy no4aTky HacTynHoi onepadii).

2. BusHayeHO hakTUyHy LUMPWHY 3axBaTy. 3a AONOMO-
rOK0 Na3epHOi PyneTkn BUMIPSIHO aKTUYHY LUMPUHY 3ariHKW.
LnpuHa gekinbkox 3ariHoK BU3HAYaETbCS LUNSAXOM [iNeHHs
OTPUMAHOI BEMUYMHU Ha KiNbKICTb FOHIB.

3. BusHaueHo BUTpaTy Nanuea 3a SOCMIKYBaHUN NPO-
MiXKOK Yacy Ta NopiBHAHO 3 nokasHukamu « Common Centrex»
€HepreTuyHoro 3acoby.

4. BusHayeHo TpuBanicTb KOXHOro enemeHTy poboyoro
yacy Ta TpMBanicTb BCiX onepaLlii pasoM 3a 4OCniAxXyBaHUN
MPOMDKOK Yacy.

5. BusHayeHo HapobiTok (TpuBanictb abo obesar poboTw):

— NpoayKTMBHICTb MA — 3MiHHY (3 BUKOPUCTAHHAM HaBi-
rauinHoi cuctemm MA) Ta pakTuyHy (Ha OCHOBI 3iGpaHMx
JaHNX, OTPUMaHUX MIiCNs MPOBEAEHHSI XPOHOMETpaxy, 3a
thopmyrnoto);

— MPOAYKTMBHI Ta HEMpPOAYKTMBHI 3aTpaTu Yyacy Ta 3a
Z0MOMOro KoeqiLieHTy BUKOPUCTaHHS Yacy 3MiHU BU3HA-
4yeHo uncTy poboty MA.

Pesynbtatn pocnigxeHb. [Ins BU3HAYEHHS Npoayk-
TWBHOCTI HalyacTille BUKOPUCTOBYIOTb HAaCTynHy dhopmyny
(Nadykto V.T., et.al., 2019, Olasiuk Ya.V. 2016, Barabash
H.l, etal., 2014, Shuliak M., etal., 2023, Melnyk V.|,
et.al.,2022):

W=01B V. 1, (1)
p P

e Vp — poboua wemnakicte MA, (km/rog,.);

B, - poboua wrpuHa 3axeaty MA, (m);

T — Koe(illieHT BUKOpUCTaHHS Yacy 3MiHn MA.

MioBWLLEHHS MPOAYKTMBHOCTI 3a paxyHOK 30inblUeHHSs
LUBMAOKOCTI arperaty Ta pobo4oi LWMPKUHW 3axBaTy He [dae
NPOMNOPLINHOIrO NPUPOCTY NPOAYKTUBHOCTI Nonbosoro MA.

306inblieHHs poboyoi LWBMAKOCTI MaLUMHHOMO arperaty
NPU3BOAUTL 4O NMUTOMMX BATPAT NanbHOrO Ta HEAOTPUMAHHS
TEXHOMOrYHOro npouecy. Takox pobota Ha nigBULLEHMX
LUBMAKOCTSX, K BiAPI3HAOTLCS Bid HOPMATMBHO BCTAHOBIE-
HUX ansa koxHoro MA i TexHonoriYHoi onepawii, cnpuymHse
36iMbLUeHHs ByKCyBaHHS, 0COBIMBO NP BOMOTOMY I'PYHTI, LLO
B CBOIO Yepry npu3seae 4o BUTpaT nanbHoro. Pobodi opraHy,
npu 36inNblUEHHI LUBMAKOCTI, NPaLtoTh iHTEHCUBHILLE, LUO
Bede [0 Hemnonagok Ta HecnpasHocTen MA i npusBoauThb
[0 HENpPOAdYKTMBHUX BTpaT pobOYOro yacy Ha TexHiuHe Ta
TexHonoriyHe ob6cnyroByBaHHS | peMoHT MA, Ta 3aranom fo
nigBuLLeHHs cobisapTocTi BUpobneHoi npoaykuii. Tomy iHoAi,
NpW HePIBHI NOBEPXHi Nons, HasiBHOCTI Bopo3eH, 3anaauH
YM iHWKX nepeLukod AocsigveHui onepatop MA BaaeTbes
[10 MaHeBpPYBaHHS LUBUAKICHUMU peXuMamm, L0 CYTTEBO He
npu3BeayTb 40 BTPAT Nanvea Ta He BNNWHYTb Ha SIKICTb BUKO-
HaHHs pobiT. (Volodymyr Syvolapov et.al., 2016).

BukopucTtaHHs wmpokosaxeatHnx MA abo 36inbLueHHs
LUMPUHK 3axBaTy poboYoro opraHy He [[acTb CYTTEBOrO
pesynbraty. 3MiHa LWMpWMHU 3axBaTy abo BUKOPUCTAHHS
LUIMPOKO3axBaTHUX MOMbOBKX arperartie, BiAOYBAETbCA 3a
paxyHOK 36iMbLUEHHS MOTYXXHOCTi Ta Macu NONbOBOI MaLLUMHW,
LU0 CyNPOBOMXKYETHCS 3POCTAHHAM BapTOCTI arperarty, yLuinb-
HEHHSIM FPYHTY Ta 30iMblUEHHSM MUTOMUX BUTPAT nanvea.
(Volodymyr Syvolapov et.al., 2016).

Tomy, koedilieHT BUKOPUCTaHHS poBOYOro Yacy 3MmiHu
MA € ofgHWM 3 OCHOBHUX MOXMMBOCTEN MiABULLUTY NPOAYK-
TWBHICTb. Y 6anaHci Yacy 3MiHW € Benuka KinbkiCTb Cknago-
BMX, LLO NOKa3ye HENPOAYKTUBHI 3aTpaTu vacy, siki HeobxigHo
3MeHLLYyBaTK, a 36inbLLyBaTh Yac Ynuctoi pobotn MA.

[eHHa poboya 3miHa onepaTopa TpakTopa NoYNHAETLCS O
08.00 Ta 3akiHdyeTbes 0 19.00. Hivna amina — nodatok o 20.00,
3akiHueHHs 0 07.00.

Okpim 6e3nocepenHboi (Unctoi) pobotu Ha noni, poboya
3MiHa BKIIOYaE:

— NigroToBKa TpakTopa i pobOoYOT MaLLMHK, arperaTyBaHHs
i nonepeHs Hanagka arperaty NpoBOAWTLCS ABOMA onepa-
Topamu. Yac nigrotoBku onepatopamu 20-40 XBUNUH;

— nepepsa Ha npurom xi Tpuae 20-30 XBUIUH Yepes
KOXHi 5 roauH;

— KOXHi 5 roguH onepaTtop TpakTopa pobuTb ABi 3yMUHKN
no 10-15 xBunuH (clogn BXOAWTb Yac Ha ocobucTi noTpedu
Ta ornag MA).

Takox o vacy pobotu onepatopa MA BxoasTb HACTYMHi
BUAW pobiT: BMBIp cnocoby pyxy B 3ariHLi; TN pO3BOPOTIB;
3aTpaTui Yacy Ha JOMOMiXHi onepaLlii (MexaHisalis 3aBaHTa-
XXEHHS 3epHa, J0OPUB i HACIHHSA y CiBanKW, BUBAHTAXKEHHS
3epHa 3 ByHkepa Ha xogy Ta iH.).

Cnig 3asHaunTy, WO TpMBamicTb pobo4oi 3MiHM MOXe
TpuBaTK A0 24 rognHmn, Xo4a Takui dhakTop, sk BTOMa onepa-
Topa MA gyxe HeJOOLHIOKTb, i BiH MPU3BOAMTL 40 NPOCTOK
MA, iHWKMK cnoBaMK, 40 HENPOAYKTUBHUX BTPAT pobo4oro
yacy 3MiHu.

Lo cTocyetbes ciBOM, cagiHHs, 06npucKyBaHHa Ta 36u-
PaHHS OesKuUX KynbTyp, TO Ha TakUX TEXHOMOriYHWX onepa-
Lisix pobOTH BUKOHYHOTb MPOTAMOM CBITIIOBOMO JHSI.

Ha npuknagi gocnimkyBaHWX rocnofapcts po3rfisiHEMO
NPOOYKTVBHI | HEMPOOYKTUBHI 3aTpaTy Yacy. Ekcnnyarauin-
HO-TEXHOMNOriYHI NokasHWkM pobot MA HaBeaeHi B Tabnuwi 2.
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Ha npuknagi gocnigxysaHux rocnofapcts npuBeneHi
3BefeHi NOKa3HMKN BUKOPUCTaHHS Yacy Ta npoBefdeHi pos-
PaxyHK/ MO XPOHOMETPaXHUM CMOCTEPEXEHHSM pPOBOTH
MA B Tabnuui 3.

Pe3ynbrati Ta 00roBopeHHsA. 3 HaBedeHMX BULLE PO3-
PaxyHKOBUX AaHUX 6a4MMO HU3bKUI MOKa3HWK KoedilieHTa
BUKOPWCTaHHS Yacy 3MiHu (7) Ta, BiANOBIQHO, HEBENUKY MPO-
pyktueHicte MA (W). MpoaHanidysasLum JocnidxyBaHi dak-
TUYHI JaHi BUKOPUCTaHHS poboYoro yacy, MoxXemo 3pobutu
BUCHOBOK, O 36iMblUeHHs HENPOAYKTUBHWUX BUTPAT yacy
3HAYHO 3MEHLLMNO 3a3HaYeHHi NOKa3HWKK. A came, Ha HUX
BNAMHYNW Taki hakTopu, sK:

AHanisyroyu mexHonoeiyHy onepauito  «[100pibHEHHS
POCUHHUX pewmoK MemodoM Myfbdy8aHHS» 8CMaHos-
JIeHO:

— [insiHKa y nepLiomy AOCnigKyBaHOMY rocnofapcTai
Ma€e HenpasunbHy OpMy, BiANOBIAHO 3 Pi3HOK AOBXMU-
HO TroHy, Mae KyT Haxuny 3° (puc.1). o6 3abe3neuntn
AKICHe BUWKOHaHHS onepauil «NoApiGHEHHS POCMUHHUX
pewTok» MA pyxascs nig kytom 15° go psgis nocisy. Ll
MaHeBpu Npu3BeNy [0 HEMNPOAYKTUBHMUX BTpaT 4acy 3a

paxyHok 36inbLUeHHS KibKOCTi MOBOPOTIB, Nepeisais Ta
[0i30iB Ha iHLWWi nonocu, a Takox A0 NMTOMMX BTpaT narb-
Horo.

Puc. 1. Kontyp nons, gocnig Ne1 (nogpibHeHHsA
POCNMHHUX PELITOK METOAOM MyIbYyBaHHS)

AHani3yo4u mexHonozaidHy onepauito «36upaHHs KyKy-
pyOd3u Ha 3epHO» 8CMAaHOBIIEHO:

Tabnuuga 2
ExkcnnyarauiiHo-TexHomnoriYHi nokasHuku po6otu MA
Bug TexHonoriyHoi onepauii
Moka3nmku NoapiGHeHHs 36upaHHsA ypoxalo | 36upaHHA ypoxalo Knacuuna
POCIMHHUX PELUTOK (kykypya3a) (kykypya3a) opaHka
LLBnakicTb pyxy, km/roq 8-9 5.5-7 5.5-7 7-8
LnpvHa 3axeary, M:
— KOHCTPYKTMBHA 8.1 5.6 5.6 3.4
— hakTn4Ha 8.18 5.6 5.6 3.52
MpogyKTWBHICTb 3a JOCHiXyBaHWUI nepiog,
ra/ron 3.75 0.58 1.07 2.07
uTomi BUTpaTK NanbHoro , n/ra:
— HOpMa nasibHoro 5 15-17 15-17 20
— (haKTUYHI BUTpaTK 9.3 27.7 26,5 27.2
KoedilieHT BUKOPUCTaHHS Yacy 3MiHu
0.52 0.13 0.27 0.53
Tabnuus 3
3BeaeHi NoKa3HUKM BUKOPUCTaHHSA Yacy
i= = = x ' 0
5 3 - 2 o =2 | 93 = oy
1 & | =8 | I g S5 | 229 - | & 8 | fg
o =4 @, | E [ ZX | B8 x o = 82 | 2 o0
S © | ‘gLt = >e S e s | o E - Q = o o I, T
— S o oo — o Em T 5| ®xc Q 5 = X LT o ©
= §R | Zox| ¥x | gx | I, flgB 5 X | e | Bo |ZFEF| 2%
> - © _= T - = L} IO 3 o m L= e.x E
- SR BT % | =i | XS | T o s S % sb |BES| ==
5] S as. 2 o I | g = - © =3 T© =8 =y
2 IT | &gk T I= (T 0L o o c io Sa o<
S o @ .0 o [ o5 2% T = co |Xg¢o os
) 23 I T [T EC®© 3 © =z -
% 5 Ca % 3 Eg |26 T s =
2 o i > o - (3] @
Moapi6HEHHS
POCIIMHHUX PELUTOK 59:41 13:47 10:26 - 04:51 - 23:36 112:21 0.52 3.75
30upaHHs ypoxato
(kykypyasa) 29:04 | 28:32 | 12:.03 | 129:12 - 10:51 - 07:57 | 217:39 | 0.13 0.58
30upaHHs ypoxato
(kykypyasa) 130:09 | 38:41 09:41 02:09 | 02:47 | 198:38 | 3945 | 56:25 | 478:15 | 0.27 1.07
KnacvuHa opaHka
219:57 | 67:54 | 83:35 - - - 31:16 | 10:42 | 414:24 | 0.53 2.07
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— [OCMiMKEHHS NPOBOAMNOCH Ha PIBHIN AiNSHLi 3 KYyTOM
Haxuny 1°, KynbTypa — KyKypyasa, LMprHa 3axeaTy BU3Ha-
Yyanacb KifnbKiCTO psifkiB, 8 psgkiB 3 MKPSIAKOBOW BiAc-
TaHH ¥ 70 cm. 36mpaHHs KyKypya3W NpoBOAMIOCE B yMO-
Bax BMCOKOI BOIOrOCTi I'PYHTY, KinbKiCTb KOMOGanHiB — 5
OfVHWUb, KiNbKiCTb nepeBaHTaxyBadiB — 3 oauHuui. KoH-
TYpW SOCHIAXKYBaHWX AiNSHOK HaBeAeHi Ha puc. 2-3.

Puc. 2. KonTyp ginaHku, gocnig Ne2.

Puc. 3. KoHTyp ginaHku, pocnig Ne3.

— BWCOKa BOMOMCTb IPYHTY, SiKa cnocTepiranacb Ha
noni, NpM3Boauna Ao HENPOAYKTUBHMX BTPAT 4yacy, a came,
npoctoi MA CnpuYMHEHHI 3arpy3aHHsM KOMBanHy y rpyHTi
(puc. 4), GykcyBaHHAM, Mepeisgom [0 IHWOro psigka Ta
[0 iHLIOT 3ariHKW, OYiKyBaHHS Ha BifO'i3g iHWOro KombaiHy
3 MicUs 3arpy3aHHs Ta O4iKyBaHHSI Ha OyKCupyBanbHWii
TpakTop, Wo came i Bigbynock Ha gocnigax Ne2 ta Ne3. | sk
HacnigoK, NepepBn Ha TEXHOMOriYHi 3YNUHKN Ta YCYHEHHS
HenonagoK, CMPUYMHEHUX IHTEHCUMBHWM HABaHTAKEHHSAM
poboYmnx opraHis KomGanHy.

Mig yac 30vpaHHA nepeBaHTaxyBayam Ha nosni JOBO-
OUTbCS MEPEBO3NTM BENMUKi 3a 00'EMOM BaHTaxi NMpOTSrom
kopoTkoro nepiogy 4acy (Tishchenko L.M., et.al., 2009),
o6 3abe3neynTyt BUSHaYEeHHi arpOCTPOKM Ta YHUKHYTMW Mpo-
crois MA.

Puc. 4. 3arpy3aHHsa kombalHy Ha onepauii
«30MpaHHA ypoxaro»

AHanisyroumn 36mnpaHHa KyKypyasu Ha JOCMigHUX Monsx,
Oyno BUSIBNEHO, L0 MPU BUCOKIN 3BOMOXEHOCTI 'PYHTY Ta,
Wob YHUKHYTM 3arpy3aHHs nig 4yac AOCTaBKM 3epHa Bif
koMbaliHy [0 BaHTaXiBKW, NepeBaHTaxyBadi Habupanu 2/3
o0’emy OyHkepa, Bif PaKTUYHOI MaKCUMarnbHOI AOro MicT-
KocTi. |, K Hacnigok, BTpaTh Yacy Ha OdvikyBaHHS nepeBaH-
TaXeHHs 3epHa kykypyasm cknanu 209 xs. 29 c. NopisHto-
t0uM 3 OCHOBHOMK MpoAyKTMBHOW poboToto MA, sika cknana
159 xB. 12 ¢ 3a gBa JOCMIAM pasoM, MOXHa cka3aTu, Lo
arpocTpoku He ByayTb BUTPUMaHIi | HACTYMHa TEXHOMOriYHa
onepaluis — 3apobka pOCNMHHKX PeLUTKiB, He Byae B1KOHaHa
abo Oyge BMKOHYBATMCb 3 MOPYLUEHHSMW TEXHOSOMYHOIO
npouecy, o 1 goeoanTb gocnig Ne4 — «OpaHkay.

Tomy, nig Yac 36MpaHHsa KyKypya3m B yMOBaXx, sKi Ckra-
nvcs, cnig 3abesnevyBaTti KOXKeH KomOalH OAHUM NepeBaH-
TaxyBayem abo ByHKepOM-HakomnmuyBayem.

AHanisyruu mexHonoaiyHy onepaujito « OpaHkar:

— OpaHKa npoBOAMMIACb MAYroM 3 KOHCTPYKTUBHOM
WupvHo 3axeaty 3,4 M, (hakTuyHa LWMpuUHa 3axBaTy
B CepegHboMy MO 3amipaM Bifpi3Hanach Bif KOHCTPYKTUB-
HOi Ha +12 cm. MalumHHWIA arperaT BMKOHYBaB OrnepaLlito
3 3acToCcyBaHHAM TexHonorii «Precision Farmingy, Lo npak-
TUYHO BUKIIOYMIIO NEPEKPUTTS MiXk roHaMu. KOHTypu gocni-
[DKyBaHOI AiNsHKM HaBedEHWU Ha puc. 5.

LY

Puc. 5. Kontyp ginaHku, gocnig Ne4

— MO MPWUYMHI 3HAYHKMX OnajiB opaHKa BMKOHyBanacb
Mi3Hille BiA BCTAHOBMEHWX CTPOKIB Ta 3 MOPYLUEHHSM
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TEXHOMOTYHOTo NPOLECy, Nicns 36upaHHs ypoxato NOBUHHA
NPOBOAMTUCL OnepaLlis MyrnbdyBaHHS IpyHTY. MpocToi Ha
TEXHONOrYHI 3ynuHkK cknanu 83xs. 39¢, Bynu CrpUYMHEHHI
3yMUHKaMW Ha YULLEHHSA T'PYHTY Bid NPOMEP3noro YopHo-
3emy (puc.6);

Puc. 6. TexHonoriyHa onepauia «OpaHka»

— 3HauYHi BUTPATU NPOAYKTUBHOIO Yacy 6yﬂ|/| BI/ITpaHeHi
Ha 3ai3gn Ta NnoBOPOTK arperarty Mg Yac BMKOHAHHA Tex-

BaXXIMBO MPaBUIIbHO BU3HAYaTW LUMPUHY NOBOPOTHOI CMYTK
Ta cnocib po3BopoTy NOMLOBOI MaLLMHW.

BucHoBku:

1. KoxHe rocnogapctBo Mae iHAMBIAyanbHi TEXHOMo-
ril BUPOLLYBaHHS arpoKynbTyp i, BiANOBIAHO, XapakTepHUN
MalUMHHWIA napk. Y 3anexHocTi Big piBHS ¢hiHAHCOBOrO
3abesneveHHss rocnogapcTB  (iKCyBaBCSA PidHWIA  piBeHb
BMpOBaKEHHS Y rocnogapcTsi «Precision Farming» i pis-
HUI piBEHb KBanidikaLii pobiTHUKIB NiNPUEMCTB.

2. B 3anexHocTi Big piBHA BnpoBapKeHHs «Precision
Farming» y rocnofgapcTai BigpisHsanach i opraHisalis npaj,
a came, 3aCTOCYBaHHS €NeKTPOHHUX CUCTEM NpY BUKOHAHHI
TEXHONOriYHKX onepavin 36inbLuyBano vac 3miHu 3 8 fo 12
rOAMH.

3. lWnaxu niaBuwieHHS edeKTUBHOCTI opraHisauii i npo-
BEAEHHS MeXaHi30BaHWX TEXHOMOrYHMX onepauit y poc-
NUHHWLTBI BU3HaYaloTbcs Garatbma dpakTopamm, siki TiCHO
noB'A3aHi Mix cobot. ToMy BUHUKAE HEOBXIAHICTb Yy mpo-
[OBXEHHI NpOBEAEHHs1 HayKOBO-aHaMiTUYHUX [OCRiAKEHb
NPOAYKTUBHOCTI MAaLUMHHMX arperatiB Ha Pi3HUX MeXaHi3o-
BaHWX TEXHOMOTYHMX OnepaLisx, ski CyTTEBO 3anexuThb Bif
MOBHOTW BUKOPUCTAHHS Yacy 3MiHW.

4. MNopganbLui AOCNiAXEHHS Chig 30cepeanT Ha BUBYEHHI
MUTaHHS opraHisauii pobo4oro yacy 3MiHM Ans iHWKMX Tex-

HomorivyHol onepauii. Y cepegHbOMYy BOHW CTaHOBWMW Npu-

. HOMOrYHMX onepauisx B PisHUX yMOBaXx, WO AadyTb 3mMory
6nmsHo 10 % Big 3aranbHoro yacy pobotn MA. Tomy Tak

po3pobuTy cTparterito No NigBULLEHHIO NpoaykTMBHOCTI MA.

Bi6nioepachiyHi nocunaHHs:

1.Alene A.D., (2010). Productivity growth and the effects of R&D in African agriculture Agric. Econ., 41, pp. 223-238

2. Antoshchenkov V.M., Antoshchenkov R.V. (2011). Matematychna model vyznachennia potuzhnosti, neobkhidnoi dlia
funktsionuvannia silskohospodarskoho ahrehatu [Mathematical model for determining the power required for the functioning
of the agricultural unit]. Systemy obrobitku informatsii. Vyp. 8. S. 160-162. (in Ukrainian)

3.Aweke C.S., Hassen J.Y., Wordofa M.G., Moges D.K., Endris G.S., Rorisa D.T., (2021), Impact assessment of
agricultural technologies on household food consumption and dietary diversity in eastern Ethiopia J. Agric. Food Res., 4

4.Barabash H.l., Tatsenko O.V., Bakai R.B. (2014). Ekspluatatsiia mashyn i obladnannia — [Operation of machines and
equipment]. R. 2. Vykorystannia mashyn v mekhanizovanykh tekhnolohichnykh protsesakh : Praktykum shchodo vykonannia
laboratornopraktychnykh robit dlia studentiv 4-ho kursu spetsialnosti 6.100102 “Protsesy, mashyny ta obladnannia
ahropromyslovoho vyrobnytstva” dennoi ta zaochnoi formy navchannia / SNAU. Sumy. 135 p. (in Ukrainian)

5.Dovzhyk M.la., Sirenko Yu.V., Kalnahuz O.M., (2021). Produktyvnist mashynnykh ahrehativ [Productivist of machine
units 1. Materialy mizhnarodnoi naukovo-praktychnoi konferentsii «Suchasna inzheneriia ahropromyslovykh i kharchovykh
vyrobnytstv». — Kharkiv: DBTU., S.561-565 (in Ukrainian)

6.Headey D., & Alauddin M., Rao D.P. (2010). Explaining agricultural productivity growth: an international perspective
Agric. Econ., 41, pp. 1-14

7.Kutkovetska T.O., Berezovskyi A.P. (2020). Teoretychne obgruntuvannia pokaznykiv efektyvnosti vykorystannia
mashyno-traktornykh ahrehativ pry vykonanni operatsii z obrobitku gruntu [Theoretical substantiation of the indicators of
the efficiency of the use of machine-tractor units when performing soil cultivation operations]. Vcheni zapysky TNU imeni
V.I. Vernadskoho. Seriia: tekhnichni nauky. Tom 31 (70) ch. 2. S.164—-167 (in Ukrainian)

8.Melnyk LI, Tyvonenko I.H., Fryshev S.H. ta inshi. (2007). Inzhenernyi menedzhment [Engineering management]:
navchalnyi posibnyk. Vinnytsia : Nova knyha,. S. 137. (in Ukrainian)

9.Melnyk V.I., Artomov M.P., Anikieiev O.1., Syrovytskyi K.H., Chyhryna S.A. (2022) Mashynovykorystannia v suchasnomu
zemlerobstvi — [Machine use in modern agriculture] : metod. vkazivky Ne 1, 2 dlia vykonannia prakt. robit studentam pershoho
(bakalavrskoho) rivnia vyshchoi osvity dennoi (zaochnoi) formy navch. OPP “Ahroinzheneriia” spets. 208 Ahroinzheneriia /
Kharkiv. der. biotekh. un-t. Kharkiv, 75 p. (in Ukrainian)

10. Nadykto V.T., Kiurchev V.M., Aiubov A.M. ta in. 2019. Perspektyvy zrostannia produktyvnosti roboty mashynno-
traktornoho ahrehatu — [Prospects for increasing the productivity of the machine-tractor unit]. Naukovyi visnyk Tavriiskoho
derzhavnoho ahrotekhnolohichnoho universytetu. Vol. 8(2). (in Ukrainian)

11. Nadykto, V. T. & Kiurchev, V. M., (2018). Perspektyvy zrostannia produktyvnosti roboty mashynno-traktornoho
ahrehata. Naukovo vyrobnychyi zhurnal [Prospects for increasing the productivity of the machine-tractor unit]. Tekhnika i
tekhnolohii APK Ne 7 (106). (in Ukrainian)

12. Olasiuk Ya.V. (2016). Ekspluatatsiia mashyn i obladnannia. Metodychni vkazivky dlia vykonannia kursovoho pro-
ektu dlia studentiv spetsialnosti “Ekspluatatsiia ta remont mashyn i obladnannia ahropromyslovoho vyrobnytstva” — [Ope-
ration of machines and equipment. Methodological guidelines for the implementation of a course project for students of

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty 43

Cepis «<MexaHisaLjis Ta aBTomMaTi3aLjis BUpobH14mMX npouiecisy, Bunyck 1 (55), 2024



the specialty “Operation and repair of machines and equipment of agro-industrial production”]. Liubeshivskyi tekhnichnyi
koledzh Lutskoho natsionalnoho tekhnichnoho universytetu. Lutsk, 101 p. (in Ukrainian)

13. Pratt, Alejandro & Yu, Bingxin. (2008). An Updated Look at the Recovery of Agricultural Productivity in Sub-Saharan
Africa. International Food Policy Research Institute (IFPRI), IFPRI discussion papers.;

14. Shuliak M., Mikulina M., Mudryi Ya., Pyrohov V. Vplyv (2023) vykorystannia bezpilotnykh litalnykh aparativ na
pidvyshchennia efektyvnosti tekhnolohichnoho protsesu v roslynnytstvi— [The influence of the use of unmanned aerial vehicles
on increasing the efficiency of the technological process in crop production]. Visnyk Natsionalnoho tekhnichnoho universytetu
‘KhPI”. Seriia “Avtomobile- ta traktorobuduvannia®. Kharkiv. Vol. 12023. P. 133. doi: 10.20998/2078-6840.2023.1.13. (in
Ukrainian)

15. Soloviov A.l. (2014). Efektyvne upravlinnia ahrovyrobnytstvom na bazi tekhnolohii tochnoho zemlerobstva [Effective
management of agricultural production based on precision farming technology Kharkivskyi natsionalnyi ahrarnyi universytet]
im. V.V. Dokuchaieva. Ekonomichni nauky Ne 6. Kharkiv: S. 169 (in Ukrainian)

16. Tishchenko L.M., Pastukhov V.I., Zaitsev A.S ta inshi. (2009). Transportne zabezpechennia silskohospo-darskoho
vyrobnytstva. [Transport support of the agricultural trust] Navchalnyi posibnyk do kursovoho ta dyplomnoho proektuvannia.
Ch 1. Metodyka proektuvannia transportnoho zabezpe-chennia /- Kh.: Faktor, — 172 s. (in Ukrainian)

17. Tochne zemlerobstvo v silskomu hospodarstvi: perevahy, osoblyvosti zastosuvannia (2023). [Precision farming
in agriculture: advantage, features of application] Potoky. Elektronnyi resurs. URL: https://zakupka.mez.com.ua/tpost/
cb4y2hp3z1-tochne-zemlerobstvo-v-slskomu-gospodarst (in Ukrainian)

18. Volodymyr Syvolapov, Serhii Kyslyi, Viktor Marchenko, Agroexpert (2016). Yak pidvyshchyty produktyvnist
mashynnykh ahrehativ. [How to predict the productivity of machine units]. Elektronnyi resurs. URL: https://agroexpert.ua/
ak-pidvisiti-produktivnist-masinnih-agregativ/. (in Ukrainian)

19. Yannick Fosso Djoumessi, (2021) What innovations impact agricultural productivity in Sub-Saharan Africa. Journal of
Agriculture and Food Research, Volume 6

20.Zakonu Ukrainy, Dokument 400-XIl. «Pro priorytetnist sotsialnoho rozvytku sela ta ahropromyslovoho
kompleksu v narodnomu hospodarstvi» ['On the prioritization of the social development of the village and the
agro-industrial complex in the national economy" ] vid 17.10.1990 r. (iz nastupnymy zminamy i dopovnenniamy)
(in Ukrainian)

21. Zubko V. M. (2008). Analiz khronometrazhnykh sposterezhen za robotoiu mashynnykh ahrehativ pry vyroshchuvanni
ta zbyranni ozymoho ripaku [Analysis of time-lapse observations of the operation of machine units during the cultivation and
harvesting of winter rapeseed]. Visnyk SNAU. — Sumy, — Vlyp. 1(17). — S. 60-63. (in Ukrainian)

Zubko V. M., Doctor of Technical Sciences, Professor, Sumy National Agrarian University, Sumy, Ukraine

Khvorost T. V., Candidate of Economic Sciences, Associate Professor, Sumy National Agrarian University, Sumy,
Ukraine

Teslenko O.V., PhD student, Sumy National Agrarian University, Sumy, Ukraine

Barabash G. I., Candidate of Technical Sciences, Associate Professor, Sumy National Agrarian University, Sumy,
Ukraine

Omelchenko E. M., PhD student, Sumy National Agrarian University, Sumy, Ukraine

Romanovsky M. O., PhD student, Sumy National Agrarian University, Sumy, Ukraine

Research of the organization and implementation of mechanized technological operations in plant production

The modern agricultural sector has a great influence on the dynamics of the country's economic development. Against
the background of a full-scale war in Ukraine, there is a significant decrease in cultivated areas. On those lands that are
cultivated, it is necessary to ensure the maximum possible increase in production productivity by improving the quality
of technological operations, optimizing the movement modes of machine units while providing mechanized agricultural
technologies, and reducing the costs of the production process.

Therefore, such an indicator as productivity and ways to increase it are not just the number one task facing farmers, but
a national priority.

The article raises the issue of the need to increase the efficiency of agricultural production in wartime conditions.
The need to introduce innovations is emphasized — stimulation of research and development of new technologies and
materials for the production and operation of machinery for agricultural production. For example, such technologies as
"GIS technologies". One of the methods of effective productivity management is considered — "precision farming".

The analysis of the latest researches and publications shows that in the modern conditions of the development of market
relations, the efficiency of machine units is of great importance. Achieving high efficiency of machinery in agriculture allows
to increase productivity, reduce costs and increase the competitiveness of agricultural production.

The scientific community determined that the productivity of the MA depends on many indicators that are related to
each other, namely: speed of movement, width of grip, nominal power of the engine, traction force of the vehicle, method of
turning, ratio of working moves, effective use of working time, etc.

The study of the application of the tractor operator's shift time and the rational use of the tractor unit was considered in
more detail in the article.

Experiments were carried out using the method of time-lapse observation of the following technological operations:
harvesting plant residues (using the mulching method), harvesting (corn), classical plowing.

The following data are provided: the duration of each element of the technological operation; constructive and actual
width of capture; fuel consumption for the investigated period of time, compared to the indicators of the common center of
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the energy vehicle; the duration of each element of working time and the duration of all operations together for the studied
time period.

Earnings (duration or volume of work) are determined by the calculation method:

— the performance of the machine unit is determined — variable (using the navigation system of the machine unit) and
actual (based on the collected data obtained after the timing);

— productive and non-productive time costs are determined and the net work of the machine-tractor unit is determined
using the shift time utilization factor.

Calculated and analyzed the coefficient of use of the shift time and the productivity of the MA for the studied period of
use, in order to evaluate the efficiency of the operation of the MA on the studied farms.

Key words: technological operation, machine unit, timing, productivity, quality, shift time utilization factor, speed of
movement, width of capture, precision farming.
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LocnidxeHo 08a KOHMPPOMOPHI cMyneHi 3 pPi3HUMU pewimkamu fionamesux AUCKi8 Hacocig. 3a A0MOMO20 npozpam-
Hoeo komrinekcy ANSYS CFX guaHadyeHo nons HanipHo-eHep2emuyHUX Xxapakmepucmuk cmyneHig 3 i 6e3 nidpisaHux nomna-
meli. BidrnosidHo 0o pekomeHOauill npakmuku MOOEN8aHHSI EHEP2EMUYHUX XapakKmepucmuKk HacocH020 0briadHaHHS,
8 po2paMHOMy KOMIIIEKCI NPUUHAMO 8i0XUNEHHS 5 % Mix hi3uyHUM ma Yucio08UM MOOEHBaHHAMU.

LocnidxeHo dea munu cmyneHig 3a KoHiypauiero KOHCmpYKUii: mepuwuli — 8y3bkornonamegud, Opyauli — WupoKosona-
mesud. lMepwuti eman 00CIOXEHHS Nosi2as y 8U3Ha4YeHHIi pob0oYOi MOYKU 060X KOHMPPOMOPHUX CMyrneHie ma nobydosi
HarlipHO-eHepeemuUYHUX Xapakmepucmuk. Lii xapakmepucmuku eKmroyanu 3viHu Harnopy, nomyx)Hocmi ma KoegiuieHma
KOpUCHOI 0if 8 3anexHocmi 8id0 nodadyi HacocHo20 0br1adHaHHS.

Lpyauli eman QocriOxXeHHsI 8KIYa8 8U3HAYEHHS HaMipHO-eHep2emMUYHUX Xxapakmepucmuk ma poboqoi 30HU KOHMp-
POMOPHUX cmyreHig 3 nidpisaHumu nonamsamu Ha 15 %. Lle 0038051usio nepedbaqyumu MOXIIU8e 3HUXEHHS HamipHUX Xapak-
mepucmuk cmyrnerie, ompumMamu 000amKoei Xxapakmepucmuku cmyrneHrie 3 nidpizaHuMU 10IamsaMu ma po3wupumu Mox-
nugicmb ModerntoeaHHs pobomu 8i0Mo8i0HO20 HaCOCHO20 0bradHaHHS y WuUpwomy diarnal3oHi HamipHUX Xapakmepucmuk
cmyneHis.

3a pesynbmamamu AocnidxeHHs ompumaHo pobodi moyku 07151 Mobydo8U eHep2emuYHUX Xxapakmepucmuk, 0e MOXIIu-
guli poboyul npoyec cmyrieHie 3 pPi3HO 2eoMempieto (3 MoXrueicmio nidpi3ku riornamegoeo Koreca 0o 15 %). CmeopeHo
rosie xapakmepucmuk, ujo 00380115I€ peayrmioeamu HaripHicms cmyrneHs 3a 00IOMO20t0 MiOPI3KU.

lMepwuli cmyniHb rMokasae eapHi pesyrbmamu npu Heeerukux nodayax, y eioMiHy 8i0 Opyeoeo, sKuli nposisus cebe
2lpwe Sk y HanipHOcmi, mak i 8 eHep20eghekmugHocmI.

BcmaHoeneHo, uo He 8Ci KOHMPPOMOPHI cmyrneHi MOXHa peaynogamu 3a 00rNoMO20K0 MidPi3KU S1onamegozo Koseca,
OCKIflbKU Ue 8rnueae 3Ha4yHoO binblie Ha HaripHO-eHepaemuUYHi Xxapakmepucmuku HacoCHO20 0brna0HaHHS, HiX 38udalHe
o0bnadHaHHS.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Y pobomi 3Ha4YeHHs1 Xapakmepucmuk KOHMPPOMOPHUX cmyrneHie bynu obuyucneHi 6e3 epaxysaHHsi 8idgi0HO20 npu-
CMPOIo, WO MOXe Cymmeeso 8IIUHYMU Ha eHeP2eMUYHI Xapakmepucmuku obnadHaHHs. ToMy HacmynHUM emarnom 00c/Ti-
OxeHb byde cmeopeHHs cripanbH020 8i0800y Ha 6a3i po3pobreHUX cmyrneHie ma npPoeedeHHs MOBHOUIHHUX OCTIOXeHb
KOHMPPOMOPHUX cmyreHig 3 8i08000M, 3 M00aIbLUUM MOPIGHSHHAM OMPUMaHUX eHepeemuyHuUX xapakmepucmuk eiono-

8i0HUX 8apiaHmie 0br1a0HaHHS.

Knrovoei croea: Hacoc, KOHMppomopoHuti cmyniHb, Mofe HamipHO-eHepP2eMUYHUX Xapakmepucmuk, poboye Koneco,

nidpiska, NPOEKMyB8aHHs, YUCEbHE MOOE08aHHS.
DOl https://doi.org/10.32782/msnau.2024.1.6

BcTtyn. 3miHa BuTpaTy pignHu y TpyOGONPOBIAHIA Mepexi
BU3MBAE NeBHY 3MiHY Hanopy i nogavi Hacoca. Tomy npwu nig-
Hopi HacociB HeODXiOHO 3HATW 3aNEXHOCTI MiXX OCHOBHUMMU
iX TEXHiYHUMM nokasHukamu. Kpim 3miHu Hanopy, Bigxu-
NEeHHs BUTpaTU y TpyOOMPOBIgHIN Mepexi Big po3paxyHKo-
BOi Nogadvi Hacoca nNpuBoAUTbL A0 3HWxeHHS KK HacocHoi
YCTaHOBKM.

XapaktepucTuka, sika nobygosaHa 3a JOMOMOIOK aHa-
MITUYHOI  3aNeXHOCTi, Ha3UBaETbCA TEOPETUYHOW. BoHa
nokasye TiMbKU SKICHMA B3aEMO3B'A30K, Hanpuknag, Mix
Hanopom i nogayeto. [ns OTpUMaHHs XapakTEpPUCTVK, WO
Bi0OpaxatoTb KifbKiCHY 3aneXHICTb MK OCHOBHMMM pobo-
YyuMK NapameTpamu, NPOBOAATb BUNPODYBaHHS peanbHOi
MaLUWHK i nuwe Togi, nicns o6pobKkn OTpMMaHuX pesynbra-
TiB, OyaytoThb AjlicHi abo pobouyi xapakTepUCTHKN.

Ha cborogHi icHyloTb nporpamu, Ha npuknagi Ansys
CFX, siki 0o3BOMSAOTL NPOBECTM MaTeMaTU4YHE MOAento-
BaHHS pob0OY4Oro koneca Hacoca Ha pisHuX napameTpax Ta
OTpUMaTV MOro HanipHi Ta eHepreTUYHi XxapakTepucTuku.
Taka nporpama 4acTto BUKOPWUCTOBYKOTLCS MPU MPOEKTY-
BaHHi HacocHoro obrnagHaHHs. BoHa go3sonsie JocuTb
TOYHO BM3HA4YMTW MapaMeTpu Hacoca B MNEBHiN pobouii
Touui 6e3 3aTpaTv Yacy Ha BUFOTOBSIEHHS Ta BUMPOOY-
BaHHS1 CMPOEKTOBAHOrO Hacoca Ha cteHgi. Cnig 3asHa-
yntu, Wwo ANSYS CFX HeopgHOpas3oBo BUNpobyBaBcs npw
BUPILLEHHI 3aay HacocobyayBaHHs, po30iXKHICTb pe3ynb-
TaTiB YNCENbHOro i i3MYHOro MoJentoBaHHA He nepeBu-
wye 5 %, TOMy JaHUA NPOrpamHUiA MPOAYKT NpUAATHUR
ANS BUPILUEHHS NOCTaBIIEHOrO 3aBAaHHS AOCHIIKEHHS
(1; 2; 3).

Mig XxapakTepucTMKOK Hacoca Po3yMiloTb rpadiyHy
3aMEXHICTb MK OCHOBHMMM MapameTpamu Hacoca. [Ons
fonaTteBwux MpoOMalLMH Le 3anexHicTb Hamopy H, notyx-
HocTti N Ta KK[n Big nogadi Q npw nocTinnin vactoTti obep-
TaHH$, B’A3KOCTI | r'yCTUHI NepekayyBaHOro cepeaosuLla Ha
BXOQi B HACcoOC.

Ha xapaktepuctuui BUGINSIOTE PEXUMM: ONTUMANbHUI
(pexmm poboTu Hacoca npu HanbinbLomy 3HaueHHi KK Ta
HOMIHanNbHWUI (PO3PaXxyHKOBWIA) — PEXMM, KM 3abe3nedye
3afaHi TexHIYHI NapameTpu Hacoca.

30Ha xapaKTepuCTUKM Hacoca, y Mexax SiKoi peKOMeH-
AYETbCSA TpuBana WOro ekcrnyarauis, HasvwBaeTbcs pobo-
YO YaCTWHOK XapaKTepucTukn abo AianasoHom poboTu.
Poboya yacTMHa xapakTepucTuKu, SiK MpaBuio, BU3HAYa-
€TbCs 30HOI0 3HMKeHHs KK Ha gekinbka BigcoTkiB Big onTu-
MarnbHOr0 NOro 3HaYEHHS.

MoctaHoBka npobnemu. NMone Hacoca (puc. 1) Byay-
€TbCS B norapudmMiyHoMy MacwTabi i Oxonmnie AianasoH
napameTpiB, L0 BUMaraeTbcs Ans gaHoi obnacti Q i H. Ha
none HaHOCATb K iiCHI HanipHi XapaKTepPUCTMKM HacociB,

BicHuk CyMcbKOro HauioHanibHOro arpapHoro yHiBepcurtety

O BMMYCKAKOTLCHA, TaK i PO3PAXYHKOBI XapaKTepUCTUKM
HACOCIB, LLO MiANsAraTs OCBOEHHIO (4).

HeobxigHui gianasoH Q—-H nparHyTb NOKpUTU MiHiMarb-
HUM 4MCIIOM TUNOPO3MIpiB HacociB. OCHOBHI mapameTpu
HacociB (Q i H) 6epyTb BIignoBigHO [0 psdy NepeBaKHMX
yucen: mexi Q i H gns koxHoro Hacoca nepegbayatoTb oro
po6OoTY B 30Hi onTMManbHuX pexumia no KK, BcMokTyBanb-
Hill 3paTHOCTI Ta iH. Ha xapaKkTepucTukax HaHOCATb YMOBHE
MO3HaYeHHs! Hacoca, YacToTy obepTaHHsl, Mexy 3miHn KK
Ta MiHil NOCTIAHOT NOTYXXHOCTI.

®opmn kpusux H=f(Q), N=f(Q) i n=f(Q) 3HauHoO Mipoto
3anexatb Big n_ (puc. 2). MeBHOMy 3Ha4YeHHI0 n_ ronare-
BOMO Hacoca BracTuBa CBOs cneundiyHa popma HanipHoi
xapaktepuctukn H=f(Q). Bcsika wryyHa 3miHa dhopmu Kpu-
Boi H=f(Q), sk npaswno, Buknukae 3HwxkenHs KKI Hacoca.
®opma HanipHOi  XapakTEPUCTUKM  XapakTepU3yeTbCS:
30HOI0 3anagaHhs (Q, /Q, ).

PoapisHsitoTe cTabinbHy (6e3nepepBHO nagatody) i 3ana-
[arody HanipHi xapakTepucTuku.

Mig yac poboTn HacociB Ha 3aranbHy Mepexy, Heob-
XigHO MaTu cTabinbHy (6e3anepepBHO nagatody) dopmy
HanipHoi xapakTepucTuku. [ns BU3HAYEHHS KPYTU3HM CTa-
BinbHOI XapaKTePUCTUKI 3aMiCTb 3Ha4eHHA H__ B1KOpUCTO-
BYIOTb NapameTp H,.

MNMomnax BWHWKAE B Hacocax, SKi MalTb HAaCOCHY
XapakTepucTuky 3i cnagHow NiBOK rinkow. Taky Xapak-
TEPUCTUKY MaloTb 3BUYAMHO TMXOXigHi Hacocu. Momnax
BUHWKaE Yy BWMagKax, KOMW XapakTEpPWUCTMKA HACOCHOTO
ycTaTKyBaHHs MPOXOAWTb BWLLE XapakTepuCTMKU Hacoca,
XapaKTepucTka HaCOCHOrO YCTaTKyBaHHS MNepeTuHae
XapaKTepucTuKy Hacoca y ABOX Touykax abo mpu nmapa-
nenbHin poboTi HAacoCIB, SKLLO HaMip NPU HYMbOBINA NOAAv
O[IHOTO i3 HAaCOCIB MEHLUWIA Bi Hanopy Apyroro Hacoca npu
Oro camocTilHin poboTi Ha Mepexy. [Mpy nomnaxi Hamip
KONMMBAETLCA Y BEMNWKUX MeXax, CnocTepiralTbes rigpas-
NiYHi yoapu, WyMm i TPACIHHA BCbOTO HAcCOCHOrO ycCTaTkKy-
BaHHs i TpybonpoBogiB.

OCHOBHO METOK AOCTIMKEHHS € OTPUMAaHHS HaNiPHUX
Ta EHEPreTUYHNX XapaKTePUCTUK KOHTP POTOPHOIO CTYMNEHI0
AN KOXHOi pobo4oi Touku Ta nobygosa rpadikis 1 nomis
Hacoca.

[Onsa pocarHeHHs meT Bynu NocTaBneHi Taki 3aBAaHHS:

— [JOCNiDKEHHS MPOTOYHOI YAaCTWUHKU KOHTP POTOPHOIO
cTyneHs Ha 6asi Hacoca LJHC-180/1900 Ta OBOX KOHTp
POTOPHUX NONATEBMX OMCKIB 3 Pi3HOK NOMATEBOK PELUiT-
KOI0;

— MPOEKTYBaHHS pobOYOro Koneca Ta JionaTeBMX AUCKIB
PI3HUX KOHCTPYKLl;

— MPOBEAEHHSI YMCENbHOTO [JOCHIMKEHHS NPOTOYHOI
YaCTWHM Hacoca;
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Puc. 2. ®opma HanipHOI XapakTepucTukm [4]

- OTPUMAaHHS HanipHWX Ta EHepreTUYHUX XapakTepuc-
TUK KOHTP POTOPHUX CTYMeEHIB pi3HOT KOHirypaLlii;

- nobynoBsa rpadikiB 3anexHOCTi Hanopy, NOTYXHOCTi
Ta KK[ Big nogaui;

- nobygoBa nonie KOHTP POTOPHKX CTYMEHIB Ta Nopis-
HAHHS 1X 3 iHWKXMKW Hacocamu;

— OLiHIOBaHHSA ofiepxaHnX pesynbraTis.

Martepianu i metoan pocnigxeHb. O6’ekToM Aocni-
IDKEHHSI € KOHTPPOTOPOHUIM CTyniHb 3 6a3oBUM pPOGOYMM
konecom Hacoca LIHC-180/1900. Ans gocnimkeHHs 6yno
CTBOPEHO [Ba NonaTeBnx Aucka, Lo BiapisHAnMcs nonare-
BUMM peLliTkamu Ta poboye koneco. Cnig 3asHaumTy, Wo
reoMeTPUYHi pO3MipY CTYNeHIB HACTYIMHi: 30BHILLHIN AiaMeTp
poboyoro koneca D2 = 302 mMM; 30BHiLWHIN giameTp nona-
TeBoro aucky D4 = 410 mm; 3a30p Mixx pobo4MMu enemen-
Tamu cTyneHiB 2mm. Mogada poboyoro koneca Hacoca LIHC-
180/1900 B onTumansHomy pexxumi cknagae 180 m3/rop.

Bcboro nposoaunoca ABa etanu AochnifxeHb 3 nofa-
yamm Big 0,1-Q Ao 2,3:Q . Ta BULE, B 3aNEXHOCTI Bif

OTPUMaHMX 3HaYeHb XapakTepucTuku. Ha nepluomy etani
(puc. 3) 3a LONOMOro MaTeMaTUYHOTO MOAESIOBAHHS By
OTpWMaHi 3Ha4eHHs Hanopy, KK[ Ta noTy>HOCTi B KOXHOMY
PO3paxyHKOBOMY PEXWMi 3anexHo Big nogadi ans noby-
[10BY XapaKTEPUCTUK KOHTPPOTOPHMX CTYNEHIB.

Ha gpyromy etani (puc. 4) nposogunacs nigpiska
KOHTpPOTOpHMX cTyneHiB Ha 15 %. Onwuparouuce Ha
OTpUMaHi pesynsTatu NonepeaHbLOro etany npoBOAM-
nucs aoaaTtkoBi AOCHIAXKEHHS KOHTPPOTOPHMX CTYMEHIB
Ha MakcumanbHux 3HadeHHsx KK[ 3 meToio nobymosu
B noganbloMy MOMs XapakTepucTUK AOChigXyBaHUX
cucTeMm.

[ins npoBefEeHHS AOCTIMKEHHS Ha nodatky Oynu cTBO-
PEeHi NPOTOYHI YaCTMHM PoBOoYMX Komic Ta nonaTeBMX AUCKIB
3 pi3HUMK KOHPirypaLisimu nonaTesux peLuitok (puc. 4 a) 3a
aonomoroto nporpamHoro npogykty Solid Works.

3a gonomoroto nporpamuv ANSYS CFX ctBopeHi mogeni
6ynm po3buTi Ha NoBepxHi (puc. 5 6) Ta CTBOPEHi po3paxyH-
KOBI CiTKM (puc. 5 B).

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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a)

6)

Puc. 3. KOHTppOTOpHi cTyneHi: a) By3bKononaTeBuit; 6) WwWupoKononaTeBui

Mepen pocnimkeHHsm Byno npoBeaeHO PO3paxyHOK Ha
CITKOBY He3anexHiCTb. Llelm TecT gae MOXNUBICTb BW3Ha-
YUTWU ONTUMAnNbHWUIA PO3MIP KOMIPKW CITKU AN NOAarnbLUmMx
po3paxyHkiB. Takox LeW TeCT JO03BOMSE OTPUMATU SKICHI
pO3paxyHKu i ByT BNEBHEHUM, LLIO SKICTb CITKM HA HUX He
BrnuHe. lig vyac TecTy Ha He3anexHicTb Byno BU3HaYEHO,
IO 3aranbHWii po3mip KOMIPOK MOXe AOPiBHIOBaTU 7 MM.
KinbkicTe npusMaTuyHuX wapis Mae 6yt He meHwe 11,
a nepwwun wap mae 6yt 0,04 mm. B cepegHbOMy KinbKiCTb
KOMIpOK Y CiTLi CTaHOBMNa NPMBIM3HO MINbIAOH.

HactynHum etanom ans koxHoi mogeni ©ynu 3agaHi
YMOBM BXOLY, BUXOAY, HanaluTyBaHHs nepekavyBaHoro cepe-
[0BULLA Ta 3aaBaHHS KOHKPETHUX NPUrPaHNYHNX YMOB, Taki
K LIOPCTKICTb CTIHOK Ta iH. (puc. 5 r). lNicns Yoro npoeogmBCs
YMCENbHUI PO3PaxyHOK KOHTP POTOPHWX CTyNeHiB (puc. 5 4).

B ocHosy gaHoro nporpamHoro npogykty ANSYS CFX
3aKnageHwui MeTo[ YWUCENnbHOTo BUPILLEHHS (PyHOaMeH-
TanbHUX 3aKOHIB TiAPOMEXaHik1: PiBHAHb PyXy B’A3KOI
PiAVHA CNiNbHO 3 PIBHAHHAM HepospuBHocTi. Lle € gocrat-
HbOI YMOBOI OBI'PYHTOBAHOCTI 3aCTOCYBaHHS pesynbTaTis
yucenbHoro AocnimkeHHs. Cnig 3asHauutn, wo ANSYS
CFX HeogHopa3oBo BunpobyBaBca NpW BUPILLEHHI 3aaad
HacocobyayBaHHS, PO3BiKHICTb pe3ynbraTiB  YMCEeNbHOro
i (hisnyHOro MoaentoBaHHA He nepesuiye 5%, TOMy AaHun
nporpamMHu1in NPoayKT NPUAATHUIA ANS BUPILLEHHS NocTaBne-
HOTO 3aBdAaHHS JOCMIMKEHHS.

BicHuk CymcbKkoro HawioHanbHOro arpapHoro yHiBepcurteTy

6)
Puc. 4. Migpi3aHi KOHTPPOTOPHI CTyneHi: a) By3sbkononateBui; 6) LuMpokononaTeBun

Pesynbrati. Ha nepliomy etani 4OCRimMKEHHS NpOBO-
AUNoca maTeMaTUyHe MOLENIOBAHHS KOHTPPOTOPHUX CTy-
NEHIB ABOX Pi3HWUX KOHGIrypauin Ans OTpUMaHHs HamipHUX
Ta EHEPreTMYHUX XapaKTepUCTHKaxX Ha KOXKHOMY pO3paxyH-
KOBOMY pPexuMi.

[Onsa nepworo crynens (puc. 6) 6ynu BubpaHi HacTynHi
nogadi 3 kpokom B 10 % BigLLTOBXYHOYMCh Bif nofjadi okpe-
moro pobodyoro koneca Hacoca LUHC-180/1900. Onsa noby-
[O0BW HanipHO-eHEPreTUYHOI XapaKTePUCTUKN KOHTPPOTOp-
HOro ctyneHst 6yno po3paxoBaHo 23 TOYKM 3 MOAavelo Bif
18 m¥rog no 414 m¥rog 3 kpokoMm nogadi 18 m3/rog. Bci
oTpuMaHi faHi 6ynu 3aHeceHi o Tabn. 1, 3a gkumK NoOTIM
6yno nobynoBaHO xapakTepPUCTUKY AaHOMO KOHTPPOTOPHOIO
CTYNeHs Ha puc. 4.

Ak moxxemo nobaumnti 3 puc. 6, HanipHa xapakTepucTuka
Hacoca € nonoronagatoyoto 6e3 3oHM nomnaxy. Poboya
TOYKa 3micTunacs B 30Hy Oinbwux nogad. Lle nos’ssaHo
3 MPUHUMNOM Aji KOHTPPOTOPHOrO CTyNeHs Ta [0L4ATKOBOI
obnacTi po3pioKeHHs, L0 CTBOPIOE NONATEBWIA OWCK Ha
Buxogi poboyoro koneca. Hanbinbwwi KK cknae 78 % npu
nopadi 234 m*rog, wo craHosutb 1,3-Q . OnTUManbHUi
Jiana3oH, B SKOMY MOXe npautoBaTM HacocC, CTaHOBWTb
Bio 216 m%ron no 288 m*from, ue Bianosigae 3HAYEHHSIM
1,2-1,6:Q,,- Mpu YoMy Hanip 3MIHIETLCA B Mexax Bif
404 m 1o 343 m, pisHnua cknagae 61 M. B gaHomy gianasoHi
NOTYXHICTb 3MIHIOETLCA NnLe Ha 32 KBT.

Cepist «MexaHisaLisi Ta aBToMaTI3aLis BUpoBHUYNX NpoLieciBy, Bunyck 1 (55), 2024

49



Puc. 5. ETanu npoBeaeHHA gocnimpkeHb: a) cTBopeHHA 3D-moaeni; 6) CTBOpPeHHs CTiIHOK; B) CTBOPEHHSA
PO3paxyHKOBOI CiTKW; I) BU3HAY€HHSA TPaHUYHUX NapaMeTpiB; A) NPoBeAeHHS PO3paxyHKy

Tabnuus 1
Po6oui Toukn By3bKononaTteBoro KOHTPPOTOPHOrO CTyneHs 6e3 niapisku
Q, M¥rog 18 36 54 72 90 108 126 144 162 180 198 216
H, m 430 429 427 428 424 416 414 412,5 414,7 412,6 412,8 404
N, kBt 198 209 214 219 234 240 245 265 279 292 302 3N
KKO, % 0,1 0,18 0,28 0,38 0,44 0,51 0,56 0,61 0,65 0,69 0,73 0,76
Q, m¥rog 234 252 270 288 306 324 342 360 378 396 414
H, m 396 377 360 343 292 263 231 197 161 122 82
N, kBT 323 334 341 343 341 340 338 333 325 315 301
KKO, % 0,78 0,77 0,77 0,75 0,71 0,68 0,63 0,58 0,5 0,42 0,31

+ Head mPower a Efficiency

450 09
B /‘ m\\ §
300 ‘/ﬁ./ \ \\ 0,6
250 05
Head, m; A

Power, kW

200 w / .\ \ 04
150 / \ 03
100 02

7 B

50 " 01

0 T T T T T T T T 0
0 50 100 150 200 250 300 350 400 450

Feed, m3/h

Puc. 6. XapaktepucTuka By3bKoyionaTeBoro KOHTPPOTOPHOro CTyneHs 6e3 niapisku
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Y opyromy JocnimkeHHi (tabn. 2, puc. 7) 6yB pospa-
XOBaHUM LUMPOKONOMATEBUA KOHTPPOTOPHUIA CTyNiHb. [ns
noGyaoBK HanipHO-EHEPreTUYHOT XapakTEPUCTUKN LIbOro CTY-
neHst 6yno pospaxoBaHo 17 TO4OK 3 mogayeto Big 72 m3/rog
[0 648 m¥rog 3 kpokom nogadi 36 m3/roa. Kpok nogadi cknas
20 %, BigLITOBXYHOYMCh Bif NoAadi okpemoro poboyoro koneca
Hacoca L|HC-180/1900.

Poboua To4ka 3MmicTunach B 30HYy GinblumMx nogay Ao
432 m3/roa 3 MakcumanbHUM 3HaveHHsIM KK 84 %, a po6o-
yumii gianasoH cknae B Mexax Big 360 go 504 m3/ron. Hanip
npu LbOMY ZiyXe LIBUAKO Najae.

Ha opyromy etani gocnigpkeHHs npoBOAMNOCS MaTeMa-
TUYHE MOLENOBAHHS KOHTPPOTOPHUX CTYNEHIB ABOX Pi3HMX
KOHcirypaLin 3 nigpiskor Ans OTpUMaHHS MoniB XxapakTe-
pucTuk. B LboMy JocnifkeHHi npoBoaunacs nigpiska nona-
TEBUX ANCKIB Ha 15 % B pe3ynbraTi Lboro 30BHILLHIN giameTp
nonateBoro aucky D4 ameHwwmses 3 410 mm go 348,5 mm.

[ns nepworo cTyneHs 3 nigpiskoo (tabn. 3, puc. 8)
6yno pospaxoBaHo 8 To4ok 3 nogadeto Big 162 m3/rog oo
288 m3/rog 3 kpokom nogadi 18 m%frog (10 %).

Ons ppyroro ctyneHs 3 nigpiskoto (tabn. 4, puc. 9)
6yno pospaxoBaHo 7 To4oKk 3 nogadveto Big 288 m3/rog no
504 m3/rog 3 kpokom nogadi 18 m%frog (10 %).

3a Jonomoroio oTpuMaHux gaHux 6ynu nobygosaHi nons
XapaKTepUCTUK ABOX KOHTPPOTOPHUX CTyneHiB (puc. 10).

XapaktepucTtvka gpyroro CTyneHs 3 nigpisko 3HauHo

y Mexax 67 % i3 Hanopom 132 M, NOPIBHIOKOYM LiEN CTYNiHb
6e3 nigpisku, Moxxemo nobaunTu, WO BiH 3apekoMeHayBaB
cebe kpalLe.

o He moxHa ckasaTW Npo XapakTepUCTUKY NepLUOro
CTyneHsl, siknii nokasas cebe Harikpalye. KK Takoro cty-
neHs 3 nigpiskoto BnaB Ha 8 %, ane ue Bce Lie 3anuwa-
€TbCA NPUIHATHUM ANS AaHoro BapiaHTy. OTpuMaHi HanipHi
XapakTePUCTUKA BULLi MOPIBHAHO 3 APYrUM CTyneHewm, Ta
CMNOXWBAHHS €Heprii TakoX OTPUMAnU rapHi 3Ha4eHHs.

O6roBopeHHs. [Ins 060x cTyneHiB Gyno CTBOpeHO none
XapaKTEPUCTVKKN, B MEXaX SIKOT0 MOXHa peryntoBaty Hanip-
HICTb CTyNeHs LWnaxoM nigpisku. Mepwwi cTyniHb nokasas
cebe [ocWTb rapHO Ha MEHLUMX Nofadax Ha BiaMiHY Bif Opy-
roro CTyneHs, Lo nokasas cebe ripLue sik 3 6oky HanipHOCTi Tak
i 3 6oKy eHeproed)eKTUBHOCTI. 1K BUCHOBOK, MOXHa 3pobuTu
Te, WO He BCi KOHTPPOTOPHI CTyneHi MOXHa nigpisaTtv, ane
HEe TaK CUIMbHO, SIK 3BUYalHi pobodi Koneca, Tak K Le ayxe
CUNbHO BNAMBAaE Ha PO3MIp MONATEBOrO AWCKY i BUXOLAYM
3 chopmm nionateit Ha HanipHO-eHEPreTUYHI XapaKTEPUCTUKU.

3HAYEHHS1 XapaKTepUCTUK KOHTPPOTOPHI CTyneHi Bynu
po3paxoBsaHi 6e3 BigsiaHoro npuctpoto. Came y BiaBigHOMY
NPUCTPOI BTpaYaeTbCa HanbinbLlia KinbKicTb eHeprii i oro
NPOEKTYBAHHS € HANCKNaZHILIOW 3ajadyelo, Tak sK BiaBig-
HUIA NpUCTpii 36upae piauHy, WO BUALLNA i3 KOHTPPOTOP-
HOro CTYNeHs Ta Hanpaense ii 40 HanipHoro Tpybonpososay.
BnacHe, NpoekTyBaHHSA BiABIAHOrO NPUCTPOIO € HANBaXNK-
BILLIOIO YaCTMHOI B KOHTPPOTOPHOMY CTyneHi. Ha uen yac,

Tabnuuga 2
Po6oui ToukM lWiMpoKononaTeBoro KOHTPPOTOPHOTO CTyneHs 6e3 nigpisku
Q, m¥/rop 72 108 144 180 216 252 288 324 360
H, m 376 375 374 368 360 343 329 321 306
N, kBt 268 289 306 322 338 342 346 357 370
KKO, % 0,27 0,38 0,48 0,56 0,62 0,7 0,74 0,78 0,8
Q, w¥rog 396 432 468 504 540 576 612 648
H, m 288 256 222 186 149 109 67 23
N, kBT 374 358 339 312 279 239 189 130
KKO, % 0,83 0,84 0,83 0,82 0,78 0,71 0,59 0,31
+ Head Pressure 4 Efficiency
450 0,9
400 e i i 038
. 4—0——;\ / \\ .
o //\\ 0
250 05
Power, kW 200 / / \\\ 0,4
150 Z 0,3
100 \ 0.2
50 0,1
0 T T T T 0
0 100 200 300 400 700
Feed, m3/h
Puc. 7. XapakTepucTuka WUIMPOKONONaTEBOro KOHTPPOTOPHOrO CTYNEeHs 6e3 niapisku
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Tabnuus 3
PoGoui Touku By3abKononateBoro KOHTPPOTOPHOrO CTyNeHs 3 Nigpi3Koro

Q, m*ron 126 144 162 180 198 216 234 252 270 288 306
H, m 316 312 308 297 278 258 236 21 184 156 126
N, kBT 187 199 212 214 214 215 215 213 208 201 191
KKA, % 0,54 0,58 0,63 0,67 0,69 0,7 0,7 0,68 0,65 0,6 0,54

+ Head m Power = Efficiency

400 038

350 — 07
—_——

300 T 06

) /L’H__.:.*'I—\_ )
Head, m; — 04
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150 03
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Puc. 8. XapakTepucTtuka By3bKONonaTeBoro KOHTPPOTOPHOro CTYMeHs 3 Niapi3Koro

Tabnuus 4
Po6oui To4kM LUMpPOKONONaTeBOro KOHTPPOTOPHOTO CTYMNeHs1 3 NiApPi3Ko
Q, m¥lrop 288 324 360 396 432 468 504
H, m 179 162 148 132 114 95 74
N, kBT 232 221 218 212 201 186 167
KKL, % 0,6 0,64 0,66 0,67 0,66 0,65 0,61
+ Head m Power 4 Efficiency

400 0,8

350 0,7

300 /———l_\\ 0,6

250 0,5

Head, m; .*‘\'\_ 04

Power, kW \I\- :

150 \\ 03

100 0,2

\
50 0,1
0 T T T T T T T 0
200 250 300 350 400 450 500 550 600
Feed, m3/h
Puc. 9. XapakTepucTuyka WUIMPOKONONAaTeBOro KOHTPPOTOPHOrO CTYNEHs 3 NiApi3Kor
MOXHa cKkasaTy, Lo Oyno oTpUmMaHO ABa OCHOBHI CTYMEHS BrKopucTaHHA nNpaBuNbHO CMPOEKTOBAHOMO BiABiA-

3 flonaTeBUMM peLLiTKaMu, SiKi MatoTb rapHi HamipHO-eHepre-  HOro NPUCTPOID Mamke He BMSIMHE Ha HanipHi XxapakTepu-
TUYHI XapaKTePUCTUKMN B NOPIBHAHHI 3 JOCMIMKEHHAMM, WO  CTUKK, ane Yyepes BUXPOYTBOPEHHS Ta rigpaBnivHi BTpaTu
NPOBOAUINCS PaHiLLe. y BiABOAi Ta Andy3opi MOXHa ovikyBaTh 3HMKeHHs KK
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+ Head without trimming  ® Head with trimming + Head without trimming ™ Head with trimming

450 350
400 300
350 4 250
300 200
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Feed, m3,
Feed, m3/h , m3/h
a) 6)

Puc. 10. Mons xapakTepucTUK KOHTPPOTOPHUX CTYNEHIB: a) By3bKONonaTeBoro; 6) WypokononaTeBoro

Ha 8-10 % B nopiBHSHHI 3 6a3oBWUM CTyneHsaMuW 6e3 Bid- 1 MOPIBHSHHSA OTPUMaHUX xapakTepuctuk. Lle gactb amory
BOAY. OUHUTW BNSIMB BiABOAY Ha XapaKTEPUCTUKM HE TiMbKU KOHTpP-

B noganbwomy Ha 6asi CNpoeKTOBaHWMX CTYMEHIB  POTOPHMX CTYMEHIB, @ N 3BMYalHMX poBoUMX KOMIC 3 METOHO
Oyne CTBOPEHWI criipanbHWiA BiOBi4 Ta MPOBeAEHI MOBHO-  MOAAnNbLIOTO BOOCKOHANEHHS AN 36iNbLUEHHS HanipHo-
UiHHI JOCMiMKEHHS KOHTPPOTOPHMX CTYMEHIB 3 BiABOAOM  €HEepPreTMYHMX XapakTePUCTUK.
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Characteristic fields of counter-rotating hydroturbine stages

The research investigated two counter-rotating stages with different blade grids of pump impellers. Using the ANSYS
CFX software package, the fields of pressure-energy characteristics of stages with and without partial blade trimming were
determined. In accordance with modeling practice recommendations for energy characteristics of pump equipment, a 5 %
discrepancy between physical and numerical modeling was accepted in this software package.

The study explored two types of stages in terms of structural configuration: the first being a narrow-blade stage, and
the second being a wide-blade stage. The first stage of the research involved determining the operating points of the two
investigated counter-rotating stages and constructing pressure-energy characteristics. These characteristics comprised
variations in head, power, and efficiency coefficient concerning the flow rates of the pump equipment.

The second stage of the research involved determining the pressure-energy characteristics and the operating zones
of the counter-rotating stages, where the impeller was trimmed by 15 %. This allowed forecasting the potential decrease
in stage head characteristics, obtaining additional characteristics of trimmed stages, and enabling the modeling of the
corresponding pump equipment operation across a wider range of stage head characteristics.

Based on the results of this study, operating points were obtained for constructing energy characteristics, allowing for the
operation of stages with different geometric characteristics (up to 15 % impeller trimming). A characteristic field was created
within which the stage head could be adjusted by trimming.

The first stage performed reasonably well at lower flow rates, unlike the second stage, which exhibited inferior performance
both in terms of head and energy efficiency.
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It was established that not all counter-rotating stages can be adjusted through impeller trimming. This is primarily because
it significantly affects the pressure-energy characteristics of the respective pump equipment compared to conventional
equipment.

In this work, the characteristic values of counter-rotating stages were computed without considering the discharge device,
which can significantly influence the energy characteristics of the equipment. Therefore, in further research, based on the
designed stages, a spiral discharge will be created, and comprehensive studies of counter-rotating stages with discharge will
be conducted to compare the obtained energy characteristics of corresponding equipment variants.

Key words: Pump, counter-rotor stage, field of pressure-energy characteristics, impeller, trim, design, numerical
modeling.
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Y uiti Haykoeiti pobomi asmopamu rpo8oduMbCcsi A0CTIOXeHHS 8rugy KoeiyieHma HadillHocmi agpoMaliuHU Ha npsiMi
ekcrilyamauitiHi 3ampamu Ha 06pobimok 00UHUY oW oSt MawWUuHHUM agpeaamom 3i cknady napKy agpapHo20 nionpu-
emcmea. B npoueci docnidxeHHs po3ansdarombesi pisHi thakmopu, Wo eniusaroms Ha 3az2alibHy cobigapmicmb nombo8uUX
pobim, 30Kkpema ygazy 30cepedxeHo Ha maKux cmamsix eumpam, siK eudamku Ha nasnueo, ornnamy pobomu godiig, nanu-
80-MacmurbHi Mamepianu, aMmopmu3sauis 0CHosHUX 3acobig, TO ma pemoHm. Takox ocobriuga ysaza & pobomi npudirnsi-
embcs ernusy HadilIHocCmi agpoMalUuHU Ha NPOdyKmMuUHICMb MallUHHO20 agpeaamy, adxe el NMoKa3HUK 3Ha4HO ern/ueae
Ha maliXe yci IHWi mexHiKo-eKOHOMIYHI napamempu.

LocnidxeHHs1 nidmeepdxye, wo Yum HadilHiwa azpomaliuHa, mum suwa ii npodykmueHicms. Lle mosicHroembcs mum,
wo pidwe mpannsomscs 8uxodu 3 nady ma, K HacidoK, peMoHMHi pobomu U 0bcy2o8ysaHHs, Wo 3abesneyye binbwuli
yac besnepebiliHoi pobomu ma 3Ha4yHO MeHWI NPSAMI ekcrinyamauitHi gumpamu.

Locnidxysanucb 5 MawuHHUX agpezaamis, y cKkrnadi KOXHO20 3 AKUX 3Haxo0umbcsi 0OUH i mol caMull eHepaemuyHuUl
3aci6 — mpakmop John Deere 7820 ma 5 modeneli pisHUX wecmu KOPAYyCHUX Cy4acHUX riyeaie 3aKopOOHHO20 8UPOBHU-
ymea.

B pesynbmami 0ocnioxeHb Mu npuliwiu 00 8UCHOBKY, W0 3a2anbHull 8niug HadiliHocmi agpoMalwiuHU Ha ekcrilyamaui-
UHi sumpamu agpapHo20 ridnpuemMcmea 8axKo nepeoyiHumu, 36inbweHHs eapmocmi 06pobimky npu nadiHHi KoediyjieHma
HaditiHocmi agpomawuHu 3 0.98 (Hosa cucmema) do 0.7 (3HoweHa cucmema) 8 ymosax Hawioz2o 00crniOxeHHsI cknadae
45.2% — 71.3%. CepedHe 3HadeHHs1 0nsi 5-mu docnidxysaHux MA cknano 63.24%. Halibinbw nomipHe ma, Hasnaku, Hal-
6inbw cmpimvke 36inbLeHHs: cobisapmocmi 06pobimKy 8 pamkax OOCIOXKEHHS Criocmepi2anocs y MaluHHUX agpeaamis
3 nnyeamu Vari Diamant 9 Lemken ma Maschio UNICO L Plough, eidrnosioHo. Lle nosicHioembcsi, nepuw 3a ece, banaHcoeow
s8apmicmio ma, siK Hacnidok, UiHow peMoHmy U npudbaHHsi Hosux Oemarnel 07151 Yux agpomMawuH. 3 npedcmasneHux m'smu
modeneti came Vari Diamant 9 Lemken ma Maschio UNICO L Plough matoms HalimeHwy ma Halbinswy 6anaHcosy eap-
micmb — 14000 ma 33270 donapis CLLIA, 8i0rnosidHo.

Takox 6yno ecmaHo8/eHo, WO 3HUXEHHS KoegiyieHma HadiliHocmi agpomawwiuHu Ha 0.12 00uHUUb, 3a IHWUX PigHUX
ymo8, dacmb 8iOMIHHI (hiHaHCO8i pe3yribmamu 8iOHOCHO20 3birbLeHHs1 cobisapmocmi 3a pi3HO20 pigHs MoYamkoeoi Hadiu-
Hocmi cucmem: +27.7% eapmocmi npu 3HUXeHHI koedpiyieHma 3 0.98 do 0.86, ma +22.6% npu 3HuxerHi 3 0.82 do 0.7.
Tobmo cnocmepieaembcs binbw AuHaMiYHe 3pocmaHHs eapmocmi agpopobim e pesynbmami nadiHHs KoeiuieHma Hadil-
HOCmi agpoMaliuHu y cucmemu, Wo 3Haxo0umbCs 8 KpaujoMy mexHiHHOMY Cmaki.

Ak MOxHa 3p03ymMimu 3 pe3ynbmamig Ub020 O0CIOXEHHS, EKOHOMIYHa ehekmueHiCmb agpapHo20 nidnpueMcmea
8 3HayHili Mipi 3anexumsp 6i0 HaditiHocmi pobomu lioeo obnadHaHHS ma 3acobie 8upobHUUMea, 30KpemMa, aspoMalluH
y cknadi MawuHHUX aspeaamis. HusbKuli pieeHb HaldiliHocmi azpoMalwuHu, CrpuYuHeHuUl, Hampuknad, 8UCOKUM pigHeM
3HOCY YU HeHanexHuUM 06CTy208yeaHHAM, MOXe fpu3secmu 00 asapiliHoi 3ynuHKU pobomu 8Cb020 MaWUHHO20 agpezamy,
wo npu3sodums 00 HenepedbayeHUX 3amMPUMOK y BUKOHaHHI agpapHuX pobim ma 3HayHux ¢hiHaHCo8UX U, iHKOIU Hagimb,
penymaujitiHux 36umkie dns nidnpuemcmaa.

Knrovoei croea: koegpiyieHm HaditiHocmi, npsami ekcrinyamauilHi 3ampamu, MawuHHUl agpeeam (MA), azpomawuHa
(AM).

DOI https://doi.org/10.32782/msnau.2024.1.7
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MoctaHoBka npoGnemu. ArpomallvHu, BUKOPUCTO-
ByBaHi B arpapHOMYy CEeKTOpi, BifirpalTb BaxnuBy porb
y 3abe3neyeHHi e(heKTUBHOCTI Ta NPOAYKTUBHOCTI CiNbCbKO-
rocnofapcbkux nignpuemcTs. [Mpobnema BNAnBY HaiNHOCTI
LMX MalWH Ha NpsMi ekcnnyaTtaviiHi 3aTpaTtu ctae npea-
METOM NOCTIHOI yBarv BYEHUX Ta NPaKTUKIB. 3aCTOCYBaHHS
HEHagiHWX arpoMalLMH MOXe MPU3BECTU A0 36iMblUeHHs
BUTpaAT Ha 0OCMyroByBaHHS, PEMOHT Ta 3aMiHy AeTanew,
LU0, B CBOK Yepry, HeraTMBHO BNMBaE Ha ePEKTUBHICTb Ta
€KOHOMiYHY NpUBYTKOBICTb arpapHUX MignpueMCTB.

Ha cborogHiWwHin AeHb, He 3BaXaroum Ha 3HauHy Kinb-
KICTb gocnimxeHb Yy cdepi arpoTeXHONOri, BiACYTHS
JOCTaTHA KifbKIiCTb HayKoBWUX POBIT, IO aHani3yrTb KOH-
KPETHUN BNMUB HAZIMHOCTI arpoOMallMH Ha NpsMi ekcrny-
aTauinHi 3atpatu arpapHoro nignpuemcrtea. Lie Buknukae
noTpeby B NpoBeLEHHI KOMMMEKCHOr0 AOCMIMKEHHS, Crpsi-
MOBaHOTO Ha OUiHKY CTyneHsi BNnvBY HafiiHOCTI arpoma-
LUMH Ha BUTpaATK, NoB'A3aHi 3 06pobITKOM OOHOro rektapa
nonsi MaLMHHUM arperaTom.

AHani3 ocTtaHHix gocnigkeHb i nyonikauin. Astopu,
Taki gk H.l. BontaHcbka (Boltianska & Boltianskyi, 2014),
PB. KyopuHeubkuin (Kudrynetskyi & Hrytsyshyn, 2015),
B.B. CniuuHa (Spitsyna & Sirenko, 2017) Ta iHwi, gocnigxky-
toun y CBOIX poboTax cnocobm onTUMisaLlii BATpaT arpapHmx
MignpUEMCTB, HaronoLwWyBanu Ha BaXnuBOCTI Ta BMNMBI Ha
cobiBapTiCTb Takoro NoKasHuKa, siKk KoedilieHT HafilHOCTi
arpoMaLunHu. BoHu gocnimkyBanu MexaHiamy ynpaemiHHS
BUTpaTaMm CiflbCbKOrOCNOAAPCLKUX MiANPUEMCTB, aHanis3
LUNSAXIB NiABULLEHHS €heKTUBHOCTI BUKOPUCTAHHS MalLH-
HO-TPaKTOPHOIO MapKy Ta iHLUi BaXNuBi TEMU.

Lli aBTopn y cBoix pobotax cBigyaTb NPO AOUIMbHICTb
npoBeeHHs1 Binbll KOMMMEKCHOTO OOCHIMKEHHS BMNUBY
HaZIMHOCTI arpoMalUMH Ha MpsIMi eKkcrnyaTtauiHi BUTpaTm
arponianpueMcTB, Tak sk Ui TeMi BinbLuiCTb AOCNIQHWKIB HE
npuainaiTe 6arato yBaru, KOHLEHTPYHUUCh Ha iHLIUX, He
MEHLL BaXXNUBUX YNMHHUKAX.

MeTta pocnigxeHb. [laHe OOCNIOXEHHS Mae Ha METI
BCTAHOBMNEHHS KOPEensAuiHMX 3B'A3KiB MiXK piBHEM Hagin-
HOCTI arpoMallMH Ta piBHEM MNPSMMX eKCnnyaTauiHuX
3aTpat. 30Kpema, BOHO BKMKYATWMe aHania BWTpaT Ha
nanueo, Mactuna, amopTu3aLlito, PEMOHT, TeXHiYHe obcny-
roByBaHHS i 6arato iHLWMX TEXHIKO-EKOHOMIYHUX NOKa3HUKIB
pobOTH MaLUMHHOTO arperarty, Ta CTYMiHb iX 3MiHV B 3anex-
HOCTI Bif koedillieHTa HaZiINHOCTiI arpoMaLLUHU.

OcHoBHUI MaTepian. ArpomaluuHK, 30Kpema nnyru,
ciBanku Ta iHLWI cinbcbkorocnogapcbki 3Hapsiaas, Bigirpa-
t0Tb KIKO4OBY porb Yy 6e3nepebiitHoMy Ta eKOHOMIYHO edpek-
TUBHOMY BWKOHaHHi CinbCbKOroCnogapcbkux pobiT arpap-
HUMK nignpvemcTBamMun. Bucoka SKiCTb Ta HafiMHICTb LMX
MallMH MatoTb Ge3nocepeqHin BNuB Ha eeKTUBHICTb Ta
€KOHOMIYHi pe3ynsTaTit rocnofapchbKoi AisnbHOCTI, Todi SK
HEHafiHICTb MOXe NPU3BECTM [0 3HAYHUX 30UTKIB Yepes
BUTPATW Ha PEMOHT, 3aTPUMKU B POBOTi Ta 3HUXKEHHS NPO-
OYKTUBHOCTI.

KoediuieHT HaginHOCTI arpomallMHuM € MOKa3HUKOM
Tl cxmnbHOCTI fo BigMOB y poboTi Ta Buxody 3 nagy. Yum
Onuxye 3HaYeHHs Uboro KoedoillieHTa A0 OaWHWMUi, TUM
HaZiHIWMM € TexHiuyHui 3aci6. poTarom nepiogy ekc-
nnyatauil  koedilieHT HafiHOCTi  NPUPOOHUM  YMHOM

3MEHLLYETLCS, OCKiNbKM 3acib niggaeTbcs BNAMBy isny-
HOro 3HOCY B MPOLLECi CBOET poboTy.

[ns 3abe3neveHHs edekTuBHOro Ta 6e3nepebinHoro
(pyHKLIOHYBaHHS arpoMallnH BaXISIMBO MNPOBOAWUTM pery-
NspHe TexHiYHe o6CnyroByBaHHS Ta NEPiOANYHI PEMOHTM.
BusiBneHHs noTeHUinHMX npobrnem Ta X BYacHe YCyHEHHs
[03BONAOTh NIATPUMYBATW HAZINHICTb arpoMaLLnH, pesynb-
TaToM Y4Oro CTae BWCOKWN pPiBEHb EKOHOMIYHOI edeKTuB-
HOCTI Ta ONMTMMIi3aLis ekcnnyaTtauiiHux BUTpaT Nignpuem-
CTBa, NOB’A3aHMX 3 BUKOHaHHAM nonbosux pobit (Mikulina
& Polyvanyi, 2023; Mikulina et al., 2023).

OfHi€eto 3 OCHOBHMX NPUYUH 3HWXKEHHS HAZINHOCTI arpo-
MallMH € 3HOC AeTanen, By3niB Ta MOBEPXOHb POBOUMX
oprani. [ig BNAMBOM MeXaHiYHUX Ta TEPMIYHUX HaBaHTa-
XeHb BOHW MigaaloTbCs abpasvMBHOMY 3HOCY, BTpayatoun
CBOIO MepBiCHY hopMy Ta PyHKLIOHaMNbHI XapakTepUCTUKH.
Kpim TOro, noriplieHHs NoBEpPXOHb Npu3BOAUTL A0 36iflb-
LUEHHS TEPTS Ta 3HWKEHHS1 poBoY0i €(hEeKTUBHOCTI CUCTEM.
HakonunyeHHs NoLwKoaXeHb Ta BTpaTa npawesfaTtHoCTi Cuc-
TEM TaKOX CMPUSIOTb 3MEHLLEHHIO HAAIHOCTI arpoMaLlnHu.

[ns1 OLiHKM TEXHIYHOrO CTaHy arpOMaLLMHKN MOXHA BUKO-
puCTOBYBaTU KOEWILiEHT HafiMHOCTI, SKWiA, B CBOK Yepry,
BXE BMNMUBAE Ha Mamxe BCi TEXHIKO-EKOHOMIYHI NMOKa3HUKM
MalumMHHOro arperaty. [ns po3paxyHKy LbOro nokasHuka
HeobXiQHO 3HATW, CKiNbKWM Yacy arpomalluHa npautoe 6es
Oyob-akux BiAMOB Ta nepeboiB, a TakoX 3aranbHUN 4ac
il poboTn. dopmyna Ans po3paxyHKy Lboro koedillieHTa
BKMtovae B cebe Ui ABi BenuumHu Ta Burnsgae Tak (Barkley,
2016):

[
k: u;xnep (1)

R, ey — 6e3nepebiiiHuii Yac pobOTH eHePreTMYHOro
3acoby, rog;

t . — 3aranbHuit 4ac poboTu eHepreTyHoro 3acoby, rog.

Yum BuLLE KOeILIEHT HAAIMHOCTI, TUM MeHLLe Biporig-
HICTb BMXOZY MexaHiamy 3 nagy abo 36oto y ioro poborTi,
Lo, B CBOK Yepry, cnpusie 30iMbLUEHHI0 NPOAYKTUBHOCTI Ta
3HVKEHHIO BUTPAT HA PEMOHT i 0OCIyroByBaHHS.

[ns BU3HAYEHHS BMMBY LibOr0 NOKa3HMKA Ha NpsiMi eKc-
nnyaTavuiiiHi BUTpaTh nignpveMcrea Ha obpobiToK rektapy
nons, ocobnuBy yBary nig Yac 4OCNIMKEHHS Cig NpUaInuTK
OCHOBHWM TEXHIKO-EKOHOMIYHUM NapameTpam MaluMHHOTO
arperaty, y Ckrnafi sikoro npautoe obpaHa arpomalluvHa,
chopmynu (2-7):

Bupatku Ha nanbHe, rpH/ra:

P, *V,

C — BII
= @

ae, Vn — uina [, BUKOPUCTOBYEMO 3HauYeHHs 48 rpH/m;

P_ - nnuToma BuTpaTta nanuea eHeprosacoboMm y cKraf
MA, rp*kBt/rog;

M — daktnyHa npogykTmeHicTe MA nig Yac nNonboBMX
po0iT, ra/rog,.

HapiiHa arpomaluvHa 3gatHa  (oyHKUioOHyBaTn 6e3
3Ha4HMX 300iB Ta NOMOMOK, L0 3HUXYE Yac, BUTPAYEHUI Ha
PEMOHTHI poboTu. BignoBigHO, UM MEHLLE MPOCTOKE arpo-
MalluMHa, TUM Binblle Yacy BOHa MOXeE NPOBOAWTM B MOTi,
3abesnevytoun 6e3nepebiiHy poboTy MaLIMHHOIO arperary,
a OTXe, i BUCOKMI piBeHb NPOAYKTUBHOCTI MOMbOBUX POGIT.
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MpoayKTUBHICTb, B CBOK Yepry — Lie MOKasHUK, Lo 3Ha4YHO
BMMMBAE MamXe Ha BCi TEXHIKO-eKOHOMIYHI napameTpy MA,
B TOMY YMCi N HA BUTpaTX NignpuemMcTaa Ha nanuneo. Buco-
KU piBeHb NPOAYKTMBHOCTI MonboBUX pobiT 3abesnevye
6inbl AMHaMIYHE Ta EKOHOMIYHO edeKTUBHE (DYHKLIOHY-
BaHHS arpapHoro nianpuemcTaa.

HapginHicTb  arpomalunHu, KpiM  OnocepenkoBaHoro,
TakoX Mae i NpsiMUN BNNWB Ha BATpaTK nanvea. pu Buco-
KOMY piBHi 3HOCY NMOBEPXOHb POBOYMX OpraHiB, By3niB Ta
[eTanen KOHCTPYKLUii arpomMalluHu BigbyBaeTbCa NafiHHS
NanuBo-eKOHOMIYHOT €(EeKTUBHOCTI BCbOrO0  MaLUMHHOTO
arperaTty uepes nigBuLLEHHS piBHA BibpaLin Ta nepesu-
TpaTy nanuea eHepreTMyH1UM 3acobom.

HesannaHoBaHi 3ynuHKX Yepes MoNoMKM TaKoX MOXYTb
BUMAaraT TPAHCMOPTYBaHHS MaLLUVHW 4O CEPBICHOIO LIEHTPY
abo noLlyKy 3anacHWX YacTWMH Ha ckragax nianpuemcTaa,
IO Npu3BOaMTL 4O JOLATKOBMX BUTpaT manuea Ta pobo-
4Oro Yacy MpauiBHUKIB, He Kaxyuu BXKe Mpo npsMi 36UTKM
Ha peMoHT Ta 3anyactuHu (Mikulina et al., 2023; Mikulina &
Polyvanyi, 2022).

Buaatku Ha onnaty npaui Bogiis, rpH/ra:

%
c, :Vnp 1.12 3)
17
ae, Vnp — (hikcoBaHa cTaBka 3apobiTHOI nnaTy TpakTo-

pucTa-MallUuHiCTa M'ATOro PO3psiZly, BUKOPUCTOBYEMO 3Ha-
yeHHs1 539,78 rpH/roa.
BvoaTkv Ha nannBo-macTuUnbHi MaTepianu, rpH/ra:

0.04*BIT*V,,,, @

— ycepedHeHa uiHa MM, BUKOPUCTOBYEMO

CHMM =

Ae, VI'IMM
280 rpH/kr;

Bl — BuTpata nanuea eHepro3acobom y cknagdi MA,
kr/ra.

Bupatkun, nos’si3aHi 3 amopTu3aLieto eHeprosacoby Ta
arpomalumHy y cknagi MA, rpu/ra:

V. ¥ *0.15 V. *V *0.15
— e3 8 + a 6 (5)
t,*¥11 t,*¥11

e, V_, — BaprticTb eHeprosacoby y cknagi MA Ha 6anaHci
nignpuemcTea, $ CLUA,;

V_ — 06MiHHUiA KypC iHO3eMHOT BaroTu (aonapu Crory-
yeHux LLITaTiB), BUKOPUCTOBYEMO 3HAYEHHS 38 TpH 3a $1;

t., — HopMaTMBHUIA PiYHNIA BUPOGITOK eHeprosacoby, rog;

V, — BapricTb arpomalunhu y cknaai MA Ha 6anaHci nig-
npuemctea, $ CLUA;

t. — HopMaTUBHUIA PiYHNIA BUPOGITOK arpoMaLLmHi, rog.

Bupatkn Ha poboTu 3 Texob6CnyroByBaHHS Ta PEMOHTHI
po6oTu, rpH/ra:

A

Vl?}’*V:?*(l_kES) Va*VG*(l_kﬂ)
Crp= + (6)
t,*11 t,*1

Ae, k., — KoediljieHT HaginHoCTi eHeprozacoby y cknagi
MA, og;

k, — KoedilieHT HaAiMHOCTI arpomaluvHn y cKragi
MA, og.

Hanbinbwmini npsMunin BHECOK Y 3MiHY eKcrnyaTauiiHnx
BUTpaT Ha 006pobiTOK monst npu 3MiHi KoedilieHTa Hagin-
HOCTi arpomalLuH/ BHOCWTb MOKa3HWK BMAATKIB Ha poboTu
3 TexobcnyroByBaHHs Ta peMOHTHI po6oTu (Léon, 2005).

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

CobisapricTb (NpsMi ekcnnyaTauiiHi 3aTpaTtv) npose-
[EHHS NoNbOoBYKX POBIT MALLMHHKMM arperaToMm, rpH/ra:

0=C,+C  +C +A+C,,

(7)

MNpoaHanidyBaBly [aHi 3anexHOCTi, MOXEMO [AinNTu
BUCHOBKY, L0 KOeQiLiEHT HadiHOCTi arpoMallvHN YUHUTD
KOMMIEKCHAA BNAMB MaMXe Ha YCi TeXHIKO-eKOHOMIYHI
napameTpu poboT¥ MaLUMHHOrO arperaty, ane HawbinbLu
3HauyLLe BiH MO3HAYa€eTbCA Ha 3aTpaTax Ha poboTu 3 Texob-
CNyroByBaHHS Ta PEMOHTHI pobOTK, HanNpsMy BNMBaKuu
Ha JaHuin NoKasHWK. Y LbOMY AOCHIMKeHHI, KpiM HaBede-
HWX MOKAa3HWKIB, BiACMIAKOBYOTLCA Ta BUKOPUCTOBYHOTLCS
y MogyntoBaHHi rpagivHmx mogenen Ginblue 50 fogaTkoBux
3MiHHMX MapaMeTpiB eHepreTM4yHoro 3acoby, arpomalLnHm
Ta MALUMHHOIO arperary.

B pocnigkeHHi BUKOPUCTOBYIOTLCS S MaLLUMHHUX arpera-
TiB. N5 3MEHLUEHHS KinbKOCTi 3MiHHUX napameTpis, AOCHi-
[DKEHHSI SIKMX HE € METO JaHoi poboTtu, Byno npuiHsTe
pilLEHHs eKcniyaTyBaTW OAMH | TOW CaMWU eHepreTUYHUI
3acib — cyyacHui Tpaktop mapku John Deere 7820. 3 Bpa-
XyBaHHSIM 0r0 TEXHIYHUX NapameTpiB Oynu obpaki 5 cyyac-
HUX B-KOPMYCHMX MNyriB 3aKOPAOHHOMO BMPOBHMLTBA, Tex-
HiYHI NapameTpu SKMX HaeefeHi B Tabnuui 1. OTpumyemo
HacTynHui cknag m'atn MA:

MA 1 — tpaktop John Deere 7820 3 nnyrom Vari Diamant
9 Lemken;

MA 2 — tpaktop John Deere 7820 3 nnyrom Maschio
UNICO L Plough;

MA 3 — tpaktop John Deere 7820 3 nnyrom Diamant 16
Lemken;

MA 4 — tpakTtop John Deere 7820 3 nnyrom Europal 9
Lemken;

MA 5 — Tpaktop John Deere 7820 3 nnyrom Juwel 8
Lemken.

TexHiuHi xapaktepuctuku Tpaktopa John Deere 7820
HacTynHi:

Tun — konicHun TpakTop 4K4;

Makc. Tarose 3ycunns, kH — 35;

lMoTyxHicTb ABWryHa, KBT — 136;

MuToma BuTpaTa nanuea, rp*kBt/rog — 200;

ExcnnyartauinHa maca, T — 8.77;

BanaHcosa BapricTb, $ — 170000;

BupobiTok TpakTopy, ra/rog — 1.65;

KoedinieHT HaginHocTi, og — 0.99 (Hosui E3).

Mig yac npoBedeHHs aHanisy Ta CTBOPEHHS rpadivHmx
Mofernen, OKpiM BXe 3ragaHux napamerTpis, Oynu Bukopu-
CTaHi HaCTyNHi JOAATKOBI BXiAHI AaHi:

[mubuHa rpyHTo06pobkm, cm — 12;

[loxuHa roHis, M — 900;

Cnocib pyxy (1-2) — 1 (B3riH / BpO3riH);

KyT pyxy go nonepeaHboro psay, rpag — 90;

ArpodooH (1-9) — 3 (cTepHs);

TBepgicTb IpyHTY — Baxkkun (53...59 klMa);

Mpapauis ymos pobotu (1-9) — 3 (cepenHi);

Haxun penbedy, % — 3.

B pesynbrati npoBeaeHnx ekcnepuMeHTIB 3 BUKOPUCTaH-
HSM HaBeZeHWX AaHux Oyna oTpumaHa rpadivyHa Moaens,
Wwo Bigobpaxae BMAMB koedilieHTa HaZiMHOCTI arpoma-
LUMHK Ha NpsMi eKkcniyaTtauiiHi BUTpaTu Ha 06pobKy ogHOro
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Tabnuus 1

OcHOBHI TexHi4YHi napameTpn o6paHMX arpoMaLUuH

Makc. Makc. . Koed.
Ekcnnya- Kinematn- | HopmanbHe
Mapka Tun Wnpnta poﬁo_qa TauinHa Maca, Ba"a.HCOBa YHa piuHe 3aBaH- 3aGes-
3axBaTy, | LWBWAKICTb, BapTicTh, $ neyvyeHHsA
M kMiron T OOBXWHA, M | TAXXEHHS, rog arpoeymor
vart Diamant | - raroeui 2,0 10 19 14000 5 240 0,98
Maschio
UNICO L TATOBUIA 2,1 12 2,41 33269,74 5,8 250 0,97
Plough
Diamant 16 .
Lemken TAroBUN 2,1 12 2,94 30184,36 6 240 0,96
Europal 91 rarosui 2.1 12 171 27193 6 240 0,98
Juwel® 1 rarosui 24 12 176 20223 5.9 240 0,97

rektapa nonst KoxHuM 3 5 3asHaveHmx MA. BignosigHui
rpacik BNnvBy 306paxeHo Ha puc. 1.

Takox 6yno CTBOpeHO iHAMBIAyanbHy ricTorpamy Ans
maLumHHoro arperaty y cknagi John Deere 7820 + Diamant
16 Lemken 3 MeTO OUiHKM MPOrpecii TemMniB 3pOCTaHHS

e Johin Deere 7820 + Diamant 9
2800

s Johin Deere 7820 + UNICO L

s John Deere 7820 + Diamant 16
2600 o ol Deere 7820 + Enropal 9
== John Deere 7820 + Juwel 8

2400
2200

2000

CobisapricTs arpopodir, rpa/ra

1800

1600

1400

cobiBapTOCTi BMKOHAHHS arpopobiT Ha KOXHOMY 3 YMOB-
HUX eTaniB 3HWXEHHS KoedilieHTa Ha4inHOCTi arpoOMaLLyHM
B Oro cknagi (puc. 2).

PucyHok 1 OEMOHCTPYe HemiHinHy 3anexHicTb Mix
BUTpaTamn nignpuemctsa Ha 0BpobITOK OAHOrO rekTapa

LY

0.98 0.96 0.94 0.92 0.9 0.88 0.86 0.84 0.82 0.8 0.78 0.76 0.74 0.72

Koedpinient naniitnocti arpoMamunn

Puc. 1. Bnnue koedpiuieHTa HagiiHOCTi arpoMalluMHX Ha co6iBapTicTb
BMKOHAHHS NOMbLOBUX POGIT MalUWMHHUM arperaTom

2800

2700

[~ T
SO
o o o
S S o

Co6iBapricTs arpopodir, rpa/ra

2300
2200
2100
2000
1900
1800
1700
1600 -

0.86 0.82 0.78 0.74
Koe(])uncn'r HaHlHHOCTl arpoMamrHHH
Puc. 2. ButpaTtu Ha 06pobiTtok 1 rektapa nons MA y cknagi John Deere 7820 + Diamant 16 Lemken
3a pi3Horo koedilieHTa HagiMHOCTI arpoMaLIMHK
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nons MeBHWM MaLUMHHWUM arperaTtoM Ta KoedilieHToM
HaZiNHOCTI arpomalumHun B oro cknagi. MA 2, 3a ymoBu
NiHinHoro 36inbLUeHHA BApTOCTi arpopobiT, Npu koedilieHTi
HapinHocTi ceoro nnyra Maschio UNICO L Plough, pisHomy
0.7 oa., maB 6u BuTpaT He 2825 rpH Ha rektap, a npw-
6nm3Ho 2765 rpH Ha rektap, Wwo Ha 2.13% meHLwe 3a ak-
TUYHY coBiBapTICTb.

CTyniHb BNNMBY MOCTYNOBOrO 3HOLLEHHSI arpoMalLuHu,
Bif CTaHy HOBOI, 3 koediuieHTom HaginHocti 0.98, po
CTaHy [yXe HeHafinHol, 3 koediuieHTom 0.7, Ha diHaH-
COBi BUTpaTV nianpuemctea Ans 06pobiTky rektapa nons
HaCTYMHUA:

MA 1: 3pocTanHs 3 1726 go 2506 rpH/ra,
Ha 45.2%;

MA 2: 3pocTanHs 3 1664 no 2825 rpHira,
Ha 71.3%;

MA 3: 3pocTanHs 3 1638 no 2753 rpHira,
Ha 68.1%;

MA 4: 3poctanHs 3 1580 no 2594 rpHira,
Ha 64.2%;

MA 5: 3poctanHs 3 1390 po 2327 rpHira,
Ha 67.4%.

AHanisyloun oTpuMaHi pesynbrati, MOXemo 3pobuTu
BUCHOBOK — 3arafibHWi BNMB JAHOTO MOKas3HWKa Ha eKc-
nnyarauiiHi BUTpaTK arpapHOro nianpueMcTaa BaxKo nepe-
OLiHMTK, 36iNbLUEHHS BapTOCTi 06pOBITKY B yMOBaX HALLIOrO
pocnimkeHHs cknagae 45.2-71.3%. CepenHe 3HayeHHs
ans n'atm gocnigxysaHux MA cknano 63.24%. HanbinbLu
MOMIpHe Ta, HaBnaku, HanbinbLL CTpiMKe 36inbLUeHHs cobi-
BapToCTi 06p0BITKY B paMkax JOCMIKEHHS cnocTepiranocs
y MaLmHHWX arperartiB 3 nnyramu Vari Diamant 9 Lemken
Ta Maschio UNICO L Plough, BignoigHo. Lie nosicHioeTbes,
nepLu 3a Bce, 6anaHCoBO BapTICTIO Ta, AK HACMIAOK, LiHOK
PEMOHTY ¥ npuabaHHA HOBWX AeTanei Ans UMX arpoma-
LUMH. 3 npeacTaeneHunx n'atn mogenen came Vari Diamant 9
Lemken ta Maschio UNICO L Plough matoTb HaimMeHLy Ta
HanbinbLy 6anaHcoy BapTicTb — 14000 Ta 33270 gonapis
CLUA, BignosigHo.

AHanisytoum rictorpamy Ha puc. 2, MOXeMO [eTarnbHO
L0CNiaNTN NPOrpecito TEMMIB 3pOCTaHHs cobiBapTOCTi BUKO-
HaHHS arpopobiT ans mawwuHHoro arperaty John Deere
7820 + Diamant 16 Lemken Ha KOXXHOMY 3 YMOBHUX €Ta-
MiB 3HWXEHHS KoediLieHTa HafZinHOCTI arpoMalUyHX B NOTO
cknagi:

NiaABULLEHHS
NiaABULLEHHS
NiaABULLEHHS
NiaABULLEHHS

NiaABULLEHHS

Koedimient 3MiHa Co0iBapTicTh

HajiiHOCTI cobiBapTocTi 00poOiTKY 1 ra

0.98 1638 rpu/ra;
l +9.0% l
0.94 +8.5% 1785 rpu/ra;
+8.0%
0.90 1937 rpu/ra;
l +7.6% l
0.86 2092 rpu/ra;

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

l +7.3% l

0.82 +7.0% 2252 rpu/ra;
+6.8%
0.78 2417 rpu/ra;

l l

0.74 2586 rpu/ra;

l l

0.70 2761 rpu/ra.

MNpoaHanidyBaBwM OTpUMaHi AaHi, NPUXOAMMO [0
BMCHOBKY, LU0 LUBMAKICTb 3POCTaHHS BapTOCTi arpopobit
B pe3ynbTaTi nagiHHa KoedilieHTa HafinHocTi arpoma-
WWHK BinbLuUa y cuctemu, L0 3HaXoaMTbCS B KPaLLoMy Tex-
HiYHOMY CTaHi. 3 (hiHaHCOBOI TOYKM 30py Lie O3Ha4Yae, Lo
BTpaTa O4HaKOBOI BENMYMHM KoedilieHTa HadilnHOCTi arpo-
MaLlMHaMK B KpaLLoMy Ta FipLwoMy TEXHIYHOMY CTaHi npu-
3Befe A0 OinbLUOro BiAHOCHOIO 3pOCTaHHS BapTOCTi 06po-
BiTKy 3emni MalMHHUM arperatoM came 3 Binbll HaginHOW
arpoMaLlmHo0. 3HUXKEHHS KoedilieHTa HaginHOCTI arpoma-
WrHW Ha 0.12 ogMHMUDb, 3a iHLWKX PIBHUX YMOB, AACTb Big-
MiHHi (biHaHCOBI pe3ynbTaTi BiQHOCHOMO 36inblueHHs cobi-
BapTOCTi 3a PI3HOrO PiBHSA MOYATKOBOI HAAINHOCTI CUMCTEM:
+27.7% BapTOCTi Npy 3HWxKeEHHI koedilieHTa 3 0.98 go 0.86,
Ta +22.6% npw 3HWxeHHi 3 0.82 0o 0.7.

CinbCbke rocnogapcTBo B Cy4aCHOMY CBITi CTUKAETHCA
3 6e3npeueneHTHUMUN BUKITMKaMI, NOB'A3aHNMI 3 HEOOXia-
HiCTIO 3abe3neveHHsI CTanoro 3poCcTaHHs Ta eqeKTUBHOI
BUPOBHMYOI AiSnNbHOCTI B KpU30Bi Yacu. OfHUM i3 KNOYOBMX
dhakTopiB ycnixy B arpapHOMY CEKTOPI € HagiHICTb Ta Npo-
AYKTUBHICTb arpoMalluH, siki BUKOPUCTOBYIOTBCA Ha arpap-
HUX NigNPUEMCTBAX.

lMepwmit acnekTt, SKMM BapTO BpaxoByBaTW, MOMsrae
B NpuabaHHi skicHoro obnagHaHHs, Lo NOBHICTIO 3a40BOIb-
Hs€ noTpebu nignpuemcTaa. Bubip BignosigHyX arpomalumH
€ KPUTUYHO BaXKIMBKUM KPOKOM Y [OOCSrHEHHi edeKTmBs-
HOI AisinbHOCTI. AKICTb Ta (PYHKUiIOHANBbHICTL 0BnagHaHHs
BM3HAYaOTb MOr0 HafiHICTb, TPUBANy npaue3faTHICTb Ta
NPOAYKTUBHICTB.

Opyrun BaxnuBui acnekT eKOHOMIYHOI edeKTUBHOCTI
nomnsirae B CBOEYACHOMY TEXHIYHOMY OOCMyroByBaHHI Ta
NPOBEAEHHI PEMOHTHMX POBIT arpomalLuH Ta iHWworo obnaa-
HaHHS B Mapky nignpuemcTBa. PeTenbHWii KOHTPOMb CTaHy
TEXHIKM Ta BYaCHE BUSIBMEHHS MOXIUBMX AedeKTiB f03BO-
NS0Tb 3anobirTu ceprio3HMM nonomkam Ta 3abesnedyroTb
6e3nepebiriHy poboTy obnagHaHHs. PerynapHe obcnyrosy-
BaHHs1, a TAKOX ONepaTvBHUIN PEMOHT y pasi notTpebu, ono-
maraloTb 36epertu TpuBany npauesfaTHiCTb arpoMalLvHm
Ta NiABWLLYIOTH 1i HAAAHICTb.

Pesynbratn BNpoBapKeHHS LMX ABOX MigXodiB Mnosu-
TWBHO BNMBAOTb HA EKOHOMiYHY Ta BUPOBHWYY edeKTmB-
HiCTb arpapHoro nignpuemcrea. HagiHa Ta nNpogyKTvBHa
arpomalumHa 3abesneyye He TiflbKU 3HWXKEHHS PU3KKY
BTPAaTW Yacy Ta pecypciB Yepes MorioMku, ane v 4o3BOoNse
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ONTUMi3yBaTK BUTPATW Ta 3abesneunTtyt ctane 3poCTaHHS
nignpueMcTBa B arpapHOMy cekTopi. PO3ymHe ynpaBniHHs
TEXHIYHMMU acneKkTamu CinbCbKOrocrnogapchbkoi  AisifibHO-
CTi CTae KIYOBUM (PaKTOPOM Y AOCATHEHHI €(DEeKTUBHOCTI
Ta KOHKYPEHTOCMPOMOXHOCTI Cy4aCHUX arpapHux nignpu-
EMCTB.

BucHoBok. Y paHin poboti aBTOopamu 6yno npo-
BEOEHO KOMMMNEKCHe OOCMifXeHHs BNAMBYy Koedili-
€HTa HafiMHOCTI arpoMallvHK Ha NpsMi ekcnnyaTauiiHi
BMTpATW arpapHoro nignpumemctea Ha o6pobiTok ogHoro
rektapa nons.

[JocnigpxyBanuce 5 MalLMHHWX arperartis, Y CKnagi Kox-
HOrO 3 AKX 3HAXOAWUTLCS OOWH i TOW Camuii eHepPreTUUHUI
3acio — tpaktop John Deere 7820 Ta 5 moaenen pisHMX
LUECTU KOPMYCHMUX Cy4aCHUX NnyriB 3aKOPAOHHOTO BUPOOHU-
uTea.

B pesynbrati gocnigxeHb MU iAW BUCHOBKY, LLO
3aranbHUi BMNWB HAZIMHOCTI arpoMallMHW Ha eKCnmy-
aTtauiiHi BUTpaTU arpapHoro nianpueMcTBa € 3HaYHUM.
306inbLweHHs BapTocTi 06pobiTKy npu nagiHHi koedilli-
€HTa HaginHocTi arpomalumnHy 3 0.98 (HoBa cuctema) oo
0.7 (3HoleHa cucTeMa) B yMOBAX HALIOrO AOCHIMKEHHS
cknagae 45.2-71.3%. CepefHe 3HayeHHs Ansg M'aTu
pocnimxysaHux MA cknano 63.24%. Hanbinbw nomipHe
Ta, HaBnmaku, Hanbinbw cTpiMke 36inblueHHs cobiBapTo-
cTi 06pobiTky B pamkax [OCHimKeHHs crocTepiranocs
y MalumMHHWX arperatie 3 nnyramu Vari Diamant 9 Lemken
Ta Maschio UNICO L Plough, BignosigHo. Lle nosicHio-
€TbCS, NepLu 3a Bce, 6HanaHCOBOK BapPTICTIO Ta, SK Hachi-
JOK, LiiIHOI0 pEMOHTY 1 npuabaHHsa HOBUX AeTanemn Ans Lux
arpoMaluvH. 3 npeacraBneHux N'atTn mogenen came Vari
Diamant 9 Lemken ta Maschio UNICO L Plough matoTb
HanMeHLy Ta HanbinbLly 6anaHcosy BapTicTb — 14000 Ta
33270 ponapis CLUA BignosigHo.

Takox BGyno BCTAHOBMEHO, LU0 3HUKEHHS kKoedillieHTa
HagiHocTi arpomalmnHn Ha 0.12 oguHWupb, 3a iHWKX piB-
HUX YMOB, JacTb BiOMiHHi (DiHAHCOBI pesynbTaTh BigHOC-
HOro 36iNbLUeHHs cOBIBapTOCTI 3@ PI3HOrO PiBHS NOYATKOBOI
HaZiNHOCTI cuctem: +27.7% BapTOCTi NPU 3HUXEHHI KoediLli-
eHTa 3 0.98 0o 0.86, Ta +22.6% npu 3HMxeHHi 3 0.82 1o 0.7.
TobTo cnocTepiraeTbes GinbL AMHaMiYHE 3pOCTaHHS Bap-
TOCTi arpopobiT B pesynbrati nagiHHa koedillieHTa Hapgiii-
HOCTi arpOMaLLUHK Y CUCTEMU, LLIO 3HAXOAUTLCS B KpaLLOMY
TEXHIYHOMY CTaHi.

AK MOXKXHa 3p03yMiTV 3 pe3ynbTaTiB LbOro AOCHIMKEHHS,
€KOHOMIYHa e(heKTUBHICTb arpapHoro nignpueMcTea B 3Ha-
YHI Mipi 3anexuTb Big HagiiHoCTi pobotu roro obnaj-
HaHHSA Ta 3acobiB BMPOOHWMLUTBA, 30KpeMa, arpoMalluH
y cknafi MallmMHHMX arperatiB. Hu3bkuin piBeHb HagiNHOCTI
arpoMaLLuHK, CNPUYUHEHUIN, HANPUKNazZ, BUCOKUM PiBHEM
3HOCY UM HEHANEXHUM 0BCMYyroByBaHHSAM, MOXE NPU3BECTH
[10 aBapilHOi 3yNUHKX poBOTH BCbOrO MAaLLUMHHOIO arperary,
LU0 NpU3BOAMTb 0 HenepeabayeHnx 3aTPUMOK Y BUKOHAHHI
arpapHux pobiT Ta 3Ha4YHMUX PiHAHCOBMX W, IHKOMNW HaBITb,
penyTauiiHux 36UTKIB ANS NigNpUeEMCTBa.

OTxe, BUOIp HafiMHMX arpoMallMH Ta iX CBOEYacHe
TEXHiYHe 0BCMyroByBaHHS € KPUTUYHO BaXIMBUMU acnek-
Tamy JOCArHEeHHs eheKTUBHOCTI Ta EKOHOMIYHOCTI Cifb-
CbKOrocnogapcbkoro nignpuemcrea. CuctemaTtnyHe npo-
BEOEHHS MMaHOBMX TEXHIYHMX OBCTexeHb obnagHaHHS,
perynsipHUN KOHTPOMb Ta NiATPUMKA HANEXHOr0 TEXHIYHOTO
CTaHy arpoMalluH JOMOMOXYTh 3anobirtu iX nepegyacHuM
Ta HeouikyBaHUM BMxoZaMm 3 nagy. paBunbHe 3MalleHHs,
HanNeXxHe HanawTyBaHHS Ta BYaCHe BUSBMEHHS Aedek-
TiB CNpUATUMYTb MPOLOBXEHHIO TepMiHy GesnepebinHoi
poboTK arpomalluH, Lo, 9K noka3ano AaHe OOCHiSKEHHS,
BUKITIOYHO MO3UTUBHO MO3HAYUTLCA Ha (DIHAHCOBOMY CTaHi
arpapHoro nignpuemMcTaa.
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Study of the influence of the reliability coefficient of agricultural machinery on the direct operating costs of an
agricultural enterprise

In this scientific work authors conduct a study of the influence of the reliability coefficient of agricultural machinery on the
direct operating costs for processing a unit of field area with a machine unit from the fleet of an agricultural enterprise. In the
process of research, various factors affecting the total cost of field work are considered, in particular, attention is focused
on such expenditure items as fuel expenses, drivers' wages, fuel and lubricants, depreciation of fixed assets, maintenance
and repairs. Also, special attention is paid in the work to the influence of the reliability of the agricultural machine on
the productivity of the machine unit, because this indicator significantly affects almost all other technical and economic
parameters.

The study confirms that the more reliable the agricultural machine, the higher its productivity. This is because there are
fewer breakdowns and, as a result, less repairs and maintenance, resulting in longer uptime and significantly lower direct
operating costs.

Five machine units were studied, each of which contains the same power tool — a John Deere 7820 tractor and 5 models
of different six-body modern plows of foreign production.

As a result of research, we came to the conclusion that the overall impact of the reliability of agricultural machinery on
the operating costs of an agricultural enterprise is difficult to overestimate, the increase in the cost of cultivation when the
coefficient of reliability of agricultural machinery falls from 0.98 (new system) to 0.7 (worn system) in the conditions of our
study is 45.2-71.3%. The average value for the 5 studied MUs was 63.24%. The most moderate and, on the contrary, the
most rapid increase in the cost of processing within the framework of the study was observed in machine units with plows
Vari Diamant 9 Lemken and Maschio UNICO L Plow, respectively. This is explained, first of all, by the book value and, as
a result, the price of repair and purchase of new parts for these agricultural machines. Of the five models presented, it is
the Vari Diamant 9 Lemken and the Maschio UNICO L Plow that have the lowest and highest book values at $14,000 and
$33,270, respectively.

It was also established that a decrease in the reliability coefficient of agricultural machinery by 0.12 units, other things
being equal, will give excellent financial results relative to the increase in cost at different levels of initial system reliability:
+27.7% of the cost when the coefficient is reduced from 0.98 to 0.86, and +22.6% when from 0.82 to 0.7. That is, there
is a more dynamic increase in the cost of agricultural work as a result of a drop in the reliability coefficient of agricultural
machinery in a system that is in better technical condition.

As can be understood from the results of this study, the economic efficiency of an agricultural enterprise depends to
a large extent on the reliability of its equipment and means of production, in particular, agricultural machines as part of
machine units. A low level of reliability of an agricultural machine, caused, for example, by a high level of wear or improper
maintenance, can lead to an emergency shutdown of the entire machine unit, which leads to unforeseen delays in the
performance of agricultural work and significant financial and, sometimes even, reputational losses for the enterprise.

Key words: reliability coefficient, direct operating costs, machine unit (MU), agricultural machine (AM).
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Y cmammi npusedeHo pesyribmamu aHariy ompumMaHux 0aHux 8 1aboparmopHUX yMOBaXx 6riugy efieKmpoMazHimHo20 8Urpo-
MiHIBaHHST YePBOHO20 Ma CUHbO20 OiarasoHie, @ MakoX ix OOHOYaCHO20 8rusy, 3 Pi3HUM YacoM ekcrioduyji. [ns nposedeHHs
docridxeHb byro e39mo 00UH 3 HalMOWUPEHIWUX copmig 03umoi nuweHuyj y CxidHoMy pezioHi. KoHmMpObHOK «2pyrow» byro
HaciHHs1, sike He niddasariock X00Hil 0b6pobui. OmpumaHi daHi, a came eHepaisi IPoPOoCcMaHHs, TabopamopHa CXoxicmb | 008XUHa
KopiHuie ma npopocmekig, 00380/1UMU 3p0bUMU BUCHOBOK, WO HaligacoMiluuli 81U Ha eHepaito MpopocmaHHs ma nabopamopHy
CcXoxXicmb Mae 8apiaHm cymicHOI Oii' | Yep8oHOe0 i cuHb020 OiarasoHig erpodosx 30 xeuruH. Came makuli nidxio 00 OrPOMIHEHHS
HaciHHs1 8 Tabopamopii mokasae enacmusocmi 00 36inbuieHHS bioromeHujary HaciHHE8020 Mamepiarty. TakuMm YUHOM, came akmu-
eaujisi pynu pi3HUX homopeuernmopig, i imoxpomie i Kpurmoxpomy, € HatieghekmueHiwum. Obpobka erpodoex 10 xeunuH matixe
He Maria eriusy 80 8Cix 8apiaHmax AoexuHu xsurii. Lie moxe 6ymu rnoe’sazaHo 3 mum wio enrue EMB mae riporoHeosaHy dito | Moxe
nposisumucs ni3Hiwe. EHepeis mpopocmaHHsi ma CXOXICMb Xe 8Us4aembCsl Ha roYamkosy (nepuiuti muxdeHs) emarti pocmy.

BusieneHuli ecpbekm Orisi 03uUMOI NWEHUUi MOSCHIOEMbCS, Mo-nepuie, PO3MIPOM HaciHHS, no-opyze susisreHuli ghakm
MOXIUB0 rosicHumu ocobrugocmsamu bioxiMiyHUX npoyecie, 30kpema ix weudkocmi, wo nompebye nodanbuio2o 8UBYEHHS.

B uinomy, nidsuweHHs1 nabopamopHoi cxoxocmi Ha eHepaii npopocmatHs HaciHHs cknadano 6id 1 00 9%, wo € Hes-
Ha4yHUM 8 rlabopamopHUX yMogax, afe MoXe mMamu 8a2oMull eghekm 8 yMogax rnofbosux OOCIOXEHb, 3 ypaxy8aHHIM
M0200HUX yMO8 ma [HWUX hakmopax 8UPOWy8aHHs. He susigreHo 3aKOHOMIPHOCMI 3MiH 8 MoKasHUKax 008XUHU KOPIiHUie
ma npopocmKig 80 8cix eapiaHmax Aocidy, W0 Moxe 2080puUMU NpPo Hedymiugicms 0aHO20 nokasHuka 0o 06pobku EMB.

Knroyoei cnoea: o3uma nweHuUys, efekKmpomazHimHe surnpoMiHo8aHHs, 008XUHa Xeuni, himoxpoM, CiflbCbK020Cr0-
0apchKi Kynbmypu, bionomeHujan, 8poxatiHicms.
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Betyn. CaiTno Bigirpae Baxnusy ponb Y XWUTTi BCIX Npea-
CTaBHUKIB poCnuH. PocnnHW npoxoasTh ABi pi3Hi nporpamu
po3BUTKY: (hOTOMOPEOreHes 3a HasiBHOCTI CBITMa Ta CKOTO-
MopdooreHes 3a MOro BiACYTHOCTi. BOHW BUKOPUCTOBYHOTH
CBITMOBI CUrHanNM ANs BM3HAYEHHS Yacy KIYOBUX nepe-
XOAiB Y PO3BUTKY, TaKMX SIK MOYATOK PO3MHOXEHHS (nepe-
Xi, 0O UBITiHHS), MPOPOCTaHHS, TOWO. POCNUHM OCHaLLeHi
cucteMor hoTopeLenTopiB, WO A03BONSE iM CnpuimaTti
LyXe LUMPOKMIA CrekTp CBiTNa, Wo oxonne Big Y®-B o
[anbHboro YepBoHoro (280-750 Hm) (Galvéo, 2015). Y poc-
nuH Byno BusBneHo Garato TMNiB ¢hoTopeLienTopiB: GiTo-
xpom (phy), kpuntoxpom (cry) i dotoTponiH (phot) Bigomi
SIK OCHOBHI peLenTopy YepBOHOro/AarnbHLOr0 YePBOHOMO Ta
CMHbOrO CBiTNa BignosigHo (Kong, 2016).

Benukuii gianasoH disionoriyHnx npouecis Big npo-
POCTaHHA HaCiHHSA Ta OeeTionsuii NPopOoCTKiB A0 LBITIHHS
i MIOJOHOLIEHHS KOHTPOMIOETLCS CUCTEMOK (PITOXPOMY
(Quail, 2020; Kong, 2016). ®itoxpomu — Lie romo- abo rete-
poauMepHi Ginku, Wwo cknagatoTbes 3 N-KiHLEBOT (hOTOCEH-
COpHOI 0bnacTi, sika KoBaneHTHO 3B’A3ye Xxpomodop qiTo-
XxpomobiniHy Tetpanipony, i C-kiHLeBOi BuxigHOI obnacTi,
sika 6epe yyacTb y AMmepusalii Ta, iMOBIpHO, Cnpusie nepe-
Aavi ceitnosoro curHany (Burgie E.S., 2014). ®iToxpom cuH-
TesytTbeCs K BionoriyHo HeakTuBHa (Pr) hopma, sika nepe-
TBOPIOETLCS Ha akTuBHy (Pfr) chopmy nicns nornuHaHHS
yepBoHOro caitna. Pfr WBMAKO NepeTBOPHOETHCA Hasaz
B HEaKTVBHMWI OCHOBHUI cTaH Pr nicns onpomiHeHHs Aarnb-
HIM YepBOHUM CBITIIOM ab0 MOBINbHO LUASAXOM TEPMIYHOT
peBepcii. OcTaHHi KpucTaniyHi CTpykTypu GakTepianbHuX
i POCMIMHHUX PITOXPOMHUX (POTOCEHCOPHMX MOZYNIB Aal0Th
[0BrOOMiKyBaHe PO3yMiHHSI iHOYKOBaHWX CBITIIOM KOHHOp-
MaLilHUX 3MiH, iHILiNOBaHKX i3oMepu3aLlieto Xxpomodopis
(Burgie E.S., 2014; Burgie E.S., Bussell A.N., 2014). JanbHe
yepBoHe (730 HM) Ta 4epBoHe CBITMO (660 HM) Mae Benu-
KU BNMB Ha LWBUAKICTb POCTY, TOGTO BNANBAE HA JOBXUHY
ctebna, sucoty pocnuuu (Devesh Singh, 2015; Yoshida,
2016). ®ITOXpOM NOCTIMHO KOHTPOMIOE YUCHEHHI (Di3UYHI
napameTpu CBITNIOBUX CUrHaniB (BKIOYaUM HasIBHICTL/BIa-
CYTHICTb, KOMip (LOBXMHY XBUMi), IHTEHCUBHICTb (LIBUAKICTb
noToky) i 4oboBy TpmBanicTb (hoTONEPIOANYHICTL)) | Nepe-
[ae Lo iHpopmMaLiio 3a AONOMOroK BHYTPILLHbOKMITUHHUX
CUrHanbHUX LWMSXiB, SKi BUKNUKAKOTb MOMEKYNSAPHI Ta Kni-
TWUHHI peakuii, cneumndiyHi Ans opraHiaMy Ta cTaHy po3BUTKY
(Quail, 2010).

Kpuntoxpomu — ue YO-A/cuHi potopeuentopu. doToak-
TVBALia CUHIM cBiTNIOM (460 HM) iHiLitoe peakuito nepeHe-
CEHHSI €MNEKTPOHIB i3 3any4YeHHsM 3anuLLkiB TpuntodaHy Ta/
abo KNiTMHHUX MeTaBONITIB, L0 3anycKkae BiAHOBMNEHHS XPO-
mModhopa Ao «curHansHoro ctaHy» (Conrad, 2014; Engel-
hard, 2014). CuHe cBitno 6epe yyacTtb y 6araTbox npote-
cax pOCMWHW, TaKUX K BIAKPUTTS NPOAMXiB, (hOTOTPOMi3M,
dpoTocMHTETUYHIN pyHKLUiT Ta dpoTomopdoreHesi (Sander,
2010). We ogHumu peuenTopamu CUHLOIO CBITNa, NPUCYT-
HiMW y BCiX pocnuHax, € oToTponiHu. Ha BigMiHy Bif iHLIMX
dhoTopeLenTopis, ski Ai0Tb NEPEBaXHO B S4pi, (HOTOTPOMiHN
CNpSIMOBaHi Ha nnasmatuyHy membpaHy. DyHKLioHanbHe
3HayeHHs iHOYKOBaHOI CBITNOM nepenokanisadii umx ¢oTo-
peLenTopiB 3anuLIaeTbCsl HeLOCTaTHLO BMBYeHUM (Galvao,
2015).

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Y HaciHHi eMBpIiOH 3HaxoauTbCA B AyXe 3axuLleHoMy
cepefoBuLLi, Todi K Momnogi NpPOpOCTKU AyXe BpasnuBi.
TakuM YMHOM, NPOPOCTaHHS 3HAXOAMTbCS NI CyBOPUM
KOHTPOMEM  HaBKOMWLLHLOTO CepenoBuLLa, BKMKYAKYM
BMMVNB BOAM, KACHIO, TEMNepaTypm Ta cBiTna. HaciHHsa cTae
34aTHUM pearyBaTyl Ha Li CUMrHamm HaBKOMULIHBOIO cepe-
JOBWLUa nule nicns Toro, sK NOPYLLYETHCS CTaH CMOKOH).
Cepeq ycix ¢otopeLenTopiB (iTOXpOMU BifirpaloTs Haml-
BAXIMBILLY POMb Y CMIPUSIHHI MPOPOCTaHHIO 3@ CNPUATIIMBUX
YMOB OCBITMEHHS Ta 3anobiraHHi NPOPOCTaHHIO KON YMOBY
OCBITNEHHS HeonTuManbHi. LLo6 cnpusatn npopocTaHHio,
hiToxpoMu B NepLUy Yepry BnMBakTb Ha CUHTES ribepeniHy
(Chitose Kami, 2010). EkonoriyHe 3HayeHHs AaHuX npo-
LieciB, NoB’si3aHe 3 peakuield Ha CBITNO (poTopeLenTopis,
nonsrae B TOMY, LU0 CBITMO CAYXMWTb iHAMKATOPOM FMNOUHM
IPYHTY, «403BONSAOUNY Binblly CXOXICTb HACIHHSA LIO 3Ha-
XOOMTBCS Y BEPXHiX Wapax IPyHTY, HiX HaciHHS, 3akonaHe
rnuboko B rpyHT (Lamsal, 2019).

MNweHnLs € LWMPOKO BUPOLLYBAHO KYILTYPOH B YCbOMY
CBITI Yepes il BMCOKY XapyoBy UiHHiCTb (Oyewole, 2016).
Monut Ha nweHuLo BINbLUMA NOPIBHAHO 3 IHLWXMK KySlb-
Typamu. dyHaameHTanbHUM JOCMIAKEHHSM BRMBY SKOCTI
OCBIT/IEHHS Ha PIiCT i MOPAHOMOTito NLIEHNLi MPUCBAYEHO He
mano pobiT, sKi JOBOAATH BMSIMB 30KpeMa Y4epPBOHOMO Ta
CUHbOrO CBIiTNa Ha isionoro-6ioximMiuHi Npouec pocrnmH
(Igbal, 2020; Cecchetti, 2022). Ane B obnacTti npuknag-
HUX [OCNiIXeHb OO0 BUKOPUCTAHHA arpoTEXHOMOTIN Ha
OCHOBI BUKOPUCTaHHS Pi3HWUX CMEKTPIB CBITMa B POCHMUHHU-
LTBI Ha CbOroAHi He JocTaTHLO. lonepenHi JOCNIMKEHHS
nokasanu BnnuB edekTiB hoTopeLenTopiB Ha MeTabo-
niam (Lysyshenko, 2016; Pankova, 2010; Pankova, 2021).
Metoro gocnimpkeHb Byno BUBUMTU eDeKTU il YepBOHOMO
Ta CUHLOTO CBITNA 3 PI3HUMU PEXMMaMU ONPOMIHEHHS! Ha
POCTOBI NPOLIECH MLLEHNLi O3MMOI.

Marepianu i MeToau gocnigxeHb. JocnigxeHHs 6ynu
npoBeaeHi Ha 6a3i HaB4YanbHO-HayKOBOI NabopaTopii ekono-
rivHoro 3emnepobcTBa Ta NpUPOLOKOPUCTYBaHHS LleHTpy
KOMEKTMBHOMO KopucTyBaHHS CyMCbKOro HauioHanbHOro
arpapHoro yHisepcutety. Obpobka 3aiicHioBanach 3 BUKO-
PUCTaHHSM eKCnepuMeHTanbHOI nabopaTopHOI YCTaHOBKM
Ha OCHOBI HamMiBNPOBIAHWKOBMX CBITNOAIOAHUX MKepen —
csiTnogiogHoi dpitonamnu Grow Light Full Spectrum (puc. 1)
Ma€ BEnuKy NIIOLLY OCBITIEHHS!, BOMOAIE€ FHYYKICTIO | Mae
3 OKpeMi ronosku, Lo A03BONSE 30iMbLUNTI KYT OCBITNEHHS
B Kinbka pasiB. 3aBAsIKM FHYYKOCTI KOXKHOI OKPEMOI rofioBKu
namnu, MOXnuBo nigibpat Ta BigperynoBaTh KyT OCBIT-
neHHs. MopibHa namna moxe gocsirat 360° ocBiTNEHHS.
OpgHa 3 HaMronoBHiLWMX 0COBNMBOCTEN Namnu — iHAMBIAY-
anbHWUM pexum onpoMiHeHHs. Beboro namna mae 3 Bapi-
aHTU: CUHIN (460 HM), cuHIN Ta YepBOHUI (660+460 HMm),
YyepBOHU (660 HM). KoxeH CnekTp ONpOMIHEHHS Mae
BnacHy (yHkUito. 3aBOACbKI XapakTEPUCTWUKM NamMmu
HaCTyMHi: [xepeno CBiTNa: CBITNOAIOA; KiMbKICTb AioAis:
54 LED udinu (4epBoHux — 36, cuHix 18); cTpok cnyx6m
(roguHa): 50000; MotyxHicte namnu (BT): 30 Br; BXigHa
Hanpyra (B): AC85-265V.

O6’ekToM JoCniMKXeHHs BUCTynana m'ska os3uma niie-
Huusa copty Jlipa Opgecbka. KpaiHa noxomkeHHst YkpaiHa,
Pik Bpoxato 2020 p., kateropis Ta reHepauis CH, nepua.
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Puc. 1. CitTnogiogHa cbitonamna Grow Light Full Spectrum

Homep naprii UA-19-15-089/0106-20. CxoxicTb BignoBigHoO
[0 cepTtudikaty Ha copT cknagae 96%, eHepris npopo-
cTaHHs 95%, uymctoTta HaciHHA 99.8%, BonoricTb 12,5%,
maca Tucsdi HaciHuH 37,1 1.

[lnsa nabopaTopHux AocnimkeHb Bigbupanu 4 npobu no
100 HaCiHUHM Ha KOXHWA BapiaHT Jocnify, po3MillyBanu
B POCTUIBHSX Ha 3BONOXEHOMY (DinkTpyBanbHOMY nanepi,
MPOPOLLYBaHHS MPOBOAMIM B TepMmocTaTi BigmoBigHO [0
OCTY 4138-2002. BusHauanu eHeprito MpOpPOCTaHHA Ha
TpeTto o0y Ta CXOXICTb Ha CboMy 00y K cepenHe apudme-
TWYHe pe3ynbTaTiB MPOPOLLYBaHHS HYOTUPLOX Npob. Ha cbomy
L,00y BUMIpAnyv JOBXMWHY KOPIHLIB Ta NpopocCTkiB. B Tabnuusx
MPpVBESEHI CepeaHi 3Ha4eHHs pesyrbTaTie 00niky.

DocnigpxyBanuce edekT il ONPOMIHEHHST  Pi3HUX
pexumiB. OBpobKy HaCiHHA NPOBOAUMM SIK OKPEMO YepBO-
HUM Ta CMHIM CMEKTPOM, TaK i cymicHo. byno obpaHo gBa
PEXMMY eKcnosuuii: KopoTkovacHe — BnpofoBx 10 XBUMAMH
Ta nofoBxeHe — Bnpoaox 30 xBunuH. BapiaHtamu gocnigy
Oynu: 1) oNPOMIHEHHS YePBOHUM CBITNOM i3 JOBXUHO XBUN
660 HM BnpogoBxX 10 XB; 2) YEPBOHWM CBITNOM i3 JOBXWHO
xBuni 660HM Bnpogosx 30 XB; 3) CUHIM CBITNOM i3 JOBXMHOK
xBuni 460 Hv BnNpogoBX 10 XB; 4) CUHIM CBITNIOM i3 JOBXK-
Hoto xBuni 460 Hm Bnpogosx 30 xB; 5) cymicHo 660+460 Hm

Bnpogosx 10 xB; 6) cymicHo 660+460 HM Bnpogosx 30 XB; 7)
B SIKOCTi KOHTPOMIO BWKOPWUCTOBYBaMM HEOMPOMIHEHE
HaciHHs (puc. 2, 3).

Pesynbratn. OTpuMaHi pesynsTaTv nokasanu neBHUN
BMAMB 00pobkn HaciHHA EMB pisHux pexwumis (Tabnuus
1). Tak, HanbiNbLIMA NOKA3HWK eHeprii NPOPOCTaHHS Cno-
cTepiranu y BapiaHTi 660+460 HM 30 xB (97%), HaHWX4MI
y BapiaHTi 660+460 Hm 10 xB (94%). JoBxuHa napocTka
Byna HanbinbLuoto (12,4 mm) y BapianTi 660 HM 10 XB., B TOM
yac, K JOBXMHA KOpiHUa Oyno Hanbinswum (17,9 Mm) Ha
BapiaHTi 460 Hm 30 xB.

O6roBopeHHs. BiacyTHicTb (abo x mana ais) edekty
Bif, ONPOMIHEHHSs1 3 ekcro3nuieto 10 XBUIMH Ha EHePrito Npo-
POCTaHHS Ta Ha CXOXICTb MOXe OyTW MOB'SI3aHNM 3 Hefo-
CTaTHIM YacoM eKcno3unLii Ta TUM, LLIO TaKi MOKa3HWKN BigHO-
CSATbCS [0 MPOIIOHIOBaHKX BiAMOBIAEN, a He LUBUOKMX.

BucHoBKkKU. MoxHa 3pobuTyt BUCHOBOK, Lo Bnnve EMB
(4epBoHWMit 660 HM + cuHil 460 HM gianasoHn) BNpogoex 0,5
FOAVMHU Mae BNAWB Ha NMepLUi eTanu NpopoCTaHHs, a came —
€Heprilo MPOPOCTaHHS Ta CXOXICTb B TabopaTopHMX yMOBax
(B Mexax OeKinbKoxX BifcOTKiB). Takui BMMB MOXe MaTu
BaXNMBE 3HAYEHHS B yMOBaxX MPOMUCIIOBOrO BUPOOHMLTBA
HaCiHHEBOrO Matepiany.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

64

Cepist «MexaHisaLjis Ta aBTomaT3aL|is BUpobH1umMx npovjecisy, Bunyck 1 (55), 2024



7)
Puc. 2. loBXuUHa NpopoCTKiB Ta KOPIHLIB NLeHULi 03UMOi 3anexHo Bif Aii onpoMiHeHHs:
1) 660 Hm BnpogoBxk 10 xB; 2) 660 HM BnpogoBx 30 xB; 3) 460 HM BnpogoBx 10 xB; 4) 460 HM BnpogoBx 30 XB;
5) 660+460 Hm BnpogoBx 10 xB; 6) 660+460 HM BnpogoBx 30 XB; 7) KOHTPOIb

Tabnuus 1
Pe3ynstati 006niky nokasHUKiB NOCiBHOI IKOCTI 3epHa NLLEHULi 03MMOI (CcepeaHi 3Ha4eHHS)
Bapiantu gocnigy EHeprisi npopocTaHHs CxoxicTb npgg;):é:('::flmm K(’le?:)::,ﬂl\iM
1. 660 Hm 10 xB 95 97 12,4 17,6
2.660 Hm 30 xB 96 95 1,7 16,7
3.460 Hm 10 xB 95 94 11,3 14,8
4. 460 1m 30 xB 96 95 11,5 17,9
5. 660+460 Hm 10 x8B 94 95 10,6 16,0
6. 660+460 Hm 30 xB 97 98 1,2 15,3
7. KOHTPOIb 95 96 11,6 15,7
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7)
Puc. 3. EHepris npopocTaHHA HaciHHA NLeHULi 03UMOi 3anexHo Bif Aii oNnpoMiHeHHs:
1) 660 Hm BnpogoBx 10 xB; 2) 660 HM Bnpogosx 30 xB; 3) 460 Hm Bnpoaosx 10 xB; 4) 460 HM BnpogoBx 30 XB;
5) 660+460 Hm BnpopoBx 10 xB; 6) 660+460 HM BnpoaoBx 30 XB; 7) KOHTPONb
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The method of increase the yield of winter wheat using electromagnetic radiation

The article presents the results of the analysis of data obtained in laboratory conditions of exposure to electromagnetic
radiation in the red and blue ranges, as well as their simultaneous exposure, with different exposure times. One of the most
common varieties of winter wheat in the Eastern region was taken for research. The control "group” was the seed that was
not subjected to any treatment. The obtained data, namely the energy of germination, laboratory germination and the length
of roots and seedlings, allowed to conclude that the most significant effect on the energy of germination and laboratory
germination had a variant of the combined action of both red and blue bands during 30 minutes. This approach to seed
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irradiation in the laboratory showed properties to increase the biopotential of seed material. Thus, it is the activation of a
group of different photoreceptors, and phytochromes and cryptochromes, that is most effective. Treatment for 10 minutes
had almost no effect at all wavelengths. This may be due to the fact that the effect of EMF has a prolonged effect and may
manifest itself later. Germination energy and germination are studied at the initial (first week) stage of growth.

The detected effect for winter wheat is explained, firstly, by the size of the seeds, secondly, the detected fact can be
explained by the features of biochemical processes, in particular, their speed, which requires further study.

Overall, the increase in laboratory similarity in seed germination energy ranged from 1 to 9%, which is insignificant in
laboratory conditions, but can have a significant effect in field research conditions, taking into account weather conditions
and other growing factors. No regularity of changes in the indicators of the length of roots and sprouts was found in all
variants of the experiment, which may indicate the insensitivity of this indicator to EMV treatment.

Key words: winter wheat, electromagnetic radiation, wavelength, phytochrome, agricultural crops, biopotential,
productivity.
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Y cmammi 6yrio po3anisgHymo ocobnugocmi enposadxeHHs1 iHHO8aUIlUHUX mexHosoeili y QisiibHICMb CillbCbKO20C00apChKUX
nidrpueMcme ma 8u3Ha4yeHo Porib Lux mexHosoeili 8 npoueci onmumisauji ciebu. [nsa docnioxeHHs yjei npobiemu byrio 8UKOpU-
CMaHo 3a2arnbHoHayKosi Memodu, a came: aHari3 Oxxeper, CUHMe3 OmpUMaHoI iHgbopmauii, MopieHsIHHS PisHUX nidxodie i Memodie
ma y3azarbHeHHs1. byro oKpecieHo 0CHOBHI 8UOU CyYacHUX MeXHOsoeill, sKi BUKOPUCMOBYMBCS Y CirlbCbKOMY 20Crodapcmei:
6r1ok4eliH-mexHoroeii, Hosi 8UPOBHUYI mexHomoali, mexHornoeii 6e30pomogoeo 38’a3Ky, pobomomexHiky ma big data. BusHayeHo,
W0 sUKopucmaHHsi pobomomexHiku y CinbCbkoMy 2ocrio0apcmei 00380115 eheKmuBHile BUKOHY8amuU pymuHHi 3aédaHHsi ma
ornmumidysamu rnpouec ciebu. HasedeHo npuknadu ernposadxeHHs pO6OMOMEXHIKU ma MeXHOmMoaill Ha OCHOBI WMYy4YHO20
iHmMernexkmy, siki sukopucmosytomscs 8 YkpaiHi. [poaHanizoeaHO egheKmusHICMb 8UKOPUCMAaHHSI CUCMEM asmomMamu308aHo20
KOHMPO/T0 Ma yrpaeriHHs npouecom cigbu. BcmaHoeneHo, Wo 8UKOPUCMaHHS makux cucmem 07151 KOHMPOITO SKOCMI MEXHO-
J102i4HO20 npouecy cigbu crpusic MakcuMarbHit onmumisauii, 3abesrneYeHHI0 8i0MosiOHOI SIKOCMI MOCI8Y, CKOPOYEHHIO CIMPOKI8
ma eghekmugHOMY 8UKOPUCMaHHI0 MamepiarnbHUX i (hiHaHCOBUX Pecypcie, a MaKoX 3MEHLWEHHIO py4YHOI pobomu nepcoHany.
Takox 3a3Ha4yeHOo, U0 BaX/TUBUM acrieKmom 8 asmomamus3auji cisbu € 8UKOPUCMaHHS agmoririomie Ha CilbCbKo20CcrnodapChbKill
mexHiui. Oxapakmepu308aHO CUCMeMy MOYHO20 3emiepobemea sik 00HY i3 HalNepCrekmMuUBHILUUX MEeXHOMO_IYHUX iHHosauill
8 agpapHOMy cekmopi. Aepapii KpaiHu aKmueHO 8UKOPUCMO8YOMb MOYHe 3eM1epobemeo Yepes (io2o 30amHicmb Cripussmu pig-
HOMIpHOMY pocmy ma 003pieaHHI0 POCIIUH, Mideuwysamu epoxatiHicmb. AKUEHMOo8aHo yeazy Ha OesiKuX MpobrIeMHUX numax-
HSIX 8rp0BadXeHHSI CydacHUX mexHooail 8 YkpaiHi. OCHOBHI 3 HUX 108 3aHi 3 HU3bKUM PIBHEM 3aryYeHHs1 iHeecmuuyjl 8 HO8IMHI
mexHoroaii, HedocCmamHiM pieHeM MamepianbHO-MEXHIYHO20 3abe3rneyeHHs azpapHUX MIGMPUEMCMS, HU3LKUM pieHeM iHGhop-
MogaHocmi agpapiis Wodo echekmusHOCMI HOBIMHIX MeXHOIOgill, HepiBHOMIPHUM PO3rodifeHHsM cmabinbHO20 MiOKMHYEeHHS
0o IHmepHemy. Y npoueci asmomamus3auji i Yughposizauji ciribCbko2o 2ocrodapcmea ma ¢hopMysaHHs MPOA08OsILYOI 8apMOCMi
HeobxiOHO 8paxosysamu Ui npobremHi numarHs. Cucmema 3axodig ujodo akmusizayji iHHogauitiHoI isiribHOCMI CirbCbK020CNO-
OapcbKux MidNpuUEMCME Mae 8KIII0Yamu MOoWYK WIISIXI8 CmUMYTo8aHHs Po38UMKY, dorioMoay ma 8cebiyHy nidmpumky depxasu.
Takum YuHOM, iHMezpauis IHHoO8aUitIHUX MEXHOMORIl y CifbCbke 20Crnodapcmeo € KIHHO8UM YUHHUKOM Or1s 3abe3rnedeHHs cma-
J1020 PO3BUMKY | 8UCOKOI KOHKYPEHMOCTPOMOXHOCMI agpapHO20 CEKMOpPY y peartisix Cb020OEHHSI.

Knrovoei cnoea: asmomamu3auis, agpornpomuciosuli KOMIIEKC, ehekmusHicmb 8UpobHUUMEa, iHHO8aUliHi MexXHo-
noeii, cigba.

DOl https://doi.org/10.32782/msnau.2024.1.9

Beryn. Y cyyacHux ymoBax €KOHOMIYHOI HecTabinb-  CinbCbKOrocnogapChbkoi MpoAyKuii SK Ha BHYTPILWHIX, Tak
HOCTi 3abe3neyeHHs CTanoro pO3BUTKY arpapHOr0 CeK- i Ha 30BHIlLHIX pWHKaxX. [ns AOCATHEHHs Uiei MeTu Heob-
Topy HabyBae BCe OinbLUOi aKkTyamnbHOCTI, OCKIfIbKM MOTPe-  XiOHO aKTMBHO CTUMYMOBATV BMPOBAPKEHHS iHHOBAL|iiHUX
Oye nNigBWLLEHHS  KOHKYPEHTOCMPOMOXHOCTI  YKPaiHCbKOi  MiAXOoAiB Ta CyyYacHUX TexHomorin. MNpobnema BUKOPUCTaHHS
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iHHOBAL|iIHUX TEXHOMOrIN B arpapHOMy cekTopi 6yno yacT-
KOBO JOCNIMKEHO Y poboTax BiTUM3HAHUX Ta 3apyOikHUX Hay-
koBuiB. K. MaBenbyyk y CBOI NpaLli pO3KpYB MUTAHHS BUKO-
PUCTaHHS reorpaciyHMX iHhopMaLinHKX CUCTEM Ta 3a3HauMB,
L0 BOHM JOMNOMarakTb BUPILLATUA Ta NiABALLUTA €KOHOMIYHY
edeKTVBHICTb MiANPUEMCTBA, NOKPALLMUTM SKICTb Ta KifbKIiCTb
BpOXato, CPOCTUTU HU3KY 3aBAaHb ANs ChiBpobiTHYKIB arpo-
npomucnosoro BupobHuutea (Pavelchuk, 2023). O. BuwiHe-
BeLlbka BMU3HAuMNa, LLO CinbCbKe rocrnogapCTBO Y Cy4acHOMY
CBITi NnepebyBae Ha NoYaTKy YeproBoi TEXHOMOMYHOI PEBONIo-
LiiT, B OCHOBI SIKOI MEXUTb LUTYYHWIA IHTENEKT, aHaniTuka Benu-
KX JaHWX, MigKNioYeHi 4aT4YMKK Ta iHLLI HOBITHI TEXHONOTII, K
MOXYTb e Binblue nigBuwmnTh BpoxaiHictb (Vyshnevetska,
2023). T. Kyuminnosa, T. Mopos Ta A. LLleluyHoBa po3rnsHynv
npobnemHi NUTaHHA BUKOPUCTAHHS  LUTYYHOTO IHTENEKTY
y pisHUX ranyssx cinbcbkoro rocrnogapctsa (Kuchmiiova
et al., 2020). T. BnaceHko, T. JlapiHa Ta H. [3t06aHoBCbka
TaKOX aKLeHTyBanu yBary Ha BaXNWBOCTI BMpOBaXEeHHS
iHHOBALi Y cdbepi arponpPOMUCIIOBOrO KOMMIEKCY, a TaKOX
3a3HauMnK, WO BUKOPUCTaHHS HOBOI CiflbCbKOrOCNOAaPChKOI
TEXHIKM HA OCHOBI IHHOBALIHMX TEXHOMOrIN B POCNMHHWLITBI
(eHepro- Ta pecypcosbepiratourx) 6yae OCHOBHUM HaNPsIMOM
30iMbLUeHHs 06cariB BUPOBHWLTBA CinlbCbKOroCnoaapchKoi
npoaykuii (Vlasenko et al., 2022). lNpote, 3anuwaoTbCs HEBU-
PiLLIEeHNMM NEBHI MUTAHHS, 30KpEMa, siki NOB’A3aHi i3 epeKTnB-
HICTIO BNPOBAPKEHHSI Cy4aCHUX TEXHOIOr Y npouec cisbu
CiflbCbKOrocrnogapcbkux Kynetyp. BignosigHo, meTta pocni-
DXKEHHS NONsrae y BUBYEHHI BNAVBY Cy4aCHUX TEXHOMOTIN Ha
CTanmi po3BUTOK CiflbCbKOTO rOCNOAaPCTBa Y KOHTEKCTI OnTuh-
Mi3aLii npoLecy cisou.

Matepianu i metoaun gocnigxeHsb. [JocnigxeHHs oco-
GnuBoCTEM BNPOBAMKEHHS CyYaCHUX TEXHOMOTIN Y CiNlbCbKe
rocnofapcTseo 3a4ns onTuMmisauii npouecy cisbu Byno npo-
BEOEHO 3aranbHOHAYKOBMMM MeTodamu, a came: aHani3
HayKOBMX [kepern, fKi AOTWYHI npobnemi BUKOPUCTaHHS
iHHOBALiHWX TEXHONOTI Ta iX BNNMBY Ha CTanun PO3BUTOK
arpapHoro CEKTopy; CUHTE3 iHpopMaLLil | 4aHWX 3 LOCTYMHUX
Xepen ans BUOKPEMIEHHS TONIOBHUX TEHAEHLN PO3BUTKY
arpapHoOro CEKTOpY Y KOHTEKCTI iHHOBALiN; NOPIBHAHHSA Mig-
XOAiB 4O BMPOBA[KEHHS Cy4YaCHWUX TEXHOMOrii; y3aranb-
HEHHS1 OTPUMaHWX [aHuX Ans (POPMYOBAHHS BUCHOBKIB
JOCMigKEHHS Ta BU3HAYEHHS NepCneKkTUB NoJasnbLLoro pos-
BUTKY arpapHoOro cexktopa.

Pesynbratn pocnipkeHb. ®PyHOaMeHTanbHi  Hayko-
BO-TEXHIYHi 3MiHU Ta BiOKPUTTS, AKi CTanu akTyanbHUMK 3a
OCTaHHi JecaTuniTTa, pa3oM 3 akTyanisauieto rnobanbHmnx
npobrnem Ccy4yacHoCTi, cTBOpWUnu nepegymoBu ANs nepe-
XiQHOro eTany pPO3BUTKY arpornpoMMCIIOBOTO KOMMIIEKCY.
Cinbcbkorocnogapchbki NiANPUEMCTBA BCE aKTUBHILLE BMPO-
Ba[KYHOTb Pi3Hi iHHOBALLIMHI pO3pO6KMN Ta IHCTPYMEHTH, SKi
[03BONATL MiABALLMUTY ePEKTUBHICTb BUPOBHMYOrO npo-
Llecy Ta piBeHb SKOCTi npogykuii. TexHonorii BXxoaaTe A0
yucna YoTMPbOX FOMOBHUX YMHHMKIB BUPOOHMLTBA pa3oMm
i3 Kanitanom, 3emneto Ta npaueto (Abbasi et al., 2022).
IioacTBO BUKOPUCTOBYE TEXHOMONIT ANS 3aJ0BOMEHHS CBOIX
noTpeb, L0 MOXYTb BKIKOYATK TpaHcdopmalio cepeno-
BULLA, PO3B’A3aHHSA NEBHUX Npobnem, NigBULLEHHS edek-
TUBHOCTI TOLLO. KOoHLenLuis ctanoro po3sBuTKy BNPOBaKYe
HOBY CUCTEMy Be[EHHSI CinbCbKOro rocrnogapcTBa, ska

aflanToBaHa [0 Cy4aCHWX YMOB i BUMOT, LLO € anbrepHaTu-
BOIO MPOMMCHOBINA Mogeni. 3MiHU Y BUKOPUCTaHHI pecypcis
(ocobnuBo kanitany Ta npawi) Ta TEXHIYHWIA Nporpec Teope-
TUYHO OBYMOBIIOKTL 3POCTAHHS CiMbCbKOrOCMoAapChKoro
B1pobHuuTBa (Vyshnevetska, 2023).

ArpoiHHoBaLii € nepegoBUM HaNPSIMKOM eBOIHOLT Y Cinb-
CbKOMY TOCMOAApPCTBI, ki AafyTb 3MOry 3aQ0BOMbHUTH
3pocTatodi noTpebu cycninbcTBa Ta OTPUMATU EKOHOMIYHY
BUrogy uepes 3abesneyeHHs HauioHanbHOI NPOAOBOMLYOI
Gesneku. |HHOBALMHWIA NpPOrpec y po3BUTKY arpapHuX nig-
NPUEMCTB MOBWHEH I'PYHTYBATUCA Ha BUKOPUCTaHHI nepe-
[OBWX TEXHOMOTIN, SKi CNpsiMOBaHi Ha onNTMMiI3aLito BUPOG-
HULTBa NpoayKuii 3 MiHiMi3auieto BUTpaT. TeXHOMOrivHui
acrnekT iHHOBaLj nonarae y po3pobui Ta BMPOBAKEHHI
nocnigoBHMX Npoueayp i CTaH4apTiB, SKi BpaxoByoTb arpo-
TexHiyHi Ta 3o00TexHiuHi Bumorn (Vlasenko et al., 2022).
Mepexin 0o UMGPOBOI EKOHOMIKM Y CiNbCbKOMY FrOCnoaap-
CTBI BKNtovae B cebe BUKOPUCTAHHSA PiBHOMAHITHUX iHdop-
MaUifHNX TEXHOMOriN, SKi NPMCTOCOBaHI A0 0COBNMBOCTEW
(pyHKLIIOHYBaHHS arponpoOMWUCIIOBOrO KOMMIeKey. Taki Tex-
Hororii BKMtovatoT B cebe reorpadivHi iHhopmaLinHi cuc-
Temu (IIC), GPS (Global Positioning System), cynyTHukosi
3HIMKM, aepoPOTO3HIMKM 3a JOMOMOrO APOHIB, aHani3 Big
Data Ta pocnigmkeHHs MacwBiB OHNanH-gaHuX. Bukopw-
CTaHHS LMPPOBMX TEXHOIOTIN NPU3BOAUTL OO 3MEHLLEHHS
BUKOPUCTaHHS pecypciB (Boau, 4OOPUB Ta NMOXUBHUX pPevo-
BUWH), @ TAKOX [0 3HWXKEHHS BNMUBY Ha €KOMOTil0 Ta HaBKo-
NMULLIHE CepenoBULLEe, OCKINbKM Le Jonomarae 3MeHLIUTH
BUKMOW XiMIYHUX PEYOBWH Ta NPOAYKTIB TBAPUHHOMO MOXO-
[DKEHHS B IPYHTOBI BOAM Ta BiAKPUTI BOLONMM.

Bci cyyacHi TexHormorii Ans cinbCbKoro rocnogapcrea
MOXHa 00’edHaTW Yy HaCTyMHi rpynu, WO NpointocTpoBaHoO
Ha PUCYHKY 1.

Cinbcbke rocrnofapcTeo € OAHIE 3 HanbinbLwuX rany-
3eil AN NPOMMUCMIOBOrO 3aCTOCyBaHHS ApPOHiB. [MpubnuaHo
KOXHE [ecsiTe arponignpueMcTBO Y CBITI BXe BNPOBamXye
L0 TEXHOMONi0 Yy CBOK AisNbHICTb. [POHM HagaloTb LiiHHI
[aHi Ans aHanidy rpyHTiB, BUMIpIOIOTb LUiMNbHICTb MOCIBIB,
BU3HAYaKOTb MMOLLY MOLUKOMKEHUX KyneTyp i gonomara-
t0Tb Y BUPILLEHH] BaraTboX iHWKUX 3aBhaHb, L0 NOB’A3aHi i3
MOHITOPUHIOM i KapTorpadyBaHHaM 06pobnoBaHMX noLy,
(Khudaverdiieva, 2022). 3a gonomoroto ApoHiB cTano Mox-
NBUM OTpUMaHHS 3D-306paxeHHs, L0 MOXHa BUKOPUCTO-
ByBaTW ANs NPOrHO3yBaHHS AKOCTI r'pyHTY. OkpiMm TOro, iX
MOXHa BMKOPWUCTOBYBATW ANS CKaHYBaHHS MOMIB Ta 34MTy-
BaHHS 300paxeHb 3a JONMOMOrOK KOMMAaKTHUX MYMbTUCTEK-
TpanbHUX datyukiB, cTtBopeHHs GPS-man, nepeBeseHHs
BENMKorabapuTHUX BaHTaxiB.

Xoua ApOoHU MOXYTb HafaBaTyt 3HA4YHO TOUHILLY iHGOp-
MaLlito, HiX CYMyTHWKKM, OCTaHHI BCE LUe 3anqllaeTbes Kpa-
WM BMOOPOM A5 MOHITOPUHIY Ta KapTorpadyyBaHHs
BENWKUX AiNSAHOK 3eMni. [HhopmaLlis, siky HafaloTb CyYacHi
CYMYTHMKOBI 3HIMKW, JO3BONSE BUPOBHMKAM CinlbCbKOroCno-
[apCbKOI NPOAYKLUiT OUIHATW CTaH POCMNWH, BU3HAYMTU Bid-
COTOK X B'SIHEHHS1, pPO3paxyBaTH KinbKiCTb POCUHHOCTI Ha
nonsix. Kpim Toro, ix MOXHa BUKOPUCTOBYBaTU AN AUCTaH-
LINHOTO BM3HAYEHHS BMICTY a30Ty B IPYHTI Ta 3HWXEHHS
HeraTMBHOrO BNMBY SAKOCTi 'PYHTY Ha paHHil pO3BUTOK POC-
NVH.
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Big Data

1
)

* B arpapsiii chepi macuB iHpopmallii Hece B 001 BeIUKUi 00CAT TaHHX, SIKi
CKJIQJTHO, @ B OKPEMHX TaJTy3siX HEMOXKIIMBO, 00POOUTH TPaAUIIHHUMU
MeToaMH sIK einHui HaOip. HackpizHa TexHooris big data moxe OyTu
MIMPOKO 3a/isSHa B HU(PPOBHUX IIIATGOpPMAX arpOIPOMHICIOBOTO KOMIIIEKCY

briokueiH-TexHOIIOT1

1
)

o Jlyisi MOHITOPUHTY, KOHTPOJIIO Ta BeJCHHs 06a3 TaHUX I10 OIepaisx i3
3EMEJIBHUMH PECypcaMu B CIIbCHKOMY TOCIIONAPCTBI OyIyTh IHPOKO
BHKOPHCTOBYBATHUCS CUCTEMHU PO3IOIIICHOIO PEECTPY

Hosi BupoOH1Yi TeXHOOTIT

1
)

TOBapiB MacoBOTO BUPOOHHUIITBA

* V BijmaneHii epCHeKTHBI B arpapHiil cdepi Oyae 3arpeOyBaHMi KOMILIEKC
MPOLIECiB BUPOOHUIITBA 1HMBIAyaTi30BaHUX TOBAPIB 3 BUTPATAMH SIK Y

TexHomNOT{ 6€3POTOBOTO 3B’SI3KY

1
)

e JInst CiIbCHKOTO TOCIOAPCTBA 3 BEIMKMM TEPUTOPiaIbHUM PO3IOIIICHHIM
BUPOOHMYNX 00’ €KTIB 1 iHYPACTPYKTYPH L5l TEXHOJIOTIsT ITHPOKO
BHKOPHCTOBYETHCS SIK QJITEpHATHBA JJIsl IPOBIAHOI epenadi iHdopmartii

PobGororexHika

_[

1
)

» BukopucTaHHs 0€3MIOTHIX 1 POOOTOTEXHIYHUX CUCTEM J03BOJISIE 3HU3UTH
BUKOPUCTAHHS TPYIOBHX PECYPCIB Ta IiJBUIINTH MPOAYKTUBHICTH Mparli

Puc. 1. [pynu cy4yacHMUX TEXHOMOriN y CiNnbCbKOMY rocnogapcrBi

[xepeno: (Manita & Boltianska, 2020).

Po3BuUTOK TEXHONOriT aepofpoHiB CnpusaTuMe nogasnb-
LLUOMY PO3LLUMPEHHIO X 3aCTOCYyBaHHSA Yy CiflbCbKOMY Focno-
[ApCTBi, BKIKOYauM edeKkTBHe 3AiNCHEHHS obnpucky-
BaHHs! Ta 3POLUEHHS.

PobGoToTexHika akTMBHO 3aCTOCOBYETbCSA B TaKMX rany-
39X, SK BUPOLLYBAHHS 3MaKoOBWX KynbTyp, CafiBHULTBO,
BMHOrpPagapcTBo, ArigHULTBO Ta rOPOAHULTBO. 3a 4ONoMOo-
row cneuianbHWX poboTiB-KONaYiB € MOXIIMBICTb aBTOMa-
TUYHO PO3NYLUYBATW IPYHT Ta BUCIBATW HACiHHSA Ha 3agaHy
rmubuHy i BigcTaHb. Lle 3Ha4HO aBTOMaTU3ye Npouec Cisou
i cnpusie PiBHOMIPHOMY PO3MOAiMY HACIHHA, @ TaKoX ONTW-
ManbHOMY BMKOPUCTaHHIO NOCIBHOI NfoLi. [1ns aBTomaTtny-
HOTO BUSIBMIEHHSI LUKIZHMKIB Ta XBOPOO Ha pocnHax MOXyTb
OyTn BMKOpUCTaHi poBoTN-06pPOBHMKKM. Y pasi HeOOXigHOCTI
BOHM TaKOX MOXYTb BMKOHyBaTW 0OpobGKy mectuuupamm
abo 3actocoByBaTW [OOpMBa ANsi KOHTPOMK i MiKYBaHHSI.
BOHW BMKOPUCTOBYHOTL Pi3Hi CEHCOPM Ta KaMepu AN MOHi-
TOPWHIY POCIIMH, @ TaKOX CUCTEMW HaBirauii Ans BWU3Ha-
YEHHS1 TOYHOTO PO3TallyBaHHs Ta 0OPOOKM NEBHUX AiNSHOK
(Kuchmiiova et al., 2023).

MpuknagoM iHCTPYMEHTY pPOOOTOTEXHIKM HA OCHOBI
LUTYYHOrO iHTenekTy € Agrilyst, sk MOXHa BBaxxaTu BipTY-
anbHUM arpoHOMOM, WO aBTOMAaTMYHO 30Mpae BCHO HEOoo-
XigHy iHcbopmaito npo rocnogapcTeo. CrewjianbHi AaTumKK,
SIKi pO3TaLLOBaHi Ha TepuTOpii NiaNpUeEMCTBa, 36MpatoTh BCi
noTpiOHI AaHi, 06pobnsATb iX Ta NPEACTaBNSAIOTb Y 3p03yMi-
nin hopmi aNs NAnHW. Takum YMHOM, hepMep MOXe:

- nepernsigaTti rpadiku, 3BiTM Ta TabnuULi Npo Npoayk-
TUBHICTb MiANPUEMCTBA Ha ekpaHi nnaHwera abo cmapt-
doHa,

- BigJdaneHo crnocTepirat 3a BUPOOHNYMM NPOLIECOM,

- KepyBaTu npoLecom poboty,
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— CTeXWUTW 3a JOTPUMAHHSIM BUMOT Ta HOPMaTUBIB.

B YkpaiHi HasBHi i iHLWi BapiaHTV TEXHONOTI, WO BKMoYa-
I0Tb BUKOPUCTaHHS PO3YMHMX MaLLUH, 30KpemMa:

— YKpaiHCbKa arpapHa KomnaHis Agroxy, sk cnewjianiay-
€TbCSA Ha BUKOPUCTaHHI TEXHOMOTIN TOYHOrO 3emnepobcTea
Ta onTMMi3aLii BUOOpY HaciHHS Ta fOOpyB;

- KomnaHia Agrieye, sika 3aMMaeTbCsi PO3POOKOK Mpo-
OYKTiB OWUCTaHUINHOrO 30HAYBaHHS Ha OCHOBI LUTY4HOrO
iHTENEKTY;

- KOMnaHia Sasagro Hagae MporpamHi pilleHHs Ha
OCHOBI Cy4YaCHUX TEXHOMOriN ANsi CNOCTEPEXEHHS, KOHTpP-
oMo Ta MnaHyBaHHs arpapHoro nignpuemctea (Kuchmiiova
etal., 2023).

P0o3BUTOK POCIMH Ta AKICTb ypoXato B neplly 4epry
3anexuTb Big Toro, sk Oyna npoBedeHa ciBba. bepyun oo
yBary 0OMexeHi TEpMiHM BUKOHAHHSA arpoTEXHIYHMX POOiT,
BUNpaBEHHS NOMUIOK, siki Oyro npunyLleHo nig vac cisou,
HeMoxnvBe 6e3 JoAaTKOBUX MaTepiarnbHuX BUTpaT. Baxnu-
BUM Yy NpoLieci CiBGYK CinbCbKOrocnoaapCbkmx KyneTyp € Big-
CTEXEHHs1 Ta onepaTuBHE perynioBaHHSA Mogadi HaciHHS.
Ha cborofHilWHin geHb ans eYeKTMBHOrO BUKOHAHHS TaKuX
3aBaHb BMKOPUCTOBYKOTbCS Cy4acHi IHCTPYMEHTW Ta Mnpu-
CTPOI MOHITOPUHTY POBOTH CiNbCbKOrOCNOAapPChKOi TEXHIKM.
MpuHumMn Aii Takmx cuctem GasyeTbCs Ha BCTAHOBIEHHI
JaTUYMKiB KOHTPOMK HEOOXiOHMX NapaMeTpiB Ha TEXHIKY
Ta BUKOPWCTaHHI ONepaTopoM MMaHLLIETHOrO KOMMTHTEpY,
3a [OMNOMOrol SKOro BiH MOXe BiACMigKoByBaTh iHGOp-
MaLito npo ciBOy B pexumi peanbHoro vacy. lNpuknagom
Takoi aBToMaTn3oBaHoi cuctemm € SCSO-25, saka npoBo-
OUTb CTaTUCTUYHUIA OOMiK BUCIBY 3EPHOBMX, TPaB'SHMX,
ApibHO- i cepeaHbOHACIHHMX 3epHOBOOOBMX KynbTyp 3a
TakVMK napameTpamm K 3acisHa nnowa, WBKAKICTb pyxy,
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NPOVMAEHUX LUNSAX Ta KepyBaHHS NPUBOAOM TEXHOMOrYHOI
konii. IMig yac BuKopucTaHHa cuctemu koHTpono SCSO-
25 y poboTi 3 CiBankow Ha ekpaHi naHeni BUCiBy (OCHOBHOI
CKNagoBOi YacTWHM) MOKA3HUKM SKOCTI ciBbU Bigobpaxa-
toTbCs y peansHomy Yaci (Malyarchuk et al., 2021).

AKTyarnbHO NPOBNEMOIO € TAaKOX 3MEHLUEHHSI PYYHOrO
KepyBaHHs i 36inbLUEeHHs aBTOMaTU3aLii nig Yac ynpaeniHHS
MallMHaMK Y npoLeci CiBGK CinbCbKOrocnogapchkux Kyrib-
Typ. OguvH i3 BiZOMUX NiAXOAIB — L& BUKOPUCTAHHS CUCTEM
aBTOMAaTUYHOrO NigpyntoBaHHSA Ta aToninotie. [ocsig BuKO-
PUCTaHHA aBTOMIMOTIB Ha TpakTopax, kKombarHax Ta iHLWMX
cinbrocnMalluvHax niaTBepaXye, WO MNOKa3HWKW Npoayk-
TMBHOCTI 3pocTatoTb Ha 30-40% 3aBAsikM TOUHOMY NPOXOA-
XKEHHIO PSOKIB | 3MEHLUEHHIO BTOMU onepatopa. Cuctema
aBTOMINOTa JO3BOSSIE BUKOHYBATU 3aBAAHHS HAaBiTb B Hiy-
HUM Yac i B ymoBax OBMEXeHOI BUAWMOCTI, 3MEHLLYHYM
BUTpATW Ha NanuBo, HaCiHHS, repbiunan Ta iHWi pecypcy.
[ns 3abe3neyveHHss BUCOKOI SKOCTI ciBOK BignoBiaHMM arpe-
rat mae byTu ocHalleHun RTK-aHTeHow. Y Takomy Bunagky
Ans cinbcbkorocrnogapcbkux notped KynyeTbcs godarko-
BN NakKeT JOCTYny A0 AOAATKOBMX HanawTtysaHb. Onnata
30INCHIOETLCS NKLLE 3a Nepio BUKOHAHHS pobiT, O NOBHi-
cTio Bunpaeaye sutpat (Mondejar et al., 2021).

BMCOKOTEXHOMOrMYHOK  CUCTEMOIO  YNpaBniHHA  Ciflb-
CbKUM rOCnoJapCTBOM € CUCTEMA TOYHOrO 3emnepobCTaa.
BoHa BUKOPUCTOBYE Taki TEXHOMOTI, SIK:

- TexHonorii rnobanbHoro nosuuioHysaHHs (GPS),

- reorpadiyHi iHbopMmaLivHi cuctemm (GIS),

- TexHonorii ouiHkn BpoxanHocTi  (Yield Monitor
Technologies),

- TexHornorito 3MiHHOro HopmysaHHsi (Variable Rate
Technology),

= TexHonorii AUCTaHuinHoro 3oH4yBaHHsa rpyHTy (O30)
(Pavelchuk, 2023).

OCHOBHOKO METOK CUCTEMM TOYHOrO 3emnepobeTaa
€ OUiHKa i BpaxyBaHHS HEOOHOPIAHOCTI I'PYHTY Ha pPi3HMX
JingHkax nons, Lo A03BOMSE YHUKHYTWU HEPIBHOMIPHOMO
pOCTy Ta PO3BUTKY POCnuH. Lle cnpusie YHUKHEHHI0 361T-
KiB CIMbCbKOrocrnogapchbkoro nignpueMcTBa, ski MOXYTb
BUHWKHYTW Yepe3 BUKOHAHHS HEenoTPIOHUX TEXHOMOFYHMX
onepauin (BHeCeHHs MiHepanbHUX J0OpWB, MecTMUMaiB,
3aXUCT POCIMH TOLLO). BupobHMKM Cinbcbkorocnogapcekoi
NPOAYKLi aKTUBHO BMKOPUCTOBYIOTb TOYHE 3eMnepobCTBO
yepes Te, Lo BOHO Jonomarae pocnnHam piBHOMIpHO 3po-
cTaTu i fo3piBatu, NigBULLYE KiNbKICTb BPOXato Ta JO3BOMSE
3a0LLaKyBaT Ha nectuymaax.

3aBasKM cyvacHUM iHhopMaLiiHUM TexHornoriaM dgep-
Mepu MOXYTb LLOPOKY He MULLIE JOCAraTV BUCOKUX BPOXaiB,
ane N e)eKTMBHO i BYaCHO peanisoByBaTy iX 3a BUTAHAMM
UiHamu. 3pocTatoya LOCTYMNHICTb A0 Mepexi IHTepHeT, 3aB-
KA NOLUMPEHHIO KOMM'IOTEPHMX Ta iHWMX iHpopMaLin-
HO-KOMYHIKaLiNHUX TEXHOMOri, npusepTae Bce OinbLue
yBaru depmepis. LLBMAKMA PO3BUTOK PUHKY €NEKTPOHHOI
KOMepLii TakoX [03BONSE MPUNYCTUTW, LIO Y Hanbnmx-
YoMy ManbyTHLOMY  CiNbCbKOrOCMod4apChbKy —NPOAYKLio
MoxHa Oyne npupbat He Buxogsun 3 gomy abo odicy
(Mushchenyk, 2023).

OGroBopeHHA. CTanuin poO3BWUTOK CinbCbKOr0 rocno-
JapcTBa BUMAarae BMpOBaXXEHHSI KOMMIIEKCY 3axodiB, ski

CNPSIMOBaHi Ha MaKCUMMarnbHe BWKOPWUCTAHHS Ta LUBUAKY
afanTauilo  Cy4acHMX TEXHOMOrin, a TakoX Ha nepexig
[0 iHHOBALjHOI Mogeni po3BWTKY ranysi. BukopuctaHHs
poBOTOTEXHIKM Yy CiNbCbKOMY FOCMOAAPCTBI  [403BONSE
ONTUMI3yBaTV BUKOHAHHA PYTUHHUX 3aBAaHb, CTBOPIOBATH
onTUMarnbHi YMOBMW A5 3pOCTAHHS POCMMH, TOYHO KOHTPO-
noBaTty nonve, fobpuBa Ta 3axuCT Bif LWKigHWMKIB. Lli HOBI
MeToaW Be[EHHS CiMbCbKOro rocrnofapcTBa MOXYTb OXO-
nnoBaTM BeCb BUPOOHUYMIA NPOLEC Ta IHCTPYMEHTU — BIf
obnafHaHHs (TeXHiKW), Hanpuknag, aBTOHOMHUX TPaKTo-
piB U/ OPOHIB, @X [0 MOHITOPUHIY NOCIBIB Ta BpOXarw 3a
[0MNOMOroK  [iaTumkiB  (ceHcopiB). TouHe 3emnepobecTBO
PEBOSIOLIOHI3YE CiNbCbKOroCnoaapchbKy ranysb, TOMY LUO
edekTMBHO 3abesnevye 30aTHICTb KepyBaTW HaCiHHAM,
nobpueamu, BOAOK Ta KynbTypamu. Bucokui piseHb aBTo-
matusauii cnpusie cTabinbHOCTI BUPOLLYBaHHS POCIWH Ta
MigBULLEHHIO MPOAYKTUBHOCTI FOCNOAAPCTBA.

Mpote B VYkpaiHi Ha CbOrOAHILHIN AeHb MNoTeHuian
Cy4YaCHUX TEXHOMOriN Yy CiNbCbKOMY FOCNOAAPCTBI HE BUKO-
PUCTOBYETLCS MOBHOKW Mipoto. Lle noB’si3aHO 3 HU3bKUM
PiBHEM 3aryyeHHs! IHBECTWLIN B HOBITHI TEXHOIOrIT, Hefo-
CTaTHIM piBHEM MaTepianbHO-TEXHIYHOrO 3abe3neyveHHs
arpapHux nianpremMcTB Ta HU3bKUM PiBHEM iHGHOPMOBaAHO-
CTi arpapiiB o0 e(eKTUBHOCTI HOBITHIX TexHonorin. e
OfHiet0 NPobnemoto € HePIBHOMIPHE PO3NOAiNeHHs cTabinb-
HOrO MiAKMIOYEHHS 40 Mepexi IHTepHeT, Lo € HeobXigHUM
ans 3abesneyvyeHHs poboTM BinbLIOCTi HOBMX TEXHOMOTIN
(Rudenko, 2019).

MOoXMBMM HEraTMBHUM acrnekToM MOXe CTaTul BUHUK-
HEHHS1 OMopy 3MiHam Ta BMPOBAMKEHHIO HOBUX TEXHOSOTIN
BHACMIAOK pO3pumBY 3HaHb Ans NoTpeb CinbCbKoro rocnoaap-
cTBa 3 60Ky HOBMX NocTavanbHUKIB TeXHONOri. HesanexHo
Big Biky abo cekTopy, arpapii MOXyTb pearyBaTtit OLHaKOBO
YyTNMBO Ha HOBI TEXHOMOTIT Ta X BNIPOBaPKEHHS. Y NpOLECi
aBTOMaTM3aLil Ta UMdpoBi3aLii CinbCbKOro rocrnogapcrsa
i bopMyBaHHS NPOAOBOSLYOI BapTOCTi HEOBXIAHO BpaxoBy-
BaTu Ui NpoBNeMHi NUTaHHS.

CucTema 3axofiB LLOAO akTuBi3aLlii iHHOBALINHOI Aisinb-
HOCTI CiflbCbKOrOCNOAAPChKMX MiANPUMEMCTB Mae BKMHOYATH
HaCTYMHi acnekTu:

— CTBOPEHHS CUCTEMU AEPXaBHOI NIATPUMKM CiNbCbKO-
rocnofapcbkux MiANPUEMCTB, LIO BMPOBaXYOTb Y CBOK
[iANbHICTb CyvacHi TeXHonorii;

— CTBOPEHHS CUCTEMU MiNbrOBOrO KPEAUTYBAHHS;

— 3aly4YeHHs IHO3eMHUX Ta BITYM3HSHUX IHBECTOPIB [0
CinbCcbKkorocnogapchkoi caepy;

- [epxaBHa nigTpumka yHOaMEHTanbHUX HayKoBUX
po3pobok (Kravchenko, 2020).

CyuacHa koHUenuisi po3BUTKY iHHOBALMHUX iHAYCTPIN
Ta UMPoBUX IHCTUTYTIB B YKpaiHi 3HaxoauTbca Ha cTagii
¢hopmyBaHHSA. OCHOBHWI NPUHLMM YCMILLHOCTI B L 06nacTi
nonsrae y noLuyky LUNASXiB CTUMYIIIOBaHHS PO3BUTKY Yepes
HaJaHHS ONOMOrK Ta BCeBivHOT NiaTpumMKm 3 60Ky fepxaBu
(Manita & Boltianska, 2020).

BucHoBku. CyyacHi TexHONOrii y CinbCbKOMY roc-
noJapcTBi HagaloTb AOCTOBIPHY Ta AOCTYMNHY aHanitTuky
CTaHy NoniB Ta yridb, sIka CTAa€ KOPUCHOK ANS WMPOKOro
kona KopucTyBadiB. BnpoBagxeHHs iHHOBaLiMHUX Tex-
HOMOTIN NPU3BENO [0 BAOCKOHANEHHS mMeTodiB 06pobku
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nocisiB Ta nonis, Wo 3abesnevye ehekTUBHICTb, He3neky
Ta HanexHy npubyTKOBICTb SIK KOMEKTUBHOIO CiNbrocnau-
pobHuka, Tak i iHguBigyaneHoro gepmepa. OnTumisadis
YMOB BUPOLLYBaHHS CiNbCbKOrOCMOAAPCHKUX KYNbTYp, a,
30Kpema, IXHbOro MNociBy 3a AOMOMOrOK Pi3HUX Cydvac-
HWUX TEXHOMOTIN, [O3BONAE NOKPALLMTM SKICTb NPOAYKLT,
36inbLWKnTK 1T KiNbKiCTb, cnpuse 3abeaneveHHI0 BigNoBIA-
HOT SIKOCTi MOCIiBY, CKOPOYEHHIO CTPOKIB Ta 3MEHLUEHHIO
BMKOPUCTaHHS  pydHoi pobotu nepcoHany. [poTe,
AN BCEOCSKHOI peanisauii noTeHuiany iHHOBaLiNHUX

TEXHOMOriN | 3a6e3neyeHHss CTanoro po3BUTKY CillbCbKO-
rocnogapcbkoi cepy BaXNUMBUM € BNPOBaXKEHHS NeB-
HOT cMCTEeMM 3axofiB, LIO BKMYaTUME NiATPUMKY Ha
[epXaBHOMY piBHi, 3any4yeHHs iHO3eMHUX Ta BITYM3HS-
HWX iHBECTOPIB, @ TAKOX CTBOPEHHS CUCTEMM NiNbroBoOro
KpeautyBaHHs. [lepcnekTMBM noganbluMx [OCHigKeHb
MOXYTb BKMOYATU aHani3 eqekTUBHOCTI Cy4YacHUX Tex-
Honorin y 3abe3nevyeHHi npogoBonsYoi 6e3nekn Ta nia-
BULLEHHS KOHKYPEHTOCNPOMOXHOCTI arpapHoOro Cektopy
YKpaiHu Ha CBITOBOMY PUHKY.
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The role of modern technologies in ensuring sustainable development in agriculture through optimization of
sowing processes

The article considered the features of the implementation of innovative technologies in the activities of agricultural
enterprises, determined the role of these technologies in the process of optimizing sowing. General scientific methods
were used to research this issue, namely, analysis of sources, synthesis of received information, comparison of different
approaches and methods, and generalization. The article outlined the main types of modern technologies used in agriculture.
Blockchain technologies, new production technologies, wireless communication technologies, robotics and big data were
attributed to them. It was determined that the use of robotics in agriculture allows for more efficient performance of routine
tasks and optimization of the sowing process. Examples of robotics and technologies based on artificial intelligence, which
are used in Ukraine, are given. The effectiveness of the use of systems of automated control and management of the
sowing process was analyzed. It was determined that the use of such systems for quality control of the technological
process of sowing contributes to maximum optimization, ensuring the appropriate quality of sowing, shortening of deadlines
and effective use of material and financial resources, as well as reducing the manual work of personnel. It is noted that an
important aspect in the automation of sowing is also the use of autopilots on agricultural machinery. The system of precision
agriculture is characterized as one of the most promising technological innovations in the agricultural sector. The agrarians
of the country actively use precision agriculture due to its ability to promote uniform growth and ripening of plants, to increase
yields. Attention is focused on some problematic issues of the introduction of modern technologies in Ukraine. The main ones
are related to the low level of attracting investments in the latest technologies, the insufficient level of material and technical
support of agricultural enterprises, the low level of awareness of farmers regarding the effectiveness of the latest technologies,
and the uneven distribution of stable Internet connections. In the process of automation, digitization of agriculture and the
formation of food value, it is necessary to take into account these problematic issues. The system of measures to activate
the innovative activity of agricultural enterprises should include the search for ways to stimulate development, assistance
and comprehensive support of the state. Thus, the integration of innovative technologies in agriculture is a key factor for
ensuring sustainable development and high competitiveness of the agricultural sector in today's realities.

Key words: agro-industrial complex, automation, innovative technologies, production efficiency, sowing.
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Llloskosuus Micmums KOMIOHEHMU 3 8UCOKOK A00aHOK 8apmicmio, maki ik aHmoujaHu, ¢heHonu, ¢rnagoHoiou ma
iHwWi 6ionoaiyHo akmueHi crionyku, siki MOXHa eukopucmosysamu K (hyHKUioHanbHI iHepedieHmu. [Mpome saxnueo 3abes-
nequmu makuti cnocib it nepepobku, sikuti do3eonums 36epeamu 6ionoaiyHy UiHHICMb NOoXIOHUX nepepobku ma npodykmis,
8U20MO8IEHUX Ha ix 0cHo8i. Memoto ocnioxeHHs € ouiHKa SKocmi MOoXiOHUX nepepobKu WOoeKosUUi, OmpUMaHUX rnpu 0CMo-
MUYHOMY 3He800HeHHI rnodig, 3 Memoro nodarblozo ix 8UKopucmarHs y supobHuumei Hanoig. 1nodu dukopocnoi Morus
nigra npomueanu ma 3miwysanu i3 70 % po34uHom caxapo3u (2i0pomodyrb 1), nonepedHbo Haepimum 0o 65+5°C. [po-
msieom 1 200uHU nPo8odunnu ocmomuyHy Aezidpamauito nnodie 8 nabopamopHil ycmaHosyi 07151 Ppo8edeHHs1 OCMOMUYHOI
Oezidpamayjii 3a memnepamypu 50+5 °C. OcmomuyHuUl po34uH 8iG0KpeMIo8anu 8i0 4acmKo8o 3HEBOOHEHUX M10die ma
aHanisyeanu. BusHayanu opaaHonenmuyri, isuko-XiMiyHi ma aHmuoKcudaHmHI MOKa3HUKU PO3YUHY 3a 3a2allbHOMPUUHS-
mumu MemooOukamu. PosquH mae comoOKull cMak ma apomMam WOBK08UUi, HacuyeHul meMHo-ghionemosutl Kosip, sKud
ceidque Mpo akmueHul nepexid 6apeHUX PEYO8UH, 30KpeMa, aHmoujaHie ma ¢hrnasoHoidie. [JocnidxeHHs nokasasno, wo
¥y 0OCMOMUYHUU po34uH nepexodums 42,60+0,25m2/100e aHmoujaHie ma 268,40+0,25 me K/1002 ¢hnagoHoidis. BHacnidok
OCMOMUYHO20 3HEBOOHEHHSI Macoea Yacmka CyXux pe4o8uH 8 OCMOMUYHOMY PO34UHI 3HUXyembes Ha 13,2 %, a macosa
yacmka caxapo3u — Ha 18,5%. OcmomuyHul po34UH Mae MoMipHy akmueHy Kucriomuicms pH=5,9, npu sikit konip 6apeHux
PEeyosUH 3anuwiaembscs cmabinbHuM. 3anponoHosaHuli crnocib nepepobku ma 3acmocysaHHs MOXiOHUX NPoOyKmie WOeKo-

suUj 00380/1UMb BUPOBHUKaM 8UHa MOKpawumu io2o aHmuokcudaHmHul momeHujar.
Knrovoei cnosa: Morus nigra, aHmouiaHu, ¢hnagoHoiou, akmueHa KUCrnomHicms, ocMomuy4Ha Oezidpamauisi, rnoxioHi
rnepepobKu, macosa Yacmka caxapo3u, Macoga Yacmka CyXux Pe4O8UH.

DOl https://doi.org/10.32782/msnau.2024.1.10

Betyn. Morus nigra mMae pi3HOMaHITHe 3acTOCyBaHHS
B CiflbCbKOMY rocnogapcTBi, KOCMETUYHIN ranysi, xapyo-
Bl Ta (hapMaLeBTUYHIA NPOMUCIIOBOCTI. Y L NikapCbkil
POCMUHI MICTATLCA Taki ITOXIMIYHI PEYOBMHU, K CTEpPO-
ion, canoHiHwu, ankanoigu, rnikoauaun, nonicaxapuan Ta
dheHonbHi cnonyku. [lonaBaHHs LWOBKOBWULi B Xap4oBi Npo-
LYKTW nokpallye cTabinbHiCTb heHoniB, CEHCOpHI BnacTu-
BOCTi, aHTUOKCUIAHTHY aKTMBHICTb Ta aHTUMIKPOOHI BnacTu-
BocTi (Magsood et al., 2022).

nogm YopHOI LWOBKOBUL LiHYOTLECA SK HAMBinbLL npu-
BabnMBI AN CMOXWBAHHA Y CBIKOMY BMMMAAi, OCKINbKM
BOHW MatOTb SICKPaBO BUPaXEHMWII CMaK Ta apomart, COKOBW-
TicTb. Kpim TOro, BOHM MaroTb BULLMIA DITOXIMIYHUIA BMICT,
npuaaTtHi Ans BMpobHULTBA (OPYKTOBUX COKIB i € HaWBINbLL
BUKOPUCTOBYBaHUM BUZOM Yy HapoaHin meauumHi (Meena
et al., 2022). WoBkoBWUSA MICTUTb KOMMOHEHTU 3 BUCOKOO
[0[aHO BapTICTIO, Taki SIK aHToUiaHK, dbeHonu, naBoHo-
iou Ta iHWi 6ionoriYHO aKkTUBHI CMOMYKM, SIKi MOXHa BUKO-
puCTOBYBaTU K (OYHKLLIOHAMNbHI IHrpedieHT! B HYTPULIEBTU-
kax (Hao et al., 2022).

AHTOLjaHKM BIONOBIdAOTb 32 MPUPOOHWUIA  SCKPaBWiA
Konip, a TakoX 3a aHTUOKCMAAHTHI BMaCTUBOCTI MMOAIB.
OkpiM HafaHHS KOMNbOpY, aHToLiaHK BOMOAiTL BigoMUMK
dhapmakonoriyHMmmM  BnacTUBOCTAMM Ta  cneundivyHnMm
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BNaCTUBOCTAMM AJ151 NOKPALLEHHS 300POB’sl, TaKUMM K NPO-
TU3ananbHa, aHTMOKCUAAHTHA Ta NPOTMPAKOBa aKTUBHICTD,
a TaKoX MOKpaLLyTb XpOHiuHi 3axBoptoBaHHs (Rohela et
al., 2020).

CyvacHi pocnimkeHHs nNigKkpecntowTb, Wo BGioakTUBHI
CMOMyKWU B NMOAAX LIOBKOBULL, BKIHOYAKOUM BiTaMiHU, MiHe-
panu, KniTKOBMHY, aMiHOKWCNOTW, monicaxapuau, nonige-
HoMnW, naBoHONK, PeHONbHI KMCNOTU Ta aHTouiaHu (Kattil
etal., 2024). dapmakonoriyHi nepesaru Ans 300POB’s BKMHO-
YaloTb aHTUKAHLLEPOTEHHUI, aHTUKapaioBaCKyNApHUA, Hel-
PONPOTEKTOPHWUIN, AHTWUMNEPrMiKeMIYHUN, aHTUOKCUAAHT-
HUIA, NpoTuaiabeTnyHuin Ta NpoTu3anansHuii ecdpektn (Can
etal., 2021; Dzah et al., 2021).

HesBaxaroum Ha YACNEHHI NOXWUBHI Ta hapMaKomnorivHi
nepesary, GiOTEXHOMOrYHUIA MOTEHLian LUOBKOBWLI 3anu-
LIAETLCS, B OCHOBHOMY, HEBUKOPUCTAHUM Yepe3 BUCOKUM
BMiCT Bonoru. Bucokui BMiCT BOnory NpusBoguTb 40 KOPOT-
KOro TepMiHy 36epiraHHs Ta NiABMLLEHOI LBUAKONCYBHOCTI.
Mnogwn woBkoBuLi MicTaTh Oinbwe 70% Boau Ta MatoTb
TOHKY M'skoTb (Jan et al., 2021). Tomy Ha iX OCHOBI BUPO-
BnaTLCA Pi3HOMAHITHI NPOAYKTY 3 AOLAAHO0 BapTICTIO.

3a3Buuan nnoam LWOoBKOBMULI NepepobnsoTb Ha XapyoBi
6apeHukn (Chen et al., 2017; Vega et al., 2021), wokonag
36araueHnin mikpoenementamn (Ozglven et al., 2016),
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MakapOoHHi BUpobw 3 rinornikemiyHnm ecbektom (Yazdankhah
et al., 2019), BapeHHs 6e3 Lykpy Ta pxemu (Yadav & Yadav,
2020; Tomas et al., 2017), coku Ta cuponu (Memete et al.,
2022; Yilmaz et al., 2020), nboasHuku Ta xene (Kurt et al.,
2021), BuHa (Tchabo et al., 2018).

TepMiuHi TexHonorii, WO 3aCTOCOBYIOTLCA Y BUPOBHU-
UTBI NMPOAYKTIB Ha OCHOBI LUOBKOBUL, MaloTb OOMEXEHHS,
BKMIOYAOUM po3naj MNOXMBHUX PEYOBUH, 3MiHW CMaky Ta
KOMbOPY, BUCOKE CMOXMBAHHS €Heprii Ta HEMnOBHWIA KOH-
TPONb MiKpOOpraHiamMie. ¥ BiANOBIAb Ha Li BUKNMKX Jocnia-
XKYIOTbCS ansTepHaTUBHi HeTennosi TexHonorii. OfHieto i3
Takux TexHomnorin moxe 6ytn obpobka Nnofis LIOBKOBULL
OCMOTUYHOLO AErigpaTaLieto, ika NPOBOAMTLCS NPU HEBUCO-
KX TeMneparypax.

MeTolo gocnigXeHHA € ouiHKa SIKOCTi NOXiQHWX nepe-
pOOKM LLOBKOBWLi, OTPUMaHUX MPU OCMOTUYHOMY 3HeE-
BOAHEHHI Nnoais, 3 METOK MOAAMNbLUOrO iX BUKOPUCTAHHS
Y BUPOBHMLTBI HaNoiB.

[lns BUpilLEHHS NOCTaBNEHOT METU HEOBXiAHO BUPILLMTY
HaCTYNHI 3agaui:

— JocniguTy opraHoNenTUYHi NOKA3HUKK SIKOCTi po34n-
HiB, OTPUMaHUX MiCNs OCMOTMYHOI AeriapaTadii nnogis WoB-
KOBMUL;

— JocnignTm i3nKo-XiMiYHI NOKa3HWUKM SKOCTi PO3YMHIB,
OTPMMaHMX Micns OCMOTUYHOI Aerigpatauii nnogis LOBKO-
BULYj;

— BW3HAYMTK BMICT (pnaBOHOIAIB Ta aHToLUiaHiB y po3-
YMHaX, OTPUMAaHUX Micns OCMOTWUYHOI Aerigpatauii nnoais
LLIOBKOBMWLI|.

Martepianu i meTogu pocnigxeHn. [Nnoau gvkopocnol
Morus nigra 6yno 3ibpaHo y 4yepHi 2023 poky Ha TepuTopii
Cymcbkol obnacTti. ObepexHo NpoMUTI NoAM 3MilLyBanu
i3 70 % po3unHOM caxapo3su (rigpomoaysb 1), nonepeaHLo
Harpitum oo 651+5°C. MNpoTarom 1 rogmMHu NPOBOAMIIM OCMO-
TUYHY Aerigpatauito nnogis B nabopaTopHiin yCTaHOBLi Ans
npoBeAeHHs ocMOTUYHOT AerigpaTauii (Samilyk et al., 2023).
Temnepatypa perigpartauii craHosuna 5015 °C. Yactkoso
3HEBOAHEHI nnogn po3baBnsanu BoOZOK (CMIBBIgHOLIEHHS
1:1) Ta BMKOpWUCTOBYBanNW B SIKOCTi OCHOBU AN BUPOGHK-
UTBa BMHA. BigokpemneHwi OCMOTUYHUIA PO3YMH aHani3y-
Banu.

[leckpuntopu opraHonenTUYHOI ouiHkKM Byno cdopmo-
BaHO CaMOCTIllHO, ane i3 BpaxyBaHHSM MOKa3HWKIB BCTa-
HOBMeHWX Ans nobaBok (PpyKTOBUX ANa 30arayeHHs npo-
OYyKTiB guTaYoro xapuyBaHHsa. OuiHtoBanu 3anax, Konip,
KoHcucTeHLio. OpraHonenTUYHy OLiHKY NpOBOAMIM HENpo-
beciitHi geryctatopu pisHoro Biky Ta cTari (10 YonoBik).

MacoBy 4aCTKy CyXuX pe4OBUH B OCMOTUYHUX PO34MHAX
BU3HA4anu 3a JONoMoro nabopatopHoro pedpakTomeTpy.
MNepen BuMiptoBaHHAM po3dnH oxonomkysanu ao 20 °C.

[lns BM3HAYeHHSI MaCOBOI YacTKM Caxapo3n B OCMO-
TUYHOMY PO3YMHI HaBaXKy PO3uMHy (26 r) TemnepaTypoio
20 °C 3BaxyBanu Ha TeXHIYHWMX Barax i NepeBoAunN Auc-
TUnboBaHolo Bogow B konby 100 cm®. Oogaeann 2—-4 cm?
CBUHLIEBOrO OUTY AN19 OCBITNEHHS Ta LOBOAMMU [0 MITKM
AMCTUNBOBAHO BOAOKD. BMicT konbu nobpe nepemiltysanu
Ta (inbTpyBanu Yepes naneposun instp. Bmict caxaposu
BU3HAYanu 3a AOMOMOrol0 NONSAPUMETPY B KIOBETI JOBXU-
Ho 200 MM.

AKTWBHY KMCNOTHICTb OCMOTUYHOMO PO34MHY BU3HAYanu
NOTEHLIOMETPUYHUM METOAOM 3a Jonomoroio nabopa-
TopHoro pH-meTpy pH-500. Temnepatypa 3paska nig yac
BU3Ha4eHHs ctaHosuna 20°C.

BMicT aHTOUjaHiB BU3Ha4Yan# MeToaoM BUCOKOE(EKTIB-
HOi pianHHOT xpomatorpadii (Agilent Technologies 1200,
petektop 3 UV-Vis Abs, getekuis npu A=520 HMm. AHTOLiaHK
po3ainanu 3a gonomoroto konoHku Agilent TC-C18 (5 mkm,
4,6 mm x 250 mm) npu 25°C. BuKopuCTOBYBanM HaCTyMHi
pyxoMi dha3un: 5% mypawwmHy kucnoty (A) i 100% metaHon
(B) npu wemngkocti notoky 1,0 mn/xs. YMoBU rpagieHTa
noynHanucs 3 15% B i niHinHo 36inblwysanues o 30% B
yepes 20 xB. Pesynsratvt Bupaxanu B mr/100 .

BmicT chnaBoHOifiB BM3HAYanu MeETOOOM BUMIpIO-
BaHHS cUrHany ans gocnigHoi npobu ta npobu 3 BigoMoto
nobaskoto 6ydepHoro komnoHeHTa. OuiHka KOHLeHTpauii
komnoHeHTa B npobi nposogunacs rpadgivyHo. Ha oCHOBI
OTpMMaHuX aaHux Byaysascs rpadik 3anexHoCTi pesyrb-
TaTiB BUMIipOBaHb Big KOHLUeEHTpauii pevyoBuH. OTpuma-
HUI rpadpik ekcTpanonioBanu 4O NepeTuHy 3 BiCCHO KOH-
LieHTpaUil (koTpui BignoBigae HyNbOBIN KOHUEHTpaLii).
Bigpisok Ha oCi MiX TOYKOW MepeTuHy i abcumcor cur-
Hany npu KOHUEHTpaLil NpMiAMaBCcs 3HAYEHHSIM LUYKaHOT
KOHLeHTpaLii. Pesynbtati Bupaxanu y mr KBapLeTuHy Ha
100 .

BuknageHHA OCHOBHOro Mmartepiany AoCRioXeHHs.
Po34nH oTpumaHuii Npy OCMOTUYHOMY 3HEBOLHEHHI nnopis
LLOBKOBWLIi 3@ 30BHILLHIM BAMSA0M MaB O3HaKW XapaKTepHi
daHomy Buay cupoBuHW. KoHcucTeHuis Byna ogHopigHoo
B'A13K0OI0, MNMHHOK He aparntoBanacs. Konip temHo-gio-
NETOBWN, Malixe YOPHWUIA, PIBHOMIPHWIA NO BCbOMY 06’EMY.
Cmak conoakuii 3 npucMakoM LLOBKOBML. 3anax xapakTep-
HUIA CUPOBWHI.

Cepep hisnko-xiMmiyHMX nokasHukiB Ans 36epiraHHs Ta
NOAanbLUIOro 3acTOCyBaHHA BENWKe 3HAYEHHS Mae MacoBa
yacTka CyXMX PeYOBUH, BMICT caxapo3u Ta pH.

Pesynbtatv gocnimkeHHs i3nMKo-XiMiYHMX MOKa3HWKIB
AKOCTI OCMOTUYHUX PO34MHIB NPELCTABNEHO B Tabnmui 1.

Tabnuus 1
®i3nKo-XiMi4Hi NOKa3HUKN PO3YMHIB,
OTpUMaHMX Nicns OCMOTUYHOI gerigpatauii
nnoaiB WOBKOBUL

HanmeHyBaHHA noka3HuKIB 3HayeHHsA
MacoBa yacTka caxaposu, % 51,5
MacoBa yactka cyxux pe4oBuH, % 56,8
pH 59

Pesynbratv nokasanu, Lo Npu OCMOTUYHIN AerigpaTa-
Lii, y pO34MH i3 NNoAiB LWOBKOBUL AMYHAYE YacTUHa BOAW.
BHacnigok 4oro mMacoBa 4YacTka CyXMX PEYOBUH B HbOMY
3HMKyeTbea Ha 13,2 %. Takox, 3MeHLyeTbCcA MacoBa
yactka caxaposn Ha 18,5%. PisHuus Mix MacoBow 4vacT-
KOO CyXuX PeYOBWH Ta Caxapo3u, MMOBIPHO, CBIAYMTb Mpo
O1doy3it0 Y OCMOTUYHUIA PO3YMH iHWKX Byrnesogis. Ocmo-
TUYHWIA PO34YMH MaAE MOMIPHY KUCMOTHICTb. B 3anexHocTi Bia
pH cepenoBuLLa 3MiHIOETLCS KONip aHToLiaHiB. 3 ornsaay Ha
Te, Wo Be3ankoronbHi Hanoi Ta BUHa MatoTb kucny pH cepe-
fosuuia, 6apBHUK 6yne matu ctabinbHUIA Konip.
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Pesynbtatv JocnigkeHHs (heHOMbHUX ChOMyK y pos3-
YMHaX, OTPUMaHUX MiCNs OCMOTWUYHOI Aerigparauii nnoais
LLOBKOBMLI, NpeacTaBneHo B Tabnuui 2.

Tabnuugs 2
BmicT conaBoHoiIfiB Ta aHTOLiaHIB y po3unHax,
OTpUMaHMX Nicns OCMOTUYHOI gerigpaTauii
nnoAiB WOBKOBUL

HanmeHyBaHHA noka3HuKiB 3HayeHHs
dnasoHoigun, mr K/100 r 268,40 £ 0,25
AHTOUiaHu, mr/100 r 42,60 +0,25

Pesynbratv gocnigkeHHs nokasanw, Lo noxigHi nepe-
POOKM LLIOBKOBWLIi, OCMOTWUYHI PO34MHIU, MaOTb AOCUTL BUCO-
K BMICT PEHONBHKX CNONYK, a came, (hnaBoHOIAIB Ta aHTO-
LiaHiB. ®eHonbHi Cnonyku NO3UTUBHO BMIIMBAKOTb Ha SKICTb
BMHA, BNMIMBAKYM Ha MOr0 CMaKo-apOMaTW4Hi BNacTUBOCTI
He et al., 2012). Konip € ogHUM i3 HalBaxnuBeilLMX aTpu-
OyTiB YEPBOHWX BWH, i OCHOBHUMMW [KEPENaMM YEPBOHOTO
KOnbopy Yy BWHax € aHTouiaHW abo ixHi noganbLli NoXigHi.
MiaBMLLEHHS CTIKOCTI KONbOPY BKUHA B Mpoueci OpogiHHA

BWH i3 LUOBKOBULi. TOMYy YTBOPEHHS MIrMEHTY aHTOLliaHy
nig Yac o6pobkmn € BupilansHUM Ons 3abeaneyeHHs onTu-
MaribHOro Konbopy. Ha BigmiHy Bif iHWKMX (hnaBOHOIAHMX
CMNOMYK Yy YEPBOHWX BUHAX, aHTOLiaHW 3a CBOEK CYTTHO He
CNpYSIKOTb TEPMKOCTI YM TPKOTU y pOTi. X04a aHTOLiaHW He
MaloTb 3anaxy Ta maibke 6e3 cmaky, BOHU MOXYTb B3aEMO-
4iATN 3 4eAKUMM apoOMaTUYHUMK PEYOBMHAMM Ta BNUBATK
Ha CMakK BUHa.

Takum YMHOM, foAaBaHHS OCMOTUYHOTO PO34MHY nepes
CNMPTOBUM BPOAIHHAM JO3BOMUTL CYTTEBO 30iNbLUMTY KiMb-
KiCTb iHOMBIQYanbHWUX aHTOLiaHIB Ta okpemux (heHONoKMC-
not, 36epertu Konip i NigBULLMTA aHTUOKCMAAHTHY 30aTHICTb
BMHA.

BucHoBku. OCMOTUYHWA PO34MH, OTPUMAHWA nNpu
OCMOTUYHIN perigpaTauii nnogis LUOBKOBWLi, 3a OpraHo-
NenTUYHUMUK,  I3NKO-XIMIYHUMW T  AHTUMOKCMAAHTHUMM
MoKasHWKamyu Mae MoTeHUian OO0 BUKOPWUCTAHHA B SIKOCTI
dhyHKLiOHaNbHOTO Xap4oBOro iHrpedieHTy. 3okpema, 3anpo-
NOHOBaHWI cnocid nepepobkn Ta 3acToCyBaHHSA MOXiOHWX
NPOAYKTIB LLOBKOBWLi 40O3BONUTb BUPOBHUKAM BMHA NOKpa-
LUMTW NOTO @aHTUOKCMAAHTHWI NOTEHLIan, O AyXKe BaXNUBO

i 3BepiraHHa 003BONUTL MIABMILMTI TOBAPHICTL MPOMYKUii AN NOTEHLAHMX CNOXMBaYiB.
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Assessment of the quality of processing derivatives of mulberry fruits

Mulberry contains components with high added value such as anthocyanins, phenols, flavonoids and other biologically
active compounds that can be used as functional ingredients. However, it is important to ensure such a method of its
processing that will preserve the biological value of the processing derivatives and products made on their basis. The
purpose of the study is to evaluate the quality of mulberry processing derivatives obtained during osmotic dehydration of
fruits, with the aim of their further use in the production of beverages. The fruits of wild Morus nigra were washed and mixed
with a 70% sucrose solution (hydromodule 1), preheated to 65+5°C. For 1 hour, osmotic dehydration of fruits was carried out
in a laboratory setup for osmotic dehydration at a temperature of 5015 °C. Next, the osmotic solution was separated from
the partially dehydrated fruits and analyzed. The organoleptic, physicochemical and antioxidant indicators of the solution
were determined according to generally accepted standard methods. According to organoleptic parameters, the solution
resembled the raw material. The organoleptic, physicochemical and antioxidant indicators of the solution were determined
according to generally accepted standard methods. According to organoleptic parameters, the solution resembled the raw
material. The rich dark purple color testified to the active transition of coloring substances, in particular anthocyanins and
flavonoids. The study showed that 42,60 + 0,256mg/100g of anthocyanins pass into the osmotic solution. As a result of
osmotic dehydration, the mass fraction of dry substances in the osmotic solution decreases by 13,2%, and the mass fraction
of sucrose — by 18,5%. The osmotic solution had moderate active acidity pH=5.9, at which the color of dyes remains stable.
The proposed method of processing and application of mulberry derivative products will allow wine producers to improve its
antioxidant potential, which is very important for potential consumers.

Key words: Morus nigra, anthocyanins, flavonoids, active acidity, osmotic dehydration, derived products, mass fraction
of sucrose, mass fraction of dry substances.
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Hadibinbw mpydomicmkum Onsi ecix azponionpuemems, a ocobrugo 015 nidnpuemMcme mManux ¢hopm 20crnodaprosaHHs,
€ MexHos102iYHul rpouec 3bupaHHs kapmoniii. B ykaszaHux nidnpuememeax Ha 36upaHHs 6ynbb 0aHoi Kyribmypu eumpaya-
embcsi 6nusbko 60 % sumpam npaui. JaHul mexHonoziyHul npoyec nompebye makox 3Ha4HUX eHepaemuyHUX aumpam.

lpu ysomy, Halibinbwul 8i0comok nowkodxeHb bynbbu Kapmonai ompuMyomb caMe npu MexaHi308aHOMy 30UpaHHI.
lposedeHuli aHani3 docnidxeHb 8ka3ye Ha me, Wo npu 36upaHHi Kapmonii kapmonne3bupanbHumu kKombalHamu, 61U3bKO
20 % 8i0 8anoeo20 360py bynsb mpasmyomscs, WO 8 nodanbwomy Mpusodums Ao ix empam npu 36epieaHHi.

Lpyaum dxeperom empam Kapmornsii npu MexaHi308aHoMy 36UpaHHi € He BUKOMaHi ma He MidHSMi Ha MogepxHHo byibou.
lpu ybomy y 3anexHocmi 6id psdy hakmopis, 8idcomok empam byribb MOXe 3Ha4YHO PI3HUMbLCS | 3HaXo0UMuUCh 8 Mexax
8i0 5 % 0o 16 %.

BidnosidHo Ao cmamucmuyHux 0aHux 3a 0cmaHHi mpu POKU oW rid Kapmonmner y CinbcbKo20crnodapcbKux nidnpu-
eMcmeax Marnux ¢popm 2ocrodaprogaHHsi cmaHoensime 8id 00Ho020 o decsimu eekmap. Tomy, A AaHux agponidnpuemecms
3acmocyeaHHsi kKombaliHo80i mexHooaii 36upaHHs Kapmonsii € HeOOUiNbHUM Hi 3 MEXHIYHOI, Hi 3 EKOHOMIYHOI MOYKU 30pyY.
Hemoxnuesicmb 8ukopucmarHsi kombaliHo80i mexHoroaii 36upaHHs1 kapmornsi obymosrneHa we U 8idcymHicmb mpakmopie
HeobxiOH020 ms1208020 Knacy 07151 azpeaamyeaHHsi KapmonnesbupanbHux kombaliHie. KpivM moz2o, 3HayHa YyacmuHa eKa3a-
Hux 2ocrnodapcme He Matomb mMpakmopie, a 3acmocosyrmb y SKOCMi Ms208020 3aC06y MOMOBIOKU PI3HOI MOMYXHOCMI.
Y 38’a3Ky 3 yum daHi agponidnpuemcmea 0515 30upaHHs epoxaro bynbb kKapmornsi 8UKOpUCMO8YMb, K MPasusio, kKapmo-
nnekomnayi.

B cmammi nposedeHull aHarni3 mexHiyHUX 3acobie dns 36uparHs bynbb kapmonii 8 azponionpuemMcmeax Manux gpopm
2ocrnodaprogaHHs, iX po3nodin 3a XxapakmepoMm MeXHOI02iYHO020 MPOUECY.

lposedeHi meopemuyHi O0CMIOKEHHS M0 BU3HAYEHHIO pauioHanbHo20 diamempy Ouckosux Hoxig. lposedeHi docri-
OXKEHHS 10 BU3HAYEHHIO 8r/IUBY PO3mallysaHHsI 0Ci QUCKOBUX HOXIi8 8IOHOCHO HOCKa fleMiluia KapmorieKkonadya Ha sKiCHI
MoKasHUKU (io2o pobomu. BusHayeHo payioHanbHUl 8unim oci QUCKO8UX HOXi8 8I0HOCHO HOCKa nemiwa. bynu npoeedeHi
00CniOKeHHSsI M0 8U3HAYEHHIO 81Uy 2nUbUHU X00y QUCKOBUX HOXIi8 Ha SIKICHI MoKa3HUKU pobomu azpeeamy. B pesyrib-
mami docriOXeHb 8U3HAYEHO pauioHabHy 2nubuHy Xo0y OUCKO8UX HOXie.

Bu3sHayeHo 8idcomok 3meHweHHs1 empam byribb kapmornii 3a paxyHOK 8UKOPUCMAaHHS KapmorieKkornaya i3 3anponoHo-
8aHUMU QUCKOBUMU HOXaMu ma rapamempamu iX ycmaHO8KU.

Kntoyoei croea: kapmonns, mexHosnoeisi, 36upaHHsi, 00CriOxeHHs, 8UKOMysaHHs, OUCKO8i HOXI, Kapmoriekonay,
empamu.

DOI https://doi.org/10.32782/msnau.2024.1.11

BeTtyn. 36vpaHHs kapTonni — onepauis, WwWo noTpe-
Oye 3HayHMX BWTpaT npaui He TifbkK y BMPOOHULTBI
ToBapHux Bynbb, a 1 B3arani y BUPOOGHUUTBI POCIMNHHOI
cinbcbkorocnogapcebkoi npofykuii. He auBnauynch Ha
MeXxaHi30BaHi TexHonorii 36upaHHs KapTonmi, BUTPaTK
npawi B 3aneXHOCTi Bif TEXHOMOrIN, 3acobiB MexaHizauil
Ta NPU3HAYeHHs MPOAYKLUIii MOXYTb CTAHOBWUTW GMU3bKO
300 ntoguHo-rogunH Ha rektap. B To xe yac, HanbinbLuni
BiJCOTOK MOLIKOAXXEHb OynbOu kapTonni oTpUMyOTh came
npu 36upaHHi 3acobamu mexaHisauii. Tak, npoBedeHi
PALOM BYEHMX OOCHIIXEHHS BKa3ylTb Ha Te, O Npu
30bupaHHi kapTonni kapTonne3bupanbHUMU KombatHamu,
6nu3bko 20 % Big BanoBoro 36opy 6ynbb TpaBMyTbHCS,

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

TOOTO TpaBMyeTbCA KoxHa n'ata Oynbba. Ak Bigomo,
MeXaHiYHi MowKogkeHHs Oynbb kapTonni npuBoasaTb 40 Ti
BTpaT npu 36epiranHi (Hrushetskyi, 2016; Vasyliuk, 2013;
Bulhakov, 2012).

Opyrum Dxepernom BTpaT kapTonsi € He BUKOMaHi Ta He
MigHATI Ha noBepxHio Oynmbbu. Y 3anexHocTi Big cnocoby
CafiHHS1, COPTY KapTomni, BAKOPUCTaHHS kapTonnesoupanbs-
HOI TEXHIKW i T. iH. BiCOTOK BTPAT MOXe 3HAYHO Pi3HUTLCS
i 3HaxoaUTUCL B Mexax Bia 5 % 0o 16 %.

TakuM YMHOM, TiflbKM MpW 30MpaHHi KapTonni i3 3acTo-
CyBaHHsIM 3acobiB MexaHisaLjii BincoTok BTpat 6ynsb moxe
poxogutv o 30 % Big 3aranbHOro 06’eMy BUPOLLEHOI
TOBapHOI kapTonsii.

Cepis «<MexaHisaLjis Ta aBTomMaTi3aLjis BUpobH14mMX npouiecisy, Bunyck 1 (55), 2024

79



BupileHHsam npobnem no 3MeHLUEHHI0 BTpaT KapTonni
3a paxyHoK i TpaBMyBaHHS 3aiManmncst sk BITYM3HSAHI BYEH,
Tak i 3apybixHi: B. BiteHko, H. ByHsik, B. KyueHko, M. Bna-
ceHko, P. JlaBpos, €. Xogakiscekun, T. Mpuiimauyk, B. MNono-
xeHeupb, H. Boxpgan, J1. Mex, A. boHaapuyk, B. KOHOHYH-
yeHko, O. AcadppasbeksH, H. |. BepewwariH, Burton, Hine,
Nilson TaiH. (Zaika, 2017; Kobets et al., 2014; Buniak, 2012).

Mpobnemamu NO 3MEHLLEHHIO MEXaHI4YHUX MOLUKOMKEHb
6ynbb kapTonni npu ii 36upaHHi 3anmanucs Taki BYEHi, K
E. Arnyxix, O. AcadpasbeksH, H. BepewariH, C. Mpyweub-
kun, b. KosaueHko, B. MacTyxoB Ta psag iHWWX JOCiQHMKIB
(Hrushetskyi, 2016; Vasyliuk, 2013; Bulhakov, 2012).

Cnig 3asHauuTy, WO MpOBeAeHi [AOCRILKEHHS BuLle
3a3HaYeHUMM HaYKOBLISIMU HE PO3KPUBAOTb Y MOBHIN Mipi
BUpiLLEeHHS Npobnemu BTpaT Bynbb kapTonni npw ii 36upaHHi
came y arponianpuemctaax Manux oopm rocnogaproBaHHs.

MoctaHoBka npobnemu Ta wWnAXM il BUPILIEHHS.
Mpu 36mpaHHi KapTomni Ha BaXKWX Ta CePeAHbOBAXKMX
IPYHTax, a TakoX 3acMivyeHnx Byp’siHUCTOK POCIMHHICTIO,
MUTOMWIA onip MigpidaHHs BGynbOOHOCHOrO LWapy € AOCUTb
3HaYHUM i MOXe B 1,5-2 pa3u nepeBuLLyBaTM NMTOMUI ONip
npu poboTi arperatiB Ha nerkux i He 3abyp’sAHINUX rpyHTax.
Takox, Tpeba 3a3HaunTu, IO Ha onip nigpisaHHs Bynb6o-
HOCHOTO LUapy 'PYHTY 3HAYHO BMAMBAE MOro BOMOFiCTh.

Kpim 36inblUeHHs NMTOMOro OMnopy KOMaHHK KapTonsi
ioe HepiBHWI BiAPWB LLAPY I'PYHTY, LLO B AESKUX BUNALKaX
CMIPUYUHSE «BUTATYBAHHSA» KapTonni 3 psaka Ta MOLLKO-
IDKeHHs i1 GokoBUMYU rpaHsMK poboumnx opraHis, 0cobnmneo
NP1 BUKOPUCTaHHI kopuTonoaibHux nemiwis. Kpim ykazaHux
¢hyHKLUiA, faHi AMCKOBI HOXI 3abe3nevaTb 3pisaHHs GOKOBUX
naroHiB 6agunns kapTonni, ske npu nonepegHLOMy CKOLLY-
BaHHi nepep 30MpaHHAM Yepes BUNSraHHS MOXe MaTuh [JOB-
XuHy o 20 cwm.

BupileHHs gaHoi npobnemu MoXnmBe, Ha Hally oyMKY,
3a paxyHOK 3aCTOCYyBaHH$ AUCKOBUX HOXIB, SIKi yCTaHOBHMIO-
BaTUMYTbCS Criepeny NeMiLlia Ha piBHi 10ro 6OKOBYX rpaHeit.
3a paxyHOK YCTaHOBKM AUCKOBUX HOXIB 3HWU3UTHCS TArOBUI
onip KapTonekonaya 3a paxyHoK N03a0BXHbOr0 PO3pi3aHHS
Lapy rpyHTY B HamnpyXeHomy CTaHi (pPO3TArHyTOMy CTaHi),
MiABULLMTLCA SKICTb KOMAHHS KapTonii — 3MEHLUUTBCS Kiflb-
KICTb rpydoK, MOLWKOmKEHNX Bynbb, 3abe3neunTbes piBHO-
MIpHICTb Xody Komada, MOoKpalmTbCs SKICTb MPOCIOBaHHS
IPYHTY Ha Cenapytoumnx opraHax kapTonnekonadya.

Marepianu i MmeTogu pocnigxeHb. B gocnigpkeHHax
BMKOPUCTOBYBAnNWCh KapTomnekonavi.

3aranbHa MeToauka JocnimpkeHb nepegbavana Bu3Ha-
YEHHS BMNMBY Ha SKICTb BUKOMYBAHHS KapTomni YAOCKO-
HaNEeHoro KapTonsiekonaya npu KOHKPETHUX YMOBaX, eKc-
nepvMeHTarnbHy NepeBipKy B MOMbOBUX YMOBAX, a TaKOX
BU3HAYEHHS €(PEKTUBHOCTI BUKOMYBaHHS Bynb6.

AHaniTYHi Ta ekcrnepuMeHTanbHi METoaW LOCHimKeHb
BVKOHYBamnuWCb Ha OCHOBI 3aranbHOMPUAHATUX METOAMK i3
BMKOPWUCTaHHSM BUMIpIOBanbHOI anapaTtypu, a Takox 3a
JOMOMOrOK 3aCTOCYBaHHS YMCENbHUX METOAIB Ta 3acTocy-
BaHHs Teopii NnaHyBaHHs 6aratohakToOpHOro EKCNEPUMEHTY.

[ns 06pobkn ekcnepumeHTanbHWUX pesynbTaTiB AoCHi-
[DKeHb 3aCTOCOBaHi OCHOBHI MeToaM MaTeMaTuyHoI cTaTuc-
TUKW, TEOPETMKO-EMMNIPUYHUIA, TEOopii MILHOCTI, rpadivHui,
NOPIBHANbHWIA, KiHLEBMUX enemeHTiB. EkcnepumMeHTanbHi

[aHi onpauboByBanu 3a JONOMOroK NpuKnagHWX nporpam-
Hux nakeTiB Microsoft Excel, SOLIDWORKS, STATISTICA®.
Pesynbrati gocnigxeHb. 3abe3neqeHHs NOBHOT Mexa-
Hi3auil TexHomoriYHoro npouecy 36upaHHs KapTonni MOX-
n1Be nuLle Npy 04HOYaCHOMY BUKOHaHHI onepaii no nia-
konyBaHHI0 6ynb6, BiaaineHH 6agunns kaptonni, Byp’sHis
Ta I'PYHTY, BUKOHAHHI BUBAHTAXXEHHS KApPTONSi B TPaHCNopT-
HWi 3aci6. OgHovacHe BMKOHAHHS AaHuX onepai 3abes-
NEYYyETbCH TiNbK CYYaCHUMM, BUCOKONPOZYKTUBHUMMU KOM-
BaiiHamu, siKi po3paxoBaHi Ha BENWKi NOLLi i epeKkT1BHI Npu
[OOBXMHI FOHIB, LLO BUMIPIOKOTLCS COTHAMU METPIB. Taki Tex-
HiYHi 3acobm 36VpaHHsa KapTONMi AOLSbHI NPY 3aCTOCYBaHHI
Y BEMUKMX CilbCbKOrOCNOAAPCLKMX MiANPUEMCTBAX 3 Bifge-
AeHumy nnowamm nig kaptonno — 100 i GinbLe rektapis
(Hrushetskyi, 2016; Semyrnenko & Semyrnenko, 2022).
[Ons arponignpvemcTB Manux opM rocnofaptoBaHHS
MMOLLi Nif, KAPTONME CTaHOBMSATb, K NPaBUMo, Bif OQHOMO
[0 gecsaturekrap. Tak, 3i CTaTUCTUYHUMU JlaHUMK, 32 OCTaHHI
TPU POKM CepenHi MNOLi Mig KapTonmnew Yy nignpueMcTeax
BKa3aHoi hopMu rocnogapioBaHHsl cTaHoBUM 2,1 rekTapa.
BukopucTaHHs koMGaHOBOI TexHoNOril 36MpaHHsa kapTonni
Ha JaHMX NMoWAaXx HeAOLNbHO Hi 3 TEXHIYHOI, Hi 3 eKOHO-
MiYHOI TOYKM 30pYy. He MeHL BaxnunBuM hakTopoM HEMOXK-
NUBOCTI BMKOPWUCTaHHS KOMBaMHOBOI TexHonorii 36upaHHs
KapTonni € BiACYTHICTb TpakTopiB HeobxigHoro Ans arpe-
raTyBaHHsi KOMBaMHIB TArOBOro knacy. A B 3Ha4HIN YacTuHi
rocnogapcts — B3arani BiACyTHICTb TpakTopiB (3aCTOCOBY-
€TbCA MOTOBNOYHA TEXHOMOTiS BUPOLLYBaHHS Ta 36MpaHHs
kaptonni). Tomy, B [aHUX arponignpuemMctBax OCHOBHY
YaCTUHY NapKy TEXHIKM Ons MeXaHi30BaHOro 36upaHHs
Bynbb kapTonni cknagatoTb kapTonnekonadi (puc. 1).
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KapToIUeKomadi KOMOaiiH

Puc. 1. Po3nogin TexHiyHMX 3ac06iB Ans 36MpaHHsA
KapTonni B arponignpuMemcTsax manux opm
rocrnoaapoBaHHA

HwHi kapTonnekonavi, WO BMKOPUCTOBYIOTLCSH B arpo-
nignpueMcTBax Manux (opM rocnogaproBaHHs, 3a Xapak-
TEpOM TEXHOMOTYHOTO MPOLECY MOAINATLCA Ha TPU TUNK
(Hrushetskyi, 2016; Zaika, 2017; Hevko, 2016):

1) kapTonnekonaui, Lo NOPYLLYHTh 3B'A30K KYLLiB KapTo-
nni 3 rpyHTOM i nigivimatoTb BynbOW KapTonmi Ha NOBEPXHHO
nons;

2) kapTonnekonayi poTOPHi — NiAKOMYTb KyLUi KapToni
Ta po3kuZanTb Wap rpyHTy Ta Bynbbu nepneHankynspHo
A0 pAfKa;

3) kapTonnekonayi npociBatYi — MiAKONYIOTb  KYyLL;
KapTonni Ta HanpaBnsloTb NiAKONaHy mMacy Ha cenapytoui
opraHu.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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KoxHuin i3 HaBegeHux Bule TWMiB KonmadviB Mae CBOI
NEeBHIi NepeBaru Ta HeJoniku. Ane, Ha Hally AYMKY, OOHUM i3
OCHOBHMX MOKa3HWKiB SIKOCTi IX poBOTW € BTpaTW KapToni 5K
He BMKOMAHOI, TaK i NOLUKOMKEHOI — HE TOBAPHOI.

Tak, npu NPOCTOTi KOHCTPYKLii NepLuioro Tuny Konadis
BiH Mae HaNHWXYi SKICHI NoKa3HWKM — BTpaTh Bynbb kapTo-
nni ctaHoBnATe 40 30 %. Jpyrui TMn konavis Mae GinbLumni
BiJCOTOK TpaBMOBaHuUX Bynbb y NOPiBHSAHHI i3 NepLumm, ane
3aranbHuii BigCOTOK BTpaT He nepesuLlye 18 %. TpeTin Tun
KoMadiB Mae HalHWK4YMI BigcoToK BTpaT — Ao 12 % Ta Haw-
HWXUIi 3aTpaTh NpaLi npu 36upaHHi.

[OuckoBi HOXI Mpu3HayeHi Ons BUKOHAHHS HACTYMHUX
TEXHONOTYHUX OYHKLIA — niapisaHHs IpyHTY 3 GOKIB psiaka
KapTonni Ta HanpasMeHHs YaCTKOBO PO3MyLUEHOro I'pyHTY
Ha newmiw kaptonnekonava (Hrushetskyi, 2016; Kobets et
al., 2014; Synii et al., 2012).

Ha puc. 2 HaBegeHa cxema NpPONOHOBAHOIO [AMCKOBOTO
HOXa NS YCTAaHOBMEHHS Ha KapTonnekonau.

Puc. 2. Cxema auckoBoro Hoxa: 1 — cTinka;
2 - nipWKUNHMKOBUM By301; 3 — BiCb; 4 — ANCK HOXa;
5 — MmexaHi3M peryntoBaHHs

MNpy BMKOHaHHI NPOEKTYBaHHA OMCKOBOrO HOXa HEeob-
XiOHO BM3HAYUTUCH i3 OCHOBHWM TEOMETPUYHUM Napame-
TPOM — [jiaMeTpPOM ucka, KA 3anexuTb Big rnbuHu, Ha
SAKIN NPOXOAUTL NPOLEC NiAPiI3aHHS FPYHTY.

Ha pucyHky 2 HaBegeHo cxemy B. T1. lopsukiHa
ANS BU3HAYEHHS Pi3aHHA [PYHTY [MCKOBUM HOXOM
(Zaika, 2017). MNpurimaemo, WO ANCK Mae TOBLUMHY b,
3armmbneHnn OO cepeavHu i KOTUTbCA 0€e3 KOB3aHHS
HaBkosno Toukn O (puc. 3). Togi onip K KOXHOro enemex-
TapHoro knuHa AB no goBxuHi Rdv, oe R — pagiyc aucka,
SKUA HanpasneHui B To4Ky D nepneHanKynspHoO Ao Big-
piska OA.

a) 0)
Puc. 3. Cxema ans BU3HAYEHHSA Pi3aHHA FPYHTY
OUCKOBUM HOXOM: @ — BUSHAYEHHSA CUM, IO Ail0Tb Ha
OUCKOBUM HiX; 6 — nepepi3 Aucka Hoxa

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

I3 pucyHka 3 (6) kyT pisaHHa Byae cTaHOBUTHU:

tga' = tga cos B, (1)

[e O — KyT 3aTOYEHHs1 AUCKOBOTO HOXa.
Cuna 1aru 3 chopmynmn (1) Npu 3HaXOMKEHHI O Yepes
Radv, 6yge:
dP =K sin 8 = 2 pb(1+ fctga' )Rsin Bdv . (2)

[iameTp ancka MoXHa BU3HAYUTK 3@ TEOPEMOLO CUHYCIB
i3 TpukyTHUKa ABD. BiH Oyne popisHioBaTu:

(2H+d]'3m¢
o
p=* 2 /)

sin f§ ®)

B pesynbrati pospaxyHkiB MiHiManbHWiA diameTp gucka
6yne craHoButy 500 MM. MNpuiimaemo 3a pavioHanbHUi fdia-
meTp — 600 MM (o aHanorii 3 AMCKOBUM HOXOM NEMILLHMX
nnyrie).

B Tabnuui 1 HaBefeHi nonboBi BUNpoOyBaHHs kapTonne-
konaya KA-1 3 oMcKoBUMM HOXamu

Tabnuus 1
Moka3Hukn BUNpoOyBaHb i iX 3Ha4YeHHS

Ne Moka3Hukn 3HayeHHA
3/n

1 Arperat T-25¢ + KA-1

2 Copt kaptonni «AHaTaH»

3 BpoxaiiHictb 200 u/ra

4 Tun rpyHTiB [epHo-nigaonucri
5 Yxun nons 2°

6 BonoricTb rpyHTy 20%

7 TBepaicTb rPyHTY Ha rMUOKHI 1,82 MlMNa

KOMaHHs1
8 Bucora rpebHis 18-20 cm

lNpv npoBeaeHHi faHux BnpoboByBaHb 6yno BUSBMNEHO
YiTKe BWKOHAHHS OOTPMMaHHA pobouvoro mpoLecy BCiMa
poboynmmMmn opraHamu, SKICHI NOKasHMKM poboTy BigMOBI-
Janu 3asBneHnm arpoTexHiyHum sumoram (Vasyliuk, 2013;

Bulhakov, 2012). ArpoTexHiyHi MOKa3HWKM HaBedeHi
B Tabnuui 2.
Tabnuugs 2
ArpoTexHiyHi noKasHUKM BUNPOOOBYBaHb arperaTy
Ne
ain Moka3Huk 3HaueHHsA
1 MoBHOTa BMKOMYBaHHSA Oynbo:
- NiAHSATO Ha NOBEPXHI0 100 %
- 3aIULLIEHO B I'PYHTI 1%
- 3aMULLEHO HA NOBEPXHI 2%
2 | Yucno nowkomxkeHnx 6ynsb Ha 100 WTyK 5

Mpu npoBedeHHi ekcnepuMeHTanbHUX — AOCRIIKEHb
3aCTOCOBYBaBCA arperart y cknagi tpaktopa T-25® Ta kap-
Tonnekonaya npocisato Yyoro Tuny KA-1. locnigxeHHs npo-
BOAMNNCA Ha nnoui 22,5 ra.

TexHiyHa XapakTepucTMka [aHoro KapTomnnekonaya
HaBefeHa B Tabnuui 3.

OcCHOBHUM HenonikoM JaHoro BuAy KapTomnfekonauyis
€ Ta 0cobnueicTb B poboTi, O NpW MigKOMyBaHHI Luapy
6YNbOOHOCHOTO I'PYHTY NEMILLEM NPOXOANTL PO3BASTHOBAHHS
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Tabnuuga 3

TexHiuHa xapakTtepucTuka kaptonnekonaya KY-1 (Hevko, 2016)

MokasHuk 3Ha4yeHHs
Tun konava OpHopsiaHUIA TPAHCTOPTEPHUI
MoTyxHicTb TpakTopa 18-30k.C

MpogyKTVBHICTb

0,22 ra/amiHy

Tun npusoay

BOM, yepes penyktop

KinbkicTb psakiB nigkonyBaHHS

1

Tun TpaHcnopTepa

MeTanesui 3i CTpiyKoHO

LnpvHa Hoxa 48 cm

LnpwHa TpaHcnopTepa 50 cm

IMubuHa KonaHHa MakcumanbHa 24 cm
[abapuTHi poamipu OxLUXB, Mm 1600x900x950

Bara 125 kr

nnacTa i3 3Ha4HWM BiACOTKOM BTpaTt kaptonni. Lle npuso-
OUTb 00 He edeKTMBHOTO BUKOPUCTAHHS arperaty, 3HW-
KEHHSI SKOCTi 30MpaHHA Ta 30iNMblUEHHS TArOBOrO OMopy
kapTonnekonaya. Kpim Toro, Yepe3 3abuBaHHs poOOYMX
OpraHiB BOPOXOM, LIO 3aXONfeTbC BOKOBUMU FpaHsMu
nemilla BMHUKAE HEOOXiAHICTb B 4aCTWMX 3yMUHKaxX arpe-
raty Ons YvweHHs poboumx opradie, WO NpWBOAWTL OO
3HVDKEHHS MPOAYKTUBHOCTI KapTOM/IEKOMaK4oro arperaty
i 30iNblUEHHs BUTPAT MpaLli Ha BUKOHaHHSA AaHoi onepalulii.

Ona nogonaHHa faHux npobrnem Hamu Gyno BCTaHOB-
NeHo no obuaBi CTOPOHM Big, NeMilla AWUCKoBi HoXi. Micue
YCTAHOBKM [MCKOBMX HOXIB MOKasaHe Ha cxemi nepepisy
psioka kaptonni (puc. 4).

3a paxyHoK OauckoBMX HOXiB Byne 3abesneyeHo niasu-
LLieHHsI AKOCTI nmigkonyBaHHs kapTonni. CtiHka 6oposHu byade
piBHO 00pi3aHoto, He Oyae BuMagaHHs IpyHTy 3 Bynbbamu
3a 6okoBi rpani nemiwa. Kpim Toro, He byayTb 3abusatucs
BOPOXOM (OcCTaTkamm 3pizaHoro 6agmnns) pobodi opranm,
3abe3neunTbes kpala NpsIMONiHIAHICTb pyXy KapTOnneko-
nava.

3oma pozvingennn )16

Byasiu " 5 Tpedinn

Pozmaniveanus
HICKOGO0 HONCA

Puc. 4. Cxema nepepisy psaaka kapronni: Bep — LWMpUHa
rpeHs; B — wupuHa 3axeaTty nemiwa; b, — WmpuHa
6ynb6OHOCHOrO Wapy; 6 — MOXIMBE BiAXUIEHHA psAAKa
BiA NnpsAIMONiHiNHOCTI; h — rM1buHa 3anaraHHA 6ynL6
kapTonni; h_— rnubuHa xoay nemiwa

Mepwi pocnigxeHHs Oynu HanpaBneHHi Ha BW3Ha-
YEHHS YCTaHOBKM OCEN OUCKOBMX HOXIB BiJHOCHO HOCKa
nemiwa. BigHocHO 60KOBOI rpaHi nemiwa AUCKOBI HOXi
YCTaHOBMIOBANNCa MakcumanbHO 6rm3bko Ao Hei. KoH-
CTPYKTMBHO Le BWKOHyBanocb Ha BigctaHi 10 mMm Big

OOoKOBMX rpaHen HasoBHi. Micle yCTaHOBKM AMCKOBOrO
HOXa BM3Ha4Yanocst No sKOCTi BUKOHAHHS onepawii BUKO-
MyBaHHSA KapTonmi. 3a HynboBe 3HavyeHHs Gyno B3STO
cniBnagiHHsA OCi AMCKOBMX HOXIB i3 HOCKOM nemilla kKap-
Tonnekonaya (puc. 5). Hanbinble 3Ha4yeHHS 3MilLEeHHS
6yno B3dTe 100 mM. Kpok 3MmilleHHst Oci Npy NpoBedeHHi
JocnigXeHb CTaHOBUB 25 MM.

Mig vac pocnimxeHb poboTv KapTonnekonada 6yno
BWSIBINIEHO, WO MpW pyci KkapTonnekonaya nepeq Woro
nemilwemM NpoxXoguTb CMyYyBaHHS Ta PO3TATYBaHHS Liapy
rpyHTy. pn LBOMY YCTAHOBMEHO, WO 30HA HAMOBINbLLIOrO
HanpyXeHHs] 3HaXOAWTbCS 3a HOCKOM memiwa. Buxogsum
3 UbOro, AUCKOBI HOXi AOLNbHO YCTAHOBMIOBATH 3@ HOCKOM
nemiwwa, wob cepenHst YacTMHA AUCKOBUX HOXIB po3pisana
Wwap rpyHTy y Hambinbll HanpyxeHomy Micui. [Npn BuKo-
HaHHI NPOLECy pi3aHHS Lapy rpyHTY ANCKOBUMM HOXamK 3a
paxyHOK il cunu, Wo po3TArye, Wwap rpyHTY 3MiLLyeTbes Bif
nesa. byno BMSBNEHO, LLO KYT 3aTOYKM Ne3a ANCKOBUX HOXIB
HE Ma€ CyTTEBOrO BNMMBY Ha Pi3aHHSA CKUOU I'PYHTY — 3 I'PYH-
TOM MOCTINHO B3aeMofie KpOMKa HOXa.

/ 2z J 4

Puc. 5. Cxema kapTonnekonaya 3 yCTaHOBKOH
OUCKOBMX HOXiB: 1 — ANCKOBI HOXi; 2 — nemiw;
3 - BigkuaHi nanbui; 4 — NpyTKOBMI cenapartop;
Q, - noga4a 6ynb6OHOCHOrO Wapy

[ocnigxeHHs NpPOBOAMMAMCS  LUMSXOM  NEPEMILLEHHS
ZMCKOBMX HOXIB MiCNsi KOXKHOMO BUNpPODOOBYBaHHS Ha 25 MM
(KpOK ycTaHOBKW — 25 MM).

[pn KOXXHOMY MOMOXEHHI AUCKOBMX HOXIB MPOBOAUIOCH
BUKOMYBaHHS psiaka Ha AOBXMHI 20 M.
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AkicHUMKM nokasdHukamm Bynu: NOBHOTa BUKOMyBaHHS
6ynbb kapTonni Ta BiACOTOK MOLIKOMKEHHS. Ha pucyHky 6
npueefeHe rpadiyHe 300paxeHHs pesynbraTiB  AaHuX
JOCnioKeHb.

—4— MOBHOTA BUKONYBAHKA
—T (nosroTa

949

—=— nowwosmena
U n )
96.2 97.1

% 100977
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1042 3; 27 I,7 il
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4] 25 50 75

Puc. 6. 3anexHicTb fikocTi BUKonyBaHHsA 6ynb0 Big
YCTaHOBKM OAVUCKOBUX HOXIB

Bnnus micus ycTaHOBKM AMCKOBMX HOXIB (/;) BiAHOCHO
HOCKa NeMilla kapTomnsekonaya Ha MOBHOTY BWKOMYBaHHS
6yneb kapTonni (B) MOXHa BW3HAYMTKM 3a [LOMOMOrOH
HaCTYMHOIO PiBHSAHHS:

B =-0,2833/3 +1,55/2— 0,2667/,+ 91,18  (4)

Bnnus micus yctaHOBKM AMCKOBMX HOXIB (/;) BiGHOCHO
HOCKa neMmilla kapTonnekonaya Ha MOLIKOMKEeHHs 6ynbb
kaptonni (1) BU3Ha4a€eTbCA HACTYMHUM BUPA3OM:

M=0,3/2-2,18/ +6,24 (5)

AHanisytoun gaHi gocnigxeHb, WO HaBefeHi Ha puc.
6, MOXHa 3poOUTM BUCHOBOK, WO MPU YCTaHOBLi OCi
LMUCKOBUX HOXiB 6€3 3MiLLleHHS BifHOCHO HOCKa nemiwly
nokasHukn skocTi poboTu kaptonnekonaya KY-1 norip-
LYTbCA Y NOPIBHAHHI 3 poboTolo 6e3 Hoxis. Lie nosic-
HIETLCA TUM, WO BWHECEHi Bnepesd AUCKOBI HOXi He
3abe3neyyloTb NiATPMMAHHA nnacTa, Wo NigHIMaeTbCs
nemilem, a TakoX, 3a paxyHOK noyaTky pi3aHHa nepeg
NigHATTAM Wapy NemMiwem nosBnsaeTbCs HeCcTabinbHICTb
ix poboTM — He cniBnagiHHA NeprneHANKYNAPHOCTI MiX
BICCI0 OMCKOBMX HOXIB Ta MO300BXHLOK BiCCHO KapTo-
nnekonava.

Hankpalyi sikicHi nokasHuku pobOoTH [gaHoro kap-
Tonnekonadya Oynu npu 3MileHHi OCi AMCKIB BigHOCHO
Hocka nemiwa Ha 75 MM. [pu Takii ycTaHOBLi AUCKOBMX
HOXIB 3aranbHi BTpaTk Oynbb KapTonni y NOPIBHSHHI i3
6a3oBoto Mogennto kaptonnekonada KA-1 3MeHWwuMnuch
Ha 5,5 %, T06T0 Ue 3abe3neyye 36inblUEHHS BPOXaNHOCTI
Ha 11,0 u/ra.

HacTynHi gocnigXeHHs HanpaeneHi Ha BU3HAYeHHSs rmu-
GVHW xody ANCKOBMX HOXIB (puC. 7).

BpaxoBytoun rmnbuHy xogy neMilia npu BUKOHAHHI
pocnigkeHb 200-220 mm, 3agaemMoch fianasoHoM rMuouHK
X0y AMCKOBWX HOXIB. BBaxaemo, L0 AUCKOBI HOXi MOXYTb
3arnubnioBaTucs B wap IpyHTy Ha mubuHy xody Nnemiwa
+ 20 MM Mo aHanorii i3 NemilHMMK nnyraMmu 3aransbHoro
NPU3HAYEHHS.

JocnifgxeHHs NpoBOAMNM 3 ypaXyBaHHAM 3a3Ha4YeHuX
nokasHukie i3 kpokom 10 Mm. 3a cepefHio rmmbuHy xoay
nemiwa 6yno 83570 210 MM.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

—4— nosHoTa suroNyBaKNA
e[| OLWKOAMEHE
97.1 97.3 97.4
25 100 e e + + +
90
80
70
60
50
40
30

20

10 1 1 175 T8 18
0 = . . . .|
190 200 210 220 230

MM

Puc. 7. 3anexHicTb AKOCTi BUKONyBaHHA Oynb6 Big
rMUOMHU XOAY AUCKOBUX HOXIB

Brnve rmmuGuHM yCTaHOBKM AMCKOBUX HOXIB (h,) Ha noB-
HOTY BuKoMNyBaHHs Bynbb kapTonni (B) MoxHa BU3Ha4UTH 3a
[OMOMOTO0 HACTYMHOTO PIBHSIHHS:

B =-0,025h +0,2179h 2 - 0,4571h,+ 97,36  (6)

Bnnve rmnbuHn yctaHoBkM auckosux Hoxis (h)) Ha
noLwKomKeHHs 6ynbb kaptonni (1) BU3HAYaeTbCA HACTyn-
HUM BUPa3OM:

B =-0,0083h,2 + 0,075h 2 - 0,1667h,+ 1,8 (7)

B pesynbrati npoBeaeHnx gocnigxeHs 6yno BuUsBNEHo,
o B AdianasoHi rmubuH xogy nemiwa — Big 190 Mm 10
230 MM siKicHI MoKasHWUKM poboTwW arperaTy 3anuiuanucs He
3MiHHMMW. TOMY, BpaxoByHOUM TO akT, L0 i3 36ifbLUEHHSM
rMnBrHK Xody AMCKOBUX HOXIB Onip arperaty 36inbLwyeTbCs,
6yno NpuiHATO, WO rMnbuHa Xoay ANCKOBUX HOXIB Ha 20 MM
MeHLa rmubuHK xody nemila kapTonsekonaya, i B Haomy
BUNaAKy NpuiHaTta 3a padioHansHy 190 mm. Llen nokas-
HUK 3abesneyye edekTBHY pobOTYy KapTonnekonaya —
B MOMEHT Nipi3aHHs wapy rpyHTy AWCKOBUMW HOXamm 3a
paxyHoK poboTu nemiwa BiH 3HaXOAUTLCS B HaNpyXeHOMYy
CTaHi i Moro BiOdineHHs Bif 3aranbHOr0 MacuBy NPOXOAWTb
HUXYe MUBMHN XOZY ANCKOBUX HOXIB.

O6roBopeHHs. [poBeaeHuin aHani3a HaykoBux mybni-
KaLin BKa3dye 3HaYHUIA BigCOTOK BTpAT KapTonmi npu ii 36u-
paHHi KapTonnesbupanbHuMKU kombarHaMu, a ocobnumBeo,
kaptonnekonadamu (Hrushetskyi, 2016; Vasyliuk, 2013;
Bulhakov, 2012; Zaika, 2017; Kobets et al., 2014,
Buniak, 2012; Semyrnenko & Semyrnenko, 2022). Jocni-
[PKEHHSI MOoKasanu, Lo caMe B arpomignpueMcTBax mManmx
¢hopm rocnogaptoBaHHsl HanyacTiwe Ans 3ompaHHs 6ynb6
KapTonni 3aCTOCOBYHOTLCS KapTonneKonavi.

Ha ocHoBi npoBedeHMX OOCRIQKEHb MO 3MEHLLIEHHIO
BTpaT npu 36mpaHHi OynbO kapTonni NpoBeLEHO YAOCKOHA-
NEHHS KapTonnekonaya.

TakuM YMHOM, BMKOPWUCTaHHS [aHOro yO4OCKOHAaneHoro
KapTonnekonaya 3abesneuynTb 3MEHLIEHHSI BTpaT Oynbh
kapTonni Ha 5,5 %.

BucHoBKW. BukoHaHuii aHania TexHiYHMX 3acobis
ans 36upaHHs Oynbb kapTomni B arponignpueMcTBax
Manux (opM rocrnofaproBaHHs MOKa3aB, L0 OCHOBHWUMM
MallMHaMn Ans BMKOMYBaHHA KapTOMMi € KapTOmneko-
navi — 84,3 %. lNpoBeaeHi TEOPETWYHI JOCMIMKEHHS MO
BM3HAYEHHIO paLioHanbHOro AiaMeTpy OMCKOBMX HOXIB Ta
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BU3HAYEHi paLioHanbHi napameTpu YCTaHOBKW OWUCKOBMX  MMWMBWHY xody AmMckoBux HOXiB — 190 mM. [Mpn BkasaHux
HOXIB NpK 3a4aHMX ymoBax poboTu. Hankpalli sSkicHi noka3-  napameTpax YCTaHOBKW AMCKOBWX HOXIB, 3arafbHi BTpaTu
HUKM poBoTK KapTonnekonaya Gynu Npy 3MiLLeHHi oci Auckis  Bynbb KapTonsi y NOPIBHSAHHI i3 6a30BO MOAENMI0 KapTo-
BiQHOCHO HOCKa feMmilla Ha 75 mM. BuaHauyeHo pauioHansHy — nnekonava KA-1 ameHwunucb Ha 5,5 %.
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Improvement of the technological process of potato harvesting in the conditions of agricultural enterprises of
small forms of management

The harvesting of potatoes poses a substantial challenge for agricultural enterprises, particularly those of smaller scale,
as it accounts for a significant portion of labour costs, constituting approximately 60% in such settings. This process also
entails considerable enerqy expenditures.

Mechanized harvesting, while efficient, contributes to a noteworthy percentage of damage to potato tubers. Studies
reveal that approximately 20% of the gross tuber collection is subjected to injury during mechanized harvesting, subsequently
leading to losses in storage.

Another source of losses during mechanized harvesting stems from tubers that remain unexcavated and fail to surface.
Depending on various factors, the percentage of tuber losses can fluctuate between 5% and 16%.

Based on statistics spanning the last three years, it is evident that small-scale agricultural enterprises typically cultivate
potato crops within a range of one to ten hectares. Consequently, the application of combine technology for potato
harvesting within these enterprises is deemed impractical, both from a technical and economic standpoint. The unsuitability
of combine technology stems not only due to the absence of tractors equipped with the required traction class for integrating
with potato harvesters, but also because many of these farms commonly rely on tillers of various capacities instead of
tractors. Consequently, it is customary for such agricultural enterprises to employ potato diggers as the preferred method
for harvesting potato tubers.

This article scrutinizes the technical aspects of potato tuber harvesting in small-scale agricultural enterprises, focusing
on their distribution within the technological process. Theoretical investigations have been conducted to determine the
optimal diameter of disk knives. Additionally, studies explored the impact of the disk knives' axis location relative to the toe of
the ploughshare on the qualitative aspects of the potato digger's performance. The research identified the rational departure
of the disk knives' axis in relation to the ploughshare toe. Furthermore, the depth of travel of the disk knives was examined
to ascertain its influence on the unit's quality indicators, resulting in the determination of the optimal depth. The article
concludes by quantifying the reduction in potato tuber losses achieved through the utilization of a potato digger equipped
with the proposed disk knives and their specified parameters.

Key words: potatoes, technology, harvesting, research, digging, disc knives, potato digger, losses.
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Y pobomi 36epHEHO y8acy Ha me, WO Ha 3Hococmilikicmb demariel 8nugarmMb yMogu ix pobomu ma napamempu
Mamepiany, maki sk meepdicmb i MIKPOCMPYKmMypa, a maKkox rapamempu SKoCmi iX rnosepxHesuX wapis, SKUMU, 3ae-
OSIKU iCHYIOHOI 2aMMU MexHOosI02iYHUX Memodige MoxHa ynpaensmu. JicHul mepmiH pobomu obnadHaHHS 3anexums 8id
Hecy4oi 30amHocmi nogepxHegoeo wapy demarnel, sika susHayaembcs 020 skicmio. [JogedeHo, wo pobomu, siki noe ’si-
3ylomb rapamempu 0CHOBHO20 Mamepiany Oemari ma napamempu SIKOCMI X No8epxXHe8UX Wapie 3 cmilikicmio npomu
3HOCY akmyarnbHi ma ceoeyacHi. Memoro pobomu € nidsuwieHHs HaditiIHocmi | dog208iYHOCMi demarnel MaluH, NPauorYuX
8 ymogax 2i0poabpasusHo20 3HOWYBaHHS, WIISIXOM PO3PO6KU cucmemHoz20 nidxody o subopy mexHosnoail yrpassiHHs
rapamempamu sikocmi rnosepxHesux wapie ix demared.

Memodoroais cripsmogaHo20 8U6OPY MexHomoaii Nid8ULEHHSs SKocmi MosepxHesuUX wapie 8upobig OXornie 8eck Lio2o
KXummesul YUK/, WO BKMKYae: Mamepian eupoby ma (1020 efleMeHmie, mexHooaito 8U20moeneHHs: aupoby ma o020
erieMeHmis, MexHoso2it peMoHmy ma 8i0Ho8neHHs npayesdamHocmi ma iH. Bei oHuU posanadatombcesi Yepes crieyianbHi
Memodu cripsimMosaHo20 subopy npo Akul 32adysanocs suwie. [pu ybomy HeobXiOHO 8paxosysamu ernniue memodie, Wo
obuparombcsi 00UH Ha 00HO20, WO 8 KiHuesoMy nidcymKy byde no3Hayamucs Ha sskocmi aupoby. Y uili iHmepnpemauii i npo-
cmexyemscsi cam Memod CUCMEMHO20 aHanisy.

Asmopamu Ha nidcmasi meopemuyHux AocridxeHb yOOCKOHaneHa 83aeMo3anexHicms iHghopmauitiHoi cghepu, sika
cKkrnadaembCsi 3 HayKOBO-MEXHIYHOI Mid2omoeKu 8UPOBHUUMEa: KOHCMPYKMOPCHKOI, MEeXHOMO02IYHOI, opaaHidauitiHoi ma
Haykoeo docnidHoI pobomu ma MamepianbHOi cghepu, WO BKIIKYaE: 8UPOBHUYMBO, eKcrlyamauito, peMoHm ma ymurii-
3ayjto. Takox po3pobrieHo cucmemy crpsMogaHo20 8ubopy ekono2iyHo 6e3MeyHoi mexHonoeii yrnpasniHHa napamempamu
SIKOCMI MogepxHesuUX wapie demarnel MaluH, Wo npaurms 8 yMosax 2idpoabpa3ugHoeo 3HoWYy8aHHS. BidmMiyeHo, uio rnpu
HeobxiOHoCcmi supiweHHs onmumi3auitiHux 3agédaHb, NM08’s3aHuUX 3 8UGOPOM eK0102i9HO Be3rneyHOi mexHomoail yrpassniHHs
rnapamempamu SKocmi MnogepxHesux wapie demarnell MaWUH, WO Npayrms 8 yMmogax 2i0poabpa3ugHo20 3HOWYBaHHS,
3HaYHO 3pocmae pPosb iHhopMauiliHOT cghepu, sika cknadaembCs 3 pe3ynbmamie Mi3HaHHs, WO eupaxatombsCs 8 3aKOHaXx,
meopisix, HayKkogux ainomesax. 3agdsku iHghopmauitiHit cghepi cmeoprorombcsi i Habysatomb 8IOHOCHOI camocmitiHocmi
maki ghopmu ma 3acobu, sik idesi, npobrema, ainomesaa, KOHUENUs, 3aKOH, Meopis.

Knrovoei cnoea: eidpoabpasusHuli 3Hoc, 3Hococmitikicmb, HadiliHicmb, 008208i4HICMb, CripsiMosaHul 8ubip, excrya-
maujisi, peMoHm, ymurisauisi.

DOl https://doi.org/10.32782/msnau.2024.1.12

Betyn. EposiiHe Ta rigpoabpa3vBHe 3HOWYBaHHS  ObnagHaHHS WO BMKOPWUCTOBYHOTb B TEMMOBIM Ta aTOMHIN
€ [yXe iHTEHCMBHMMM MpoLecamy 3HOLIYBaHHS NOBEpX-  eHepreTuui, B HadTo-razogobyBHii, HadTOXiMiYHIA npo-
HEBMX lUApiB MeTaneBux BIiANOBiJanbHWX [JeTanenm  MWCIOBOCTI TOWO. Ha (yHKUiOHAnNbHI NOBEPXHI BiAKPUTHX
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YaCTMH MalMHK BinbyBakTbCA NOCTIHI NPOLECH 3HOLLY-
BaHHS, NPUYMHOKO SIKMX € B3aEMOAiS TBepaMX, TpaguLiiHo
MiHepasibHUX YaCTUHOK, L0 NEPEHOCATLCS MNOTOKOM rasy ym
PiavHK, | noBEPXHi AeTani MalwuHW. B pesynesrati nocTynoso
noripLuytoThes Ti pobodi napametpu, 3HMKYTb KK,

Ha 3HococCTinKiCTb AeTanemn BnimBatoTs yMOBHM X poboTu
Ta napameTpu matepiany, Taki ik TBepaiCTb i MIKPOCTPYK-
Typa, a TakoX napameTpy SKOCTi iX MOBEPXHEBUX LUAPIB,
AKUMU, 3aBOSKU iCHYIOUOI raMMu TEXHOMOrYHUX METOLIB
MOXHa ynpaensaTtu. [iicHuin TepmiH pobotn obnagHaHHs
3anexuTb Bi HeCy4oi 34aTHOCTI NOBEPXHEBOTO LUapy AeTa-
nen, sika BU3HAYaeTbCs Moro skicTio. PoboTw, LWo nos’sa3y-
t0Tb NapaMeTPK OCHOBHOTO MaTepiany Aetani Ta napameTpu
SKOCTi IX NOBEPXHEBMX LLAPIB 3 CTINKICTIO NPOTU 3HOCY aKTYy-
anbHi Ta CBOEYaCHI.

MoctaHoBka npo6nemu. 3rigHo (Lipych L.H. & Helich
N.V., 2010) kaTeropis «sKicTb» Ayxe cknagHa Ta barato-
rpaHHa 3 nornsgy pisHWX ii acnekTiB, TOMy BOHa BUMarae
TOYHOrO (HOPMYMIOBAHHS. 3aBasku TOMY, WO ANs SKiICHOro
3a0e3ne4eHHs]  KOHKYPEHTOCMPOMOXHOCTI  MaluMHoOyAiB-
HOI MpoAYKUii BMPOBHMLUTBA MatoTb ByTU 30piEHTOBAHUMM
Ha NoTpebu cnoxmBavis i Ha CbOroAHi, i Ha ManbyTHe, cnig
MOCUMATUCS Ha BU3HAYEHHS MOHATTS SKICTh, SKe BU3HaYuna
MixHapoaHa opraHisauis 3i ctaHgapTtusadii. Ctangapt I1ISO
8402-86 hopMyntoe SKICTb, SIK «CYKYMHICTb BMACTUBOCTEN
i XapaKTepuCTK NPOAYKLIT Ym Nocnyr, Wo HaaakTb IM cnpo-
MOXHICTb 3a40BOMbHATH 0BymoBneHi abo nepenbadysaHi
notpebu» (Standart 8402-86, 1986).

ACTY ISO 9000 — 2001 siKicTb TpaKTye K «CTYMiHb, A0
SIKOrO CYKYMHICTb BRACHUX XapakTepuCTWUK 3a[0BOMbHSE
Bumoruy (DSTU ISO 9000-2001, 2001).

CuctemMHui nigxia € NeBHUM eTarnoM y PO3BUTKY METO-
[iB Mi3HaHHS, MeToAiB AOCNIAHMLBKOT Ta KOHCTPYKTOPCHKOI
JiNbHOCTI, cnocobiB ONUCY Ta NOSICHEHHS NPUPOAKN aHani-
30BaHMX abo WTy4HO CTBOPtOBaHMX 06’ekTiB. CUCTEMHWMIA
nigxio — oguH 3 cneuianbHWX cnocobiB HaykoBOro [ochi-
[DKEHHS1, 3a SKUM JOCRigKyBaHWiA 06’€KT po34neHoBYHOTb Ha
enemeHTH, L0 iX po3rnsaaTb B €4HOCTI, TOBTO SK cuctemy
(Nemchenko A.B. & Niraz I.V., 2010). Lle meTogonoriyHui
HaNPSIMOK Y HayLli, OCHOBHE 3aBaHHS SKOro Nonsrae y pos-
pobui METOAIB AOCNIMKEHHS Ta KOHCTPYIOBAHHS CKMagHO
OpraHi3oBaHMXx 00’EKTIB — CUCTEM PIi3HKX TWMIB i KNaci., LU0
LUMPOKO BUKOPUCTOBYETLCS B Liiii poBOTi, € TEOPETUYHOI Ta
MEeTOLO0MOr4YHOK OCHOBOK CUCTEMHOTO aHaniay.

3rigHo (Stechenko D.M. & Chmyr O.S., 2007) cuctem-
HWIA aHani3 — ue MeTodonoris Teopii cucTem, WO nonsrae
B JocnigkeHHi Byab-skux 06’ekTiB, LIO NpeacTaBnsoThCS
B SIKOCTi CMCTeM, NPOBEAEHHI X CTPYKTypu3aLii i nogasnb-
woro aHanisy. lonosHa 0COBNMBICTL CUCTEMHOMO aHanisy
nonsrae B TOMY, L0 BiH BKNtovae B cebe He Tinbku metoam
aHanidy (Bia rpey. analysis — po3yneHyBaHHs ob’ekTa Ha
erieMeHTH), a i METOAM CUHTesY (BiA rpew. synthesis — 3'ea-
HaHHS efieMeHTIB B eAWHE Line).

[ONOBHOIO METOK CUCTEMHOrO aHanisy € BWSIBIIEHHS
i YCYHEHHS1 HEBMU3HAYEHOCTi MPU BUPILLEHHI CKNagHoi npo-
6riemMmn Ha OCHOBI MOLLYKY HaWKPALLIOro PiLLeHHS 3 ICHYIoUMX
anstepHatuB. CUCTEMHUI aHani3 BKMOYAE HU3KY iHLLMX,
MignopsakoBaHWX MOMY MeToIB, SKi (PYHKLIOHYIOTb Yy MOro
pamkax. OguH 3 HKX Lie MeToq CrpsIMOBAHOro BUOOPY, SKUI

€ CYKYMHICTIO crnevianbHUX METOAIB OOCHIMKEHHS, 3 SKOi
B TOMY 4y iHLIOMY BMNagKy BUOMpaeTbCH HambinbLL afek-
BaTHWUM 3 HUX.

CTOCOBHO [OOCHIMKEHHS SKOCTi NMOBEPXHEBUX  LUAPIB
BUPOGIB (CTPYKTYpW, LLIOPCTKOCTI, MiKPOTBEPZAOCTI, TOBLLUMHN
3MiLHEHOrO Lwapy abo HaHeceHOro MOKpPUTTS, MOro Cyuinb-
HOCTI, HAsiBHOCTi 3aNMLUKOBMX HaNpy>XeHb TOLLO) Lien MeToq
MOXE MaTh KOHKPETHUWIA BUPA3.

[lo meTofiB ni3HaHHA BiAHOCWUTBLCHA | CUHTE3. AHani3
i CWHTE3 BWUCTYMNalTb SK MNigHI METOAM Mi3HAHHS NuLe
TOAi, KON BOHM BUKOPUCTOBYHOTHCA B TiCHIM egHOCTi. [ns
TOro Wob CcTaB MOXNMBUM aHani3 Tiei abo iHWOi peyi, BOHa
noBuHHa ByTn 3adhikcoBaHa B HaLLiN CBILOMOCTI Sk Jesike
uine, T06TO NnonepeaHLO0 YMOBOK aHanisy € UinicHe, cuc-
TeMaTuyHe ii CPUAHATTS. |, HaBMmakW, CUHTE3 MOXIUBWIA
TO4i, KONW 34INCHEHW aHani3, konu BuAiNeHi Ti abo iHLWi
CTOPOHM 1 eneMeHTU geskoro uinoro. OTxe, CUHTES ABMSE
co0010 3'€JHAHHSA OTPUMaHUX NpY aHani3i YacTuH y eanHe
uine (Hrabchenko A.l. et al., 2009).

MeToto po60TH € NiABULLEHHS HAAIHOCTI i JOBrOBIYHO-
CTi geTanen MallvH, npaloymMx B ymoBax rigpoabpasms-
HOrO 3HOLLYBAHHS, LUFISIXOM PO3pO6KM CUCTEMHOIO MiAXO4Y
[0 BMOOpPY TEXHOMOriN ynpaBniHHA MapameTpaMu SIKOCTi
NOBEPXHEBMX LWAPIB iX AeTanen.

Metoau i oGroBopeHHsi pe3ynbratiB. MeTtogono-
ris cnpsiMoBaHOro BUOGOPY TEXHOMNOrii NiABULLEHHS SKOCTI
NOBEPXHEBMX LLAPIB BUPOBIB OXOMMIOE BECh NOT0 XUTTEBUN
LIMKN, LIO BKIOYaE: MaTtepian BMpoby Ta MOro eneMeHTiB,
TEXHOMNOTit0 BUrOTOBMEHHS BMPODY Ta MOr0 eNeMEHTIB, Tex-
HOMOrit0 PEMOHTY Ta BiJHOBMEHHS MpaLe3faTHoOCTi Ta iH.
Bci BOHM po3rnsigatoTbea Yepes cnewianbHi MeToau cnps-
MOBaHOro BU6opy Npo skuii 3ragysanocs suLLe. [Mpu oMy
HeobxigHO BpaxoByBaTy BMNWB METOAIB, WO 0OMpatoThCs
OAMH Ha OHOrO, L0 B KiHLEBOMY MiacyMKy Oyae nosHaya-
TUCS Ha SKoCTi BUpOoBy. Y Uil iHTepnpeTaLii i NpoCcTexXyeTbCs
caM MeTOZ CUCTEMHOIO aHaniay.

CykynHicTb npobnem Ta nuTaHb, NOB’A3aHNX 3 PO3pPob-
KOK TeXHOMorii ynpasniHHS SKICTIO pobo4Mx MNOBEPXOHb
BMPOBIB, BW3HaYalOTb NpPeaMeTHy ranysb MeTOAomNorii
Y LbOMY JOCRIIKEHHI.

3 nornsgy CUCTEMHOrO Nigxody MOXHA BUAINUTW OB
chepu icHyBaHHS BMpOOY: iHbopMaLliiHy Ta MaTepianbHy
(puc. 1).

OcTaHHIM Yacom 3 ornsgy Ha HeobXigHICTb BUPILLEHHS
ONTMMI3aUifHMX 3aBAaHb 3HAYHO 3pPOCTae ponb iHdopma-
LiMHOI chepu, ska CKNagaeTbCs 3 pPesynbTaTtiB Mi3HaHHS,
LU0 BMpaXarTbCs B 3aKOHAX, TEOPIisX, HAYKOBUX FiNOTe3ax.
3aBagku iHbopMmaLiiHii cgepi CTBOPHOOTLCS | HabyBaTh
BiHOCHOI CaMOCTIiHOCTI Taki cdhopmmn Ta 3acobu, sk iges,
npobnewma, rinotesa, KOHLEMNLis, 3aKOH, Teopis.

3riaHo (Stechenko D.M. & Chmyr O.S., 2007) iges Bigo-
Bpaxae 3B 93KM Ta 3aKOHOMIPHOCTI AiACHOCTI 1 cnpsiMOBaHa
Ha Ti NepeTBOPEHHS, a TaKOX NOEAHYE ICTUHHE 3HAHHS MpPo
LIVCHICTb | CyB EKTUBHY METY i NepeTBOPEHHS.

HaykoBa iges npeactaBnsie coboto iHTYITMBHE Mosic-
HEHHs1 sBuLLa 6e3 NpoMiKHOI aprymeHTaLii, 6e3 ycsigom-
NeHHs BCiel CyKYNHOCTI 3B’A13KiB, HA OCHOBI SKUX POBUTLCS
BUCHOBOK. BoHa 6a3yeTbca Ha HabyTuxX 3HAHHSX i pO3Kpu-
BaE paHilLie He BUSIBMEHi 3aKOHOMIpHOCTI. CBOO cneumdivHy

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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IHpopmaLiiiHa chepa

HTMB

EkcnnyaTauin

A

A,

PemoHT

MarepianbHa cdpepa

B1pobHUUTBO

YTunisauia

Puc. 1. Bsaemo3sanexHicTb iHpopmauiitHoi Ta maTepianbHOI chep CTBOPEHHSA Ta iCHyBaHHA BUPOOIB
(HTMNB - HaykoBo-TexHiYHa nigrotoBka BUpobHMLTBA; KIMB — KOHCTPyKTOpPCLKa NiArotoBKa BUPOOHULTBA;
TMNB - TexHonoriyHa niarotoBka BUpo6HuUTBa, OB — opraHisauiiiHa ninrotoBka BUPOOHULTBA;
HOP - HaykoBo-gocnigHa pobora)

marTepianbHiCTb ifest 3HaxoauTb Y rinoTesi. B cBoto yepry
rinotesa — ue ¢opma Ta 3acib HaykoBOro Mi3HaHHs, 3a
LOMOMOTOH SKUX (hOPMYETHCA OAWH 3 MOXIMBUX BapiaHTiB
PO3B 13aHHS NPobnemu, iCTUHHICTb SKOI Le He 3'coBaHa
i He goBedeHa. AKWO rinoTesa y3romKyeTbes 3 haktamu,
LLIO CroCTepiratTbes, TO B HayLi ii Ha3MBatoTb Teopieto abo
3akoHoM (Kovalchuk V.V. & Moiseiev L.M., 2004).

BigcyTHICTb BUSIBNEHNX 3aKOHOMIPHOCTEN (DOPMYBaHHS
HeobXigHOI SKOCTi MOBEepXHEBOro Wwapy Aetani notpebye
NPOBEAEHHST HEOOXiAHWMX | 3HAYHUX EKCrepUMEHTaNbHUX
AOcCnioKeHb ANna Toro, Wwob 34iNCHUTU NpaBUnbHUA Line-
CMPSIMOBaHUN BUBIP ONTUMAMNbHOTO TEXHOMOMYHOTO MpPO-
LieCy LLie [0 Oro 3amycky y BUPOBHULTBO.

HaykoBo-TexHiyHa nigrotoBka BupobHuutBa (HTTIB)
CKNajaeTbCA 3 KOMMIEKCY TEXHIYHWX, OpraHisauiHux Ta
€KOHOMIYHVX 3aXO0ZiB LLOA0 NPOEKTYBAHHS | BAOCKOHANEHHS
LL,O0 BAOCKOHANEHHs METOZiB OpraHisalii BUpobHuLTBa Ta
MiABULLEHHS TEXHIYHOrO piBHA nignpuemctea. BoHa BkIto-
yae HacTymHi cTagii:

— MPOEKTYBAHHS | BOOCKOHANEHHS KOHCTPYKLIN BMpO-
6iB — KOHCTPYKTOPCBKY NigroToBky BUpobHuuTea (KIMB);

— MPOEKTYBAHHS | BOOCKOHANEHHS! TEXHOMOTYHNX NPo-
LeCiB — TEXHOMOriYHY NigroToBky BUpobHuuTaa (TT1B);

— 3abe3neyeHHs BMPOOHMUTBA 0BnagHaHHAM, BMPOG-
HUYMMW  ManfaHuyvMKamu, Martepianamu, nigroTOBNEHNMM
Kagpamu TOLO — OpraHi3auiiHy niarotoBky BMPOOHMUTBA
(onB).

B xopi nposeageHHsi KMNB BusHauaioTb BuA, po3mipw,
maTtepian getanen, B3aeMHe PO3MILLEHHS deTanew i By3-
niB; cnocobu 3'efHaHHS, 3aranbHi TEXHIYHI YMOBY, a TakoX
BUrOTOBMSAOTb  KOMMMEKT KOHCTPYKTOPCbKOI [OKYMEHTa-
uii, a y npoueci TIB BM3Ha4atoTb NOCNIAOBHICTb i MeTOAN

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

00po6KY, CKNagaHHS, MOHTaXY, PErymtoBaHHS | TEXHIYHOrO
KOHTPONIO AeTarnew, By3nis i BUPOOiIB.

HTIB yepe3 po3pobky Ta BUKOPUCTAHHS HOBKX TEXHO-
MOTi, Yepes BUSBNEHHS 3aKOHOMIPHOCTI XO4y BUPOBHUYMX
npouecis Bnnueae Ha KIB T1a TIB.

MNpwv BignpautoBaHHi BUPOBIB Ha TEXHOMOTIYHICTL 3 ypa-
XyBaHHSAM CTafiil iXHbOrO XMTTEBOTO LMKIY BinbyBaeTbCs
KOpWryBaHHs BnactueocTen BupobiB abo nigbupaetbes
BinbLU paLioHanbHa TEXHOMOTIS X BUrOTOBMEHHS. 3anexHo
Bij TEXHOMOrYHOI paLioHaNbHOCTI KOHCTPYKUii BUpOBy
MOXYTb CYTTEBO 3MIHIOBATUCH EKOHOMIYHi, E€HEepreTuyHi,
€KOMOriYHi Ta iHLi NOKa3HWKN BUPOBHMLITBA, a TaKOX SKICHI
MOKa3HUKM BUPOOGIB.

3 Yacom xapaKTepucTukn BUPOBY, Ik KOHCTPYKLINHI, Tak
i TEXHOMOriYHi, OTpUMaHi Lie Ha cTadii BUpobHMLTBA, SK
npaBumo, BUSBNAOTLCS Y cepi ekcnnyatadii. Mpu ubomy,
Mo Mipi MopanbHOro cTapiHHsg Bupo6iB, 4O HWX npen’siB-
nATLCA Aefani Bce BUWi i Ginbw pisHOBiYHI BuMorn. Lle
CMPUYMHSE HEOOXIAHICTb 3MiHM SK KOHCTPYKUIT BUpOGiB, Tak
i TEXHOMOTrii iX BUrOTOBMNEHHS. [1OCTiliHe NiOBULLEHHS BUMOT
[0 BupoGiB BMMarae HOBMX OOCHIMKEHb Ta MOAAnbLIOro
npocysaHHa HTII.

[Jyxe Baromow naHKow Ons maTepianisauii umMx Hay-
KOBWX HOCMiMKEHb € HayKoBO-gocniaHa po3pobka (HAP),
fka ChpsIMOBaHa Ha CTBOPEHHS MEBHOMO BMAy BUPOGIB
i TEXHOMOrYHMX MpOLECiIB, Ha MEepeBipKy MPUHLMNOBO
HOBMX TEXHIYHMX PilLEHb Ha EKCMEePUMEHTASIbHUX 3pa3kax
y nabopaTtopHux ymoBax. HacTynHum eTanom MigroTOBKM
[0 peanisauii HOBOBBeAEHb € JOCMIAHO — KOHCTPYKTOPChKA
po3pobka, sika nepeabayae noseaeHHs pesynerartis HOP oo
YMOB MPOMWCII0BOTO OCBOEHHS i BKMIOYAE BUKOHAHHSA MPO-
€KTHOI Ta pobo4oi AOKyMeHTaLli, 4oCigHY NepeBipKy BNpo-
Ba[KyBaHMX TEXHIYHWX PiLLEeHb Y rany3si TexHiku, TEXHOMOrii

87

Cepis «<MexaHisaLjis Ta aBTomMaTi3aLjis BUpobH14mMX npouiecisy, Bunyck 1 (55), 2024



Ta opraHisauii BupobHuuTBa. Ha mignpuemctsi Ui npouecu
Ha3MBaTb TEXHIYHO NIArOTOBKOK BUPOOHMLTBA.

EkcnnyaTauis TicHo noB’si3aHa 3 peMoHTOM BrpobiB. Big
NPaBUMbHOCTI ekcniyaTawii 3anexuTb KinbKicTb Ta TEPMIHK
PEMOHTIB. FKICTb BMKOHAHOTO PEMOHTY BM3Ha4yae TpuBa-
nictb ekcnnyartauii BUpoby [0 HACTYMHOro pemoHTy abo
yTunisauii. B gincHnin yac, npu BUKOHaHHI PEMOHTHUX POBIT,
MOB’sI3aHKX 3 BiJHOBMEHHSM 3HOLLEHWX MOBEPXHEBMX LUAPIB
BUPOGIB, BUKOPUCTOBYIOTLCS HOBI, €PEKTUBHI i €KOMOrivyHO
6e3neyHi TexHomorii, 3aBAsKM SKUM HOBWIA BigHOBMNEHWUI
Wwap, Npy noganbLii ekcrnyarawii, 3Ha4HO [OBrOBiYHiLLE
YiM 3HOLLEHU.

OcTaHHbOI0 CcTagieto icCHyBaHHS BUPOBY € Noro yTunisa-
uis. HuHi we He po3pobneHi epekTUBHI TexXHoMorii yTunisa-
LiT BiAXoAiB NpOMMUCIOBUX BUPOOHMLTB.

HeobxigHiCTb BMKOPWUCTAHHSA CUCTEMHOMO MigxoZy nig
Yyac npoBefdeHHs JocnimkeHb noTpebye aHanisy Aouinb-
HOr0 BUKOPUCTaHHS METOZOMOrii CnpsiMOBaHOro BMBopy
TEXHONOri AOCArHEHHS 3aaHOi SKOCTi NOBEPXHEBUX LIAPIB
BMUPOBIB Ha YCix CTagisax X XKMTTEBOTO LMKITY (pUC. 2).

Ha etani KOHCTPYKTOPCbKOI MigroTOBKM BUPOBHMLTBA,
MpW NPOEKTYBaHHi BUPOBIB, LLO BUKOHYIOTb Ti UM iHLLI (DYHK-
Ui, BaXNMBO 3HATW METOAW, BUKOPUCTAHHS SIKMX MOXeE
3a6e3neynTi HeobXiaHi xapakTepUCTVKM NOBEPXHI Ta BigNO-
BiHO Npu3HayaTy il SKiCHI NOKa3HUKK (TEXHOMNOrYHa paLio-
HanbHICTb KOHCTPYKUIT). Ak nokasdye npakTuka BUPOOHWLTB
Takux metopis, Moxe 6yTu Barato.

Ha eranax TexHOMNOri4HOi nigroToBKM BMPOBHMLTBA
3HAHHS METOA0NOTIT yNpaBniHHS SKICTIO NOBEPXHEBMX LIAPIB
JeTane MallvH L03BOSSE NaHyBaTh palioHarnbHy TeXHO-
TIOTito ofepXKaHHs 3adaHuX BNacTUBOCTEN.

BukopucToByloun pesynbtatv HayKoOBWMX LOCHIIKEHb,
LU0 NMaHyKTLCA B AaHii poboTi, 3'aBUTbCS MOXIMBICTb NPO-
eKTyBaTW BMOIp paLjioHanbHOro cnocoby OTprMaHHs 3aroTo-
BOK AeTanen. Moxnueo BOHU 6yayTb BUrOTOBMSTUCS 3 MEHLL
JeLleBnx mMatepianis, 3 MEHLIMMM Npunyckamm Ha 06pobky
TOWO. He BUKMIOYEHA MOXNMBICTb paLioHaNbHILLIOro 3acTo-
CyBaHHs TepMiYHOT 06POBKM 3aroTOBOK, CKOPOUYEHHS Yncna
Ta TPMBanoCTi okpeMux ii eTanis.

3HatouM 3aKOHOMIPHOCTI YNpaBniHHA SKICTIO NOBEPXHE-
BOrO LWapy, MiCnsi MexaHiuyHoi ob6pobku 3'ABNSETHCA MOXK-
NUBICTb BMOpaTM MeToaM MexaHiuHoi 0bpobku, ki ByayTb
HamMBInbLL NpUAATHUMU Ta EKOHOMIYHO OBI'PYHTOBaHUMY.

OTpumaHi pesynbtatv [OChiMKeHb TakoX HeobxiaHO
3HATW Nig Yac nnaHyBaHHS Ta 34INCHEHHS CKNadanbHOro
npoLecy, Konum Ans HeobXigHOro B3aEMOMISHHA AeTanen
B MaLLUMHi HeobxigHo, o6 crnonyyeHHs X NOBEPXOHb, OAHa
BiHOCHO iHLLIOI, Mano KOHKPETHUI XapakTep: BiflbHO nepe-
CyBaTUCA; He MOBUHHI pyXaTUCb, ane NOBWHHI CKNafaTucs
i posbuparucs; nuwatucs nig Yac ekcnnyartauii Hepyxo-
MUMMU.

Bubip T1x uM iHWMX onepaLin CKnadaHHS: 3BaploBaHHS,
CKMeIBaHHS, NasiHHSA, CKNafaHHa 3 TEPMOBMIIMBOM TOLLO
3anexuTb Bi4 NapameTpiB SKOCTi OTPUMaHOro paHille
NOBEPXHEBOTO LWapy. Llie Buknukae HeobxigHicTe NpoBOANTH
GinbL rAnbLMiA aHania nNpoLecy CknagaHHs, TOMy, Lo Ha
OCTaHHiX CTafisix BUPOBHNYOro npoLecy ocTaTouHo 3abes-
MevyTbCs HEOOXIAHI XapaKkTepucTUkM MaLuuHK (BUpoby).

Mpu opmyBaHHi nNapameTpiB SKOCTI MOBEPXHEBOTO
Wwapy Ta HeobXigHMX eKcrnnyaTauiiHMX BnacTUBOCTEN
(MexaHiYHMX, Di3NKO-XIMIYHMX, TPMOOMOriYHUX TOLLO) i3
3afjaHUMKN XapakTepPUCTUKaMU 3MIHIOKTECS METOAM KOHTp-
onto Ta BUNPobyBaHHA BUPOGIB. 3HaKUM AKICHUA CKnaj
MOBEPXOHb JeTanen, MoXHa NPorHo3yBaTit B SKUX YMOBax
BUPIO NpaLoBaTUMe Kpalle, B SIKUX FipLUe i Y 3B’A3Ky 3 LM,
BUKOPUCTOBYIOUM pe3ynbTaTi, MOXHA KepyBaTi NpoLecoMm
paLioHansHoi ekcnnyatauii BUpoby.

BukopuctaHHs MeTogonorii HanpaBneHoro BUbopy Ha
eTani peMoHTy BMpoGIB [03BONSE BUPILIMTM Npobnemy,
MOB’si3aHy 3 BIQHOBMNEHHSM MOBEPXHEBUX LUApIB AeTanen
Ginblw AelweBuMn metogamu. Ak CBIOUATb MpaKTUKa, Ha
LIbOMY eTani 3acTOCyBaHHS pe3ysnbTaTiB HayKOBUX AOCHi-
[XeHb 3abesnevye [OCATHEHHS! 3HAYHOTO EKOHOMIYHOTO
edexTy.

Butpat Ha 3abe3neyeHHs ekonoriyHoi Geaneku BUro-
TOBIIEHHS AeTanen, npawymx B ymosax I3, BignosigHoro
PiBHSI BHOCATBCS B CyMy 3aranbHux BuTpar. Cnig 3asHa-
YUTK, WO EKOMOriYHi XapaKkTepUCTUKM METOAIB 3adisiHUX

Eranu xutTeBOrO NUKITY BUPOOY

[TigroroBka BUpOOHHUIITBA BupoOHuiTBo BupoOiB o .
- - =™ - @ 2 o
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rimoresa 00po0- | BepxHEBOTO OyBaHHS é Bl |2 QE % 2 E 2
Ka urapy BUpOOiB || M@ =
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/[ =

[IpenmeTHa 001aCcTh BUKOPUCTAHHS METOOJIOT T
CTIPSIMOBAHOT'O BHOOPY TEXHOJIOTT MTiABUIICHHS SKOCTI
MOBEPXHEBHX IIapiB BUPOOiB

Puc. 2. BukopucTtaHHa cuctemMm cnpsiMoBaHoOro BU6opy TexHonorii 3abe3neyeHHs HeoOXiaHOI AKOCTi NOBEPXHEBUX
WwapiB AeTaneu, ki NpaLolTb B yMOBaXx rigpoadpa3vBHOro 3HOLWYBaHHS, Ha Pi3HUX eTanax iX XUTTEBOro LMKy
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B BUPOOHMLTBI AeTanen MoxyTb ByTi BUKOPUCTaHI B SKOCTI
CaMOCTIMHOMO KpUTEPito ONTUMI3aLii npyu NPUNAHATTI none-
peaHbO BifibpaHMX eKOHOMIYHO JOLINbHUX BapiaHTiB.

BucHoBku:

1. Ha nigcraBi TeopeTuyHMX JoCnigKeHb YAOCKOHaneHa
B3aeMO3anexHictb iHopmMaLiiHol cdepu, fKa cknaga-
€TbCS 3 HAyKOBO-TEXHIYHOI MIArOTOBKM BUPOBHMLTBA: KOH-
CTPYKTOPCBLKOI, TEXHOMOrYHOI, opraHisaliiHoi Ta HayKoBO
focnigHoi pobotu Ta matepianbHOI cepu, WO BKIKYAE:
BUPOBHMLTBO, eKCnnyaTaLito, peMOHT Ta yTunisauiio.

2. Po3pobrneHo cuctemy cnpsiMoBaHoro Bubopy eko-
noriyHo 6e3neyHoi TEXHOMOrT ynpaBniHHA napameTpamu

SIKOCTi NOBEPXHEBYX LLAPIB AeTanei MallumH, Lo NpautoTb
B YMOBaX riipoabpasvBHOrO 3HOLLYBaHHS.

3. BigmiyeHo, Wwo npu HeoOXiAHOCTI BMPILLEHHS ONTK-
Mi3aUifnHMX 3aBdaHb, MOB'A3aHMX 3 BUOOPOM EKOMOriYHO
GesneyHoi TexHoMorii  ynpaBniHHS napameTpamy  SKOCTI
NOBEPXHEBUX LUAPIB AeTanei MalluH, Lo NpaLoTb B YMO-
Bax rigpoabpasnBHOrO 3HOLLYBaHHSI, 3HAYHO 3pPOCTaE Porb
iHbopmaLinHOT cdhepun, ska CKNafaeTbCs 3 pesynbrartiB
Mi3HaHHS, WO BUPaXatoTbCsl B 3aKOHaX, TEOPIsiX, HAyKOBUX
rinotesax. 3aBasikv iHGOPMAaLNHIN cdepi CTBOPHOTLCS
i HabyBatoTb BIJHOCHOI CaMOCTIHOCTI Taki hopMu Ta 3acobu,
AK ines, npobnema, rinotesa, KOHLENLS, 3aKOH, Teopis.
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A systematic approach to the selection of technologies for controlling the quality parameters of the surface
layers of machine parts working in conditions of hydroabrasive wear

In the actual work, attention is paid to the fact that the wear resistance of parts is affected by their working conditions and material
parameters, such as hardness and microstructure, as well as the quality parameters of their surface layers, which can be controlled
thanks to the existing range of technological methods. The effective life of the equipment depends on the bearing capacity of the
surface layer of the parts, which is determined by its quality. It has been proven that the works that connect the parameters of the main
material of the part and the quality parameters of their surface layers with resistance to wear are relevant and timely. The purpose of
the work is to increase the reliability and durability of machine parts operating under hydroabrasive wear conditions by developing a
systematic approach to the selection of technologies for controlling the quality parameters of the surface layers of their parts.

The methodology of targeted selection of technology for improving the quality of surface layers of products covers its
entire life cycle, which includes: the material of the product and its elements, the technology of manufacturing the product
and its elements, the technology of repair and restoration of operability, etc. All of them are considered through the special
methods of directed selection mentioned above. At the same time, it is necessary to take into account the influence of the
chosen methods on each other, which will ultimately affect the quality of the product. The very method of system analysis
can be traced in this interpretation.

On the basis of theoretical research, the authors improved the interdependence of the information sphere, which consists
of scientific and technical preparation of production: design, technological, organizational and scientific research work,
and the material sphere, which includes: production, operation, repair and disposal. A system of targeted selection of an
environmentally safe technology for managing the quality parameters of the surface layers of parts of machines operating in
conditions of hydroabrasive wear has also been developed. It is noted that when it is necessary to solve optimization tasks
related to the choice of an environmentally safe technology for managing the quality parameters of the surface layers of
machine parts operating in conditions of hydroabrasive wear, the role of the information sphere, which consists of the results
of knowledge expressed in laws, theories, is significantly increasing, scientific hypotheses. Thanks to the information sphere,
such forms and means as an idea, problem, hypothesis, concept, law, theory are created and acquire relative independence.

Key words: hydroabrasive wear, wear resistance, reliability, durability, targeted selection, operation, repair, disposal.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

89

Cepis «<MexaHisaLjis Ta aBTomMaTi3aLjis BUpobH14mMX npouiecisy, Bunyck 1 (55), 2024



YK 642

YOOCKOHANEHHSA CTPAB I3 BOBOBUX AN WKINbHOIO XAPYYBAHHSA TA NEPCMNEKTUBU IXHbOIO
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YebaHeHKo €BreHis BanepiiBHa

maricTp kadheZpy TeXHonorii Xxap4yBaHHs
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MapeHkoBa TeTsiHa IBaHiBHa

CTapLUWi BUKNaday kaeapy TEXHOMOTT XapyyBaHHS

CyMcbKuii HaLioHanbHWA arpapHui yHiBepcuTeT, M. Cymu, YkpaiHa
ORCID: 0000-0001-7481-0848

tetanamarenkova@gmail.com

LocnidxeHHsMU cmaHy opaaHi3aujii WKinbHo20 xap4yyeaHHs1 8 YKpaiHi 6yno eusienieHo psid cymmesux npobnem, sKi
cmanu nidrpyHmsm 0151 2robanbH020 peghopMy8aHHsST cucmemMu WKinbHo20 xap4ysaHHs y 2020 poui. Cb0200Hi yOOCKOHa-
JIEHHST cCUCMEMU WIKITbHOR0 XapyyeaHHs1 8 YKpaiHi CripsiMo8aHe Ha 8UX08aHHS Ky/ibmypu ma npasusibHUX Xapyo8uX 38UHOK,
3MiUHEHHS 300p08’s, 2apMOHIlHUU ¢hizionoaiyHul po3sumok dumuHu ma 30ilicHrembcsi 8i0nosidHo 00 HauyioHanbHoOi cmpa-
meaii po3bydosu be3nedHo2o i 300p08020 0c8iMHL020 cepedosulla 8 Hosill ykpaiHebKil wkori. Lle cmae moxnueum 3as-
0sIKU KoMriiekcHoMY nidxo0dy 8 uili cehepi, wjo 8paxosye MeOUYHi, Mpasosi, couyianbHi, iHaHCo8I | MEeXHOI0_iYHI acrnekmu.

OO0Hak mocmyroge 8rpo8adXXeHHs peghopMU oKa3aro, Wo He3a0080/IEHICMb WKIMIbHUM XapdysaHHsM 0imel ma ixHix
b6ambkig doci icHye. Ocobnueo ue cmocyemscs epynu cmpas 3 60608uX, 5iKi, 3 00H020 BOKY, € 8aXITUBOK CKITad080k0 pauyi-
OHy 3a80sKU 8UCOKIU xap4osili i bionoaidHit yiHHocmi ma 0608’93k080 Marmb BYMU BKITHOYEHI pa3 Ha MUXOEeHb 8 WKIbHE
MEHI0, a 3 IHWO020, KopUucCmyrmbCs HaliMeHWOK NomnynspHicmio ceped yYHiecbKoi Monodi.

32i0HO0 3 Hawumu criocmepexeHHsaMU, npobnema 8i0Mo8uU WKonspie 8id crioxueaHHs cmpas 3 60608uUX ma Noe’a3aHux
3 yum empamamu 20moeoi npodykuii 0o 92% y suansdi xap4yosux ei0xodie Mae cucmeMHull xapakmep. OrnocepedkosaHo
ue niomeepdxyembCs 8USBNEHUMU hakmaMu BUKITIOYEHHST 3 MEHHO Pi3HUX WK cmpag 3 60608UX.

BidnosidHo o npogedeHux aHOHIMHUX O0OPOBINTbHUX ONUMYy8aHb y4HI8 6CiX 8IKOBUX 2pyn Hamu Oyrio 8USIBIEHO MEH-
0eHUito 3MeHWEeHHST baxaHHs crioxusamu cmpasu 3 60608UX 3 HOB020 YOMUPUMUXHEB020 MEHK 3i 3HUXEHHSM iKY
dimeli, a maKkox 3aKOHOMIPHICMb IXHbOI Pi3KO He2amueHOI peakuii Hayi cmpasu Yyepe3 supaxeHull creyughiyHul 3anax
i cMaK 0CHO8HOI cupo8uHU. Ha nidcmasi Y020 Hamu 3anpPornoHo8aHo Hoei Nidxodu 6 npu2omysaHHi cmpaes 3 60608uX. BoHu
eKrtoqarnu 8 cebe cmeopeHHs KymniHapHOI npodyKuyii i3 CUpOBUHHUM CKTadoM, Op2aHoNenmuUYHUMU MOKasHUKamu, criocobom
0hOPMIIEHHS 308HIWHB020 8U2nsA0y, nodadyero, (hipMOBOH Ha38010, sKi bu He Maru acouyjayjti i3 6obosumu.

Pesynbmamom 0ocnidxeHb ma sidnpayrosaHb cmaru 08i yOOCKOHaneHi cmpasu — «YapieHi ¢hanaghenbHu4Ku» ma
«baHaHo8i heepsepkuy», sKi ompumanu MakcumarbHy ouiHKy nid yac deaycmauii wkonspamu. lNepwa sensna cobor
¢hanachbernib 3 8apPEHO20 HYMy 3 BUKOPUCMAaHHSIM WUPOKO20 CreKmpy npsHowie ma cneuit, a dpy2a — onadku 3 Keacosi
3 do0asaHHsM baHaHa ma Kypaau.

Ha Hosi cmpasu 6yno po3pobrieHo npoekm mexHosoeidHux kapmok ma rnaH HACCP 3 enposadxeHHs1 HOBUX cmpas
8 WKirbHe MeHI0. Po3paxyHKaMu O4iKy8aH020 EKOHOMIYHO20 eghekmy byrio 008e0eHO, WO 8rposadxeHHsI yOOCKOHaNeHUX
cmpas 00380n1uUMb eghekmusHile sukopucmosgysamu 0epxasHe hiHaHCy8aHHS 3a paxyHOK 3MEHWeHHs1 empam Ha 75% Ha
pik 3 00HieT wkonu (Ha npuknadi KY CCLL I-Ill cmynenie Ne29, m. Cymu). [pu Us0My 3HUXEHHSI KiflbKOCMI HECHIOXUMUX cmpas
y 8uensdi xap4osux 8idxodie Ha 3390 ke Ha pik crnpusMuMe 3MEeHLWEHHI0 He2amuegHO20 8Ly Ha HaBKOMULIHE cepedosulye.

Knroyosi crioea: wikinbHe xap4ysaHHsi, peghopma cucmeMu WKInbHO20 Xap4yeaHHs], cmpasu 3 60608UX, WKIfIbHE MEHIO.

DOI https://doi.org/10.32782/msnau.2024.1.13

Betyn. XapuyBaHHSA Ta Xap4oBi 3BUYKM € KITHOHOBUMM
B XWUTTI KOXHOI ntogmHn (Johnston et al., 2014). Ctane cno-
XMBaHHS Ta BUPOOHWLITBO € BaXKN1BMM acnekTom Llinen cta-
NOro PO3BUTKY B KOHTEKCTi CPUSIHHSA MOOENSM XapyyBaHHs,
AKi 30aTHI CNPUSATU 3HWXKEHHIO EKOMOTYHUX, EKOHOMIYHMX
Ta couianbHWUX BUTPAT, 3MILHEHHIO eKOHOMIYHOI KOHKYPEH-
TOCMPOMOXHOCTI Ta 3meHweHHo 6igHocti (UN General

Assembly, Transforming our world: the 2030 Agenda for
Sustainable Development, 2015).BusHayeHHss 300poBOro
XapyyBaHHS! € KOHCEHCYCHUM; 3a daHumun BOOS, 3gopose
XapyyBaHHS Jonomarae 3axuMCTWUTU Bif HEAOIAaHHSA B YCiX
oro cpopmax, a TakoX Bif HeiH(EKLINHNX 3aXBOPOBaHb,
BKMtovaroum fiabet, xsopobu cepus, iHcyneT i pak (Rojas
et al., 2011). 3rigHo 3 Katuom i Mennepom (Katz&Meller,
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2014), onTUMarnbHWUI pexmum xapdyBaHHS MOXHa NErko onu-
catn ¢pasoto: «[lepeBaxHO POCIMHHA Xay.

LLikona € npuBinenoBaHWM cepenoBULLEM NS HABYaHHS
3[10POB’10 Ta KYNbTYPU XapyyBaHHS1, NiABULLEHHS €KONOTiYHOT
006i3HaHOCTI, B Hill HabyBalOTLCA Ta 3aKPINMOITLCS 3BUYKN
Ta cnoci6 xutTa (Malisova et al., 2021). MeHto LLKinbHOMO
XapyyBaHHS TpaauuinHO mae ByTu po3pobneHe 3 MeTow
hopMyBaHHS KynbTypW 300POBUX XapyOBMX 3BUYOK, Crps-
MOBaHMX Ha 3MiLHEHHS 300POB’'S Ta rapMOHINHWUIA isiono-
riyHmin possutok autuhu (Aliyar et al., 2015; Malisova et al.,
2021; Willett et al., 2019).Mporpamu LWKINbHOrO Xap4yBaHHS
BBAXXaKTbCS LN 3aXO0AiB CTanoro po3suTky. JocnigHnub-
kun ornsn (Cohen et al., 2013; Haijer et al., 2020) ctsep-
[DKYBaB, LU0 LLIKOMK Ta NikapHi € 4OMIHYIOUMMK apeHamu, e
3[0pPOB’A Ta CTilKICTb PO3rNsaaTbCs 3aans OOCATHEHHS
BinbLu LinicHOT TOYKM 30py Ha cnoxusaHHs ixi (Ribal et al.,
2015).

JocnimkeHHs cTaHy opraHisauii LKIfIbHOro xap4yBaHHS!
B YKpaiHi BusBUAKM psa KNOYOBUX npobriem, 30Kpema,
HU3bKY JOCTYMHICTb Ta PiBEHb CMOXWBAHHS BaXIIMBUX Py
Xap4yoBMX NPOAYKTiB (0BOYIB, (OPYKTIB, LiMbHUX 3Makis,
6060BMX, pUbU, MONOYHMX NPOLYKTIB TOLLO), HAAMIPHY Kinb-
KICTb Y HOPMaXx Ta BUCOKi PiBHi CMOXUBAHHS BibHOIO LIYKPY,
KyxapcbKoi coni, xupy, xniby, 06pobneHnx xap4yoBmx npo-
[YKTiB, OOHOMAHITHY Ta HECMayHy DKy Y LIKINbHUX iganb-
HSIX, BIACYTHICTb HEOOXiAHOI poTaLlii KOPUCHUX Ta CMAYHUX
CTpaB, BiAMOBY LLKOIAPIB Bif X CNOXUBaHHS, HEKOHTPOIbO-
BaHWii acopTuMeHT BydeTiB, 80% sakoro cknagalTb COMo-
foui Ta conopki Hanoi (Pryadko et al., 2021; Heiko et al.,
2020; Svystun &Lianna, 2017).

HauioHanbHa acouiauis rpomMagcbkoro  xapyyBaHHS
(NFA) Bmokpemuna ton-3 npobnem LWKiNbHOTO XapvyBaHHS
B YKpaiHi: oxupiHHa (ctaHom Ha 2017 pik 13,3% ykpain-
CbKUX LUKOMSAPIB CTPaXZalTb HA OXWPIHHSA), BENUYE3HI
BTpaTU Xap4yoBoi cupoBuHU (00 80% cTpaB noTpannsoTb
Y XapuyoBi Biaxoaw), 3actapine obnagHaHHs, sike CNoXuBae
BenuKy Kinbkicte pecypcis (TOMM-3 npobrnemu LWkinbHOro
xapyyBaHHs B YKpaiHi — HauioHanbHa acoujauis rpomag-
CbKOro Xap4yBaHHs, 2021).

Y 2020 poui B YkpaiHi 6yno posnoyato rnobanebHy
3MiHYy CUCTEMU Xap4yyBaHHs Y 3aknafjax OCBITW Y BUIMSAA
pedopmu, SKy noyanu 3gincHioBaTW NPOMINbHI MiHiCTEp-
CTBa, OKPEMi JepxaBHi YCTaHOBM 3a NIATPUMKW psagy Mix-
Hapoa4HUX NapTHEpIB, E€KCNepTHOro cepeaoBulla Ta npo-
inbHUX YKpaTHCbKMX (haxiBLiB. YOOCKOHANEHHs cucTemu
opraHisaLii xapyyBaHHs B 3akriafax OCBITW CTano OfHie
3 8 cTparteriyHux Uinen HauioHansHoi cTpaterii po3bynosu
6e3neyHoro i 30O0pOBOr0 OCBITHLOTO CepedoBuLLa Y HOBIN
YKpaTHCBKIN LLKON.

MiarpyHtam gna pecdopMu ctanu OOCHIMKEHHS CTaHy
LUKINbHOrO XapyyBaHHS B YkpaiHi, siki 6ynu iHiuinosaHi MiHic-
TEPCTBOM OCBITU i Hayku YKpaiHu Ta NPOBOAUMMCS LLUIISIXOM
OnuTyBaHb Ta (POPMYBaHHS eKCrepTHOT AyMku (PesynetaTy
ONWUTYBaHHS: 3a0BOSMEHICTb OaTbKiB Ta YYHIB LUKINbHUM
xapdyyBaHHsaMm, 2020). [ocnifXeHHs BUSBWNM CYTTEBI Npo-
Grnemu Ta ixHi kKOpeHeBi NpUYMHU. 30Kpema, Ha SyMKY npak-
TUYHO MOMOBMHK ONUTAHUX PECMOHAEHTIB-0aTbKIB Ta YYHIB,
CTPaBV LUKINbHOI idanbHi He BiAMNOBIAanM ixHiM O4iKyBaHHAM
(oQHOMAHITHE MEeHI0, HW3bKi OpraHoNenTUYHi MOKa3HUKY,

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

HefoBipa 40 SKOCTI LLKINbHUX CTPaB Ta iH.). PaxisLi BUSBUIX
Taki KnovoBi Nnpobnemu B opraHisaLii xapyyBaHHsl, SK Bif-
CYTHICTb YMOB ANl AIETUYHOMO XapyyBaHHS, 3HOLUEeHe Ta
3acrtapine obnafHaHHs, HeOCTaTHE PO3YMiHHS MPUHLMMIB
MOBHOLIHHOMO XapyyBaHHS, MOBifbHE 3anpOBaXEHHS CUC-
Temm HACCP Touwo.

3rigHo i3 pedopmMOt0 YAOCKOHANEHHS CUCTEMMU OpraHi-
3auii xapyyBaHHS, B 3aknagax OCBITW nepenbayae komn-
nekcHy poboTy, MOB’si3aHy i3 OHOBMEHHSAM 3aKOHOAABYOI
6asun (nepernsa Ta 3anpoBaKEHHS HOBUX HOPM i NpaBun
opraHisaLii xapyyBaHHS B 3aKnafax 0CBiTU), MOAEPHi3aLieto
obnafHaHHa ANns ifanbHb 3aknagiB OCBITW, Cy4acHOW Mig-
FOTOBKOK KyXapiB AUTSAYOrO XapuyBaHHs, 3abe3neqyeHHsIM
dopmyBaHHS KynbTypy 340pPOBOro, 36anaHcoBaHOro Crno-
XUBaHHS Txi. Tak, B paMkax pedopMu CUCTEMMU LLKINIbHOTO
xapuyBaHHs Byna cTBopeHa nnatgopma npo 340poBe xap-
YyBaHHS Y LIKonax «3HaiMo» («3HaeMo, Lo iMo») (3HaiMo:
MNnatchopma nNpo 300poBe LuKinbHe xapyyBaHHs, 2020), ska
MICTUTb BCIO KIOYOBY iHGhOpMaLlito Ta Mae Ha MeTi iHdop-
MyBaTW OCBITHIX ynpaBniHLiB, KEPIBHUKIB 3aknagiB OCBiTH,
negaroris Ta 6aTbkiB NPO 3MiHW B CUCTEMI XapyyBaHHS Ta
HaMKpalli MpaKkTWKM oOpraHisauii XapuyBaHHS Yy LUKonax
(Posnouvana poboTy nnatopma npo 340p0OBE XapuyBaHHS
y wkonax «3Haimoy, 2021).

Be3ymMOBHO 3MiHM TOpKHYnucs i pauioHy. Hose 4otu-
PUTUXHEBE MEHIO 3 NMOKPOKOBUMM peLienTaMu Ta TEXHOMO-
rivHuMK kapTkamu Ha 160 ctpas 6yno nigrotoeneHe pobo-
YO rpynoto 3a yyacTi Wwed-kyxaps €BreHa KnonoteHka Ta
3aTBepmxeHe MiHICTEpCTBOM OXOPOHM 300pPOB’SA. Y HbOMY
0BOMeXeHO KinbKiCTb Coni Ta LyKpY, KMPiB POCNMHHOTO i TBa-
PUHHOMO MOXOMKEHHS Ta cybnpoaykTie. HatoMicTb 36inb-
LUEHO KiMbKICTb CMOXMBAHHSA MOMOKa Ta KWUCIIOMOMOYHUX
NpoayKTiB, M'sica, pubu, CBXMX OBOYIB i PPYKTIB. Baxxnueo
BiAMITUTK, LLO HOBE MEHIO He 0DOB'A3KOBE, KOXEH 3aknaf,
OCBITW MOXe po3pobuTh CBOE MEHI0, SKe Ma€ BignosigaTy
MNoctaHosi KabmiHy Ne 305 «[1po 3aTBepakeHHs1 HopM Ta
MNopsiaky opraHisauii xapyyBaHHS Yy 3akrnagax OCBiTM Ta
OUTAYMX 3aKNafax O3[O0POBMIEHHS Ta BIiAMOYMHKY», Ta
3aTBEpPAUTY oro y [epnpoacrnoxmBciyxoi.

BapTo 3a3HaumTu, LWo pedopma LKISIbHOTO XapyyBaHHS
He Moxe BigbyTuch 6e3 cBiZOMOI i BiANOBIAanbLHOI NO3u-
LiT KOXHOro T cTenkxongepa, cepes SKux Ha fokanbHOMY
piBHI € B6aTbkK, Lo 3alikaBneHi y 36anaHcoBaHOMY Xapuy-
BaHHi CBOIX AiTen, NpaLiBHUKK igarbHb, SKi XO4yTb Bia4yTy
€MOLINHUIA BIAryK AiTeN Bif CMOXUTOrO XapyyBaHHS, a Ha
rno6anbHOMY — opraHu MiCLEBOro caMoBpsiyBaHHS, Mpo-
(hinbHi MiHICTEPCTBA Ta iHLWI AepXKaBHi CTPYKTYpW, rONOBHE
3aBOaHHA AKX nonsarae y opMyBaHHS KynbTypu 340pO-
BOro, 36anaHCcoBaHOro CNOXMBaHHS iXXi Ta BMXi4 Ha HOBUM
3aKOHOAaBUMI Ta TEXHOMOTMYHUN PiBEHb B KOHTEKCTi CTpa-
TeriyHmx uinen HavioHanbHoi cTpaterii po3bynosu 6esney-
HOrO | 300POBOr0 OCBITHLOMO CepefoBuLLa Y HOBI YKpaiH-
CbKil LLKONI.

BoaHouac nig Yac BnpoBamxeHHs pedopMu CTano 3po-
3ymino, wo 6Garato 6aTbkiB i AiTeil 3HOBY He 3a40BOSEHI
HOBVM XapuyBaHHaAM (Pecbopma LUKIMBHOMO XapyyBaHHS:
po3bupaemMo 0CHOBHI 3MiHW — Hakunino, 2022). Ha nokank-
HOMY piBHi y micTi Cymu Byno 3'acoBaHo, L0 HaWMEHLLUM
MOMUTOM Y LLKOMSPIB KOPUCTYIOTLCS CTpaByu 3 6obosux. 3a
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HaLLMMK CnoCTEPEXEHHAMU L npobnema Habyna cuctem-
HOrO xapakTepy, OCKINbKW Mif, Yac MOHITOPUHTY BiZKPUTMUX
JaHux B Mepexi Internet, a Takox cninkyBaHHS i3 npeacras-
HUKaMW iHWKUX LWKin, 6yno BUSBNEHO (haKTU BUKMIOYEHHS
3 MeHHo cTpaB 3 6060BuX.

BpaxoBytoui nepcnektuBu pedhopmm LLKINBHOMO Xap-
YyBaHHs, a Takox 1i OdiKyBaHi pesynsraTh, ski nonsraoTb
y ChpuUsiHHi 300poBOro BMBOPY NpoayKTiB, iXHbOI 36anaH-
COBAHOCTI, BUXOBaHHS 300POBUX 3BMYOK, 3a[JOBOMEHHI Bif
CMOXMBAHHSA CMaJHOi Ta KOPWUCHOI iXi 3a paxyHOK Moea-
HaHHS HayKOBUX PEKOMeHAaLiii Ta KpeaTWBHOCTI y po3-
pobLi HOBUX CTPaB, akTyanbHUM CTa€e HaNpPsIM NOKPaLLEeHHs
HOBOTO MEHI0 3 METOK BNPOBAMXXEHHS CTpaB 3 6060BUX, SKi
OV LiHyBanMcs Ta KOPUCTyBanucs NonMToM cepen AiTew.

Knio4yoBMM nUTaHHAM, SKOMY Criig NpUgInNuMTK yBary, Ha
HaLly AyMKY, € NOLUYK MOXMMBOCTEW 3aLiKaBNeHHS LLIKOMSI-
piB y cTpaBax 3 6060B1X, QOPMYBaHHS B HUX BMEBHEHOCTI
/i CTINKOrO BPaXXEHHS NP0 TXHKO KOPUCTb Ta BUCOKI CEHCOPHI
XapaKTepUCTUKK.

Takum YMHOM, METOK [aHOi CTaTTi € YAOCKOHANEHHS
iCHytouMX cTpaB 3 6060BMX AN LLKINbHOrO XapyyBaHHs Ans
IXHBOrO BMPOBAKEHHS B NMEPCMNEKTUBHE MEHIO LUKIN MicTa
Cymu 3 MmoxnusicTio anpobalii Ta NOLUMPeHHs pe3ynbTaria
Ha LUKONW iHLWUMX MICT YKpaiHu.

Marepianu i meToau pocnigxeHb. 3rigHo 3 nocTaene-
HOK METOH Hamu Byno po3pobrieHo Nporpamy aHan TMYHUX
Ta ekcnepumMmeHTansHux pobit (puc. 1), ska cnpsimoBaHa Ha
YOOCKOHaNeHHs TEXHOMorii cTpas 3 6060BUX ANS LKINbHOMO
XapyyBaHHS1 Ha npuknagi danadens 3 BapeHOro HyTy Ta
onafok 3 keaconi, 6aHaHa Ta Kyparu Ans iXxHbOro BnpoBa-
[DKEHHS B NepCrnekTUBHE MeHto Wkin micta Cymu.

Mpegmetamn gocnimkeHs B AaHin poboTi ynu agi Tpa-
AunLinHi cTpasu 3 6060BKX 3 HOBOTO YOTUPUTIKHEBOO MEHHO
«J1obio 3 kBaconeto» Ta «[opoxoBe Mope 3 HOPHOCIIMBOMY,
a TaKoX yAocKkoHaneHi ctpasu — «®danadens i3 cuporo
HyTY», «®anadens i3 BapeHoro HyTy», «Onagku 3 kBaconi

Ta 6aHaHay, «TOpOXNSAHUKY 3 3eNeHOro ropoLLKy», «Onagku
3 kBaconi, 6aHaHa Ta Kyparu».

JocnimpkeHHs npoeoaunucs Ha 0asi iganbHi  WKonwm
Ne 29 micta Cymu 3 BepecHsi 2020 poky Ao ntotoro 2022 poky,
a TaKoX B YMOBax BOEHHOMO CTaHy Micns MOBHOMACLL-
TabHOro BTOPrHEHHS pd 3 TpaBHsa 2022 poky [0 TpaBHS
2023 poky. OuiHKy opraHonenTU4YHWUX MOKAa3HMKIB 3a3Haye-
HUX CTpaB MPOBOAMIMN LUNSXOM AerycTalii 3 BUSHAYEHHSIM
30BHILLHBOMO BUIMSAAY, KOMbOpy, 3anaxy Ta cMaky. llicns
LIbOro NPOBOAWNY aHKETYBaHHS LUKONAPIB, SKi 4OOPOBINLHO
3i 3rogoto 6aTbkiB BigNOBIAany Ha nuTaHHs. Llinbosoto rpy-
Moo Nig vac gerycrauii TpagmUinHuX cTpas 4o NOBHOMACLU-
TabHOro BTOPrHeHHs 6ynu yyHi 3 1-ro no 9 knac y KinbKocTi
320 pite B HacTynHOMY ChiBBiAHOLEHHI: 6-11 pokiB — 288
aiten, 11-14 pokis — 32 auTuHK. Y nepiog BiliHW B Aerycrauii
cTpaB 6pano yyactb 80 LKONAPIB Pi3HWMX BIKOBKX KaTero-
pini, cepen skux: 6-11 pokis — 38 giten, 11-14 pokis — 24
antuHu, 14-18 pokis — 18 giten. Pesynetat gerycrauii Ta
ONWUTYBaHHS NpeACTaBnAnu rpadpiyHo y Burnaai crosbyac-
TUX Aiarpam. BennunHa opraHoNenTUYHMX NOKa3HWKIB Ans
3pYYHOCTI AiTe B13Havanack 3a 12-6anbHoto LWKasnoto.

BionpautoBaHHs1 TexHonorii 34incHIoBan 3 OOTPMMaH-
HaM [loctaHoBu KabiHeTy wMiHicTpiB YkpaiHn Ne305 Big
24 6epesHs 2021p. «Mpo 3aTBepmKeHHS HopM Ta [Nopsaky
opraHisalii XapyyBaHHs y 3akrnafjax OCBiTM Ta AUTAYMX
3aKknagax 0340pOBMeEHHs Ta BigNoYMHKY» Ta Hakasy MiHic-
TepcTBa OXOPOHM 300poB’a Ykpainu Big 25.09.2020 Ne 2205
(Mpo 3atBepaxeHHs [irieHiYHNX BUMOT 4O BUPOBHMLTBA Ta
00iry xapyoBux NPOAYKTIB Ha NOTYXHOCTSX, PO3TaLLOBAHUX
y 3aKnapax saranbHoi cepefHboi ocBiTh, Hakas MiHictep-
CTBa PO3BUTKY EKOHOMIK, TOPriBAi Ta CiflbCbKOro rocnogap-
ctBa YkpaiHn Ne 2532, 2021; Npo 3aTBepOXeHHS HOPM
Ta NopsaKy OpraHisalii xapyyBaHHs y 3aknagax OCBITW Ta
OUTAYUX 3aKknagax 0300pOBMEHHS Ta BiANOYMHKY, MNocTa-
HoBa KabiHeTy MiHicTpiB Ykpainu Ne 305, 2023; Mpo 3atep-
DxeHHst CaHiTapHOro pernaMmeHTy Ans 3aknagis 3aranbHoi

AHati3 OCHOBHHX 3arajipHa AmnaniTnune Ornsan
TeHJCHLH Ta XapaKTepUCTHKA OOTPpYHTYBaHHS Ta MEPCIEKTHBHUX
MPaKTUYHUX acIeKTiB | | cTpas 3 6000BUX MepeyMOBH JOIUTEHOCTL HaNpsIMKiB
PO3BUTKY HMIKIJIBHOTO Y CydacHOMY YIOCKOHAJIEHHS CTPaB 3 TIOKPAIIEHHS CTPaB
XapuyBaHHS B MEHIO LKL 6000BUX JUIS MIKITBHOTO 3 6000BUX
Vkpaini XapuyBaHHsI
DopMyTIOBaHHS METH Ta 3aBJaHb, BUOIP METOIIB OCITIHKEHb
Awnaiiz AHaui3 TeXHOJIOTii OOrpyHTYBaHHS Pospaxynok
pe3yabTarTiB ICHYIOUHX CTpaB 3 PELEeNTYPHOro CKIIaay Ta MOXKMBHOT L[IHHOCTI
ONUTYBaHb 06000BHX Ta TEXHOJIOTIYHOTO MpoIiecy | | Ta po3poOKa MPOEKTy
HIKOJIAPIB 100 (hopmymmoBaHHS HOBHX CTPaB, OTPUMaHH: TEXHOJIOTTYHUX
CIOKUBAaHHSA MiIXOAIB 10 3BOPOTHOTO 3B’SI3KY Bij KapTOK Ha HOBI
cTpaB 3 6000BHX YIOCKOHAJICHHS IIKOJISIPIB CTpaBH
Po3zpobaenns mrany HACCP miist HOBUX cTpaB
Po3paxyHOK 04iKyBaHOTO €KOHOMIYHOTO €(EKTY BiJ BIPOBAIKCHHS HOBUX CTPAB B MEPCIICKTHBHE
MeHIO K micta Cymu

Puc. 1. Mporpama aHaniTMYHMX Ta eKCnepMMeHTanbHUX pPoBiT 3 yAOCKOHANEeHHsA TeXHONOril cTpaB i3 6060BMX
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cepenHbOi 0cBiTH, Haka3 MiHicTepcTBa OXOPOHM 300POB’S
Ykpainu Ne 2205, 2022).

iy yac ynockoHaneHHs TexHonorii cTpas 6panu 4o ysaru
Taki NOKa3HWKW SIK NMOEAHAHHS MPOAYKTIB, HOPMW BKMafeHHS!
CVYPOBMWHM Macolo HETTO, TEMMEPATYPHUIA PEXUM i TPUBANICTb
Tennosoi 06pobky, KyniHapHy rOTOBHICTb CTPaBW, BUXiA roTo-
BOI CTpaBu, OPraHoNenTMYHI NOKa3HWUKM SKOCTi CTPaBM.

XapyoBy Ta eHepreTuMyHy UiHHICTb BMU3Havanu pospa-
XYHKOBMM LLISIXOM i3 3aCTOCYBaHHSM BiNoBigHOI A0BIAKO-
BOI niTepatypn (XMU4eCKknii COCTaB NULLEBbIX NPOAYKTOB:
KH.1. CnpaBoyHble Tabnuupbl cogepxaHns OCHOBHbIX MULLe-
BbIX BELLECTB U SHEPreTMYecKon LIEHHOCTM MULLEBBIX MPO-
aykTos, 1987).

Pesynsrat gocnipxerb. Mporarom 2021-2022 pp. Hamu
6ynu npoBefeHi aHOHIMHI JOOPOBINbHI ONUTYBAHHSA Ha Npef-
MeT 3a00BOMEHOCTI cTpaBamu 3 6000BKX 3rigHOTO HOBOMO
MEHI0, @ TaKOX AOCMIDKEHHS 3 MOHITOPUHTY BpaxeHb cepen
LUKOMSPIB Pi3HUX BIKOBMX Ipyn Mig Yac iXHbOTO CrOXMBAHHSI.
CnocTtepesxeHHs 3a AiTbMu, SKi Xap4ytTbCs B LUKIMbHIN idanbHi,
Ta CMifikyBaHHs 3 HUMU Jano 3mMory chopMyBaTy CTINKY OyMKY,
Wwo ctpaeu 3 6060BKX 3aranoM BUKMMKaKOTb Heratve. 3a
HaLLMMK pesynbTaTamym ONUTYBaHb AiTel PI3HOMO LLKINIbHOro
Biky 86,5% 3 HUX BigMOBNAOTLCS ICTW CTpaBu 3 6060BUX.

MNpoBeneHa H6anbHa ouiHka cTpaB 3 6060BUX (pUC. 2)
[103BONMA BU3HAYUTU TEHOEHLi0 3MEHLIEHHS ynogobaHb
3i 3HMXKEHHSIM BIKY AiTei: Wkonspi BikoBoi rpynu 6-11 pokis
OLIiHWUNW 30BHILLHIV BUrNsA, 3anax Ta cmak Ha 4,0,2,01a 1,8
6anis, 11-14 pokis — Ha 5,0, 2,5 Ta 2,3 6anu, 14-18 pokis —
Ha 5,5, 3,0 Ta 3,9 Ganis.

Ha HacTynHomy eTani 6yno npoBeaeHO MOHITOPUHT Bpa-
XeHb Ta NpoaHani3oBaHo peakuii Ta AyMku aiten. Y Tabn. 1
y3aranbHEeHO HanMonynsapHiLLi BignoBigi Ta peakuii.

3a oTpuMaH1UMK pesyrnsratamm BUAHO, LU0 OCHOBHOH Npu-
YMHOIO BiAMOBW Bif, CNOXMBaHHS CTpaB 3 6060BYX € ACKpaBo
BUpaXeHU 3anax Ta cmak 6060BuX, IO 3aranom Gopmye
Pi3KO HeraTMBHY peakLiito Ha 30BHILLHI/ BUMMSA LIMX CTpaB.

HaBepgeHi Buwwe faHi ctanu niarpyHTsM ans yoocko-
HaneHHsl rpynu ctpaB 3 6060BMX 3 METOH MOKpaLLEeHHs
IXHBOMO CMOXMBAHHS LLUKONSpamu ycix BiKOBUX rpyn. Buxo-
[S14M 3 HALLOro NPaKTUYHOrO JOCBIAY, HASABHOCTI, peanbHOro
CTaHy obnagHaHHs Ans ifanbHi, BUKOPUCTOBYBAHOI CUPO-
BUHW, HaMu Bynn 3anponoHOBaHi psaA MigXo4is, ki, Ha HaLLy
LYMKY, MOXYTb BUPILUMTK y3aranbHeHy npobnemy BigmMoBU
Bifl CNOXWBaHHS cTpaB 3 6060BMX.

1. BukopuctaHHs neBHoi Tennosoi 06pobku. PauioHarnb-
HUM BapiaHTOM ANs LWKINbHOMO XapyyBaHHs Oyae BapiHHS
Ta 3anikaHHs. 3a yMOBM BpaxyBaHHS 30BHiLLHLOTO BUMNSAY,
npunBabnuBOCTi Ta aneTUTHOCTI CTpaBW, 3 METOK 3aLjikas-
NEHHs JiTel, nepeBary MOXHAa Bigdaty 3anikaHHi. [Ons
JesikuxX CTpaB 3aafs AOCArHEHHS HeobxigHOro pesynesrary
MOXHa BWKOPWCTOBYBATU SIK JOMOMDKHWI €Tan — BapiHHS
(TexHonoriyHi kapTu cTpaB Ta BMPOOBIB ANS XapuyBaHHS
JiTei BikoM Big 6 00 18 pokiB y 3aknagax OCBiTW, AWTS-
YMX 3aKnafax 0340POBMEHHS Ta BIQMOUMHKY Ta AUTAYUX
3aknagax cdepy couianbHoro 3axucty, Haykoswit 3BiT
CaHiTapHO-enigeMionoriyHoi OLIHKM NPOEKTY TEXHOMOTIYHOI
nokymeHTauii Ne 8.2/2469 Big 06.09.2021 p., 2021). Bapto
BpaxoByBaTH, 06 TepmiyHa 0bpobka obpaHux cTpaB He

12
10

6-11 pokiB

11-14 poxis

r

¥ 14-18 pokiB

3oBHimHIA  3amax

BUIIA

Cmak

Puc. 2. BanbHa ouiHka cTpaB i3 6060BMX i3 HOBOrO YHOTUPUTUKHEBOTO LUKINIbHOTO MEHIO

Tabnumus 1

MoHiTopuHr BpaxeHb Ta y3aranbHeHi BiAryku giten ycix BikoBux rpyn nig 4ac CnoXvwBaHHA CTpas
i3 6060BUX i3 HOBOrO YOTUPUTUKHEBOTO LUKINIBHOFO MEHIO

OpraHonenTUYHi NOKa3HMKN ; YcepegHeHa
Ta NnepcneKTMBHUM Peakuii ﬁiﬁgﬁ:ﬁ:e"mq"' bGanbHa ouiHKa, Y3aranbHeHi Biaryku
HanpsIMOK iXHiX 3MiH 6anis
I . «S1 TaKe He iM», «dy, Lie KBacons, ropox,
30BHiLLHIN BUMMAL Pi3ko HeraTuBHa 4,83 TOLLIOY, (HABITb KyLLTYBATI He Gyay»
3anax HeratueHa 2,5 «He nofobaeTbCA», «NaxHe HeCMavHo»
«BifYyBa€ETbLCA KBACONS, TOPOX, TOLLO,
Cwmak HeratueHa 2,67 TOMY He nofo6aeTbCsi»
. «He Byae BuaHO, Lo Le 60608,
Hanpsimok 3miH nokasHukiB Fomagg;pc;?(ﬁgm 3a «3amacKyBaTu crneumdiyHni 3anax Ta
y ’ cMmak 6060BUX»
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LIKoAMNa 340pOB’t0, Ta cniBnagana 3 yciMa BuMOramu Ta
pekoMeHaaLisiMu.

2. Miabip CMPOBUHHMX KOMMOHEHTIB. Baxnuneo yMoBO0
Mpu LUbOMY € CTBOPEHHS KOMMO3WLiT, sika He Byae 3a cMakoMm
Ta 3anaxom acoujtoBaTucs i3 60608010 CUPOBMHO. Ha HaLl
nornsig LbOro pesynsraty MOXHa JOCArTW 3aBasku Jofa-
BaHHIO crewii, NpsiHOLLiB, 3eneHi, ppykTiB abo cyxodpyk-
TiB, SKi MOXYTb MacKyBaTW XapaKTepHi OpraHonenTUyHi
nokasHukn 606oBux, 3baravyBaTi BIiATIHKM CMaky Ta apo-
Marty, a Takox 30ypKyBaTu aneTuT.

3. Bubip ochopMneHHs 30BHILLHBOMO BUMMSAY Ta Cnocoby
nogavi. Baxnmeoto cknagoBOK CNPUAHATTS CTpaBu € i 30B-
HILLUHIN BUMMSA, TOMY BapTO CTBOPWUTK il TakuM YMHOM abu He
6yno acouliavvi 3 6060BMMU Ta TPAAULINHAMM CTPABAMM 3 HUX.

Ha niacrasi BuLLeHaBeeHux AaHnx 6yno obpaHo 5 cTpas,
SKi MOrny 61 CTaT anbTePHATUBOKO KMACUYHKM 3i LLKISIbHOrO

6anbHa OUiHKa,

MeHt0: hanadens KnacuyHui, anadens 3 BapeHOro HyTy,
onagKku 3 kBacorni Ta 6aHaHa, ropoXnsHMKK 3 3eN1eHOro ropo-
LUKY, Onafku 3 ksaconi, 6aHaHa Ta kyparu. JaHi ctpasu 6yno
BUrOTOBMEHO MPOMECIMHUMU  KyXapamn 3 ypaxyBaHHAM
iXHbOro Jocsigy B ymoBax iganbHi wkonu Ne 29 micta Cymu
Ta NpoBedeHO [Jerycrauiio cepen AiTen obpaHux BIKOBMX
kateropin. Ha puc. 3 HaBefeHo AaHi 6anbHOI OLiHKM opraHo-
NenTUYHUX NOKa3HWKIB 3anpONOHOBaHUX CTPaB (a-T), @ Takox
CTyneHsi 6GaxaHHs iX 6a4nTL B LLKINEHOMY MEHIO (4).

3a nigcymkom MpPOBEAEHOro aHanidy [erycrauiiHux
nucTiB 6yno BCTAHOBMEHO, WO B OCHOBHOMY HaWbinbLuy
OLiHKy oTpumanu fABi ctpasu: «Panadenb 3 BapeHOro
HyTYy» (puc. 3, ctpaBa 2) Ta «Onagku 3 kBaconi, 6aHaHa Ta
Kyparu» (puc. 3, cTpasa 5), cTyniHb GaxaHHs 6aunTn sk
Y LWKINIbHOMY MeHto B 6anbHOMY ekBiBaneHTi MakcuMarnbHa
Ta cknapae 8,0...11,0 Ta 10,0...12,0 6anis BigNOBIAHO.

6anbHa oujHKa,

6anis 6anis
12 12
10 10
8 -+ - - 8 + -
6+ - = = L 6+ = =
4 4+ — - — - 4 B N B B
0 0
1 2 3 4 5 1 2 3 4 5
a 6

6anbHa OUiHKa,

6asbHa OUiHKa,

6anis 6anis
12 12
10 10
8 n 8
6 — — 6 n
4 + — — 4 + — —
2 - u L s r— 2 = L = t—
0 0
1 2 3 4 5 1 2 3 4 5
B r
6anbHa OLiHKa,
6anis
12 —
10
8 - 6-11 pokis,
6 - — — - 11-14 pokis,
4 +— — — [H- 14-18 pokis
2 4 . - - I»f
0
1 2 3 4 5
a

Puc. 3. BanbHa ouiHKa opraHonenTUYHUX NOKa3HUKIB (a — 30BHILHIN BUrNAA, 6 — Konip, B — 3anax, I — CMak)
yAOCKOHaneHux cTpaB 3 6060Bux (1 — hanacdenb knacuyHun, 2 — hanadens 3 BapeHoro HyTy, 3 — onagku 3
KBaconi Ta 6aHaHa, 4 — ropOXJIAHUKM 3 3eJIEHOro ropPoLLKY, 5 — onaku 3 KBacori, 6aHaHa Ta Kyparu) Ta CTyneHs
GaxkaHHs iX 6a4nTX B WKINbHOMY MEHIO (A) WKONAPIB Pi3HUX BiKOBMX rpyn
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Y3aranbHeHy 6anbHy OLiHKY OpraHonenTUYHMUX NoKasHW-
kiB 06paHux cTpaB HaBedeHo y Tabn. 2.

Ha nigctasi npoeegeHoOro AOCMimKEHHS Hamu 6Bynu
CTBOPEHI TEXHOMOriyHi cxemu obpaHux ctpas (puc. 4, 5),
HaBeeHi 3arasibHi xapakTepPUCTUKM FOTOBMX CTPaB, a TaKox
MPOpaxoBaHO Xap4oBY Ta EHEPreTUYHY LiHHICTb (Tabn. 3, 4).

XapakTtepucTtuka rotoeoi ctpasu «®anadens 3 Bape-
HOrO HYTY»: 30BHILUHII BUMNSA — KyNbKW AiameTpoM 3-4 ¢,
Maca Ta ¢opma piBHOMIpHi, CMaK Ta 3anax — MPUEMHWIA,
XapaKTepHWUI Ans CTpas 3 HyTY, B Mipy COMOHUIA, 3 sicKpa-
BUM apoOMaTtoM Ta MPUCMaKOM CMeLii, KoMip — pyM’sHa LuKi-
poyka 3 MoMapaH4yeBMM Ta YEPBOHWMM BIiATIHKOM 3aBASKM
nanpuui Ta KypkyMmi, Ha po3pisi NpUTaMaHHU CTPaBi 3 HyTY,
KOHCUCTEHLiA — LUKIDOYKM LWinbHA, B Mipy 3acMaxeHa,

B cepeauHi BUpoby — nyxka. HasBHICTb Xap4yoBrX anepreHis
y cTpaBi: A — anug, I — rMTeH, MOXYTb MICTUTU 3anMLLKKW
abo cnign C — cenepw.

Xapaktepuctvka rotoBoi cTpaBu «Onagku 3 ksaconi,
HaHaHa Ta Kyparu»: 30BHilLHIA BUrNAL — onagku Kpyrnoi
dopmm 5-6 cm B piameTpi, 3aBToBLLKM 1-1,5 CMm, 3 nigpym’s-
HEHOI0 CKOPWHKOI0, CMaK Ta 3anax — NpUeMHUIN, (OpyKTOBUN,
COMOAKMIA, KOMip — pyM’siHa Kipoyka 3 NomMapaHyeBuM Bif-
TIHKOM 3aBOSKM Kypasi, Ha po3pisi XOBTO-NOMapaHyeBuin,
KOHCUCTEHLi — OgHOpigHa, COKOBUTA, 3 TPOLLKM XPYMKO
CKOPUHKOKD Ha NOBepxHi. HasBHICTb XapyoBUX anepreHis
y cTpasi: A — aiug, [ — rnoTeH.

Ha HoBi ctpasu 6yno pospobneHo nnaH HACCP 3 Bnpo-
Ba[KEHHSI HOBMX CTPaB B LUKiINbHE MeHIo (Tabrn. 5).

Tabnuus 2

Y3aranbHeHa 6anbHa oujiHka opraHonenTU4YHUX NOKa3HMKIB OﬁpaHVIX CTpaB

v

. CtpaBa 2 — ®anadhensb 3 BapeHoro | CtpaBa 5 — Onapgku 3 kBaconi, 6aHaHa
Opl'aHOIleﬂTVI‘IHVWI MNOKa3HUK HYTY Ta Kyparu
30BHiLLHIN BArNAA 9,5...9,9 10,8...11,5
Konip 8,8...9,4 10,8...11,2
3anax 7,2...81 10,5...12,0
Cmak 8,0...10,5 10,5...12,0
CTyniHb 6axaHHs 6a4nTH B LIKINbHOMY 8,0..11.0 10,0...12,0
MEHI0
3enenp Sitne Yachuk LinGyns Bopomuixo
NETPYIIKH Kypsue CBIKHMI piruacra MIICHUYHE
CBIKOT LIbHO3EPHOBE
TepBunna IpocitoBanns
KyJliHapHa 06poOka d=(1-2)x10" M
v
* v Cyni
yMim
M o
HTTA creuii Ta
3aMovyBaHHs v TpAHOIILB
t=4-8°C IlepBunHa
T=1(8-10)x3600 ¢ KyJliHapHa 06po0Oka
Bapinss TMonpidHeHHs Ha
t=95-98 °C »{  CIEKTPUYHIH
7=(30-40)x60 ¢ M’sicopyOIi
v
Ouis TlepemitnyBanHs
COHALIHUKOBA _ 0,
padinosana t=18-20°C —
J1€30/10pOBaHa 1= (5-7)%60 ¢
DopmyBaHHs
Kynab60k d = 3-4 cm
SarmikaHHs
t=180-200 °C
= (15-20)x60 ¢
Coyc abo : v
Y TMopiioHyBaHHs Ta
cverata peatizantis

Puc. 4. TexHonoriyHa cxema Ta 30BHilLHiW BUrnAag, ctpaBu «®anadens 3 BApeHOro HyTy»
Mpumimka: ' — Mepeyb YopHUl, nanpuka, Kypkyma, KopiaHop MeseHi, KMuH, 3ipa

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

95

Cepis «<MexaHisaLjis Ta aBTomMaTi3aLjis BUpobH14mMX npouiecisy, Bunyck 1 (55), 2024



Tabnuus 3
XapyoBa (noxuBHa) Ta eHepreTMYHa LiHHICTb (KanopiniHicTb) cTpaBu «Panadens 3 BapeHOro HyTy» Ha 1 nopuito

MoxuBHa LiHHICTb Ta KanopiiHicTb

Buxia, r Ha 1 nopuito Binku, Xnpwm, Byrnesoaw, Kkan Ha 1 nopuito
r Ha 1 nopuito r Ha 1 nopuito r Ha 1 nopuito
100 11,7 6,8 30,9 246
120 14,1 8,4 37,1 298
150 17,6 10,2 46,4 369
Ksacomns Banan Slime Kypara Bopouno Baninin
Oina CBDKHIT Kypside cylieHa TIIEHUYHE
LiIBHO3EPHOBE
TepBunHa IIpocitoBanHs
KyJiHapHa 06po0Oka d=(1,5-2)x10" M
v
| Murtst | \ 4
+ | MuTtTtsa
3aMOTyBaHHS v
t=4-8 °C [NepBuHHa Ky TiHApHA v
T=(8-10)x3600 ¢ 06podra Murtst
v
Bapinms IoxpiOHeHHS Ha 3amMouyBaHHS
t=95-98 °C > CJICKTPUYHI I < t=70-90 °C
7= (30-40)x60 ¢ M’;[copy6]_[i 7= (15-20)x60 ¢
y
[epeminryBaHHs
t=18-20°C <
= (5-7Yx60 ¢
v
Onis ®dopmyBaHHA

COHSILIHMKOBA
pacinoBana
JI€3010pOBaHa

Coyc abo
cMeTaHa

d=(7-9)x10> m
h=(05-07)<10" M

v

3arnikaHHs
t=180-200 °C
=(15-201x60 ¢

v

TTopiioHyBaHHS Ta
peaizaris

Omnaaku 3
KBacoJi,

OanaHa Ta
Kyparu

Puc. 5. TexHonoriyHa cxema Ta 30BHIiLLHIN BUrnsg ctpaBu «Onapku 3 kBaconi, 6aHaHa Ta Kyparu»

Tabnuus 4
XapyoBa (noxuBHa) Ta eHepreTMyHa LiiHHICTb (KanopinHicTb) cTpaBu «Onaaku 3 kKBaconi, 6aHaHa Ta Kyparm»
Ha 1 nopuito
MoXMBHa LiHHICTb Ta KanopilHicTb
Buxig, r Ha 1 nopuito Binku, XKupn, Byrnesoaw, Kkan Ha 1 nopuito
r Ha 1 nopuito r Ha 1 nopuito r Ha 1 nopuito
100 6,5 5,0 28,6 185
120 7,8 6,0 34,2 222
150 9,7 7,5 42,4 277
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sdex/Ay oloHaLeTigouTia
OIOH3LIL! 010LOMQO0 BE AL0dLHOY 'S
oideLHagH| OJOHXKIWOLIOT
el AAoou 01010101k ‘BHHEMIAMAL INOHELO

(MMMHHMTOL ‘ndLawonda) inedsuo WWHhIH3LIL-OHdBLIHED e qUodLHOY 7 ax 0z}~ lineeiread qLojreand| gedLo x1aoL0l gedLo
g/dLewedel XVHhIIOLOHXaL GHegoidinme gedLo xungoLol 0, 6/-69 vieiHeldoodyin BinegiLread eL X1EO0L0] enelig
g1900ee 01LoHaedU9 ee 9LodLHOY | |hetfou oiodALedaumal ee 9LodLHOY | — ged1o xmegoLol |hefou edAredsuns| IHHBIOLeU — g 961y sHHeaAHoiNdo|| | eL BHHEeaAHomdoy |
1migodQo jogoLiLaL
wadexAs WiHALreTgoLTE BLOIU g]LeWTadu XIHHOdOLO 9LOIHEEEH EH
Aismonauo wsHHeaAdoLoee ee duodiHoy "z | gedLo JiLdeu JOHXON TELI0 unHALeAElg g
0ideLHagH| OJOHXIWOLIOL eL wadexA ygodgoowdal sLoiL 1gedLo A aiLeniradu
ALewoLegHoN o1LoHEedUD BE 9UOdLHOY *| | WWHALeTgouma AisTonauo sBHHeaAdoLoeE | XIHHOdOLO XE-9TAQ 9LOIHLADTIG BHHOhOILME IHHOdOLO — ¢
sdex/A oJoHaueTigouTia
OIOH3LILI 010LO1QOD0 EE ALOdLHOY ¢
oideLHagH| OJOHXIWOLOT
eL ALBINOLSEHON 010L0L0Mk ‘BHHAMINMAL
INOHELD IWWHHIH3LIL-OHdeLIHeD e quodLHOY g
LewoniogHoN YotreLo
sdex/A oloHALreTigoUTIa MHALL 101919000 | A BOdL3AkeLlHesee om ‘gedLo jiLdeu JOHKON 0.5/ el BLadeLred
€ glfoxes WEHHEHOMVE e AUOdLHOY ‘g IIMIALOHI |OHRLIOLIOHXSL OHITIE 1godgo SIMHAW 8H — IHWITadaog edALedsuna | alLexndoedaiueH
0ideLHagH| OJOHXIWOLIOL eL logouuaL Anmkad wsHHenKdLoT ee wadexAx ax 0g-G| — BHHejILeE qLojueand | neiHesdoodin xvHegowdod alLexndoedaiueH
ALewoLiegHoy oiLoHaedud ee auodLHoY ‘| WVH4Lre|goLTiE aUodLHON MuHALeAelg *| D0 002-081 — BHHEMILEE BdALRdBUNS]| IHHal0LEeU — g o9y BHHEMILES 2490dg0 eHdEHILIAY
wadex/ wnHaxesoHaouA aedLo 01080Hdag0HALNN
BHHALIEOL0IME GHaIT A BHXMLOM quodLHOY 7 iHmodog AwoHsioodu A ommwot OJOHKVHAIMIL
BHHesgo0odu KU gjodLondu iHmodog AwoHiioodu A somiwot XIHHOdOLO XE-9TAQ 9LOIHLADTIG BHHXToXoU 0loHeId eHmodog
eL oideLHagH| 01LoHEedLO BE 9UOdLHOY | | XIHHOAOLO 9LOIHEKEH BH THLUIO MuHALRAEg *| W Z-G*| — BLud yonia diawelfy WIIMINOK IHHOdOLO — ¢ OTNIN BHHego1100d| |
wadex/A wnHexegoHaouA gedLo
BHHALIEOL0ME GHAT A BHXMLOM qUodLHOY '€
ALexmdgedalueH 910IHN3 AHdLrelee A wsHHeauLwadaL
BUT mMIWAD A || WBHHB08HE Tadau ImIWAS WMHUALOEBH € 9ol (],-g ou nasindou noew XuhsdAn
IOHR3E TBLIIO UMHALreAEl MMHdOLEO] | 'Z I0HK3K TMa nuAredeym sHHaLWadNOMg g qnas exgodgo
ILOOHIIXQOBH qnak xuwmgeod IMInAD A nuAredexm qnak xuLmngeod IMINAS A eHdeHILA
€ IMIWAD J0HRh3E Bied.qLic egoMLeTOY ' | YOLOBh 9LOIHEKEH BH THLUO MMHALRAEIg ', | MuALredesm 3oLoeh Xuis-qAQ 9LoIHLASMG anay euAuededm — ¢ e eHHuads| |
AdaLeu oJoHdoLENTHI OI0BOXEHIO
e1 AQooeE ooHMN BHHedage 1LAQ 3B BHHEEMINE BLIDIL BL OfF Aog
NWeHINDBL eL MWesoA ee GL0dLHOY, + eH Adaviewl oloHdoLexviiiHl Kiiead
(omoL OHdLreLHaWAdLoH! oge Adsueu 9, G0t — edAredauna]
VIMHHVO) ‘vdiewondaL ‘wies) inedawo 0JOHdOLENMITH| O10I0WOLIOT BE ILELS ¢ BH ax G — AQOOBE OIOHUMIN BHHEEMINNE
g1d16WedeL XMHALOLIOHXAL SHesoIdInvE AHnheod OJOHUMIN AGME MLOHEOL ALI0dLHOY quoireand] :(Lels ¢) witos suT 81900BE XVHUMIN UTILD — X
81902ee 01LoHaedLD ee qLUodLHOY ¢ %10-€°0 — BINedLHaHOY
BHHaHIAdgee Adin g 99K X1MHaLQOdgoaH BHHElIdagE awadiQ 1 0, 0G-0 — edAredsuma]
oge AHInE e eed g1gooee XMhoIANIPHMER | WadexAn WMHaXeaoHE0UA WOQOOBE WMHUMIN ax (|-G — BHHegAnowee qLojueand |
AHnheod 010n0god BHINEE 7 BLLW g/d1ewedel sBHHewndLol quUodLHOY ‘¢ ‘(BHHBLIQOdQO LIeLd Z) O
nuALredeym e aHaHITAdgeE ILUBLD |, BH BLLUW BLOIL 9HeHTAdgee INIXOM3 Agooee oloHUMIN AHMkeod BLTT
BHHaLeE 1L00HanLIagha e OHxXeLee 9LOIHEE.H BH THLLIO UMHALRALIG “Z 2, 0t-0Z — edAredsuma |
AHINE BE 81900BE XMhoHANIPHUEST AHMKEDd oideLHagH! 0Jonwadio oJoHaLITuE ax G — BHHeaAhowee qLojueand| eLRHOWALED ‘(MndodpiLios) XVhBdAN VH1Eoduo
010nhogod (BHHeawLot) sHHeaAladoy| *| el BNoW oJoHITigouTIa BHHeLomdomg | '(BHHBLIQOdQO LieLs |) nidos Buif LM19 ‘WHYOYINY — 9 X91-4IN qnaK BLMN exgoLol) |
KiHndoLiHow EAUHHUK Koanodu
Bl eHaLreaindoy edAshod| BHHOhBHE 3HhMHEd | 0JOHhALEAQAH JULQ NN sinedauQ ueLy
dJJVH Heul|
G Bnuuge |
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PospaxyHkamMu  OYiKyBaHOrO  €KOHOMIYHOTO — edbekTy
Oyno foBefeHo, WO BNPOBaKEHHS YAOCKOHANEHX CTpaB
[J03BONUTb  €(DEeKTUBHILLE BUKOPWUCTOBYBATW [epKaBHe
(biHaHCYBaHHA 3a paxyHOK 3MEHLIEHHs BTpat Ha 75%
B rPOLLOBOMY €KBiBaneHTi Ha pik Ha npuknagi KY CCL I-1lI
cryneHiB Ne29 m. Cymu (1abn. 6). MMpu LUbOMY 3HWKEHHS
KiNbKOCTI HECMOXWUTUX CTPaB y BMIMSAI XapyoBUX Bigxodis
Ha 3390 Kkr Ha pik CNPUATUME 3MEHLLUEHHIO HEraTUBHOMO
BMNVBY Ha HABKOMULLUHE CEPESOBULLE.

O6roBopeHHs. BoBOBI KyNETYpPK € BAXIIMBOK YACTUHO
B paLioHi xapyyBaHHS MIOAMHW. 3a NOKa3HWKaMn XapyoBoi
Ta 6ionoriyHol LiHHOCTI, €KOHOMIYHOI [AOCTYNHOCTI Cupo-
BUWHW, HAsBHOCTI il Linui pik Ta HeBmbarnueux ymos 36e-
piraHHst 6060Bi € NepcrnekTMBHOK CUPOBUHOK s BWIO-
TOBMIEHHS LUMPOKOrO aCOPTUMEHTY KymniHapHOI MpoZyKLil.
BoboBi Sk CMpOBMHA XapaKTepusylTbCs BUCOKOK Xap4o-
BOK Ta GionoriyHoto UiHHICTI0, MicTaTb 23-30% O6inkie, ski
32 aMiHOKMCMOTHUM CKNagoM HabnmxaroTbCs 40 TBAPUHHUX
6inkie, 18-60% kpoxmanto, 3-6% kniTkoBuHK, 1,3-7,2 %
Xupis, BiTaminm (B,, B,, PP) Ta miHepanbHi pedosuHm (K,
Ca, Mg, Fe).

B 36ipHuKky cTpaB cTaporo 3pasky 3anpornoHOBaHO
BiQHOCHO Manuin acopTUMEHT cTpaB 3 6060BKX Ha BKGIp,
Hanpuknag «boboBi BigBapHi 3 BEPLUKOBUM Macromy,
«Mope 3 6060BKX 3 BEPLUKOBUM Macrnomy, «3anikaHka
3 6oboBux Ta kapTtonni» Ta «KBacons 3 conoakum nep-
LeM». XapakTepHol 0COBNUBICTIO AaHWX CTpaB € O4HOMA-
HITHICTb, JOCUTb BMPaXXeHU cMak Ta apomat 6060Bux, sk
npaBuno, He NpMBabnMBMIA 30BHILLHINA BUrMNaA. 3aranom Le
HEeraTMBHO BMIIMBAE Ha aneTuT Ta 6axaHHs AiTeN LWKINbHOMO
BIKY KYLUTYBaTW Ui CTpaBK, LLO CNPUYMHSE, 3 HALLUUMWU Cro-
CTEepeXeHHAMU, YTBOpeHHI0 BTpaT A0 90% roToBux CTpas
y BUrMSAAI He3'ideHNX Nopuiii, MapHUX BUTPAT CUPOBUHHMX,
TPYAOBMX Ta iHLUMX PecypciB.

Micna macwtabHoi poboTy 3 MoaepHisaLii LKINbHOMo
XapyyBaHHS B HOBOMY YOTUPUTUMXKHEBOMY MEHIO, ke Byno
nigrotoBneHe poboyok rpynoklo 3a yyacTi Led-Kyxaps
€sreHa KrnonoTeHka, 3anpOnoOHOBaHO psi HOBMX CTpas,
a came: «[opoxoBe nope 3 3eneHoro ropoxy», «Jlobio
3 kBaconeto», «Ksacona BapeHa 6inay», «Keacons uep-
BOHa BapeHa», « ToB4yaHka», «[opoxoBe ntope 3 YOpHOCMU-
BoM» Ta «CoueBuus 3i cneuismu». Ha Haw cy6’ekTMBHUN

NPaKTUYHU MOrNsa, HOBI CTpaBy GinbLl Pi3HOMaHITHI Ta
CMaYHiLLi, ofHaK BiNbLUICTb LUKOMSAPIB Pi3HUX BIKOBUX rpyn
BCe OHO BIAMOBISIETLCS iX iCTW, @ IHOA| HaBiTb NPOByBaTK.

3rigHo 3 lMoctaHoBoto Ne305 Big 24 6epesHs 2021p.
«[Mpo 3aTBepmxeHHs HopM Ta [Mopsaky opraHisaii xapyy-
BaHHS Y 3akrajax OCBiTM Ta OWUTAYMX 3akKnagax 03[0poB-
NEHHA Ta BIANOYMHKY», NPY O4HOPA30BOMY M'SITUAEHHOMY
xapuyyBaHHi giten 6060Bi HeobXigHO BBOAUTY 1 pa3 Ha TWX-
[eHb.

Ha gaHui yac B yCbOMy CBiTi B NPIOPUTET € HanpsIMOK
3[0POBOrO XapyyBaHHsl, came ToMy Bce binbLue KpaiH Bnpo-
Ba[Kye cucTemy 6e3neyHOCTi xapyuoBmX NPOAYKTIB, CUCTEMY
HACCP, BoHa 003BONSIE KOHTPOMNOBATU BUPOBHULITBO Xap-
YOBWX NPOAYKTIB i 3anobiraT BUrOTOBIIEHHIO, @ SK HACMigoK
i peanisauii npogykuii, KOTpa MOXe 3aBAaTh LUKOAM CMo-
xuBayesi. Hansaxnueiwe B cuctemi HACCP, wo BnacHe
i narno B ii hyHAAMEHT — Lie MakCMMasnbHO NONepeauTy,
abo xo4ya 6 MiHIMI3yBaTW MOXNMBICTL Byab-AKOT Hebesneku.

Ha nignpvemcTsi, Ae nnaHyeTbCs BNPOBaPKEHHS yao-
CKkoHaneHux ctpas, a came y KY CCLU I-lll ctyneHiB Ne29,
M. Cymu, Cymcbkoi obnacTi, po3pobneHi, BNpoBagkeHi Ta
3aCTOCOBYHOTLCS MPOLEYpY, 3aCHOBaHI Ha BMKOPWUCTaHHI
B MOBHOMY 06CS3i NPUHLMMIB CUCTEMM ynpaBriHHS Be3ney-
HicTio xapyosux npogykTis (HACCP). BnpoBagxeHHs cuc-
Temn HACCP 3aifiCHI0ETECS 38 YMOBU 3aCTOCYBaHHS! LUMPO-
KOro migxofy, 3aCHOBAHOro Ha cnisnpaLli BCbOro nepcoHany
3aknagy, y Tomy yucni i kepiBHuuTBa. NepcoHan sonogie
nponopuinHumMu 3HaHHaMu cuctemu HACCP BignosigHo fo
1ioro nocafoBux 060B’s3KiB.

BucHoBku. [locsia BTiNeHHS pepopMu CUCTEMU LUKIfb-
HOrO xapyyBaHHs NoKasas, O 3MiHU B Ti CTPYKTYpi BigOy-
BalOTbCA AYyKe MOBIMbHO, a AiTh Ta iXHi 6aTbkn He B NOBHIN
Mipi 3a10BOMEHI LUKINIbHAM XapyyBaHHSIM, 30Kpema Han-
MEHLLOK NOMYNSPHICTIO Cepen YYHIBCbKOI MOModi Kopuc-
TylOTbC CTpaBu 3 6060BMX. 3a HalMMK CMOCTEPEXEH-
HAMU Npobnema BiAMOBM LUKONAPIB Bi CMNOXUBAHHS CTpaB
3 6060BMX Ta NOB'A3aHOI 3 LMM BTpaTW rOTOBOI MPOAYKLi
0o 92% vy BumMsAQi xapyoBux BigxodiB, HeemeKTUBHUM
BUKOPUCTAHHAM CUPOBUHHUX, EHEPreTUYHUX Ta iHLIMX
pecypciB, Mae CUCTEMHWIA Xapaktep. OnocepenkoBaHo
Le MiATBEPIKYETHCA BUSBMEHUMU (haKTaMU BUKMIOYEHHS
CTpaB 3 6060BUX 3 MEHIO Pi3HMX LUKIN. 3rigHO NpoBeaeHNX

Tabnuugs 6
MopiBHANBbHa XapakTepucTUKAa eKOHOMIYHOIT e(peKTUBHOCTI BNpOBaAXXeHHS YAOCKOHaNeHux cTpas i3 6060Bux
TpaguuinHi ctpaBu Hogi cTpaBu
Moka3Huk i Onapku 3
aconei0 | 5 dopwocnmeom | sapencr wyry | KeaCoN Gakana
Ta Kyparu
CobiBapTicTb cTpaBu', rpH/nopuis 9,95 3,68 12,87 17,18
O6c¢sar Bunycky npoaykuii 3a 1 TvxaeHb/1 pik, nopuin 650/22750 650/22750 650/22750 650/22750
PiyHa cobiBapTicTb peanisoBaHOi NpoaykLii, rpH 226362,50 83720,00 292792,50 390845,00
PiBeHb yTBOPEHMX Xap4yoBUX 3aMULLKIB, % peani3oBaHoi
npoayKLi 76 92 12 7
PiuHa cobiBapTicTb CNOXWTOT NpoayKLii, rpH 54327,00 6697,60 257657,40 363485,85
PiyHa BapTiCTb YTBOPEHUX XapUOBUX 3amMLLKIB Y
[POLLIOBOMY EKBIBANEHT, rpH 172035,50 77022,40 35135,10 27359,15

lMpumimka: ' — 3a yiHamu cmaHom Ha 01.09.2023 p.
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y 2020-2022 pp. aHOHIMHUX JOOPOBINLHUX ONWUTYBaHb Y4HIB
3 1-ro no 9-# knacu Hamu Byno BUSBNEHO TEHAEHL0 3MEH-
LUeHHs1 BaxaHHa crnoxwuBaTW cTpaBu 3 606OBMX 3 HOBOTO
YOTUPUTUXKHEBOTO MEHIO 3i 3HWKXEHHAM BIiKY AiTEN, a Takox
3aKOHOMIPHICTb IXHBOT Pi3KO HEraTMBHOI peakLii Ha L cTpasu
yepes BUPaXKEHWUN cneundiyHMn 3anax i CMak OCHOBHOI
CUpOBUHK. 3aranoM 3a Halwumu pesynbrataMmu OnuTyBaHb
86,5% aiten BigmoBnanucs ict ctpasm 3 6o6osux. Ha nig-
CTaBi UbOro Hamu Byno NPOBEAEHO YAOCKOHANEHHS rpynu
CTpaB 3 6060BMX 3 METOO NOKPALLEHHS IXHBOTO CMOXMBAHHS
LUKONsipaMK yCix BiKOBUX rpyn. Buxogsum 3 Halwworo npak-
TUYHOTO [OCBiAY, HAsIBHOCTI Ta peanbHOro ctaHy obnaa-
HaHHS ONa iganbHi, BUKOPUCTOBYBAHOI CUPOBWHMW, Hamu
Bynu 3anponoHoOBaHO psA Migxodis, ski Bkntovanu B cebe
CTBOPEHHS KyniHapHOI NPOAYKLii i3 CUPOBMHHUM CKNagom,
OpraHonenTUYHUMK NOKa3HUKaMu, CnocoboM OPopMEHHS

30BHILLIHBOrO BUMMAAY, Nofaveto, PipMOBOK Ha3BO, siki Gu
He Manu acodliauin i3 6060BumMK. PesynstaToM 4oCHigXeHb
Ta BignpaLoBaHb CTanu ABi yAoCKoHaneHi ctpasu — «dana-
chenb 3 BapeHoro HyTy» Ta «Onagku 3 kBacorni, baHaHa Ta
Kyparuy, siki oTprManu MakcyumarsbHy OUiHKY Mig Yac geryc-
Tauii wkonsipamu. Ha HoBi cTpasm 6yno po3pobneHo nNpoekT
TexHonoriyHnx kaptok Ta nnaH HACCP 3 BnpoBagXeHHs
HOBWX CTpaB B LUKifIbHE MeHI0. Po3paxyHkamu o4ikyBaHOro
€KOHOMIYHOro edhekTy Byno AoBeAEHO, L0 BNPOBAMKEHHS
YOOCKOHaNeHNx CTpaB [O03BOMUTb e(EKTUBHILLE BUKO-
pUCTOBYBaTU AepxaBHe (PiHaHCyBaHHS 3a paxyHOK 3MeEH-
LeHHs BTpaT Ha 75% B rpoLLOBOMY €KBIBaNEHTi Ha pik Ha
npuknagi KY CCLW Il ctynenis Ne29 M. Cymu. MNpwn LiboMmy
3HWKEHHS KifIbKOCTI HECMOXMTUX CTPaB Yy BUTNSAI XapyoBuUX
Bigxogis Ha 3390 Kr Ha pik CNpUATME 3MEHLLUEHHIO HEraTuBe-
HOrO BMMMBY HA HABKOSMLUHE CEPEOOBULLE.
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Improvement of lequme dishes for school meals and prospects for their introduction into school menus

Studies of the organization of school meals in Ukraine revealed a number of significant problems that became the basis
for the global reform of the school meal system in 2020. Today, the improvement of the school nutrition system in Ukraine
is aimed at fostering culture and correct eating habits, strengthening health, harmonious physiological development of the
child and is carried out in accordance with the National Strategy for the development of a safe and healthy educational
environment in the New Ukrainian School. This becomes possible thanks to an integrated approach in this area, which takes
into account medical, legal, social, financial and technological aspects.

However, the gradual implementation of the reform showed that dissatisfaction with school meals of children and their
parents still exists. This especially applies to the group of dishes from lequmes, which, on the one hand, are an important
component of the diet due to their high nutritional and biological value and must be included once a week in the school menu,
and on the other hand, are the least popular among schoolchildren.

According to our observations, the problem of refusal of schoolchildren to consume dishes made from legumes and the
related loss of finished products up to 92% in the form of food waste is of a systemic nature. Indirectly, this is confirmed by
the discovered facts of the exclusion of lequme dishes from the menus of various schools.

According to the conducted anonymous voluntary surveys of students of all age groups, we found a tendency to decrease
the desire to consume legume dishes from the new four-week menu with a decrease in the age of the children, as well as
the reqularity of their sharply negative reaction to these dishes due to the pronounced specific smell and taste of the main
raw materials. Based on this, we have proposed new approaches in the preparation of dishes from legumes. They included
the creation of culinary products with raw materials, organoleptic indicators, appearance, presentation, and brand name that
would not have associations with legumes.

The result of research and practice were two improved dishes — "Magic Falafel" and "Banana Fireworks", which received
the highest rating during the tasting by schoolchildren. The first was falafel made from boiled chickpeas with the use of a
wide range of spices and herbs, and the second was fritters made from beans with the addition of banana and dried apricots.

A project of technological cards and a HACCP plan for introducing new dishes into the school menu were developed for
the new dishes. Calculations of the expected economic effect proved that the introduction of improved meals will allow more
effective use of state funding due to a reduction of losses by 756% per year from one school (on the example of KU SSSH
I-1ll degrees Ne29, Sumy). At the same time, reducing the number of uneaten meals in the form of food waste by 3,390 kg
per year will contribute to reducing the negative impact on the environment.

Key words: balanced school nutrition, legume-based dishes, school nutrition reform, dietary culture.
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OcmaHHi meHOeHUii 8 2any3i mawuHobydysaHHs c8id4amb PO me, WO 8 KOHKYPEHMHOMY cepedosuli 8UpOBOHUKU
HaMagzarombCsi ckopomumu yac 8uxody npodyKuii Ha PUHOK, y moli Yac sk cKrnaOHiCmb 8U20MOBEHHS, auMoau Q0 i moy-
Hocmi ma siKocmi mocmitiHo 3pocmaroma. Y 38’a3Ky 3 UUM akmyaribHUM € 8rpo8adXxeHHs 2HyYKUX 8epcmamHux npucmpois,
AKi 3abesneyyromb WeUOKe nepeHana2odxeHHs 0emarel Ha Pi3Hi PO3MIPU 8 Mexax KOHKPEMmMHUX KOHCMPYKMUBHO-MeX-
HosoeidHux ocobnusocmeli 3a20moegok. 36inbueHHsI HOMeHKnamypu npodyKuii Ha cy4acHuUX MawuHobydieHUX nidnpuem-
cmeax nompebye yacmux rnepeHanazodxeHb supobHuumea Onsi 0b6pobrieHHs1 Yepaosoi napmii 0emanel, WO BUKIUKaE
numaHHs1 Wodo EKOHOMIYHOI AoUiNIbHOCMI NPOEKMYBaHHST Ma 8U20MOBIIeHHsI CrieyianbHUX 8epcmamHux npucmpoig 0ns
Oemarel KOHKpemHoeo poamipy (Bi et al., 2008).

lNocmitiHe oHo8MeHHs1 HoMeHKTamypu Gemariell 3a paxyHOK He3HaYHUX KOHCMPYKUIGHUX 3MiH, @ Makox Masux posmipie
napmiti pobnsgme meMy npoekmyeaHHs, MOOEMBaHHS Ma 8U20MOBIIEHHS 2HyYKUX 8epCMamHUX MpUCmpoie akmyasnbHOK
ma ceoeyqacHoro. [Mid8ULEHHS 2HYYKOCMI ma PO3WUPEHHST MEXHOJI02IYHUX MOXIU8OCMel 8epcmamHuUX Mpucmpois, CKopo-
YEHHST Mi020Mo84Y0-3aKITIOYHOR0 Yacy Ha ix nepeHanaco00XXeHHs, a omxe, MosUWEHHST e¢hekmusHOCMIi pobomu mMemaropi-
3arbHUX sepcmamig 3abe3nedyemscsi PO3PO6KOK ma 8rpPo8adXKeHHSIM WEUOKO nepeHana2o0xysanbHUX yHKUIOHaIbHUX
sysnig (lvanov, 2019).

[1i0 yac onepayjii MexaHiYHO20 06pobieHHs 8i0byesacmbCsl nepesakpinneHHs 3a20mosKU ma 3MiHa cxeMu 6a3yeaHHs, siK
MiX MEXHOM02IYHUMU onepauyisiMu, mak i Ha Pi3HUX yCcrmaHoeax y Mexax KOHKpemHoi ornepauii, 8 pesynbmami 4020 noxubok
YCMaHOBMEHHS HaKOMUYyombCs i Ipu38oduMb 00 3HUXEHHST MOYHOCMI 83aEMHO20 PO3Mally8aHHs M0BEPXOHL 06pObITH-
eaHoi Oemari. Ha KoXHil onepauji mexaHi4Ho20 06pobrieHHs 8idbysaembCsi 06068’93K08a 8UBIPKa MONOKEHHST demani npu
He3MiHHIl cxemi ba3yeaHHs, Wo 3Ha4YHO 30ibuwye HernpodykmusHi aumpamu yYacy, a, omxe, npu3eodums 00 306ibWeHHSs

gapmocmi 0emarti, W0 8 yMo8ax cy4acHo20 8UPOBHUYMEa € HenpuycmumMuMm.
LocnioxeHHs crnpsiMosaHi Ha nid8UEHHS egheKmueHOCMIi 06p0bIeHHS KPOHWMELHI8 WSIXOM iHmeHcudikauii mexHo-
J102i4HO20 NPoueCy ma 8npo8adKeHHs 2Hy4YKUX 8epCMamHUX npucmpois, ski 3abeaneyyoms 8UKOHaHHST baeamoKoopou-

HamHo20 06pObIIEHHS.

Knrovosi crioea: eHyukicmb, MexHOMo2iYHUl Npoyec, eHy4kul eepcmamHuti npucmpit, KOHCMPYKMOPCHKO — MEXHO-

no2iyHa Knacucpikauis
DOl https://doi.org/10.32782/msnau.2024.1.14

Bcetyn. [leTani uporo Tuny XxapaktepuayloTbCcsi cknag-
HICTIO CXeM pO3TallyBaHHS, HeLOCTaTHbOK [OCTYMHICTIO
iIHCTPYMEHTY, L0 3yMOBMEHO CKMagHUM MPOCTOPOBMM pPO3-
TallyBaHHAM pob04MX NOBEPXOHb. TOMY Lie NpU3BOANTL A0
TpyQHOLLB y peanisauii 6araTokoopAanHaTHOrO 06pOGNEHHS.
Y 3B'A3Ky 3 LIMM aKTyaslbHOK € po3pobKa BepCTaTHUX Npu-
ctpoiB (BI), ski 3abe3nevytoTb HeoOXiOHY OOCTYMHICTb
iIHCTPYMEHTY Ta npoBoguno GaratokoopgmHatHe 06po-
OreHHs.

B ogvHuyHOMy Ta ppibHOCEPINHOMY BMPOBHMLTBI, sike
XapakTepHe [nsi Cy4acHOro MaluMHOOyayBaHHS, CTyniHb
aBTOMaTU3aLlii JocaraBcst 3a 40NOMOro 06poBHMX LIEHTpIB
3 YrK, sOynoBaHVXx B aBTOMAaTM30BaHi CUCTEMMW 3aBOSKM
BMCOKI THYYKOCTi Ta npoayktueHocTi (lvanov & Pavlenko,
2017).

Y cy4yacHOMy BUPOOHWLTBI TONOBHKM 3aBAAHHSM € NPo-
TUPIYYA MiXK HEOOXIgHICTIO CKOPOYEHHS Yacy, HeobXigHoOro

ANsi NPO’KTyBaHHA Ta BUrOTOBIIEHHS BUpOOIB, i 3pocTato-
YO CKNaZHICTIO KOHCTPYKLiT BUp0o6iB. Cy4acHWin CBITOBMIA
PUHOK BMMarae 30inbLIEHHSI KiNMbKOCTi BMAIB NpOAyKLUii.
Tomy obnafHaHHA Ta npouecu MawTb OyTW GinbLl rHyY-
kumu. BepcTatHi BigirpaloTe BaXnuBy ponb Y BUPOOHM-
LTBi BMCOKOSIKICHOI Ta KOHKYPEHTOCMPOMOXHOI NPOAYKLil
B 6araToKOMNOHEHTHOMY BUPOOHULTBI. PO3rMsSHYTO LWNAXM
niaBuULLEHHS ebekTMBHOCTI 00pobneHHs aetanei. Bnpo-
BaPKEHO MPUHLMMNOBO HOBI KOHCTPYKUii (PYHKLiOHANbHMX
MOZYNIB PEKOHMIrypoBaHMX MOJYNbHUX MNPUCTOCYBaHb
ans 6asyBaHHs Ta KPINMeHHs1 3aroToBoK. pucToCcyBaHHS
3 MOXINVBICTIO aBTOMATW30BaHOrO KepyBaHHS 3abeane-
YylOTb PO3LUMPEHHSI TEXHOMOFYHUX MOXNUBOCTEW MeTa-
nopisanbHoro obnagHaHHa 3 YUIMK, ckopoyeHHs1 nigroToBs-
40-3aKJTHOYHOrO Yacy Ta Yacy Ha AOHaNAro4XeHHs, a OTxe,
CMpUSiE NiABULLEHHI0 ePEKTUBHOCTI NNaHyBaHHS BUPOOHU-
utsa (Arora et al., 2017).
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B ymoBax nocuneHHs rnobanbHOI KOHKYpeHLil, ska
CMOHYKaE KOXHOro BUpOBHUKA B ranysi MalunHobyayBaHHS
[OKnafaty BCiX 3ycunb Ans NiABULLEHHS CBOEI KOHKYPEH-
TOCMPOMOXHOCTI  LUMISIXOM  MOKPALLEHHS SKOCTI  MpoayK-
Lii, CKOPOYEHHs yacy, HeobXigHOro ANns BUBEAEHHS HOBUX
NPOZYKTIB HA PUHOK, i 3HWXKEHHS BUTPAT Ha BUPOBHWLTBO,
icHye notpeba y BOOCKOHamNeHHi MeTOAO0MOris NPOEKTYBAHHS
BEPCTaTHMX MPUCTPOIB. [1pOEKTYBaHHA BEPCTaTHUX Mpu-
CTPOIB - e OyXe CKnagHun i TPyAOMICTKUN MPOLEC, SKUN
BUMarae GaraTopiyHOro NpakTU4HOro Aocsidy. Bukopucto-
BYIOUM HOBITHI gocsarHeHHs B cuctemax CAD/CAM i TexHi-
Kax LWTYYHOrO IHTENEKTY, MOXHa OBMEXUTU PIBHOMaHITHICTb
pillEHb TaKUM YMHOM, OB y NPOEKTI PO3rnsganucs nuie
Ti pileHHs, SKi OO03BOMSAIOTb NIABULIMUTM MPOAYKTUMBHICTb
(Oravcova, 2014).

ABTOMaTW30BaHE NPOEKTYBAHHS BEPCTATHUX € LIEHTPOM
[ocCnidxeHb NNaHyBaHHA NPOLeCy Ta iHTerpavii TEXHOMOTil
CAD/CAM. PospobneHa cuctema CAFD, oe npu 3agaHHi
NOBEPXOHb | TOYOK KPINneHHs aBTOMaTUYHO NiabuparoTbest
enemMeHTV KpINneHHs nig 3agaHi yMOBW CKNafaHHSA. Takox
HaBeZEeHO aHari3 TOYHOCTI KPIiNneHHs Ta NPOEKTYBAHHS CUC-
Temu kpinneHHs 3arotoBku (Chuku et al., 2014).

IHHOBaLii B TeXHONOriT BUTOTOBNEHHS AeTanen 3yMoB-
NeHi TakoX BMMOramm LIOAO CKOPOYEHHSI TPUBANOCTI
BMPOOHMYOrO LUMKNY Ta NiATPUMKM CTabinbHO BMCOKOTO
piBHA SKOCTI NpoayKuUii y BUpoBbHMYMX ymoBax. 3anpono-
HOBAHO CUCTEMHWI MigXid OO0 NIABULEHHS TOYHOCTI Ta
yHKUiOHanbHOCTI GaraTokoopaMHaTHUX BepcTaTiB Ans
npeumsinHoro obpobneHHsa. [na 6inbw TOYHOrO mMope-
MIOBaHHA Ta KOMMeHcauii 6ynu po3pobneHi cuctemu
Kopekuii Ta mogentoBaHHa nomunok (KUMBHAR et al.,
2013).

Mpwn pgocnigxeHHi cuctem «BI1 — 3arotoBka» OCHOBHA
yBara NpUAINSETbCA aHanidy KOHTAKTHOI B3aemopii 3aro-
TOBKW 3 3aTUCKHUMWU €MEMEHTamMu BEPCTATHOMO NPUCTPOIO.
Y poborti (Tadic et al., 2014) gocnimkeHo TepTs MixX ene-
meHTamu Bl Ta 3arotoskoto. B pesynstati 6ynu BusHauyeHi
fedopmallii, ki BUHUKAKOTb Y MICLSX iX KOHTaKTY.

JocnioxeHHs (Liao & Hu, 2001) 3ocepemkeHo Ha aHa-
nisi B3aemogii 3atuckHmMx enemeHTiB Bl1 Ta 3arotoBok 3a
AMHAMIYHOTO HaBaHTaXeHHs nig Yac obpobneHHs. 3anpo-
MOHOBaHWI NiAXig [O3BONSE ONTUMI3YBATU BENUKY KiNbKICTb
BXiOHUX MapameTpiB, KPUTUYHWUX ANS aHanidy B3aemofii.
Pesynbtatn ekcnepuMeHTanbHUX AOCMigKeHb Mokasanw,
IO 3a MEBHWX YMOB 3aTUCKHI eneMeHTu 3i cthepudHUMK
HakoHeYHVKammn Binblioro pagiyca 3abesnevyioTb 3HaYHO
MEHLLY KOHCUCTEHLIit0.

Y pocnimkenHi (Zheng et al., 2008) po3pobneHo cnpo-
LLEeHy MoZenb Ans BU3HavYeHHs Aedhopmallii Mk 3aTUCKHUMK
enemeHtamn Bl Ta peTtannio Ta CKiHYEHHO-EMEMEHTHY
mogesnb ANs OLiHKM KOHTaKTHOI Aedbopmallil B TOYKax KOH-
TaKTy 3aTUCKHUX enemMeHTiB Bl Ta 3arotoBku.

Y pobori (Vallapuzha et al., 2002) po3pobneHo mogens
ANS BM3HAYEHHs CTIKOCTI 3aroToBKM nig yac i cpikcauii
y BI. Y pesynbrati 6yno gocnimxeHo BNMB Pi3HWUX dhakTo-
PiB Ha XOPCTKICTb KPINMEHHSI.

Yepes WBMAKY 3MiHY BUMOI PUHKY Ta KOPOTKUN XUTTE-
BUN LUK NPOAYKTY, FHYYKICTb € OOHIE0 3 HaMBaXIMBILLMX
XapaKTepUCTUK aBTOMAaTU30BaHUX CUCTEM, Ha AOAATOK A0

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

BapToCTi NpuabaHHs Ta ekcniyaTadii, THy4KiCTb J03BONSE
cucTeMi aganTyeaTmcs 40 ManbyTHIX BUMOT 4O NPOAYKTY Ta
BUpOoOHMYMX npouecis (Kampker et al., 2013).

Marepianu i MeTogu gocnigxeHb. XKopcTki BUMOru 4o
TOYHOCTI Ta SIKOCTi 06pobNEHHs feTanen BCTaHOBMIOTLCS
y CyyacHOMY MaLumHobyaiBHOMY BUPOBHULTBI. O6pobneHHs
[eTaneun cknagHoi popmm 3 pisHUX matepianis, LLO Bigno-
BiJalTb BUMOraM TOYHOCTI Ta SKOCTi € OAWH i3 BaXMBUX
HanpsiMKiB y Cy4acHOMY MalU1HOBYAIBHOMY BUPOBHULTBI.
AKTyanbHUM NS NigrotToBkM BUPOBHMLTBA € npoLec npo-
ekTyBaHHs BI1, Tak sk BiH CyTTEBO BMMBAE Ha rHYYKiCTb Ta
NPOAYKTUBHICTb.

Ha ocHoBi npobnemMHo-0pieHTOBAHOrO aHanisy getanen
TUNY KPOHLUTEWHIB 3anpOnOHOBAHO KOHCTPYKTOPCHKO-TEX-
HonoriyHy Knacudikauito (puc. 1), y skii BpaxoBaHO BCi
MOXMNMBI KOHCTPYKLT KPOHLUTENHIB, IO MOXYTb 3yCTpiya-
TWCAa B aBToMOGinebyayBaHHi.

3a LOBXMHO ONOPHMX NOBEPXOHb AeTani NogiNnsoTh Ha
KpoHwTenHu 3 gosroto (I/d > 1) i kopotkoto (I/d < 1) onop-
HAMW MOBEPXHAMM, WO MPUHLMMNOBO BM3HA4ae Cnocib ix
6a3yBaHHs npu 06pobLi i, BigNOBIAHO, AM3alH CBITUMbHUKA.

KpoHwwTenHn 3a3sunyan mMatoTb ogHy abo Kinbka OCHOB
KOHCTPYKLii, napanenbHux abo HenapanenbHUx ofHa
0fHin. ba3oBi NoBepxHi B MonepevyHoOMy nepepisi MOXyTb
BYTW KPYrMUMK | HEKpYrIMMU, LLO BU3HaYae chopmy 6asoBumx
NOBEPXOHb ENEMEHTIB KpinneHHs.

3a Barow KPOHLITEWHU NOAINATLCA Ha nerki (MeHLe
1 kr), cepepHi (1-10 kr) i Baxki (6inbLe 10 kr), ki BUroToBns-
toTbes 3i ctani (Hanpuknag, DIN C10, GS-45, GS- 60, i G45),
yaByHy (Hanpuknag, DIN GG15i GG18), a Takox ans Heme-
Taneemx Marepianis, WO BNnnBae Ha BMBIp obnagHaHHs,
PKYYOro iHCTPYMEHTY i NPU3HAYEHHS PEXUMIB pi3aHHS npu
06pobneHHi.

3anexHo Big NPU3HAYEHHS KPOHLUTEWHW MOAiNsThHCs
Ha KpOHLWTENHK 3 Bucokoto (IT 6-7), cepenHsoto (IT 8-10)
i H13bkoto (IT 11-14) TounicTio 6a3oBux NOBEPXOHb. Buro-
TOBMEHHS 6a30BUX MOBEPXOHb 3 BUCOKOK TOMHICTIO MNpwt
iHWKX PIBHKUX YMOBaX rapaHTye BinblU HafiiHy i LOBroOBIYHY
poboTy KpoHWTenHa i B1Upoby B Linomy. 3a rabapuTHUMK
po3mipaMy KPOHLUTENHU MNOAINATLCA Ha Mani (MeHwe
50%50 mm), cepeaHi (Big 50x50 mm o 300%300 mM) | Benuki
(6inbwe 300%300 mMm), Wo BU3HA4Yae rabaputHi po3mipu
BEPCTaTHOrO MNpUCTPOl0 | HeobxigHun pobounin npocTip
MaLlUWHK Nif Yac BUTOTOBIIEHHSI.

Big pexumiB mexaHiuHoro 06pobreHHs, ski npusHa-
YeHi Ha OCHOBI CTaHAapTIB, NPaKTUYHMX pekomeHaaLli abo
eKCNepuUMeHTanbHMX OOCNiAKeHb, reoMmeTpii Ta martepi-
any pisanbHOi YacT1HM Pi3arnibHOro IHCTPYMEHTY 3anexuTb
LUOPCTKICT  0BpO6MIOBaHMX MOBEPXOHb KPOHLUTENHIB Ta
3a3Bu4an Bignosigae AianasoHy 3HaveHb Ra = 0,8-6,3 Mkm
(Ivanov & Zajac, 2018).

Ha ocHoBi po3pobneHux knacudikauin ans cknagHo-
NpoifibHNX [eTanei  3anponoHOBaHO CTPYKTYPHI Koau
(puc. 2), aKi xapakTepusytoTb Oydb-sKy 3 Bulle3asHauye-
HUX JeTanen 3a KOHCTPYKTOPCbKO-TEXHOMOMYHUMMK O3Ha-
Kamu, Lo MiCTATb ByKBEHO-YMCNOBI NO3HAYeHHS. [JaHi koam
MoxyTb 6yTn BuUKopuctaHi y CAIP Bl Ta iHdopmauin-
HO-MOLLIYKOBMX cucTemax i3 metoto Bubopy Bl ans Buule-
3a3HayeHux getanen.
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Puc. 1. KoHcTpyKkTOpCbKO-TEXHOMOrIYHA Knacudikalisa getanen TMNY KPOHLWTEWHM

BpaxoBytoun iHopmalito, OTpUMaHy 3 KOHCTPYKTOp-
CbKO-TEXHOIOTIYHOI AOKYMEHTAaLii, CTPYKTYPHUI Kog Y dop-
ManisoBaHOMYy BWUIMA4I MOXHa MpeacTaBUTU CYKYMHICTHO,
L0 MICTUTb KOHCTPYKTOPCbK ( d_features ) Ta TEXHOMNOTiYHI
(t_features ) o3Haku:

CODE =d_features;t_features. (1)

KOHCTPYKTOPCbKi O3HaKW, O € CYKYMHICTIO Knacudi-
Kaui 3a npusHadeHHsM ( purpose), yHKUIOHANbHUMK
BMacTMBOCTAMU ( functional ), Tunom npodginto ( profile),
HasIBHICTIO KOHCTPYKTOPCbKMX 6a3 (bases ), 3anucyroTb
y BUmMAai:

(2)

TexHonoriyHi 03HaKK, 4O SKUX BiQHOCATb PO3TaLLyBaHHS
6a30BvX NOBEPXOHb ( locsurf ), hopmy 6a30BKX NOBEPXOHb
y nonepeyHomy nepepisi (_formsurf"), Tn 6asoBoi NOBEPXHi
(typesurf ), TouHiCTb 6a3oBOi NOBepxHi (accuracy ),

d_features = purpose, functional, profile,bases.

rabapuTHi po3mipu getani (sizes ), Mmacy ( mass ), matepian
( material ), 3anUCytOTb Y BUTNSAI CYKYMHOCTI:

locsurf , formsurf ,typesurf,
t_features = ) .
accuracy, sizes, mass, material

Y opmani3oBaHOMYy BWIMS4i ONMUC KPOHLUTEWHIB 3a
MPU3HAYEHHSM € MHOXUHOKW purpose, WO MICTUTb KpoO-
HLWTENHW ana nepepadi ( P) abo KPOHLWTEWHU creuiarnbHi
(). KoHKkpeTHa KOHCTPYKLIS BU3HaYaeTbCs OYHKUIEID fask
. TakM YNHOM, OMMC KPOHLLTENHIB 3@ NPU3HAYEHHAM MOXHA
NPEeAcTaBuUTW y BUMMAAI:

purpose € {S, M}, (4)
()

task {support,moving} ,

S, saxwotask = support
purpose = f (task) = { o PP

M, saxwotask = moving.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Puc. 2. CTpyKTypa KOHCTPYKTOPCbLKO-TEXHOMNOTYHOrO KoAy AeTanei TUMy KPOHLWTEWHHIB

®yHKUioHanbHI BMACTMBOCTI KPOHLUTENHA ONUCYETHLCS
MHOXWHOW functional , WO BIiANOBIOAE 3HAYEHHIO «OLHO-
CTOPOHHIN» (U ), «ABYCTOPOHHIW» (7'), WO BianosigawTb
3HaYeHHSIM MHOXWHI  function

functional € {U,T} 7

function € {assembly, guide,unilateral ,two sided } , (8)

Sunctional = f (type) _ {U , SAIKWo type umlate.ml,
T, sxwo type = two side
Tun npoginto KPOHLWTENHA OMUCYETLCA MHOXWHOK
profile, Wwo BignoBigae 3HaveHHw «BigkpuTMiAy (O),
«3akpuTuiiy (C'), WO BIAMNOBIAAITE 3HAYEHHSAM MHOXUHI
form :

profile {O, C}
form e {open, close} ,

O, saxwo type = open,
rofile = e)= 1
prof f(lyp ) {C, akuo type = close, an
KinbkicTb KOHCTpYKTOPChKUX 6a3 ddatums moxe GyTu
OOHWM i3 3Ha4YEHb MHOXUHW datums :

ddatums € {1,2}. (12)

[Npu KiNbKOCTi KOHCTPYKTOPCbKMX 6a3 2 6a30Bi NOBEPXHI
MOXyTb ByTv napanensHumu ( parallel ) abo Henapanens-
HUMK (nonparallel ), Wo BiANOBIAAKTb 3HAYEHHAM MHO-
XUHi location :

locsurf € {P,N} (13)

location { parallel ,nonparallel } , (14)

cross € {circular,noncircular} , (17)

C, = circilar,
formsurf = £ (cross) = { Akuocross = circilar, yq)

N, sikwo cross = noncircular,

ToyHicTb 6a30BOI MOBEPXHiI AeTani OnUCyeTbCA MHO-
XWHOK accuracy , WO BIANOBIJAE 3HAYEHHIO «BUCOKA
TOuHiCTb» ( H ), «cepedHst TouHicTb» (M ) abo «Hu3bKa
TOYHiCTb» (L), Ta BM3HAYAETLCH 3HAYEHHSIM [ianasoHy
KBaniTeTiB TOMHOCTI ( gclass ):

accuracy € {H,M,L} (19)

qclasse{6...7,8...10,11...14}, (20)

H, saxwoqclass =6...7,
ceuracy = f (gclass) = M, sxwo gclass =8...10, (21)
L, axwoqclass =11...14.

[abapuTHi po3mipy geTani onucyTb MHOXUHOWO sizes ,
Lo BignoBigae 3HaveHHsam «mani» (), «cepenHi» (M ),
«Benuki» (L), Ta BU3HAYAETLCH MHOXUHOW dimensions ,
[e BigobpaxeHi gianaszoHn po3mipis geTanen:

sizes € {S,M,L} (22)

dimensions € {O...50,50...300,300...1000} , (23)

S, sxwo dimensions =0...50,
(24)

sizes = f (dimensions) =9 M, saxwo dimensions =50...300,

L, sxwo dimensions = 300...1000.

Maca feTani onucyeTbcsi MHOXWHOW mass, WO Bid-
noBifae 3HaveHHo «nerki» (L), «cepedHi» (M ), «Baxki»
(H ), Ta BU3HAYaETbCA BEMUYMHOK OOHOTO 3 AianasoHiB
mac getarnen, Wo HanexwTb MHOXWHI weight

locsurf = f (location) = P,}mwoloca.tion = parallel. (15) mass € {L,M,H } (25)
N, sixwo location = nonparallel.
®dopma 6a30B0i NOBEPXHI y MonepeyHoOMy nepepisi onu- weight € {0...1,1...10,10...100} (26)
cyeTbCﬂ OOHWM i3 3Ha4Y€eHb M.HO)KVIHI/I. formsurf , Wwo Bigno- L, sxugo weight = 0.1,
BIAa0Tb 3HAYEHHAM MHOXWUHI cross . ) )
Jormsurf < {C.N) (16) ass = f (weight) =3 M, axwoweight =1...10, (27)
H , axwoweight =10...1000.
BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty 105
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MaTtepian getanei HanexwTb OO MHOXWUHWU material
Ta moxe OyTn ctanb (S), antomiHiesi cnnaeu ( A ), Heme-
Tan (M ), Wwo 3a3Ha4€HO Yy KOHCTPYKTOPCbKO-TEXHOSOTiYHil
JOKyMeHTaLji:

material € {S, C,F, M} (28)

(29)

matype € {steel ,castiron, nonmet} ,

S, akwjo matype = steel,
material = f (matype) =< C, axwo matype = castiron, (30)
M, axwo matype = nonmet.

Ha ocHoBi aHanisy BusiBNeHa KoHdirypauia petani
(puic. 3), siKa HanbInbLW NowmnpeHa y Bupobax, a came B Kpi-
MIeHHi Konic.

KpOHLUTEH AaHOi KOHCTPYKLiT BXOAWTb Y TPAHCMOPTHNN
3acib Oyab-akoro npusHaveHHs, 6yab TO NErkoBMiA UM BaH-
TaXHWI aBTOMODINb, TPAKTOP YM aBTOOYC, Ta MOXE BiApi3HS-
TUCA NULLE TUNOPO3MipaMu Ta HE3HAYHOK 3MIHOK (HOPMMU.

I

Puc. 3. KoHcTpyKuia aetani Tuny KpOHWTEeNHU

BinbLuicTs Aetaneit TMNy KPOHLUTENHIB MaloTb CKMnagHy
reoMeTpuyHy (opMy, L0 CTBOPIOE MEBHI TPYOHOLL Mpw
Ga3yBaHHi Ta 3aKpinneHHi 3aroTOBOK Ha onepawisx Mexa-
HiYHOro 06pobneHHs. [Ins BCTAaHOBNEHHS 3aroTOBOK 3aCTO-
COBYIOTbCA crevjianbHi abo rHyyki Bl (s npasuno, yHisep-
canbHo-36ipHi npuctpoi) (Wan et al., 2013), wo 3abesnevye
3afaHy TOuYHICTb O0BpobneHHs NoBEpXOHb, ane 36inbluye
TPYLOMICTKICTb | BapTiCTb BWIOTOBMEHHS. TakuMM YMHOM,
aKTyanbHUM € aHani3 TMnoBoro T[T BUrOTOBMEHHS KPOH-
LUTENHIB Ta BUABNEHHA MOXNMBOCTI Ana onTuMisauii Tl
3 ypaxyBaHHSM Cy4acCHWX TEHOEHUIN y MexaHiYHoMy obpo-
GrieHHi, a TakoX (PYHKLIOHANBHO-TEXHOMOMYHUX MOXIMBO-
CTel Cy4acHoro obnagHaHHs.

Ha Bcix onepauisx MexaHiyHOro o6pobneHHs 3ainc-
HIOETBCA MEPEYCTAaHOBNEHHS 3aroTOBKW 3i 3MIHOK CXemu
HasyBaHHs, SK MiX onepavisMu, Tak i Ha Pi3HUX ycTaHOBaxX
y Mexax KOHKpPEeTHOI onepaLii, Wo Npu3BOAUTL A0 HaKonu-
YEHHS1 NOXMBOK YCTaHOBMEHHS B LiNOMY, Ta SIK HACnigok
3HUWKEHHS TOYHOCTI B3@EMHOIO PO3TallyBaHHS NOBEPXOHb
aetani. MNpu o6pobneHHi Ha KOXHIN onepaLii NPOBOAUTLCA
000B’s13K0Ba BUBIpKA MOMOXEHHS AeTani npyu aHanorivHin
cxemi GasyBaHHs, LIO MPU3BOAWUTL [0 CyTTEBOrO 36inb-
LUEeHHsT JOMNOMIXHOrO yacy, a, oTxe, 3binbLeHHo cobisap-
TOCTi AeTani, Lo B yMOBaxX Cy4acHOro BUPOBHMLTBa Henpu-
nycTUMO.

[ns 6a3yBaHHS Ta 3aKpinneHHs 3aroToBKW Ha onepawii
15 HeobxigHo nigrotyBatu 6asu. [na 6asyBaHHa 6ydyTb
BUKOPUCTaHI BHYTPILLHI LMNIHAPUYHI NOBEPXHi Ta TopeLlb
(puc. 4).

[lns 3MEeHLLEHHS KiNbKOCTi onepaLlii, nepeycTaHoBMNEHb
Ta gonomixHoro Yacy 06’egHaemo onepadii 20-40 TMnosoro
TIM B onepauito 15 «KomnnekcHa onepaldis Ha o6pobntosa-
Homy ueHTpi 3 UTMK» Tunosoro TI1 (puc. 5). Lie nae moxnu-
BiCTb 06p0BUTU yCi CBEPANUIBHO-hPE3EPHO-PO3TOUYBASIbHI
onepaLlii 3a 0AWH YCTaHoB.

06pobneHHA oTeOpIB: ]

|_-CBEpPANIHHA

_-/bﬁpcﬁnEHHa nasy: \
| -hpe3sepyBaHHA YopHOBE

' -ppesepysanHa yucHose /

| 06pobneHHA oTBOpIB: A
\_-CBepANiHHA

Puc. 4. MNoBepxHi KpOHLWTENHA

g N
[ OBpobnenHa BobUwWwoOK:
-(pe3epyBaHHA YOPHOBE

‘..\ -bpesepyBaHHA YucTose

, WO nignaraloTb 06po6neHHI0

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Puc. 5. MopiBHAHHA MapLupyTiB 06po6neHHA geTani « KpOHWTEMH»:
a— tunoBuin TI; 6 — 3anponoHoBanum TI

[HWi onepauii TMnosoro T, WO BKMOYAKOTL TepMiYHe
00pobneHHs!, wnigysanbHy onepawii He € JOLiNbHUM 3Mi-
HioBaTM abo 00’efHyBaTH, OCKIMNbKW Lie Pi3Hi Ta HEeCcyMicCHi
3 iHWKMK MeToaM 0OPOGHEHHS.

Pesynbrartu. 3 giarpam, siki nobygoBaHi Ha OCHOBI Npo-
BE[IEHMX PO3paxyHKIB HOPM Yacy, MOXHa 3p0OUTN BUCHOBKW:

- TaK fK Ans MexaHiyHoro obpobrneHHst BUKOPUCTOBY-
t0TbCS OZHIV Ti CaMi PEXMMM pi3aHHS | pidanbHi IHCTPYMEHTH
BiAMOBIZAHO OCHOBHUI Yac OHAKOBMWIA SIK NS TUMOBOIO TaK
i Ans 3anponoHosaHoro TIT;

-y 3B'A3Ky 3 GinbLUOtO KinbKicTio B TMNoBomy TI1 ycTa-
HOBIEHb | NepecTaHOBNEHb AeTani Npu NEPEXoai Big oaHiei
onepadii 4o iHLWOI TO AONOMIXHUA Yac Ans 3anponoHoBa-
Horo Tl e meHwuR;

- KinbKicTb onepauiil MexaHiyHoro 00pobneHHs Ta
poboumx Micupb Ginblie B TMNOBOMy TI1 BignoBigHO Hopma
LOMNOMDKHOIO Yacy binbLue;

= LWTYYHWIA Yac Ha onepaLlito MexaHi4HOro 0bpobneHHs
ofHiel petani B 3anponoHoBaHy TIT MeHLLWIA HiX y TUNOBOMY
TI1, ocKinbkn cknagaeTbCs 3 NOnepeHix HOPM Yacy, OKpiM
MigroToB4O-3aBepLLUanbHOI CKIagoBol.

AHanisyloum OTpuUMaHi pesyneTaT MOxHa 3pobuTu
BUCHOBOK, LLIO A8 3anpornoHoBaHoro TI1 maibxe BCi HOpMK
yacy MeHLi Hik Ans Tunosoro TI, Tak K MeHLUa KinbKiCTb
onepaLiii MexaHiYHOro obpobrneHHst Ta JOMOMIXKHUX Mepe-
xopis. OTxe, BapTO po3rnsagati MOXNUBICTb CKOPOYEHHS
KiNbKOCTi onepavii MexaHiYHOro obpobneHHs Ta LONoMixX-
HUX MEepexofiB Ha BCTAHOBMEHHI Ta MepeyCTaHOBMEHHS

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

[eTaneu 3aBasikuy BUKOPUCTAHHIO MPOrPECUBHOMO Cy4aCcHOro
meTasnopidansHoro obnagHaHHS B MOESHAHHI 3 THYYKAMM
BI, wo 3abe3neyytoTb MakCMMarnsHO MOXIMBY IHCTPYMEH-
TanbHy JOCTYMHICTb.

3 OTpMMaHUX JaHUX OCHOBHUI Yac 3anporoHOBaHOrO
TIM B 2,5 pasu BinbLlle HiX TMNOBOrO, AOMNOMiKHMIA Yac B 1.5
pasu 3anponoHoBaHoro Tl MeHLue Hix B Tunosomy TI1, wo
CBiQYATb NPO MiABULLEHHS NPOAYKTUBHOCTI BUFOTOBMEHHS
JeTaneii Ta 3MeHLUEeHHs BWTpaT Yacy Ha 6asyBaHHSI Ta
3aKpinneHHa geTanen.

BucHoBKK. P03pobneHo  KOHCTPYKTOPCLKO-TEXHOMO-
riYHy Knacudikauiio feTtanen Thny KPOHLITERHK, Lo BKITHO-
yae B cebe KOHCTPYKTOPCbKi Ta TEXHOMOrYHi O3HaKW Ta
BU3HAYEHWI TUNOBUN NPELCTaBHUK AeTanen aHoro Knacy,
O [03BOSSIE CTBOPUTM NepeayMoBM ANS cucTeMaTmaaLii
Ta 00r'pyHTOBaHOrO Onucy AeTanemn TUMy KPOHLWTERHW. Ha
OCHOBI PO3pOBNEHOI KOHCTPYKTOPCLKO-TEXHOMONYHOI Kra-
cudikaLii CTBOPEHO METOAMKY KOAYBaHHS AeTaneit Tumy
KPOHLUTENHIB, sika 3abe3ne4nTb MOLIYK BiAMOBIAHWX KOH-
CTpyKUin Bl B iHhopmaLinHO-MNOLLYKOBUX CUCTEMAX.

O6r'pyHTOBaHO, LIO B Cy4aCHWUX yMOBax MaluMHOOygy-
BaHHA HeoOXiQHO nparHyT [0 iHTeHcudikauii npouecis
MexaHi4HOro 0bpobneHHs, Ha MigcTaBi LbOro 3anponoHo-
BaHW HOBUI TEXHOMOMYHWA MPOLEC, WO [A03BONSE CyT-
TEBO CKOPOTUTW BUTPaTWM [OMOMIKHOMO Ta [0AaTKOBOMO
yacy, 3okpema y 2,5 pasu i 1,5 pasu BignosigHo. [Mpu
LlbOMY YacTka OCHOBHOMO 4acy Yy CTPYKTYpi HOpMU 4acy
36inbwmnaca 3 21% po 57% BignosigHo Ans TUMOBOrO
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i 3anNpPONOHOBAHOIO TEXHOMOrYHUX NPOLIECIB, WO CBIAYMTb
npo 36inbLUEeHHS NPOAYKTUBHOCTI BUIOTOBMEHHS AeTanen
Ta 3MEeHLLEHHS BUTPAT Yacy, NoB’s3aHuX i3 6asyBaHHAM Ta
3aKkpinneHHam getanei.

JocnioxeHHs BMKOHAHO B pamKkax BWKOHAHHS YKpa-
THCBbKO-CNOBALbKOrO HaYyKOBO-AOCIIAHOTO NPOEKTY «YAo-
CKOHaNeHHs1 TEeXHOMOrYHOI NiaAroToBKM BUPOOHMLTBA 3a

paxyHOK aBTOMaTu3aLii npoLecy NpOeKTyBaHHS BepcTar-
Hux npuctpoisy» (OP Ne 01220002657, Ne 0123U103320,
MinicTepcTBO OCBITK i Hayku Ykpainu) Ta HOP «lHTeHcudi-
KaLis BupoBHMUMX NpoLeciB Ta po3pobka iHTENeKTyarnbHUX
CUCTEM KOHTPOMIO SKOCTI MPOAYKUiT B iHTENEKTyanbHOMY
BupoGHMUTBI» (AP Ne 0122U200875, MiHicTepcTBO OCBITM
i HayKn YkpaiHn).
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Intensification of the technological process of processing bracket-type details

The latest trends in the field of mechanical engineering indicate that in a competitive environment, manufacturers are
trying to reduce the time to market, while the complexity of manufacturing, the requirements for its accuracy and quality are
constantly increasing. In this regard, the introduction of flexible machine tools that provide quick readjustment of parts to
different sizes within the specific structural and technological features of the workpieces is urgent. The increase in the range
of products at modern machine-building enterprises requires frequent adjustments of production to process the next batch
of parts, which raises questions about the economic feasibility of designing and manufacturing special machine tools for
parts of a specific size (Bi et al., 2008).

Constant updating of the nomenclature of parts due to minor design changes, as well as small batch sizes make the
topic of designing, modeling and manufacturing of flexible machine tools relevant and timely. Increasing the flexibility and
expanding the technological capabilities of machine tools, reducing the preparatory and final time for their reconfiguration,
and therefore, increasing the efficiency of metal-cutting machines is ensured by the development and implementation of
quickly reconfigurable functional units (lvanov, 2019).

During the machining operation, the workpiece is re-fixed and the base scheme is changed, both between technological
operations and at different facilities within a specific operation, as a result of which the installation error accumulates and
leads to a decrease in the accuracy of the relative location of the surfaces of the processed part. At each machining
operation, a mandatory check of the position of the part takes place with an unchanged base scheme, which significantly
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increases unproductive time costs, and, therefore, leads to an increase in the cost of the part, which is unacceptable in the
conditions of modern production.

Research is aimed at improving the efficiency of processing brackets by intensifying the technological process and
introducing flexible machine tools that ensure multi-coordinate processing.

Key words: flexibility, technological process, flexible fixture, design-technological classification
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