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With the development of LED plant lighting technology and its wide application in agricultural production, LED plant
grow lights have become the mainstream light source used for plant lighting in plant factories with artificial light (PFALS).
Artificial plant light source is different from natural light source, its biggest characteristic in light quality, light intensity, photo
period and light form all can be accurately and intelligently regulated, ideally can continue to provide plants with light
energy at the lowest cost, guarantee annual production and supply with high quality and efficient agricultural products, for
the different living environment of people continue to supply the essential fresh plant products. lllumination and illumination
uniformity have a significant impact on plant photosynthesis and growth, and are also the basis of the design of plant lighting
system in PFALSs. In this paper, taking the lettuce varieties planted in the field as the test materials and experimental objects,
we design the illumination gradient test, simulate the illumination uniformity of LED forms with different arrangement by
using the computer simulation method, and study the influence of different illumination and LED arrangement forms on
the growth and biomass of hydroponic Lettuce in PFALS, so as to provide the best lighting solution for the industrialization
and standardized production of lettuce in plant factories. The results of the study showed that: for hydroponic lettuce in
PFAL’s lighting environment, the illumination uniformity of matrix LED light source is the best. The optimal lighting distance
is between about 25cm and 30 cm from the lettuce. A red-blue light mixture ratio of 7:1 is the best light quality ratio for
lettuce during seedling stage, and a red-blue light mixture ratio of 6:1 is the best light quality ratio in the growth period.
The optimum light intensity is 400 pimol / m* - s . The best daily illumination time is 16 h/ d , and the illumination time
can be appropriately extended to achieve the purpose of harvesting lettuce in advance.

Key words: LED plant light source; light formula; illumination uniformity; hydroponics; plant factory with artificial light;
urban agriculture; smart agriculture.

DOl https://doi.org/10.32845/msnau.2022.3.1

Introduction. In recent years, the artificial light plant
factory (PFAL) (Yang Qichang, 2014; Liu Wenke et al.,
2014; He Dongxian, 2018; Kozai, 2019; Kozai et al., 2020;

of no-pollution, no-pesticide-residue, no-washing ready-
to-eat, green-healthy-environmental protection, which
are expected and loved by people (Ares, 2021; Huang

Huebbers etal., 2020) willbecome the mainstream production
mode of urban productive agriculture because the plant
growth environment is highly controllable and is not limited
by the natural climate, geographical location, land resource
and other conditions (Lee, 2018). Moreover, the agricultural
products of plant factories have the advantages

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

Lichun, 2019; 2021). The PFAL is the highest form of facility
agriculture development that is a new agricultural production
mode to develop intensive and efficient modern agriculture,
more suitable for the development of industrialized
and commercial plant production in urban areas and that
has very good development prospects (Orsini et al., 2020).
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Light is an energy substance necessary for photosynthesis,
growth and development, morphological construction,
and material consumption of plants, and the light conditions
required by different species of plants at different growth
stages vary greatly. Therefore, focusing on the optimal
light conditions for a particular plant, including light quality,
light intensity, light period, and form of light production,
has become a hot spot for research on artificial light plant
factories. Light emitting diode (LED) has many advantages,
such as low voltage, low consumption, safety, energy
saving, easy control, long service life, small and light
weight, a wide working environment and so on that has
become a common light source used as plant lighting in
greenhouses and artificial climate chambers and that has
also become the mainstream light source used in PFALs
with the rise and development of PFAL (Tsuruyama et al.,
2018; Prikupets et al., 2019; Wei et al., 2020; Paucek et al.,
2020; Jiang et al., 2020).

In China and many countries around the world, lettuce
is widely cultivated in fields and greenhouses and it is very
popular because of its crisp-tender-fat leaves, good fresh-
eating taste and easy to digest, green health care, high
nutritional value. Moreover, it does not require a higher growth
environment, easy to survive and grow faster, lush leaves,
compact growth, lower plant height, short growth cycle, very
suitable for cultivation in PFALs. As the demand for light
is different for a particular plant at a certain growth stage,
Philips took the lead in proposing the concept of plant light
formulation, which has played an important role in guiding
the design, development and production of plant growth
lights. Light formula refers to the light conditions required
by a crop at a certain growth stage in a particular growth
environment (Wang Mengmeng et al., 2015; Liu Wenke et
al., 2017; Marondedze et al., 2018). A light formula usually
consists of eight parts in three aspects: (1) the first aspect
is light characteristics, which are light quality, light intensity,
photoperiod, light source installation location, lamps and LED
beads quantity, and light uniformity. (2) environmental
factors, that is, other environmental parameters based on
light formula, such as temperature, humidity, etc. (3) light
effect, such as energy saving effect. All the above factors
are interdependent, interactive, intertwined and coupled
together. Moreover, coupled with the complex biological
mechanism of the plant itself, the study of plant light formula
becomes extremely complex.

LED is a cold light source, and the closer it is to the plant,
the stronger the illuminance, and the higher the utilization
efficiency of light energy (Wang Haiou et al., 2004; Massa
et al., 2008; Yang Qichang et al., 2011). llluminance (E)
refers to the size of the luminous flux ((p) received by
the light receiving surface of the object in the unit area (S
, and the illuminance calculation method is shown in formula
(1). The illuminance of LED lamp changes with the change
of power supply voltage, which can be measured by
spectrophotometer.

For different plants, different numbers of red and blue
LEDs need to be selected for matching and combination,
and the required illumination and illumination uniformity
should be considered at the same time. Different kinds
of plants need different light illumination uniformity
(Wu Rengmao et al., 2009; Zhu Zhou et al., 2015).
The illumination uniformity (U, ) refers to the ratio
of the minimum illuminance ( win ) Of the light receiving
surface to the average illuminance Em) within a certain
irradiation area, which is calculated as shown in formula (2).
The value of illumination uniformity is (O, 1) , and the closer
the value is to 1, the more uniform the light received by
lettuce and the better the overall growth.

UO = Emin /Eave (2)

The planting process of Hydroponic Lettuce in PFALs
is divided into three stages, which are germination stage,
seedling stage and growth stage, and its cultivation cycle is
generally about 30-50 days. The requirement of light is not
high in the budding stage, so light regulation is rarely carried
out. The best compound ratio of red and blue light in seedling
stage is 7:1, and the best compound ratio in growth stage
is 6:1. The best illumination time is 16 hours in the seedling
stage and growth stage. Generally, the LED light beads
are arranged at equal intervals, and the light of different
arrangement modes irradiates the lettuce, the illumination
uniformity is also very different, which will affect the overall
growth of the lettuce.

With the advancement of the industrialization process
of the PFAL and the deepening of its research, improving
the automation and accuracy of light environment regulation
under the condition of full artificial light and maximizing
the efficient growth of plants, which are effective ways to
reduce energy consumption and improve the comprehensive
utilization of resources (Saito et al., 2020; Yuan Fang
et al., 2021). In this study, different LED illuminance
and arrangement methods were used, and the illumination
gradient experiment and illumination uniformity simulation
experiment were designed, using the research methods
of comparative experiment and computer simulation,
the effects of different illuminance and led arrangement
methods on the overall growth of lettuce under the condition
of the PFAL were studied, in order to provide a standard
illumination scheme for the industrialized production
of artificial light plants.

lllumination gradient experiment.

1.1. Experiment site and test material

The laboratory is decorated with fully enclosed thermal
insulation materials, the hydroponic room is designed with
opaque light, the plant growth is illuminated by LED lamps
with controllable red blue and white colors, the environment
of the planting room is regulated by cabinet type air
conditioning, fresh air system, humidifier and other equipment,
which are combined and intelligently controlled by centralized
control software, and the air flow of planting layer shelves are
regulated by DC shaft fan. The nutrient solution circulating
in the hydroponic layer shelves are intelligently regulated
by the water and fertilizer integrated system controlled by
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the program. The experiment was conducted in staggered
time periods from early June 2021 to the end of December
2021. Several lettuce varieties were used in the experiment.
All lettuce seeds were purchased from formal seed industry

companies and obtained market permission. All the test
materials were taken from lettuce hydroponically cultured by
laboratory personnel. The experimental site and some main
experimental equipment are shown in Fig. 1.

(C)Hydroponic Lettuce

(D) Integrated irrigation system of

water and fertilizer

(E) Integrated environmental

regulation system

(G) Air flow regulating DC fan

1.2. Experiment environment

The experimental LED plant growth light was custom
developed by a professional manufacturer from Anhui
ANCORGREEN. The light quality, light intensity and light
period of LED lamp can be set according to the experimental
requirements, and thenintelligently controlled by the program.

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

(F) dehumidifier

(H) Light sensor
Fig. 1. The PFAL laboratory of our university and some main experimental equipment

The light quality is composed of red, blue and white lights
according to the set proportion, and the proportion of the three
lights can be accurately controlled by the program, and some
LED lamps used in the experiment are shown in Fig. 2.
When the plants are illuminated to simulate the daytime,
the indoor temperature of the laboratory is set at about 23 °C
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and the CO, concentration is set at about 800ppm. Moreover,
when the plants are not illuminated to simulate the night,
the indoor temperature of the laboratory is set at about
18 °C and the CO, concentration is set at about 400ppm.
The humidity setting in the laboratory was maintained
between 70% and 80%. The DC fan for airflow regulation
of the growing shelves operate for 2 minutes at 10-minute

T

(A) Matrix arrangement

intervals. The nutrient solution in the planting layer shelves
is continuously supplied for 5 minutes at 30-minute intervals,
in which the EC value is always maintained at 800 g5 / cm
, and the pH value is maintained at about 6.8. LED lamps
are installed at the top of each layer of the planting shelves,
28cm away from the lettuce growing canopy, and the plant
light time is setto 16 4/ d .

(B)Triangular arrangement (C) Circular arrangement

Fig. 2. LED plant lighting lamps for experiment

1.3. Experimental design

In order to find out the effects of different illuminations
on the growth of lettuce, 60 robust lettuce seedlings were
randomly selected, and each 15 seedlings were placed
in 4 groups of light conditions for hydroponic culture
experiment. The illuminance is set at 200, 300, 400 and 500
pmol | (m’ -s) | respectively, which are recorded as T1, T2,
T3 and T4. From the first day after transplanting, five plants
were randomly selected at 5 p.m. every day to measure
and record the plant height, leaf length and leaf width
of the outermost leaves of lettuce. When lettuce grows to 50
days, it is ripe and harvested. 8 plants in each control group
with better growth are selected and the fresh weight of each
plant is weighed, then the average of eight lettuce is found.

1.4. Results and analysis

After 50 days of hydroponic, the lettuce was harvested
and the fresh weight of a single plant was weighed,
and the results were recorded in Table 1. The lettuce growth
and growth curves of different experimental groups are
shown in Fig. 3 and Fig. 4, where Fig. 4(a) shows the average

plant height growth curve, Fig. 4(b) shows the average leaf
length growth curve, and Fig. 4(c) shows the average leaf
width growth curve of lettuce.

It can be seen from table 1 and figure 3 that the growth
of hydroponic Lettuce under differentillumination conditions
is significantly different. In terms of plant morphology, each
experimental group of lettuce grew brittle green hypertrophy,
but the number of lettuce leaves under 500 pmol / (m2 .S
light was significantly less than that of the first three
experimental groups. In terms of biomass accumulation,
compared with the average fresh weight of single lettuce
after hydroponic culture to 50 days, the biological yield
of single lettuce under 400 ,umol/(m2 -s) illumination is
the highest, which is about 37% higher than that under
200 umol /(m* -s) illumination, 23.4% higher than that
under 300 umol / (m’ -s) illumination and 53.8% higher
than that under 500 ymol/(mz-s) illumination. The
results showed that the illumination of 400 ymol/(m2 ‘s)
was more suitable for the growth of hydroponic Lettuce in
PFALs.

Table 1

Single plant and average fresh weight of lettuce at harvest under different illuminance conditions (illuminance

unit: l‘mol/(m2 -s)

, Fresh weight: grams)

llluminance Fresh weight of single plant Average fresh weight
T1 112 126 115 109 128 117 119 120 118.25
T2 136 132 128 126 131 129 138 127 130.875
T3 168 163 162 169 158 160 159 153 161.5
T4 96 112 103 97 108 102 106 116 105

As can be seen from Figure 4, with the increase
of lettuce growth time, plant height, leaf length and leaf
width of hydroponic lettuce show a rising trend, indicating
that the illumination gradient setting is reasonable. For

different growth indexes, the growth of lettuce in each
experimental group was T3 > T2 > T1 > T4. The results
showed that when the illuminance was set below 400
,umol/(mz-s), gradually increasing the illuminance
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(a) T1 (b) T2

could promote the growth of lettuce. When the illuminance
reached 400 wmol /(m’ -s?, the growth of lettuce was
inhibited by increasing the illuminance. The reason may
be that the LED lamps with high illuminance have high
thermal power consumption and high heat, resulting in water

(c) T3

(d) T4

Fig. 3. Growth of lettuce in each experimental group at harvesting

shortage of plants. It is also possible that high-intensity light
has caused some damage to plant growth organs or some
stress to physiological processes. The results also showed
that the illumination of 400 ,umol/(mz -s) was more
suitable for the growth of hydroponic Lettuce in PFALs.
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Fig. 4. Growth of lettuce under different illumination

Simulation experiment of illumination uniformity.

3.1 Experimental design

Generally, led plant light sources are arranged in
array, triangle and circle. In order to study the illumination
uniformity characteristics of LED light sources with three
arrangement modes, we use TracePro optical simulation
system and three-dimensional composition method
of MATLAB software to simulate the illumination uniformity,
compare and analyze the advantages and disadvantages
of the illumination uniformity of the three arrangement
modes, and provide theoretical guidance for the design
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of plant light sources and plant production using artificial
light sources.

(1) TracePro optical simulation experimental method

The TracePro optical simulation environment was
configured systematically, 25 identical LED beads were
selected and arranged into matrix, triangular and circular
forms in turn, with the spacing set to 3cm and the light source
28cm away from the lettuce. After the other environmental
parameters of the artificial light plant factory laboratory were
set, the Tracepro software was run to export the simulation
diagram, as seen Fig. 5.
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(A) Simulation results of  (B) Simulation results of  (C) Simulation results of

matrix illuminance

distribution

triangle illuminance

distribution

circular illuminance

distribution

Fig. 5. Simulation results of illuminance distribution in different arrangement modes
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(2) Matlab software simulation experimental method

Through the Matlab software system, a three-dimensional
diagram is constructed according to the collected illumination
data to visually display the distribution of illumination
uniformity. The test step is to fix the LED light beads on
the top of the planting layer shelf into the form of matrix,
triangle and circle with a spacing of 3cm, and the light source

is 28cm away from the coordinate paper. The specification
of coordinate paper is 100cm x 100cm, composed of small
squares of 1cm x 1cm. After preparation, the illuminance
at each small square is measured successively with
the illuminance sensor, and the final summary data is
constructed into a three-dimensional diagram through
Matlab software, as shown in Figure 6.

(A) Matlab simulation of (B) Matlab simulation of (C) Matlab simulation of

matrix arrangement

illumination distribution

triangle arrangement

illumination distribution

circular arrangement

1llumination distribution

Fig. 6. Matlab simulation of illuminance distribution in different arrangement forms

2.2. Results and analysis

(1) Optical simulation results and analysis of TracePro
software

As can be seen from Fig.5, the three arrangement
modes all show the light distribution characteristics that
the middle area of the light receiving surface is brighter
and the surrounding area gradually darkens. Among them,
the overall illuminance of LED light sources arranged
in matrix is significantly better than that of triangular
and circular arrangement modes. Lighting uniformity index
refers to the uniformity of illumination distribution. According
to the simulation results, the illumination uniformity
of the matrix is 80%, as shown in Fig.5(a). The illumination
uniformity of triangular form is 71%, as shown in Fig.5(b).
The illumination uniformity of the circular type is 79%, as
shown in Fig.5(c). Through TracePro computer simulation, it
can be shown that the matrix LED light source arrangement
form has the best illumination uniformity.

(2) Matlab 3D simulation results and analysis

In the three-dimensional stereogram constructed by
MATLAB, the areas with different colors represent different
illuminance of the light receiving surface. If the color
of the adjacent area is closer or the plane area of the wave
crest position is larger, it indicates that the difference
of the received illuminance is small and the uniformity is
more. From Fig.6(a), Fig.6(b) and Fig.6(c), it can be shown
that the middle regions of the three figures show similar
colors such as red, dark red and orange, and the middle
regions of Fig.6(a) and Fig.6(c) have more similar colors than
Fig.6(b). Comparing Fig.6(a) and Fig.6(c), all of them have
a certain plane area at the wave peak position, and the plane
area in Fig.6(a) is significantly more than that in Fig.6(c),
which indicates that the matrix arrangement represented in
Fig.6(a) has the best uniformity of illumination. Therefore,
the simulation method by Matlab software also proves that

the matrix arrangement of LED light source has the best
light uniformity.

Discussion and conclusion.

The light environment parameters of plant cultivation are
mainly composed of light source, light quality, illumination,
photoperiod, light uniformity and so on. There are many
scholars who have conducted relevant studies on some
of these factors and found some patterns of the effects
of certain factors on plant growth. Yan Zhengnan (2020)
systematically studied the effects of white-red and red-blue
LED lighting environment on the growth, quality and energy
utilization efficiency of two kinds of lettuce, and found
that white-red LED light quality can replace red-blue LED
light quality and be used in lettuce hydroponic culture to
improve resource utilization. Li Dongxing et al. (2012)
found that the growth trend of lettuce under 16h continuous
light is generally better than that under 16h intermittent
light. Kim et al.(2017) and Mu suntao et al. (2020)
studied the effects of different pulsed light on the growth,
quality and photosynthesis of lettuce. They found that
under the same conditions as the net photosynthetic rate
of continuous light, the light mode of pulsed light not only did
not affect the growth of lettuce, but also improved the quality.
They also found that the quality of lettuce treated with pulsed
light combined with low frequency and high duty cycle was
better. Therefore, they proposed that an appropriate light
source should be selected in combination with pulse light
energy consumption in actual application. Ding Juanjuan
(2014) and Wang Xiaoxu (2017) studied the effects
of different duty ratios of LED on the growth, yield, quality
and Photosynthesis of lettuce. They found that the duty ratio
affected the growth of lettuce from two aspects: light period
and dark period, and affected the photosynthesis, growth
and development, morphogenesis and yield formation
of lettuce by the interaction of light period and dark period.
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In this study, the illuminance gradient test found that 400
umol / m® - s ) illuminance is the best illumination under
artificial lighting conditions, and the simulation of TracePro
and Matlab software found that matrix LED light source
arrangement has the best illumination uniformity compared
with triangle and circle arrangement. Through experimental
research, we obtained the best light formula of hydroponic
Lettuce in PFALs: the plant growth environment temperature
is kept at about 22 7 and the humidity is kept between
70%~80%. The LED light source using matrix arrangement
in matrix is 28cm away from the lettuce. The compound light
with the ratio of red and blue light of 7:1 is used in the seedling
stage, and the compound light with the ratio of red and blue
light of 6:1 is used in the growth stage. The illuminance is
set at 400 Mol, and the photoperiod is set at 16h/d. The
light formula can be used as a general scheme for large-
scale Hydroponic Lettuce in plant factories, and can also be
used as a reference light formula for other varieties of leafy
vegetables. This research has certain practical significance
for promoting the industrialization and commercial production
of artificial light vegetables.
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BaH CiHbgha, acnipaHm, CymcbKuli HayioHanbHUl azpapHull yHisepcumem, Cymu, YkpaiHa

3y6ko B. M., 0okmop mexHidHUX HayK, npogpecop, CymcbKull HauioHanbHUl azpapHull yHieepcumem, Cymu, YkpaiHa

OHud4ko B. I., kaHOudam cinbcbkoaocrnodapcbkux Hayk, ouyeHm, CyMcbKul HauioHanbHUl agpapHul yHisepcumem,
Cymu, YkpaiHa

YUxao Mungpy, kaHOuOam Hayk (meopisi ynpaeniHHs ma IHxeHepisi), npogecop, XeHaHCbKUU [HCmumym Hayku
i mexHornoeil, XeHaHb, Kumau

ModentogaHHs1 ekpaHyeaHHs1 pieHsi oceimneHocmi ma pieHOMipHOCmi 2i0poMnoHHO20 caslamy-namykKy Ha
¢babpukax 3 supoujygaHHsI POCJIUH 3i WMYYHUM OC8imiIeHHIM

3 poszsumkom mexHoroaii c8imnodio0Ho20 0CeimeHHsT POCIUH mMa il WUPOKUM 3aCmoCy8aHHSIM Y CirlbCbK020cnodap-
CbKOMY 8Up0obHUUMEi c8imnodioOHi c8iImunbHUKU Onisi 8UPOWYy8aHHS POCIIUH CMaru OCHOBHUM OXeperioMm ceimra, sike
guKopucmosyemscsi 05 0C8IMMEHHS POCIUH WmyyHUM ocsimneHHsm (PFAL). LLmyyHe Oxeperno ceimna 0n1s pociuH
8i0pi3Hsiembcs 8i0 NpupodHO20 dxepera ceimia; 1020 HalbinbWOK XapakmepucmuKor € SKicmb ceimna, iIHMEeHCUHICMb
csimna, nepiod ¢hpomosliomKu ma ¢hopma ceimia, 8ce MoOXHa MOYHO ma PO3yMHO peayrtosamu, 6 idearni Moxe npodos-
XKysamucb 3abe3rMeqYeHHs1 POC/IUHU C8IMII080K0 EHEP2IEID 3a HAlHUXYOI 8apmocmi, eapaHmysamu WOpPIYHO 8UPOOHULMEO
ma nocmadyaHHs1 8UCOKOSIKICHOI ma eGheKmUBHOI CinbCbKo20crnodapchbKoi Mpodykuii 0risi pisHUX cghep xumms moded, sKi
npodoexyrms nocmayamu HeobXiOHi c8ixXi pocriuHHI Mpodykmu. OceimneHHs ma PiBHOMIPHICMb OC8IMMIEHHST Mamb
3HayHUl 8ru8 Ha hoOMOCUHME3 i Picm POCIIUH, @ MakKoX € OCHOBOK MPOEKMYyB8aHHS cucmeMu 0CgimieHHs1 pociuH y PFAL.
Y uiti cmammi, docnidxysanucs copmu canamy, gucadxeHi 8 nosi, ik 00CaiOHi Mamepianu ma ekcrepuMeHmarbHi 00’ekmu.
B cmammi po3pobneHo mecm epadieHma ocsimneHocmi, MoOesIteMO pisHOMIPHICMb 0cs8imieHHs ¢8imnodiodHUX ¢hopMm i3
Pi3HUM po3mauiy8aHHsIM 3a 00IOMO20t0 MemoQdy KOMITIOMepHO20 MOOET8aHHS ma 8U84aeMo 8I1/1U8 Pi3HO20 OCEIMIIEHHS
ma pisHi ceimmno0iodHi chopMu pO3MIlLiEHHST Ha 3pocmaHHs biomacu 2idpornoHiyHoeo canamy 8 PFAL, w06 3abesnequmu
HalKpauwe oceimmosaribHe piweHHs 0ns iHOycmpianidauii ma cmaHd0apmu308aH020 8UPObHUYMea camamy Ha 3agodax.
Pesynsmamu 0ocnidxeHHs1 nokasanu, wo: ons 2idpornoHHo2o canamy e cepedosuwi oceimneHHs PFAL pigHomipHicmb
oceimneHHs Mampu4Ho2o ceimnodiodHo20 Oxepena ceimna € Halikpawor. OnmumarnbsHa eidcmaHb 0C8IMIEHHs cma-
Hosumb 8i0 25 0o 30 cm 8id canamy. CriesiOHOWEHHS Yep8OHO-CUHbO20 c8imra & cyMiwi 7:1 € Halkpawum criiegioHo-
WEHHAM sikocmi oceimieHHs1 Ons canamy Ha cmadii po3cadu, a criig8iOHOWEHHST YepPB8OHO-CUHbO20 c8ima 8 cymiwi 6:1
€ HaUKpawum criigg8iOHOWEHHSIM sIKocmi ceimna 8 nepiod pocmy. OnmumarbHa iHmeHcusHicmb cgimna cmaHosums 400
MKMOnbAR?-c. Halikpawuli ujo0eHHUl yac oceimneHHsi cmaHogumes 16 200UH/OeHb, | Yac oceimneHHs MoXHa 8i0rnoeioHo
36inbwumu, wob docsemu Memu 3ag4acHo20 360py 8poxaro canamy.

Knroyoei cnoesa: LED ceemoucmoyHuK pacmeHud; peuenmypa ceema; pagHOMEPHOCMb OC8EEHUST; 2UOPOMNOHUKa;
3a800 UCKyCCMBeHHO20 ceema; 20p0OCKOE CElTbCKOE X03ALCMB0; UHMesIeKmyarbHOE CelbCKoe X035LCcmeo.
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Electro-spark deposition (ESD) is a green manufacturing method which is more energy-efficient than traditional heat
treatment methods and has minimal environmental pollution. ESD enables rapid carburization of metal surfaces by
the graphite electrode. Thus, the wear resistance property of the metal surface is improved. ESD can carburize the surface
of large steel structure parts in agriculture, improving wear resistance and service life. The traditional carburizing process
costs much money and is difficult to achieve. ESD carburizing can save much money and even carburize the partial surface
of the part. The traditional carburizing process cannot achieve these. This research employed rapid ESD equipment with
rotary electrodes for the surface carburization of No.45 steel. The experiments used the Taguchi orthogonal array (OA)
factorial design method. The four critical factors of the ESD process, such as energy, duty cycle, voltage and frequency,
were tested. Four parameters and four levels were used to perform sixteen groups of carburizing experiments. The free-
state graphite powder was removed from the surface of the deposited samples. The deposited surfaces were analyzed by
X-ray diffraction (XRD). According to the diffraction pattern, the composition of the material was compared. It was found that
wear-resistant Fe,C and modified sintered graphite. The linear reciprocating dry friction experiments at room temperature
were carried out with a 6mm CrO, friction ball under 15N pressure. The ultra-deep field microscope was used to examine
the experimental surfaces, and the characterization parameters were based on the abrasion marks. The parameters were
characterized by an ultra-deep field microscope and analyzed according to the abrasion marks. The abrasion marks can
help to obtain three feasible deposition process solutions. Finally, the extreme value design of Taguchi OA was carried out
on the width of abrasion marks. The optimized process solution was obtained and verified by experiments. In this article,
abrasion mark method can better characterize the wear resistance of materials than other methods. The abrasion marks
method was more convenient when the interface between the coating and the substrate (such as carburized materials)was

not obvious. The process scheme can help enterprises solve the carburizing process of large carbon steel parts.
Key words: Electro-spark deposition, Carburization, Taguchi method, Wear resistance, Abrasion marks.
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1 Introduction

The electro-spark deposition is used as a traditional
surface enhancement method. Lazarenko B. and Lazarenko
N. initiated the processing theory(Stavitskii, 2010), which is
now widely used in surface machining processes. Since
metallurgical bonding can be achieved on metal surfaces
through electro-spark discharge, ESD can harden metal
surfaces and improve their wear resistance and fatigue
strength. It is widely used in the generation of surface
coatings on metals. The ESD can achieve strengthening
on the metal surface, such as carburization(VB Tarelnyk
et al, 2018), nitriding(Viacheslav Tarelnyk et al.,
2022), sulphurisation(Viacheslav Tarelnyk et al., 2017),
nitrocarburisation(Gaponova et al., 2022) and aluminized
surface (Kirik et al., 2018).

Viacheslav investigated the carbonization process using
discharge energy(VB Tarelnyk et al., 2018) and graphite
powder (VB Tarelnyk et al., 2022). Karavaev studied
surface wear resistance with the current and the number
of machining cycles in ESD (Karavaev et al., 2019).
Shevchenko analyzed the ultrasound method in the process
of carburizing(Shevchenko, 2020).

The 45 steel had low cost and good overall mechanical
properties but had poor wear resistance (Chen et al., 2013).

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

The carburizing process was carried out by adding carbon to
the surface layer of the metal, which formed a high-strength
carbide(Dai et al., 2022). The carburizing furnace was used
by adding gas, liquid, or solid in the traditional carburizing
process(Nakayama, 1992). The metal was heated to
a certain temperature, maintained a particular time to
achieve, and carburized(Edenhofer et al., 2015). For large
equipment, carburizing required special large equipment
and high costs. For some specific structures, it was even
hard to carburize. ESD carburizing can be carried out on
the surface of large machinery and equipment outdoors
without the special carburizing furnace. The carburizing
process was studied using graphite electrodes to improve
the wear resistance of 45 steel(Padgurskas et al., 2017).
It is particularly advantageous for agricultural machinery,
pumps, and mechanical tools. These machines are often
made from 45 steel, which is a good value for money and is
used as the base material.

2 Materials and Methods

2.1 Material Process and Deposition Parameters

First, No. 45 steel with a size of 25*30mm and 2mm
thick was used as a sample. Then, the surface was
sanded separately using 600-grit sandpaper to remove
the oxidized layer and impurities. The surface was

"
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cleaned with 99% ethanol. Finally, a high-speed ESD
repair machine(fig.1 Huimite HMT9500, China) was used
for carburizing the 45 steel surface. The 3mm diameter
graphite rod was used as an electrode, and Argon was

used as a shielding gas. A 4-factor and 4-level test was
carried out using a Taguchi OA factorial design (Weiwei
et al., 2007). The process parameters are shown
in Table 1.

Fig. 1- The high-speed ESD repair machine (HMT9500)

Table 1
The ESD carburizing process parameters

Efficiency(%) Voltage(V) Current Frequency(Hz) Time(s)
No. A B D
1 20(1) 25(1) 100(1) 120(1)
2 30(2) 35(2) 180(2) 240(2)
3 40(3) 45(3) 260(3) 360(3)
4 50(4) 55(4) 340(4) 480(4)

( )-Level values in brackets

2.2 Materials Testing methods

Graphite powder was wiped from the machined surface
with a brush. The composition of the deposited surface was
analyzed by the X-ray diffraction(XRD) method (Bruker D8,
Germany). The experiments were carried out using a linear
reciprocating friction wear machine (Huaxin MWF-500,
China). The sample was fixed through a special fixture.
A 6mm diameter friction ball (ZrO2, G10 accuracy) was
used for the surface abrasion test, as shown in Fig. 2. The
electric motor rotated at 100r/min, and the reciprocating
distance was 6mm. Thus, the motor performs two times
movements per 1 cycle. The experimental time was 15 min
for the reciprocal dry friction experiment. The temperature
of the experimental environment was 25°C, and the humidity
was 53%. Abrasion debris was produced on the surface
of the friction samples. The surface powder was removed
with a brush. The surface was scratched with alcohol
and dried naturally. Then, the samples were weighed
on a balance (Sartorius BSA224S-CW, China). Finally,
the abrasions were measured with a microscope (Leica
DVM6, Germany).

Vi % LX(2L, * Lye 13481, 115L,c) ()
Ly =R—\R*~(L,./2) @)

In equation 1: ¥, -Wear volume of the sample, mm®.
L -Length of abrasion, mm. L ,,,-Depth of abrasion, mm.
L. -Width of abrasion, mm. In equation 2: R -Radius
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of the friction ball, mm. Three abrasion mark experiments
were carried out, and the relevant parameters were
measured.

3 Results and Discussion

3.1 Abrasion morphology of the carbonized experimental
samples and non-carbonized samples

Carburization deposition of 45 surfaces was carried
out according to the experimental parameters in Table
1. Wear resistance can be analyzed based on the quality
of the deposition (Mikhailyuk et al., 2010). Because
the carburized surface had graphite powder, this paper used
abrasion marks for the analysis (Zhu et al., 2019).

The wear resistance of the metal surfaces was tested
using the linear reciprocal friction and wear machine.
There were free-form graphite powder and sintered-form
graphite powder on the carburized surface. Then, free-
form graphite powder on the surface was gently scrubbed
with a soft brush. The machine adopted ZrO2 rubbing ball
as counter-abrasive material on a steady pressure of 15
N. Each friction test was carried out three times. The width
of the middle part of the abrasion was measured five times.
The maximum value, minimum value, and middle values
were measured (Fig. 3). At the edges of the abrasions,
there were clear spalled areas of the material which were
not smooth (Fig. 3a). The distinctive scratches appeared
at the upper edge of the abrasion mark. When carbide
powder with hard phases on the underside was broken off
by the force of the friction ball, it moved toward the outside
of the scratch. The abrasions gradually grew in size under
the reciprocal rubbing process. The apparent oxidized sheet
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b)

Fig. 2-Schematic diagram of the friction ball: a)parameter diagram of abrasion marks; b) movement diagram of the
friction ball

appeared at the bottom of the abrasion, which indicated that
the friction force increased during the sliding process. These
led to increased surface roughness and plastic deformation
of the micro-protrusions. It caused an increase in local
temperature and accelerated oxidation of the surface. There
were tiny scratches at the bottom of the abrasion, hard

spot burnishing on the bottom, and craters on the surface.
Through the experimental comparison group, it was found
that the abrasion width was smaller than that of the sample
without carbonization (Fig. 3b). Due to the generation of hard
particles on the worn surface, the increase in surface friction
led to the appearance of an oxidized layer.

b)

Fig. 3-The 500X morphology of abrasion: a) Abrasion in carbonized materials; b) Abrasion in uncarbonized
materials.

3.2 Results of orthogonal carbonization experiments

The deposition experiments were carried out by 4 level 4
factor factorial design. Four factors included efficiency (duty
cycle), discharge voltage, current frequency, and time(Xiang
et al., 2017). Moreover, the average values and the average
variances of the abrasion width were plotted, respectively. The
samples without surface carbonization were also analyzed
for comparison. It can be seen from Table 2 that the average
value of sample 6 was the smallest, and the abrasion width
of samples 3, 7, and 15 were smaller (Fig. 4). In the three
samples, the variance of sample 15 was better than that
of sample 3 and sample 7(Fig. 5). In contrast, sample 9 had
the widest wear masks. Corresponding parameters such as
efficiency (duty cycle), discharge voltage, current frequency,
and time were all small. The carburizing effect was not good,
and the wear resistance was poor.

Due to the accumulation effect of continuous
pulses of current, sample 11 had a significan duty cycle
value and voltage value, but the electrode graphite
was significantly ablated at the head of the electrode,

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

and the surface deposited was not the highest value for wear
resistance. It showed that the abrasion width was smaller,
and the wear resistance was better. The variance was also
small, indicating that the surface uniformity was good. The
average values and the average variances of the abrasion
width should be considered comprehensively.

According to the comparison group, it was found that
uncarbonized samples had a larger width of abrasion
marks than the carburized ones (Fig. 4b). Their mean
variances were smaller than that of the carburized group,
which indicated that the material properties were close
(Fig. 5b). However, carburized samples had been altered
material properties due to the different carburizing process
parameters. Because the hard phase was unevenly formed
on the surface of the carburized sample, it would cause
a sizeable average variance.

3.3 XRD analysis of carbonized surface

XRD analyses were carried out on the deposited
samples. The surface of 45 steel was found to be mainly
graphite and Fe,C. And Fe,C generated on the surface
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The ESD carburizing process parameters

Table 2

Factor1 Factor2 Factor3 Factor4 Abrasion Width
A B C D
_ . Average Value Average
No. Efflc‘:ency, Volt, frgclilﬂzenncty, Time, ,(gm) Variance,%pmz)
(%) V) {Hz) (s)
1 20 45 260 360 460.38 290.58
2 30 25 180 360 510.61 982.07
3 40 55 180 120 414.52 5360.59
4 40 35 340 360 424.84 1272.93
5 50 55 100 360 493.33 4780.89
6 20 55 340 480 387.93 921.12
7 50 35 260 120 414 .88 2273.91
8 30 35 100 480 500.09 769.31
9 20 25 100 120 631.11 126.59
10 20 35 180 240 527.41 113.30
11 50 45 180 480 467.29 6410.23
12 30 55 260 240 546.79 1552.33
13 40 25 260 480 43715 1053.56
14 50 25 340 240 419.06 949.52
15 30 45 340 120 41447 526.93
16 40 45 100 240 439.39 891.23
. T Min~Max
8004 ¥ X\tz;i\g:){/alue 9004 4 Average Value
2004 800 1
g 600 t § L } 3
= } ] } = 600
ﬁ 500 l f } % s
3 400 }5 £}{{ @ 5001 =
400

vvvvvvvvvvvv

1234567 8910111213141516

Sample Number

a)

T T
1 2

T T
3 4

Uncarburized Sample Number

b)

Fig. 4-The Average Value of Abrasion Width: a) Experimental groups of Taguchi OA; b) Uncarbonized
experimental groups
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Fig. 5-The Variance of Abrasion Width: a) Experimental groups of Taguchi OA;
b) Uncarbonized experimental groups
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of 45 steel (Krishnia et al., 2016)was the hard phase
that increased wear resistance(BALTUSNIKAS et al.,

weakened the lubrication effect of graphite in dry
friction. Ferrum was not detected on the surface(Fig.

2006). In the friction wear test, the surface produced 6), indicating that the surface was completely
a mixture of Fe,C hard particles and graphite, which  carbonized.
- ° *-Fe,C
= o-Graphite
=
by
[}
E
h“m"‘ T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90

Two—theta (deg)
Fig.6- XRD patterns of the carbonized surface on 45 steel

3.4 Data Analysis of Orthogonal Experiment

Orthogonal experimental calculation of deposition data
was carried out on 4-factors and 4-levels by Taguchi theory.
As the value of the abrasion width was smaller, the wear
resistance was better (Reséndiz-Calderén et al., 2020).
It was selected that the minimum value corresponded to
the four factors. It can be seen from Table 3 that a smaller
extreme R meant a more significant factor. According to
extreme R, the effect on wear resistance was found to be
time D > efficiency A> frequency C > voltage B.

600 Factor A Factor B

500 —o — . o o

It was found that the longer time did not mean better
deposition but that there were essential links in the four
factors. In the experiments, the electrode temperature rose
too quickly when the duty cycle, voltage, and frequency
were large. The graphite ablation was serious. So
the deposition process could not obtain optimal results
(Fig.7). Therefore, reasonable process parameters were
the key to the carburized process.

InTable 3,A4B2C1D3 was chosen as optimal parameters.
Among the experimental samples, A1B4C1D3(sample 6),

—o— Value
Factor D

././4—0./.\'/.

Factor C

T T T T T T T T T T T T T T T T
Al A2 A3 A Bl B2 B3 B4 Cl C2 €3 4 DI D2 D3 D4

Factor

Fig. 7-Variation trend of the width of the abrasion marks with process parameters

A3B4C4D1 (sample 15), and A4B2C3D1(sample 7) have
better wear resistance and surface uniformity. They can also
be used as an alternative in industrial applications.

3.5 Surface abrasion morphology and parameters
of the optimal process

The optimal process parameters were selected for
deposition (Table 4). Fig. 8 shows finer abrasion marks.
It indicated that the material had better wear resistance.
Although the solidified graphite was deposited on the surface,
ithad a small brown oxidized layer in the middle of the abrasion
marks on the surface. The mass of wear powder was smaller,
and the abrasion width was narrower. So the surface wear
resistance was better. The average abrasion width of sample
2 (Fig. 4b) was 756.441 pym. According to equation 2,
the depth of abrasion was 23.937 um, which was substituted
into equation 1 to obtain the volume of 85.484 x 10 mm?.

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

The density of Ferrum was 7.87g/cm3, and the wear quality
was calculated as 6.73x10g.

Table 4
Optimal process parameters for surface carbonization
deposition on 45 steel

Ad B2 C1 D3
Efficiency, Voltage, Current Work Time,
(%) (V) frequency, (s)

(Hz)
50 35 180 360

Similarly, in the optimal process, the average value
ofthe abrasion widthwas 268.206um, and the depth of abrasion
was 2.999 um according to Equation 2, which was substituted
into Equation 1 to give a volume of 3.217 x 105cm?. Because
the density of fe3c was 7.694 g/cm3 (Haynes et al., 2016),
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Table 3

Orthogonal experimental calculation

A B C D Value
1 1 3 3 3 460.38
2 2 1 2 3 510.61
3 3 4 2 1 414.52
4 3 2 4 3 424.84
5 4 4 1 3 493.33
6 1 4 4 4 387.93
7 4 2 3 1 414.88
8 2 2 1 4 500.09
9 1 1 1 1 631.11
10 1 2 2 2 527.41
1 4 3 2 4 467.29
12 2 4 3 2 546.79
13 3 1 3 4 437.15
14 4 1 4 2 419.06
15 2 3 4 1 414 .47
16 3 3 1 2 439.39
k1j 501.71 492.99 428.98 448.64
k2j 499.48 466.81 445,38 460.64
k3j 515.98 479.96 464.80 411.58
kdj 468.75 483.16 472.29 448.12
QJ 1985.92 1922.92 1811.45 1768.97
MIN 468.75 466.81 428.98 411.58
R(MAX-MIN) 47.24 26.19 43.32 49.07
OPTIMAL VALUE Ad B2 C1 D3

the abrasion mass was 2.47 x 10°%g. The balance is difficult
to guarantee the measurement accuracy of the quality. Due
to the rough texture of the abrasive surface (Fig. 8b) (Zhu
et al., 2019), the actual wear quality should be smaller than
the theoretical calculation. The wear resistance was compared
by the abrasion width, and the width of the wear scar has
excellent accuracy compared to the quality on the carburized

a) 2D Shape;

surface of 45 steel. Optimization of the carburizing parameters
results in better wear resistance.

4 Conclusions

Metal surfaces can be easily carbonized by the graphite
electrode. On the basis of the obtained test results, ESD can
increase the wear resistance of the material surface. Process
parameters are essential in electro-spark deposition.

b)

Fig. 8-Surface abrasion morphology of the optimal process:

b) 3D super depth of field morphology.
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1) It was used to comprehensively evaluate the wear
resistance with better results that average width and average
variance of abrasion marks when the graphite powder
and the grinding dust were small in mass. This article
showed the abrasion marks method was easier than other
method in the carburized materials.

2) It was used Taguchi's factorial method and calculation
to find out the optimal process to guide graphite deposition.
The deposition parameter values were larger, but
the abrasion width was not necessarily smaller, and the wear
resistance was not necessarily the best. An optimal process
parameter and three industrial alternatives were found by
experimental design.

3) Free graphite powder and sintered graphite powder are
produced on the carbonized surface. If the wear resistance is
analyzed according to the quality of the deposition, graphite
powder on the surface is susceptible to treatment methods
and humidity. These can then cause significant errors in
the statistical results. Therefore, the abrasion marks method
can accurately evaluate wear resistance. It can be used in
powder composites.

4) The graphite powder on the surface reduced friction
in the early stages of friction, but it had a limited effect
with the hard abrasive powder on the reduction of friction.
There even was an oxidized layer on the deposition
of the surface.
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Cinb Ay, acnipaHm, CymcbKkul HauioHanbHUl agpapHull yHisepcumem, M. Cymu, YkpaiHa, Konedx CiHbcsiH, Kumad

HocnidxenHsi cmilikocmi 0o 3Hocy Kap6oHizoeaHoi 45 cmani 3a OOMOMO20K MeXHOJIOoRii OcadXKeHHs
efiekmponpoeody

Enekmpoickpose ocadxeHHs (EIO) - ue ekonoeaiyHo yucmul memod 8upobHuumea, skuli € binbw eHep20eheKmMuUsHUM,
HiX mpaduyitiHi Memodu mepmiyHoi 06pobKu, i Mae MiHiManbHe 3abpyOHeHHs HasKoMuWHbL020 cepedosuwja. EIO 3abes-
reyye weudke HagyaneyreaHHs Memanesux nogepxoHb 2pagimosum enekmpodom. Takum YUHOM, MOKpauwyemnsCs 3HO-
cocmitikicmb Memarnesoi nosepxHi. EIO Moxe 3Hesyarneyrosamu rnos8epxHio 8EUKUX Cmaneaux KOHCMPYKUIU Y CirbCbKoMy
eocrodapcmei, nokpaujytodu 3Hococmitikicmb i mepmiH ciyx6u. TpaduuitiHull npouec uemeHmaujii kowmye bazamo 2po-
wel i Uo2o saxko docsizamu. EnekmpoximidHe 3HegyareytosaHHs Moxe 3aowadumu 6azamo epowel i Hasimb 3Hegyeare-
urogamu 4acmekosy rnoeepxHro demarni. TpaduuitiHuti npoyec ueMeHmauii He Moxe Ubo2o docsiemu. Y UboMy O0CITIOKEHHI
6yrno sukopucmaHo obradHaHHsS Onsi WeUOK020 eleKmMpoeposiliHo20 3HesyareyosaHHs 3 0bepmosuMu enekmpodamu
07151 108ePXHE8020 3HesyaneyrsaHHs1 cmarni Ne45. B ekcnepumeHmax gukopucmogysascs Memod ¢hakmopHO20 rnaHy-
8aHHS1 OpPMO2OHarbHUX Mampuyb Tagymi. byrno npomecmosaHo Yomupu KpUMUYHI ¢hakmopu npoyecy enekmpoeposiliHol
06pobKu, maki siK eHepeid, poboyull yukm, Hanpyaa i Yacmoma. Yomupu napamempu i yomupu pigHi 6ynu sukopucmai
07157 MposedeHHs wicmHaldusamu epyrn ekcriepumMenmie 3 uemeHmauji. lopowok epacbimy y einbHoMy cmaHi 6y sudaneHut
3 r108epxHi ocadxeHux 3pa3kie. OcadxeHi nosepxHi byru npoaHanizoeaHi Memodom peHmeaeHiecbkoi dugbpakuii (XRD). 3a
OugppakuitiHo KapmuHoK ropigHIosasnu cknad mMamepiarny. byno euseneHo, wo 3Hococmitikul Fe,C i modugikosaHul
cnevyeHul epachim. ExkcrnepumeHmu 3 niHiIHO20 380POMHO-NOCMYNanbHO20 CyX020 Mepms Mpu KiMHamHil memnepamypi
nposodunu 3 6-minimemposum ghpukuitHum wapukom CrO, nid muckom 15 H. [nsi docnioxeHHs excriepumeHmarnbHux
M0BEPXOHb 8UKOPUCMOBy8asnu Hadzanubokul nonbosuli MIKPOCKOM, a mapaMmempu xapakmepusayji 6adysanucsi Ha cridax
cmuparHs. [Mapamempu byru oxapakmepu3soseaHi 3a 00rMoMo20r0 Had2rnuboKo20 MoIb08020 MIKPOCKONa ma rnpoaHari3o-
8aHi 8i0rogidHo 0o cnidie cmuparHs. Cridu cmupaHHS MOXymb AonoMo2mu ompuMamu mpu MOXIIUBUX MEXHOMO2IYHUX
piweHHs1 Onsi ocadxeHHs. Hapewmi, 6yro npogedeHo po3paxyHoK ekcmpemaribHUX 3Ha4eHb Taguchi OA ro wupuHi cnidie
cmupaHHa. OnmumizogaHe mexHosnoaidHe pilieHHs Byrno ompuMaHo i nepesipeHo ekcrepumeHmarnsHo. Y yiti cmammi
rokasaHo, Wo Memod cridie cmupaHHs MOXe Kpalue Xxapakmepusysamu 3HOCOCMIlKICMb Mamepiarie, HiX iHWwi Memoou.
Memod cnidie cmupaHHs suseuscs binbLu 3pyYHUM, KOU Mexa po30iny Mix nokpummsm i nioknadkoro (Hanpuknad, obeye-
IleHi Mamepiarnu) He byna o4esudHO. TexHomoaiuHa cxema Moxe 0ornoMoamu nidnpuemMcmeam gupiluumu npouec kapbro-
pusauii eenukux 0emarnel 3 8yaneuesoi cmarii.

Knrovosi cnoea: Enekmpoickpose ocadxeHHs:, yemeHmauis, Memod Taz2ymi, 3Hococmilikicmb, c1idu CmupaHHsi.
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Cinbcbkoeocrnodapcbke MawuHobyOygaHHS mpaduuiliHo 3aliMae saxiiuse Micye 8 cmpykmypi MawuHobydigHO20
Kommnaekcy YkpaiHu. 3akopdoHom Habynu nonynsapHocmi Memodu, CrnpsMosaHi Ha po38UMOK MEXHOI02i4HUX MidXo-
0ie supiweHHs npobremMu MPoUeECy 3HOWYBaHHS PiXy4yUX KDOMOK iHCMPYMeHMI8 CiflbCbK020Cn00apChbKoi MexHIKU,
SKI nonsizalome y na3epHoOMy HarnaeneHHi Ha poboyi noeepxHi OUCKIE 8U20MOBMEHUX 3 8yareyesux KOHCMPyKUil-
Hux abo Hu3sbKkonezoeaHux cmasnel 0odamkogux wWapie 3 3Hococmilikux Mamepianig y guansdi nopowky. ToeujuHa
makux dodamkosux wapie 3anexums 8i0 po3mipie caMmux iHCMPYMEHMI8 CinlbCbK020CM00apChKOi MEXHIKU ma MoXe
cmaHosumu 8id 100 mkm 0o 1000 mkm. s NpodoexeHHs mepMiHy Ciyx6u iHCmpyMeHmi8 CiflbCbK020crnodapChKoi
MeXHIKU, HAHOCUMBbCS HannaeneHHs Ha munbHuUl BiK piXy4oi KpoMKU, wo 00380ss€ 36epeamu €30 20CMPUM Ha
8ecb mepMiH cryx6u Hoxa, 3a paxyHoK epekmy camosamouysaHHs. CknadHa eeomempis pob0o4yoi yacmuHuU iHCmpy-
MEeHMI8 CinbCbK020CnodapChKoi mexHiku ma ix mana mosujuHa, 06ymosnome He0bXiOHiCMb 8UKOPUCMAaHHS agmo-
Mamu308aHUX Cy4acHUX mexHos02ill 1a3epHO20 MOPOWKO8020 HarnasneHHs. Memow OdaHoi pobomu € po3pobka
ma 8u20mo8/IeHHSI MEeXHOM02iYHO020 yCmamkKy8aHHs y euansdi mexHomoei4Hoi eonosku Ons 1a3epHoO20 Harnas-
JIeHHS1 IHCmpyMeHmig CiflbCbKko20cno0apcbKoi mexHiku. Aemopamu 00c/idxeHb NpoaHasnizo8aHo iCHYHYi CyyacHi
po3pobKu criocobie HannasneHHss Ha MOHKOCMIHHI 0emarni CiflbCbk020Cm00apChbKoi mexHiku. Po3pobrieHo eckisHul
poekm 20/108KU ON151 1a3epHO20 HarnaeneHHs, ik HeobXxi0H020 MeXHOM02iYH020 ycmamKyeaHHs. 32i0HO0 po3po-
671€H020 €CKI3HO020 NPOeKmy, Hannago4yHa 20/108Ka S679€ C0b0K CyKynHicmb MOOYNbHUX /1€2KO 3MIHHUX 8y3ie,
3'e0HaHuUX Mix cob0r 8 EOUHY KOHCMPYKUI0 3 BUKOPUCMAaHHAM CXeMU KoakciallbHOI 2a30MopowKo8oi nodayi nopo-
WK0B020 Mamepiasly y 30Hy HarnaeneHHs. Ha eidmiHy 6id aHanoeis, y po3pobneHil eonosyi 051 a3epHoeo Hannas-
JIeHHS1 3anpornoHo8aHa opuaiHanbHa KOHCMPYKUis cornmoeoi Hacadku, Wo nosuHHa 3abesneyumu He MifbKu cma-
6inbHUU pouec HarIaeneHHs, @ Makox 3axucm 8aHHU po3riasy ma memary, Wo 0x0n00xyembcs 8i0 83aemodil
3 omouyr4um cepedosuujeM. CmeopeHa KOHKYPEHMOCHPOMOXHA 8UCOKOMeXHo02iyHa npoldykuyisi (2onoeka 05
1la3epHo20 HarnasneHHs), Wo 3a c80iMU MEexXHIYHUMU MOKa3HUKaMu He rnocmynaemscsl 3aKOpOOHHUM aHarozam, a
3a sapmicHUMU rnoka3Hukamu deweswa y OekinbKka pa3ie 3aKopOOHHUX aHanozig. Takox O4ikyembcs, W0 8 pesyrb-
mami peanizayji 3annaHosaHux pobim 6ydyms po3pobneHi mexHon02ivyHi pekomeHOauii ma mexHoM02i4Hi iHCmpyKuyii
3 J1a3€PHO20 HarnnaeneHHs OYHKYiOHanbHUX Wwapie Ha MOHKOCMIHHI demani, Wo npauyrome 8 yMosax MexaHiyHo20
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3HowyeaHHs. Ouikyembcs 36inbweHHs Ha 30...50% pecypcy ma d08208iYHOCMI MOHKOCMIHHUX IHCMpyMeHmig Ons

CinbCbK020CnodapchbKoi mexHiIKu.

Knrovoei cnoea: nasepHe Hannas/ieHHs, MexHooaiyHa 2os108ka, po3pobka, MoHKoCMiHHI demari, Cirbcbko2ocnodap-

CbKa mexHika.
DOI https://doi.org/10.32845/msnau.2022.3.3

Bcetyn. Cinbcbkorocnogapcbke MalumvHobyayBaHHs Tpa-
AVLAHO 3ariMae BaxnuBe MicLe B CTPYKTYpi MalumHobyis-
Horo komnnekcy Ykpainu (Didur, Gritsaienko, & Gritsaienko,
2017; Sahaidak, Tepliuk, Zhurylo, Rudenko, & Samko, 2021;
Sozanskyy & Koval, 2021). B cTpykTypi napky CinbCbko-
rocrnogapcbkvx MalumH YKpaiHu AUCKoBi 6OpOHM 3aimartoThb
6nu3bko 40% Big 3aranbHoi KiflbKOCTi PYHTOOOPO6HUX 3Ha-
psdb. [pnyomy, SKiCTb iX poBOTU B 3HAYHIN Mipi 3anexuTb
Bi KOHCTPYKTMBHMX MapameTpiB AMCKOBMX poboumx opra-
HiB. Fk BiGOMO B mpoveci poboTn HOMiHaMbHI PO3Mipu gucka
Ta opesun, B pe3ynbraTi cnpauoBaHHs 3a3HaTb 3MiH, LLO
3HAYHO BMNMMBAE Ha BCi MOKA3HWKM TEXHOMOMYHOro npo-
Liecy obpobku rpyHTy (Benos, Tsaopoulos, & Bochtis, 2020;
Kehayov, Popova, & Zahariev, 2021; Upadhyay, Raheman,
& Dubey, 2022). Y 3B'a3Ky 3 LM HabyBae akTyanbHOCTi po3-
pobKa MeToZiB NiABMLLEHHS JOBrOBIYHOCTI Ta NpaLesaarTHo-
CTi BKa3aHuX I'pyHTO06p06HMX 3Hapsab.

Kykypyasa — ofHa i3 LjiHHWUX CTpaTeriyHuX y CBITi KyIb-
TYp B CiflbCbKOMY rOCMO4apCTBi, Ska 3a OCTaHHi napy
[ecATKiB pokiB 36imblunna CBOI MOCIBHI Nnowi Ta npo-
ayktueHicTb (Erenstein, Chamberlin, & Sonder, 2021;
Khodaei, Javanmardi, & Khaneghah, 2021; Waqgas, Wang,
Zafar, Noor, Hussain, Azher Nawaz, & Farooq, 2021). HuHi
Ha Kykypyasy npunagae go 50% BupobHULTBa 3epHa, Todi
sk 2000-x pokax npunagano nuwe 16%. AHanituku MiHa-
rpononitukm y 3BiTi 2021 poky BKa3dyBanu, WO YKpaiHCbKi
arpapii y ce3oHi 2021 poky 3ibpanu 6nm3bko 40 MIH. T.
KyKypyasw, 3 skux 31,5 MnH. T. nnaHyBanocs peanisyBatu
Ha ekcnopT Ha cymmy 6nuabko 5,0 mnpa. gonnapis CLUA
(Anonymous, 2021 (3a gaHumu canty https://latifundist.
com)). BignosigHo akTyanbHO. € notpeba y AKiCHIN Cinb-
CbKOroCnofapchbkin TexHiui Ans 3dupanHsa Bpoxato. Kyky-
PYA3sHi XaTku MoeaHyTb B cobi nepesarn 6annueoro
BiApUBaHHA KadyaHiB Ta e(eKTUBHOro noapibHeHHs cTe-
G6en. [lBa Banbui 3aTAryloTb Ta MepeMuHaloTb cTebno
KYKypyasw, BiApvBaym npu LbOMY KavaHu, B TOW Yac §iK
OCHaLLeHW 15 OMCKOBMMM HOXaMU PiXYYnn POTOP, SIKUI
obepTaeTbCs B HaNPAMKYy NPOTUMEXHOMY O00epTaHHo
BanbLiB, NOBHICTIO NoApiOHIOE ix NucTa i ctebna. Y cyvac-
HUX XaTKax 3arafibHa JOBXWHa MMOLMHM 3pidy CTaHOBUTb
6nu3bko 5,5 meTpa Ha pag. Y KyKypya3sHUX xaTkax MoxXe
6ytu Big 4 0o 12 psgis. BignosigHO y OfHin XaTui Moxe
6yTn Big 60 8o 180 pixyumx guckis, SKi NpaLioTb B yMO-
BaX IHTEHCUBHOINO MeXaHiYHOro 3HOLIYBaHHS. Y 3B'A3Ky
3 UMM HabyBae akTyanbHOCTI po3pobka MeToAiB MiaBu-
LEHHs [OBrOBIYHOCTI Ta NpauesfaTHOCTi AUCKOBUX HOXIB
KYKYPYA3SHWX XaToK.

B YkpaiHi HamnowwpeHiwmmm MeTogamu NiaBULLEHHS
[JOBrOBIYHOCTI Ta MpauesfaTHOCTi BKa3aHWX  CiNbCbKO-
rocrnogapcbkvx 3Hapsidb € HaCTYMHi: 1) BUKOPUCTaHHS Ans
BUTOTOBMNEHHS IHCTPYMEHTIB MaTtepianis 3 BUCOKUMUN Xapak-
TEpUCTMKamMu TBEPAOCTI Ta 3HOCOCTIMKOCTI, Hanpuknag
ctani 65I (Gulyarenko, & Bembenek, 2022; Tulaganova,

Yunushuzhaev, & Juraeva, 2022; Vasilenko, et al., 2021);
2) BUKOPWUCTaHHS CKnagHoi TepMivHoi (abo TepMomexaHiy-
HOI) 06pOBKK; 3) 3MiHa KyTiB 3aTOHYBaHHS PiXKYYMX KPOMOK.
Ane ui MeToau He JO03BOMAKTL Y 3HAYHIN Mipi 36iNbWMUTK
pecypc Ta JOBrOBIYHICTb I'PYHTOOOPOOHMX 3HApPSAb.

3akopaoHoOM Habynu NonynsapHOCTI iHLWI METOAW, cnps-
MOBaHi Ha PO3BMTOK TEXHOMOMYHMX NiOX0AiB BUPILLEHHS
npobnemn Npouecy 3HOLIYBAHHS PiXKY4MX KPOMOK iHCTpY-
MEHTIB  CiflbCbKOrOCMOAAPChKOi  TEXHIKM, $Ki NOnsralTb
y na3epHOMy HanmnasfneHHi Ha poboYi NOBEPXHi AWCKIB BUIO-
TOBMEHMX 3 BYrMeLeBux KOHCTPYKLiNHMX abo HU3bKonerosa-
HUX CTanen [oAaTKOBKX LapiB 3 3HOCOCTINKMX maTepianis
y BUTMAAI MOPOLLKY (CyMilLen Ha OCHOBI 3anisa 4n kobansty
3 [ioAaBaHHSAM 4acTOK 3 BMCOKOK TBEPAICTIO, Hanpuknag
kapbiay Bonbgpamy) (Perrin, Achache, Meausoone, &
Sanchette, 2021; Xu, Song, Li, M., Li, F., Guo, & Gao, 2021).
TOBLUMHA TakuX O04aTKOBUX LWapiB 3anexuTb Big po3Mi-
piB CamMUX iHCTPYMEHTIB CiNbCbKOrOCMOAAPCLKOI TEXHIKM
Ta moxe ctaHoBuTu Big 100 mkm go 1000 mkm. Onsa npo-
[OBXEHHS TepMiHy Cnyx0u iHCTPYMEHTIB CinbCbKOrocno-
JapCbKOi TEXHIKX, HAHOCUTLCS HanMaBMeHHS Ha TUMbHWI
Bik pixXy4oi KpoMKM, WO AO3BONSE 36eperty neso rocTpum
Ha BeCb TEPMIH Cry»OU HOXa, 3a paxyHOK edekTy camo-
3aTouvyBaHHs. CknagHa reoMeTpist pobo4oi YaCTUHU IHCTPY-
MEHTIB CiNlbCbKOroCnoAapChKoi TEXHIKM Ta X Mana ToBLMHa
(3a3Buyait 3...6 mm), 0byMOBOTL HEODXIOHICTL BUKOPU-
CTaHHS aBTOMaTU30BaHUX Cy4aCHWUX TEXHOSOTI Na3epHOro
MOPOLLKOBOrO HannaeneHHs. KoHKypytodi TeXHOMorii, Taki sk
MrasmMoBe HannaBneHHsl, AyroBe HannaBneHHs, BUMaraTb
nonepeaHbLOro NigirpiBy AeTanen i ToMy He MOXYTb 3acTo-
COBYBaTWCb NpW BUPOBHWLTBI TakMX TOHKWX Aetanew (ans
YHUKHEHHS fedopmaliin getanen, BUKNUKAHUX 3anuLuKo-
BVMM HaMpy>XeHHAMMN).

MeToto faHoi poboTu € po3pobka Ta BUTOTOBIIEHHS TEX-
HOMNOFYHOrO YCTaTKyBaHHS y BUTMSAI TEXHOMOMYHOI FOMOBKM
NS Na3epHOro HannaeneHHs IHCTPYMEHTIB CiflbCbKOrocno-
JaPCbKOI TEXHIKM.

Marepianu i meToan pocnimxeHb. ABTopamu Aocni-
[DKeHb Byno BUKOPUCTAHO HACTYMHI METOAW AOCTIAXKEHD:

1. MpoaHanizoBaHo iCHyrui CyvacHi po3pobku cnocobis
HannaBneHHs Ha TOHKOCTIHHI AeTani cinbcbkorocnogap-
CbKOI TEXHIKW.

2. Po3pobneHo ecKi3HWI NPOEKT roNoBKM 4151 NAa3epHOro
HannasMeHHs, SK HeOBXigHOro TEXHOMOrYHOro ycTaTKy-
BaHHs.

3. BurotoBneHo HeobxiaHe TEXHOMOrYHe yCTaTKyBaHHS
NS Na3epHOro HannasneHHs.

Pesynbsratv pgocnimkeHb. [lpu CTBOpEHHi KOMMO3u-
LiMHMX NOKpWTTIB Aeaani Ginblue 3aCTOCOBYETLCS Npouec
KOaKCianbHOro ra3onopoLLKOBOro N1a3epHOro HansaeneHHs.
Po3nogin 4acTMHOK MOPOLLKY B ra3ornopoLLUKOBOMY MOTOL|
€ BaXNWBKM NapameTpom, L0 BNIMBAE SK Ha NPOAYKTMB-
HICTb NPOLLECY, TaK i Ha 10ro SKiCTb. CTBOPEHHS KOMMO3MLiN-
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HOI CTPYKTYpW NOKPUTTS 3 MOPOLLKOBOrO Matepiany ycknag-
HEHO Y 3B'A3KY 3 PI3HOK LLINBHICTIO Ta (DOPMOK YaCTUHOK
KOMMOHEHTIB. [Mpy NOCTINHUX BUTpaTax rasiB Ta MOPOLLKY
po3nogin € crauioHapHUM i 3anexuTb Big 6aratbox ¢akTo-
piB: PO3Mipy YaCTMHOK, iX (hOPMMU, LLINBHOCTI iXHBOrO MaTe-
piany, 3 SIKOro BOHW CKfafawTbCs. Hanpuknag, 4acTuHKu
chepnuHoi hopMu NpuMMaloThb LWBMAKICTE rasy Ta nepe-
HOCATbCS Y NamMiHapHOMY MOTOLL, YaCTUHKX HenpaBUIbHOT
opmu nepemilLytoTbes BinbLl po3pi3HEHO, MOTIK MOPOLLKY
TaKMX YaCTUHOK HecTalioHapHWi. BHacnigok HannaBneHHs
NOKPUTTS TaKUMK MaTepianamin po3noAin enemMeHTIB Y KiH-
LieBOMY Banuky moxe 0yTu HepiBHOMIPHUM.

KoakcianbHa nogaya — ue metog obpobku aetanen
BinbL akypaTHUM CcrnocoboM, HiX npu GaraToCTPYMUHHIN
nogadvi. Kpim oci cuMeTpuyHOCTI nyyka, Takui MeToq A03-
BOMSIE OTPUMATK HaMBINbLL TOHKWIA ra30MOPOLLKOBUI MOTIK,
[103BONsi€ HaHoCUTY Banuku WwnpuHoto Big 200...300 MkMm.

[iameTp nasepHoro nyyka y 30Hi 06pOKKM MOXe CTaHo-
BuTK 300...1000 MKM, @ edpeKTUBHICTb BUKOPUCTAHHS NOPO-
wky moxe pocsrat 70%, yoro He 3abe3nevyoTb MeToau
3 GaraToCTpyMeHEBO Nnogayeto.

3rigHO po3pobneHoOro eckisHoro NpOEKTY, HanmaBo4YHa
ronoBKa sIBfsie CO60K CYKYMHICTb MOZYIbHUX NErKO 3MiHHMX
BY3MiB, 3'€4HaHNX MK COBO0I0 B €AMHY KOHCTPYKLIIO 3 BUKO-

PUCTaAHHAM CXeMW KOoaKCianbHOI ra3onopoLlKoBOi nogadi
MOPOLLKOBOro Matepiany y 30Hy HannasneHHs (puc. 1).

Ha BigmiHy Big aHanoris, y po3pobneHin ronosui ans
Na3epHOro HannaeneHHs 3anpPoNoOHOBaHa OpuriHanbHa KOH-
CTPYKLiS1 CONNOBOI Hacagky, Lo NoBuHHA 3abe3neunTn He
TiNbKK cTabiNbHWIA NPOLEC HaNMaBlIeHHs, a TaKOX 3aXWUCT
BaHHW pO3MnaBy Ta MeTany, L0 OXONOMKY€ETbC Bi B3ae-
Mozii 3 0TOUYHUUM CepenoBuLLEM (puC. 2).

Lle peanidyeTbcst 3a paxyHOK KOHCTPYKTUBHUX 0CO6MU-
BOCTEW COMMOBOI HAacafku, a came, PO3AINEHHS rasoBuX
MOTOKIB Ha TPW CKIadOoBi, KOXHA 3 SKUX BUKOHYE OKpEMY
doyHKLtO: NepLia — 3axUCT ONTUKK; Apyra — TPaHCNopTy-
BaHHS MOPOLLKY Ta 3aXUCT BaHHW PO3Mnasy; TPETS — 3aXMCT
Bifj BNIMBY OTOYYHOYOrO cepefoBuLla (puc. 2).

PoarnsHemo okpemo CKnagoBi CTBOPEHOI rOMoBKK A
nasepHOro HannaeneHHs. MpUCTpin OCHALLEHUIA CUCTEMOKD
BOASIHOTO OXOMNOMKEHHS (puc. 3). Mae 0Xonomxy4min KOH-
TYp ONS 3HATTS HAAMMLIKOBOMO Tenna 3 conen B NpoLeci
HannaBneHHs Ans NiABOAY Ta BiABEOEHHSI OXONOMXKYHUOI
PiAVHM BMKOPUCTaHO OBa LUBWMAKO3ATUCKHI iTMHIM S6520
6-1/8 chipmn Camozzi nig nonietTnneHoBy TpyOKy AiaMeTpom
6/4 MM. B HWXHI YacTUHI NPOMIHENPOBIA Mae BHYTPILLHIO
pi3bby M20x1,0 MM [Onsi BCTAHOBMEHHS BHYTPILLUHBOTO
conna (puc. 4).

K
o

_ 856 |

6

K

Puc. 2. KoHCTpyKTUBHE yTBOPEHHSA KaHarniB B po3po0bneHi nasepHiv ronosui: 1 — kaMmepa 3aXMCHOro rasy;
2 - kaHan Mix connamu; 3 — OTBOPU MiXX KaMepOoH Ta 3aXMCHUM KOBMAaKOM; 4 — KaHan nogadi NOpoLIKy
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#i4

MITe1S |

Puc. 3. Mopenb (a) Ta ecki3He KpeCneHHs YacTUHM rONOBKU ANA Na3epHOro HannaBneHHs 3 CUCTEMOK BOASHOrO
oxonoaxeHHs (6), ae 1 — kopnyc onsa NPOXoAXKEHHS Na3epHOro BUNPOMiHIOBAHHS; 2 — KOPNYC BOAAHOIO
OXONoAKyBaya; 3 — WTyuep nogayi oXonomxyHu4oi piguHm

Puc. 4. Kopnyc 3i BcTaHOBNEHUM BHYTPILUHIM COMIOM

Conno nokasaHe Ha puc. 5 npusHavyeHo Ans opMmy-
BaHHA KaHany nogadvi MOPOLUKY B3[OBX BHYTPILLUHBOTO
conna Ta noro okycyBaHHs. 3miHa 3a3opy BinOyBaeTbCs
3a paxyHOK MepeMilLieHHs1 comnna B3ZOBX KOpMycy TEXHOIO-
riyHoi ronosku no pi3bbi. Mogava nopoluky BinbyBaeTbes
no ABOX MigHWX Tpybkax BnasHux B conno. Kopnyc conna
BUKOHaHO 3 Migi. ®ikcauis 3a30py MiXK BHYTPILLHIM COMMOM
Ta COMMOM nogadi MopoLKy BinbyBaeTbca 3a [OMNOMOro
KOHTpranku (puc. 2).

Conno 3axucHOro rady Npu3Ha4YeHO AN CTBOPEHHS
KaHasny rnogadi 3aXMCHOro rasy B3fOBX COMma nogadi nopo-
LUKY Ta Moro hoKycyBaHHS (puc. 6).

3miHa 3a30py BiOYBaETLCS 32 paxyHOK NepeMilleHHs
COMna 3axuCHOTO rasy B34OBX KOPMyCy conna nogadi nopo-
LKy Mo pi3bbi (puc. 6). Pikcauis 3a3opy Mix connom nogadi
rasy Ta ConyioM nogadi NopoLLKy BiOyBaeTbLCS 3a 4OMNOMO-
roto cikcytoumx reuHTiB. MNMogava 3axucHoro rasy BigbyBa-
€TbCS MO ABOX MigHMX TpyOKax BrasiHx B conno. Conno
BUrOTOBMEHO 3 Midi. [ns CTBOPEHHS namiHapHOro MOTOKY
3aXMCHWIA a3 crovaTky noTpannsie B Kamepy, sika yTBO-
PIOETbCS  MpW CKMagaHHi Mk COMoM nogadi MopoLUKY
Ta COMMOM nofadi 3axucHOro rasy, a noTiM 4epes psag
OTBOPIB NPOHMKAE B KaHan MiX LMMU connamu. 3axucHuii
koBnak (puc. 6) CTBOPKE 3aMKHEHUI MPOCTip Hag pos-
MaBMNeHOK BaHHOK B SIKOMY 3HAXOAWUTLCS 3aXMCHWIA ras.

[@a3 B 3axMCHWI KOBMAaK MPOHMKAE Yepes psg OTBOPIB MixX
COMMOM nofadi 3axMCHOro rady Ta 3aXWUCHWM KOBMaKOM
(puc. 2). 3axucHui KoBnak ikcyeTbcs OO0 comnna nogadi
rasy 3a fonomoroto 3-x rsuHTie M4 (puc. 6).

O6roBopeHHs. JlasepHe HannaBMeHHA $SK METOq
HaHeCeHHs MeTaneBuMx LapiB, Oepe CBill mo4aTok Big
MeToAy Na3epHOro neryBaHHs, Lo 3'9BUBCS AELLO0 paHiwe
(Shelyagin, Bernatskyi, Siora, Nabok, Shamsutdinova,
& Sokolovskyi, 2021). Y pasi HannaBneHHs 3a paxyHOK
nogadvi martepiany, WO HannaenseTbCsl (B OCHOBHOMY
y BUMMNAAi NOPOLLKY, pigle — y BUrNAg4i ApOTYy) Yy 30HY
aii cpokycosaHoro B nnamy diametpom 1,0...5,0 Mm
nasepHoro BUMNPOMIHIOBAHHSA Ha 00pobntoBaHii NOBEPXHi
CTBOPHETLCA LWap NEBHOT BUCOTH i3 3agaHuMu i3nko-Xi-
MiYHUMK XapakTepucTukamu. MoXnuBI TakoX BapiaHTu
Nas3epHOro HamnnaereHHst 3a MonepeaHb0 HaHeCeHWMK
Ha MigKnagky wapamu martepiany, WO HannaBnseTbCs.
Lli wapu HaHOCATb ra3oTEPMIYHMM HanuneHHsam abo
obMa3yBaHHAM, WO CKNaJaeTbCcA 3 HanmaBHOMO Mopo-
WKy 3 agresylyuMm martepianomM, a noTiM nepennaens-
I0Tb NasepHUM BUNPOMIHIOBaAHHAM. HannasneHi wapwu
MeTany noe'a3aHi 3 MaTepianom OCHOBM NepexiaHo
30HOK MOPIBHAHO Manux (3as3suyan Big 5...10 MKM g0
50...200 mkm) posmipis (Kritskiy, Pohudina, Kovalevskyi,
Tsegelnyk, Kombarov, 2022).
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Puc. 5. 3aranbHuit BUrnsa Ta nonepeyvHuin po3pis conna ansa nogadvi NOPOLLKY ANA HanNaBnNeHHA:
1 — conno HannaBoYHOro NOPOLLKY; 2 — KaHanu nogadyi NoPOLUKY

8

Puc. 6. 3aranbHuUi BUrNsA Ta NonepeyHnin po3pi3 conna Ans nogayi 3axmcHoro rasy: 1 — conno 3axucHoro rasy;
2 — Tpy6ku nogadvi NopoLlKy; 3 — KoBNak 3axMCHUM; 4 — TBUHT dpikcallii 3axMcHOro KoBnaka

OfgHUM i3 HaMBaXNMBILULMX MOMEHTIB Yy TEXHOMOrii
NasepHOro HannaefieHHs € MeTod nofdavi matepiany, LUO
HannaenseTbca A0 AeTani, wo o6pobnsetbcs. BuBYeHHS
MPOLECIB Na3epHOro HansasneHHs Nokasano, Lo B TOW Yac
SK y npouecax 3 nojadeto ApoTy peanisyeTbCsa nepesara
npoBedeHHs 00pobKkM NpakTYHO B ByAb-IKOMY MPOCTOPO-
BOMY MOMOXEHHI, NepeBara NOPOLLKOBMX MaTepianis nons-
rae y Ginbl eeKTMBHOMY MOIMMHAHHI Na3epHOro BMMPO-
MiHIOBaHHS. HannasneHHs B HWXKHbOMY MOMOXEHHI MOXe
30INCHIOBATMCS LLMSXOM MONepeaHbOoro po3nodiny nopoLLKy
Ha MOBEPXHi, WO 00pobnseTbes. 3acTocyBaHHS MOPOLLKO-
BMX MaTepianis B iHWMX NPOCTOPOBUX MOMOXEHHSX 3a3BW-
Yyan BMMarae nonepeaHbOro HaHECEHHS! MOKPUTTIB TakuMK
MeTofamu, sk ra3ononyM'ssHe HanureHHsl, NasmMoBe Hamu-
neHHs abo mivyHa cyLlka nacT obMasky. AKLWO NOPOLLIOK He
MOXHa po3noginuTy 3asganerigb no NoBepxHi, Moro noga-
I0Tb cneljanbHUMKU go3atopaMu. Ha CbOrofHilLHIN AeHb
HaMbINbLL LWMPOKE MOLIMPEHHS HabyB METOA Na3epHOro
HanmaBMeHHs, Npy SKOMY BMKOPUCTOBYIOTb NPUCagHi Nopo-
LUKOBI MaTepianu, WO noaatTbest BesnocepeaHbo B 30HY
Ail Na3epHOro BMUMPOMIHIOBAHHS 3a [OMOMOroK crelianb-
HUX MOPOLLUKOBUX [03aTOPIB Pi3HMX KOHCTPYKUiN (Kritskiy,
Pohudina, Kovalevskyi, Tsegelnyk, Kombarov, 2022).

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

[lo nepeBar nasepHOro HanmaBMEHHS BIGHOCATLCA:
MOXMNUBICTb HAHECEHHS LLAPIB i3 3a4aHUMK BNacTUBOCTAMM
Bucotok 0,1...3,0 MM; 3Ha4He nocnabneHHs edhekTy nepe-
po3nopifly KOMNOHEHTIB 3 MaTepiany OCHOBM B Hannasne-
HWI Lap, LWo cnpusie NiABULLEHHIO TOYHOCTI MPOrHO3yBaHHS
pesynbTaTiB i MaKCMManbHOMY HabrnMKeHHI0 BNacTMBOCTEN
HannaeneHoro wapy A0 BWXigHWUX BacTMBOCTEN maTtepi-
any, WO HannaBnseTbCs; OTPUMaHHS PIBHOOCHWMX ApibHO-
KpUCTaniyHMX CTPYKTYp HannaeneHoro metany Ta Manoi
(80 0,1...0,5 Mm) 30HM TEPMIYHOTO BNMBY; MiHIMi3aList npu-
nycky nig ¢iHilHy MexaHooOpobky OO0 BenuymH Brm3bko
0,3...0,5 MM Ha CTOPOHY, 3a paxyHOK Marnoi WOPCTKOCTi (40
Ra 200...300 Mkm) HannaBneHMx NOBEPXOHb.

[lo HeonikiB Na3epHOro HannaBneHHS MOXHA BigHECTU:
HasBHICTb MOMEPEYHUX XOMOAHMX MIKPOTPIWMH Yy Liapax
HannaBreHHs Ta NeryBaHHs, BUHUKHEHHS SKUX € HACMiAKOM
penakcadii BUCOKMX BHYTPILLHIX HANPY>XeHb PO3TATyBaHHS;
MOXIMBICTb YTBOPEHHSA SK BHYTPIWHIX, TaK i 30BHILLHIX
nop, NoB'A3aHa 3 HeMeTaneBMMU BKMHOYEHHAMU | 3anuiu-
KOBOH BOIOFCTIO MOPOLUKY, WO HanmaBnseTbCs, a TaKox
3abpyaHEHHSIM MOBEPXHI, LLO HaMNaBMSETbCS; MOPIBHAMNBHY
[JOpPOXHeYy npouecy, MoB'a3aHy 3 MOPIBHAHO BWCOKOK
cobiBapricTio nasepHoro obnagHaHHa (Khaskin, Korzhyk,
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Tkachuk, Peleshenko, Voitenko, & Oleinychenko, 2016).
MTaHHA KOHTPOMIO, 3HWXEHHSI Ta MOBHOMO YCYHEHHS Tpi-
LUMHOYTBOPEHHS NpWU Na3epHOMY HannaBneHHi AOCHImKY-
Banucs y pi3HMA Yac baratbma aBTopamu. [lOpiBHSAHO
HenasHo aBTopamu 3 IE3 im. €.0. MatoHa HAH Ykpaiu
Oyno 3anponoHOBaHO MaTeMaTtu4Hy MOAesb LbOro sBMLLA,
L0 [03BOMWMO 3B'A3aTW BiACTaHI MiX TpillMHamu 3 Mexa-
HIYHMMM BNACTUBOCTSIMW HaNMaBMEHMX LWapiB Ta iX TOBLUK-
Hamu (Khaskin, Korzhyk, Tkachuk, Peleshenko, Voitenko, &
Oleinychenko, 2016; Shelyagin, Bernatskyi, Siora, Nabok,
Shamsutdinova, & Sokolovskyi, 2021). 3i ckazaHoro Bunu-
Ba€, WO OO NEepCneKTUBHUX HaNPSIMIB YCYHEHHS HeJomMikiB
NpoLeCy MOXHa BiHECTU METOAM, L0 [O3BONSATL 3HU3NUTM
3anunLLKOBI TEPMIYHi HanNpyXeHHs B Luapax, Lo Hannaens-
t0TbCS B MOEAHAHHI 3 PETENbBHO NiArOTOBKOK HANMNaBOYHMUX
MOPOLLKIB | NOBEPXHi Ha 5Ky 3AINCHIOETLCS HaMMaBneHHs.

3a [OonOMOroKw nasepHOro HammnasfeHHs OTPUMYHOTb
3HOCO-i KOPOS3iNHOCTINKI HannasneHi Wwapu 3 JOCUTb LIKPO-
koi ramu Mmatepianis. OgHak, B YkpaiHi y nepwin nomno-
BUHI 80-X pOKiB MasepHe HamnaBfieHHS 3HAWLLIO LUMPOKE
3aCTOCYBaHHS He MpW BUrOTOBMEHHI HOBWX AeTanen, a sk
NpOoLEC BiAHOBMEHHS 3HOLLEHUX AeTanen TexHiku, LWo npa-
LIOKOTb B YMOBaX TEPTS KOB3aHHS, YAApHUX HaBaHTaXeHb,
abpasuneHoro 3Hocy Towo (Khaskin, Korzhyk, Tkachuk,
Peleshenko, Voitenko, & Oleinychenko, 2016; Kritskiy,
Pohudina, Kovalevskyi, Tsegelnyk, Kombarov, 2022;
Shelyagin, Bernatskyi, Siora, Nabok, Shamsutdinova, &
Sokolovskyi, 2021).

CborogHi y npoOMMCIOBO PO3BUHEHUX KpaiHax nasepHe
HaNNaBMNeHHS, SIK TEXHOMNOrIS, LU0 3aCTOCOBYETLCS Ha CTafjl
BUTOTOBMEHHS [ieTanein, He BTpaTuna CBOEI aKTyanbHOCTI
(Perrin, Achache, Meausoone, & Sanchette, 2021; Waqas,
Wang, Zafar, Noor, Hussain, Azher Nawaz, & Farooq, 2021;
Xu, Song, Li, M., Li, F., Guo, & Gao, 2021). [lazepHe Hannas-
NEHHS 3aKOPAOHOM 3aCTOCOBYETLCS, 30Kpema, npu BUro-
TOBEHHI rPYHTOOOPOOHUX 3Hapsab (AMCKiB, ¢pes, TOLO)
Ta IHCTPYMeHTIB ANnsa 36upaHHa BpOXar (QUCKOBMX HOXIB
KYKYpyZ3siHUX xaTok). B YkpaiHi Hapasi BigcyTHi nignpuem-
CTBA, sIKi 3aCTOCOBYIOTb TEXHOMNOTiT NAa3epHOro HanmaBneHHs
3HOCOCTIlKMX MaTepianis y BUMMsAI NOPOLUKY Npy BUTOTOB-
MEHHI BKa3aHMUX CiflbCbKOroCnogapChKux iHCTPYMeHTIB Tomy
BKa3aHi iHCTPYMEHTU ANS CiflbCbKOrOCNOAAPCHKAX MaLUuH,
SKi MalTb MOAOBXEHUA Pecypc 3aBAsKM 3HOCOCTIVKUM
HanNnaeneHUM Wapam mMeTany, 3aKynoByHTbCS 3aKOPLAOHOM.

CTBOpEHa  KOHKYPEHTOCMPOMOXHA  BUCOKOTEXHOIO-
riyHa Npoaykuis (ronoBka ANs Nas3epHOro HanmaBneHHs),
LU0 32 CBOIMM TEXHIYHUMU MOKA3HUKaMK HE NOCTYNaeTbCs
3aKOPOOHHUM aHanoram, a 3a BapTiCHAMW MOKa3HUKaMu
JelleBlWwa y Aekinbka pasiB 3aKOpAOHHWMX aHarnoris (Bap-
TicTb skmx nepesuitye 30000 eBpo). Takox OYIKYETLCS, LLO
B pe3ynbraTi peanisauii 3annaHoBaHux pobit ByayTb po3po-
GrieHi TexHOMNOoriYHi pekomMeHaaLii Ta TEXHOMNOTIYHI IHCTPYK-
uii 3 NasepHOro HannaeBneHHs yHKLiOHaNbHWX LiapiB Ha
TOHKOCTiHHI AeTani, Wo npauiTe B YMOBaxX MeXaHi4HOoro

3HoLyBaHHs. OuikyeTbes 36inblierHs Ha 30...50% pecypey
Ta [QOBrOBIYHOCTI TOHKOCTIHHUX IHCTPYMEHTIB ANs CinbCbKO-
rOCNoAapChKOT TEXHIKM (HOXIB Ta AMCKIB ANs XaTok).

Po3pobneHe TexHonoriuyHe ycTaTkyBaHHS y BUMNSAI Tex-
HOMOrIYHOI rONOBKW ANS Na3epHOro HanmaeneHHs, TEXHOMNOo-
riYHi pekomeHaaLii Ta TEXHOMONiYHI IHCTPYKLIT 3 NasepHoro
HannaBneHHs PyHKLiOHaNbHWX LWapiB Ha TOHKOCTiHHI AeTani
CiNbCbKOrocnoaapchbkoi TEXHIKK, WO NpaLoloTb B yMOBaX
MEXaHI4YHOro 3HOLLYBaHHS, MNaHYeTbCA 4O BMNPOBALKEHHS
npu BukoHaHHi nocnyr IE3 im. €.0. MNatoHa HAH Ykpainu
3 la3epHOro HannaeMeHHs Ans NianpUMeMCTB CiflbCbKO-
rocnoAapcbkoro MalumHobyaysaHHa Ykpaitu. Hagani Take
TEXHOMNOrYHEe yCcTaTKyBaHHA 3Moxe OyTu TupaxoBaHe Ans
NPOMUCIIOBOrO BMNPOBAMKEHHS Ha IHLIMX NignpuemcTBax
AIKi BATOTOBNSAOTL AeTani Ans CinbCbKOrocnoaapcbKoi Tex-
Hikn B YKpaiHi Ta cBiTi. OgepxaHi pesynsratyt Takox byayTb
B noaanbLuomy BukopuctoByBaTuck y IE3 im. €.0. MNatoHa
NS NPOBEAEHHS HAaYKOBUX JOCMIAKEHb NP BiANpaLoBaHHi
TEXHOMNOr Na3epHOro  HanmnasreHHs  (PYHKUIOHANbHUX
LUapiB Ha TOHKOCTIHHI AeTani, Lo NpaLioTh B yMOBaX Mexa-
HIYHOrO 3HOLUYBAHHS ANS Pi3HWX rany3en npoOMUCIOBOCTI,
Ha CTafisx BUrOTOBMEHHS Ta PeMOHTY. BnpoBampkeHHs Bia-
NpaLbOBaHOroO KOMMIIEKCY TEXHOMOrYHWMX 3axodiB nasep-
HOrO HamnnasfeHHs, JO3BONUTL Y NOAANbLLOMY BUPILLYBaATH
LUMPOKMIA KOMMNIEKC 3aBAaHb, SKi CTaBMNATb He TiNbKK Cinb-
CbKOrocrnoaapcbke MaLnHobyayBaHHS, a i pakeTobyaisHa,
XiMivHa, MeanyHa, 060pOHHa, Ta iHLUI rany3i NPOMMCIOBOCTI
NPV BUrOTOBMEHHI LUMPOKOrO CMEKTPy AeTanew 3 HeobxiaHi-
CTI0 3aCTOCYBaHHS NAa3epHOro HamnmnaseHHs.

BucHoBKW. Po3pobneHo ecki3Huii MPOEKT ronoBku Ans
Na3epHOro HannaeneHHs, K HeobXiAHOro TEXHOMOrYHOro
yCTaTKyBaHHs. 3rigHO pO3pOBNEHOro €eCcKi3HOro MPOEKTY,
HannaBoYyHa rofoBka sBMsie cobOK CYKYMHICTb MOZYIbHUX
NerkoamiHHUX BY3MiB, 3'€QHaHUX MiX COBOK B €OUHY KOH-
CTPYKLiIO 3 BUKOPUCTaHHAM CXeMMW KoakcCialnbHOI rasono-
POLLKOBOI NofaYi NOPOLLKOBOrO Matepiany Yy 30Hy Hannas-
neHHs1. Ha BiaMiHy Big aHanoris, y po3pobneHii ronosLi Ans
Nas3epHOro HannaBneHHs 3anpPoNoOHOBaHa OpUriHanbHa KOH-
CTPYKLIiSI CONMOBOI Hacafkw, IO NOBWHHA 3abe3neynTn He
TiNbKM CTabiNbHWUIA NPOLEC HaMMNaBMEHHS, a TaKOX 3aXUCT
BaHHW pO3MnaBy Ta MeTany, Lo OXONOMKYETLCA Bif B3ae-
mogii 3 oTouyloumMMm cepenosuileM. CTBOpeHa KOHKypeH-
TOCMPOMOXHA BUCOKOTEXHOMOrYHA NpoAyKLis (ronoBka
NS Na3epHOro HamnaereHHs), WO 3a CBOIMU TEXHIYHUMU
MOKa3HWKaMM He MOCTYNaeTbCs 3aKOPOOHHWM aHaroram,
a 3a BapTICHUMU MOKa3HWKaMKM AelleBlla y Aekinbka pasis
3aKOPOOHHMX aHanoriB. TakoX O4YikyeTbCs, LU0 B pe3ynbTaTi
peanisauii 3annaHoBaHux pobiT ByayTe po3pobneHi TexHo-
MOrivHi pekoMeHaaLii Ta TeXHONOriYHi iHCTPYKLii 3 nasep-
HOro HannaBneHHs (PYHKUIOHANbHUX LUAPIB HA TOHKOCTIHHI
JeTani, Lo NpaLoTe B yMOBaX MEXaHIYHOTO 3HOLLYBAHHS.
OuikyeTbest 36inblierHs Ha 30...50% pecypcy Ta fOBroBiy-
HOCTi TOHKOCTIHHWUX iHCTPYMEHTIB Ansl CinbCbKOrocnoaap-
CbKOI TEXHIKM.
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Development of a technological head for laser cladding of agricultural machinery

Agricultural engineering traditionally occupies an important place in the structure of the engineering complex of Ukraine.
Abroad, methods aimed at the development of technological approaches to solving the problem of the process of wearing
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the cutting edges of agricultural machinery tools have gained popularity, which consist in the laser cladding of additional
layers of wear-resistant materials in the form of powder onto the working surfaces of discs made of carbon structural or
low-alloy steels. The thickness of such additional layers depends on the size of the agricultural machinery tools themselves
and can range from 100 microns to 1000 microns. To extend the service life of agricultural machinery tools, cladding is
applied to the back side of the cutting edge, which allows you to keep the blade sharp for the entire service life of the knife,
due to the self-sharpening effect. The complex geometry of the working part of agricultural machinery tools and their small
thickness make it necessary to use automated modern technologies of laser powder cladding. The purpose of this work
is the development and manufacture of technological equipment in the form of a technological head for laser cladding
of agricultural machinery tools. The authors of the research analyzed existing modern developments of methods of cladding
on thin-walled parts of agricultural machinery. A sketch project of the head for laser cladding, as the necessary technological
equipment, has been developed. According to the developed sketch project, the cladding head is a set of modular, easily
replaceable nodes connected to each other in a single structure using the scheme of coaxial gas-powder supply of powder
material to the cladding zone. Unlike analogues, the developed head for laser cladding offers an original design of the nozzle
nozzle, which should ensure not only a stable cladding process, but also protection of the molten bath and the cooling metal
from interaction with the surrounding environment. A competitive high-tech product (head for laser cladding) was created,
which in terms of its technical indicators is not inferior to foreign analogues, and in terms of cost indicators is several
times cheaper than foreign analogues. It is also expected that as a result of the implementation of the planned works,
technological recommendations and technological instructions for laser cladding of functional layers on thin-walled parts
operating under mechanical wear conditions will be developed. A 30...50% increase in resource and durability of thin-walled
tools for agricultural machinery is expected.
Key words: laser cladding, technological head, development, thin-walled parts, agricultural machinery.
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BidueHmposi Hacocu 3HaliwiIu 3acmocyeaHHs1 8 Halpi3HOMaHIMHIWUX 2asy3sX NPOMUCIO80CMi U CirbCbK020 20cnodapcmea
8CiX KpaiH ceimy. B 38'a3Ky i3 WUpOKUM 8UKOPUCMAaHHSIM 8i0LieHMPO8UX Hacocie MpodosXyomb 3anuiamucsi akmyanbHUMU
MUMaHHs 8idrnpayb08ysaHHs1 iX KOHCMPYKMUBHUX CXeM, siKi 3abe3rneqyromb 8UCOKI MoKa3HUKU Aog2oeiyHocmi ma sibpaujitiHol
HaditiHocmi. [0poduHaMidHi Cuu 8 WnapUHHUX YWiTbHEHHSIX Hacocie CmMeoprormb icmomHul U Ha eibpauitiHy akmug-
Hicmb pomopa 8 yinomy. 3Ha4Hi 2i0poOuHaMiYHi cuslu 8 3a30pax 6e3KOHMAaKMHUX yWibHEHb 8I0LEHMPOBUX HACOCi8 MOXYMb
npusecmu 9o empamu OUHaMIYHOI cmitikocmi pomopa ma asmoKoueaHb POmMopa (WO Herpunycmumo), @ makox Hasernaku —
Cymmeeo 3HU3UMU eibpauitiHy akmusHicmb pomopa 8 YUlibHeHHsIX. TeopemuyHi U eKcriepuMeHmarbHi O0CTIOXEHHS Pi3HUX
asmopig 036071UNU 8CMaHOBUMU CMPYKMypy 2i0p0OUHaMIYHUX CUM i 8UHaYUMU 8eIuYuHuU KoegiyieHmie padiarbHux curl.
Burukna nompeba 6 rnodanbwiux npakmuyHux OOCTIOXEHHSIX, 3 MEMOK OmpuMaHHs 00CMO8IPHOI iHghopmauji wodo ernnugy
2e0MempuUYHOI chopMu pomopa Ha tio2o 30amHicmb 00 caMo UEHMPYBaHHS 8 YUWIbHEHHSIX pU PI3HUX KymoeguX weudKocmsix
obepmaHHsi, ax 00 8mpamu pomopom OuHamidHOI cmitikocmi. Ha creujanbsHO cmeopeHoMy n1abopamopHOMy eKCriepuMeH-
marnbHoMy cmeHOi asmopamu OaHoi pobomu byru ompumaHi amnimyOHi YacmomHi xapakmepucmuku (AYX) sumyweHux paoi-
arnbHO — KymosuUX KorueaHb CaMOyCMaHOBM08aTbHUX Y WIMUHHUX YUIIBHEHHSIX pomopig Hacocie YumiHOpUYHOI U QUCKOB8OT
2e0MeMPUYHUX KOHGbigypauiti npu pisHUX nepenadax mucky poboyoi piduHU Ha ywinbHeHHSsIX. Takox Oyru ompumaHi ammnsii-
myOHi YacmomHi xapaKmepucmuku 8UMyWeHUX padiaribHO — KymogUX KorugaHb pomopa i3 3HeWKOOXKEHHSM 3aKpymKu pobo-
Yoi' piduHU Ha ex00i 8 ywinbHeHHs.. OmpumaHi ekcriepumeHmarnsHUM wiisixom AYX pomopie 00380MUMU 8U3HaYUMU KPUMUYHI
Kymosi weudkocmi padiaribHUX i KYmosux KonugaHb pomopie 8 YUlibHeHHSIX, a MakoxX Mexi ix OuHamidHoi cmitikocmi. 1o
meopemuyHUX ¢hopmynax bynu po3paxosaHi Kymoesi weudkocmi eracHux padiarbHUX | Kymosux KorueaHb pomopa 8 yWinbHeH-
HSIX, @ MaKoX MeXi ix OUHamiyHoi cmitikocmi. [opigHSIHHSI MeopemuUYHUX i eKcriepuMeHmarbHUX 8e/TUYUH 8Ka3sye Ha ix 2apHull
KinbKicHUU 3bie. 3pobreHuli 8UCHOBOK W0d0 8UWOi AuHaMiYHOI cmabifibHocmi pomopa GUCKOB0I 2e0MempPUYHOI KOHi2ypauil
8 MOPIBHSIHHI i3 YUMTIHOPUYHOK KOHbieypaujeto. [pu MpoekmyesaHHi 8idueHmMPo8UX HacoCig i3 caMoyCmaHOo8H8abHUM Y WiTUH-
HUX oriopax — yWjirnbHeHHsIX pobo4uM KorecoM crid npagHymu 0o AUCKOBOT 2e0MempUYHOI KoHGbi2ypauii pobo4o2o Koreca.

Kntoyoei croea: 8i0ueHmMposull Hacoc, WnapuHHEe YULNIbHEHHS, pomop Hacoca, pomop,wo camMo UeHmpyembsCs
8 YWiNbHEeHHSIX, 2i0pOOUHaMIYHi Cunu, muck piuHu, padianibHO — Kymoei KOrugaHHS pomopa 8 yWifbHEHHSIX, OUHaMiYHa
cmitikicmb pomopa, amnimyOHa YacmomHa xapakmepucmuka pomopa 8 yUlifTbHEHHSIX.

DOl https://doi.org/10.32845/msnau.2022.3.4

Betyn (Introduction). Ha cbOrogHiwHin geHb BigLEH-
TPOBi HAaCOCK 3HAMLWWMAM 3aCTOCYBaHHSA B HaMPi3HOMaHITHI-
LUMX ranyssx MpOMMCIIOBOCTI M CinbCbKOro rocnogapcraa
BCiX KpaiH CBiTYy. B 3B'A3Ky i3 LUMPOKMM BMKOPUCTAHHSM
BiJLEHTPOBYX HACOCIB NPOLOBXYOTb 3aNMMLLATUCS aKTyallb-
HUMW NATaHHS BiANPaLbOBYBAHHS iX KOHCTPYKTUBHMX CXEM,
sIKi 3a0e3nevyoTb BUCOKI MOKa3HMKM JOBrOBIYHOCTI Ta Bibpa-
LiMHOi HaginHocTi. MNpu UbOMyY Npaue3faTHICTb BiQLEHTPO-
BOrO Hacoca CYTTEBO 3aneXWTb Bif MAPOMEXaHIYHOI Cuc-
TeMU “poTOp — LUIMMHHE YLWiNIbHEHHS”: 3riAHO CTAaTUCTUYHMX
AaHux usa cuctema nopogxye 70 % Bunagkis Buxogy 3 nagy
BiQLIEHTPOBKX HACOCIB (3M1aM poTopa, 3avinaHHs poTopa 3a
CTaTOPHi BTYNK YLLiNIbHEHb, YLIKOAXXEHHS 260 3HOLLYBaHHS
BTYNOK ywinbHeHb i T.n.) (Grokhovskyi, 1990). 3HauHi rig-
POAMHaMIYHI cunn B 3a3opax Oe3KOHTaKTHMX YLUiNbHEHb
BiJLEHTPOBKX HAcOCIB MOXYTb NPWBECTW 4O BTpaTW AWHa-
MIYHOI CTI/IKOCTi poTOopa Ta aBTOKOMMBaHb poTopa (Lo

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

HEMNPWMYCTMMO), @ TAKOX HaBMakn — CyTTEBO 3HU3UTH Bibpa-
LifiHYy aKTUBHICTb pOTOpa B YLLiNbHEHHSX.

B pob6otax npochecopa B.A. MapLMHKOBCHKOrO No MeTo-
J0norii po3paxyHKy rigpoAuHamiyHUX napameTpiB 6e3KoH-
TakTHUX ywwinbHeHb (Martsinkovskyi, 1980), (Martsinkovskyi
& Vorona 1987), (Martsinkovskyi, 2002) nokasaHo, o pyx
poTopa NpuBOAWTL 40 3MiHK OCepPeaHEHHOrO rigpaBnivyHOro
0rnopy KinbLEBOI LiNIMHM 3 NEPEPO3NOiINIOM TUCKY B KinbLie-
BOMY KaHani 6€3KOHTaKTHOTO YLLiNIbHEHHS, WO € NPUYKHOK
BUHUKHEHHS rigpoguHamivyHmx cun. B.A. MapunHKOBCbKUM
Oyny OTpWMMaHi aHaniTM4Hi NMHeapu3oBaHi Bupa3n aAns
po3paxyHKy KoedilieHTiB padianbHuUX cui y wnapuHHOMY
YLWiNbHEHHI B KOPOTKIM KiflbLEBIN LWiNMHI 3 ypaxyBaHHAM
KOHYCHOCTIi 3a30py 1 MEPEKOCY OCEeN POTOPHOI i CTaTOPHOI
BTYFOK YLLinbHEHHS. BHacnigok nepekocy ocemn 3MiHIETLCS
CYMapHWii EKCLEHTPUCUTET pOTOpa, O BPaXOBYETHCS
fobaBkamu [o padianbHuUX CUn (KOpUrylumMmm KoedoitieH

27

Cepist «<MexaHisaLjis Ta aBTomMaT13aLjis BApoOHM4MX MpoLieciy, Bunyck 3 (49), 2022



Tamu). TakoX NOKasaHo, WO Ais LUMPKYNAUinHOI cuniu
MOXe NPUBECTU OO0 BTPATU POTOPOM AMHAMIYHOI CTIMKOCTI
Ta [0 aBTOKOMMBAHb POTOpPA 3i 3HAYHOK aMMAiTy4oto.

ABTOpPOM AaHoi poboTn Bynu NPoAOBXKEHI TEOPETUYHI
JOCHIIKEHHS 3 YTOYHEHHS! KOedilieHTIB riapoanmHaMiuHmX
CUN B YLUINbHEHHSX, @ TakoX Bynu oTpuMaHi geski npak-
TUYHI pe3ynbTaTi AnHamiyHnX BUNpobyBaHb BiALEHTPOBOMO
Hacoca i3 camo BCTAHOBIHOBASbHIM Y LUMAPUHHUX ONopax —
yLWinbHEHHSAX poboumm konecoM. Pesynbratv gocnimxeHb
HaBeZeHi B pobortax (Gorovoi, 2017), (Gorovoi, 2019),
(Gorovoi & Golovchenko, 2020), (Gorovoi, et al. 2021).

BuHykna notpeba B noganbluMx NPakTUYHUX OOCHImMKEH-
HSIX 3 METOH OTPUMAHHS 4OCTOBIPHOT IHGhOpMaLLii LLLOAO BMUBY
reoMeTpUYHOI hopMM POTOpa Ha Moro 3OaTHICTb 40 CaMo LieH-
TPYBaHHA B YLUINBbHEHHAX MPU Pi3HUX KyTOBUX LUBMAKOCTSIX
0bepTaHHs, ax 40 BTpaT POTOPOM AMHAMIYHOI CTIMKOCTI.

Matepianm i wmetogu  pocnigkeHb  (Materials
and Methods). 3 meTol0 ogepaHHS MOBHOI AUHAMIYHOI
KapTUHW CaMO LIEHTPYBaHHS 06epTOBOrO B YLUiNIbHEHHAX
poTopa Hacoca 6yB CTBOPEHUI eKCnepUMEHTaNbHUIM CTeHS
ANs AnHaMivHKUX BUNpobyBaHb POTOPIB Pi3HOT reOMETPUYHOT
KoHdirypauii (man. 1).

BwbpoMoET —

Puc. 1. Cxema cTeHaa ansa AMHamiuyHUX BUNPOOyBaHb
poTopa B YLUifIbHEHHAX
1 — poTop, 2 — enekTpoOABUryH, 3 — NpyxxHa nogatnvea Mydra,
4 — Ban, 5 — kapOaHHUI LWapHIP, 6 - BEPXHE YLLINbHEHHS,
7 — HUXHE YLWiNbHEHHS, 8 — BTYNKM 3 padianbHUMK 0TBOpamMu,
9 — CTPYMOBMXOPOBI AaTUMKK NepemiLLeHb poTopa

KpyTHWIA MOMEHT Bif ABWryHa 2 nepefaBaBCcsi Ha poTop
1 3a gonomoroto npyxHoi nogatnueol MydTn 3 i kapgaHHOTO
LwapHipa 5, 3abe3aneyytoumn potopy 1 MOXNMBICTb pagianbHO —
KyTOBMX NEPEMILLEHDb i3 YTPUMaHHSIM B OCbOBOMY HaMpsivKY.
Mogaya pignHu nig TUCKOM HarHiTaHHs B pobody kamepy
CTeHZa NpOBOAMIACA Yepe3 CUCTEMY pafialbHuX OTBOpIB
Mo NEPUMETPY BHYTPILLUHBLOI OOOMOHKM Kamepu, LU0 BUKIHO-
Yyarno BWHWKHEHHSI OZHOCTOPOHHBO CMPSIMOBaHWX CTPYMUWH-
HVX BMIIMBIB PiOWMHM HA MOBEPXHIO BMNPOOYBAHOTO poTopa.
BepTukansHe KOMMOHYBaHHS POTOPHOI CUCTEMMW [O3BOMIIO
ofepxaTtu KapTUHy pagiarnbHo — KyTOBMX KorMBaHb potopa 1
niZ Aieto cunoBux akTopiB BUKIMKOYHO 3 BOKY YLLinbHEHD 6, 7.

B koHCTpykuii cTeHda nepepbayanacs MOXIMBICTb
3HELLUKODKEHHS! 3aKPYTKW PiOMHU HA BXOAi B YLUINMbHEHHS.
[na uboro BCTAHOBMIOBanMcs cnewianbHi BTynku (nos. 8,
man. 1) 3 oTBOpaMu 1 KinbLEBOK KaHaBKOK Mepeq, rnag-

KUMU LUMIHAPUYHUMK YLLiNbHEHHAMU. Take KomBiHOBaHe
YLWiNIbHEHHS ePeKTUBHE MPOTUCTOITL 3aKPyTLi MOTOKY Ha
BXOZi B LLiNMHY Ha BCiX YactoTax obepTaHHs poTopa.

[eomeTpuyHi po3mipu yulinbHeHb cteHaa (man. 1):

pagiyc ywinsHeHHs: r = 30 mm = 3-10-2 m;

[OBXUHA yLinbHeHHS: | = 20 mm = 2:10-2 m;

pagianbHuii 3a3op: h0 = 0,25 mm = 2,5:10-4 m;

BiACTaHb N0 OCi Bi LEHTPY poTopa A0 LEHTPY YLUinb-
HeHHst: L = 3,5-10-2 m.

Y BEpXHbOTO 1 HUXHBOTO YLLiNbHEHb CTeHaa (Man. 1, nos.
6, 7) Byno BCTAHOBMEHO MO ABa CTPYMOBMXOPOBUX AaTymka
nepemitleHsb (no3. 9) nig kytom 90° oguH JO OAHOTO B NIlo-
LLUVHI, NepneHanKynsapHin oci ywinbHeHb. CurHanu 3 gatyu-
KiB nepemillieHb peectpyBanucsa 1 obpobnsanucs cneuiani-
30BaHUM npunagom “Bibponopt” dipmu “Bpronb i Kbep”.
®opma curHanis (amnnityga, 4actoTa, a3oBuii  3CyB)
i BiONOBIQHA TpaekTopis pyxy LEHTPIB poTopa nig micusamm
po3TalLyBaHHS JaTuMKiB CMOCTEPIranucs Ha ekpaHi enexkTpo-
HHoro ocuunorpada C 1-68. Mpunagom “Bibponopt” 3ainc-
HIOBAnMcs BUMIpU KYTOBOI LUBMAKOCTI 0b6epTaHHs (4acToTu
obepTaHHs) poTopa 3 TOYHICTIO +/- 1 06epT / XBUNUHY.

[ns BignpaubOBYBaHHSA ONTUMANbHOI FEOMETPUYHOT
chopmu camoyCTaHOBMIOBAMBHOIO B LLINIMHHUX YLLiNbHEHHSX
poTtopa 6ynu BUrOTOBNEHO TPU eKCepUMEHTaNbHI POTOPU:

potop — unniHap Ne 1 (man. 2) 3 nepeBaxHUM No Benu-
YnHi ekBaTopiaibHAM J,  MOMEHTOM iHepLiT,

potop Ne 2 (man. 3) i3 NPOMiXHUM CRIBBIGHOLLUEHHSM
0CbOBOrO J, 11 ekBaTopianbHoro J, MOMEHTIB iHepLiT,

potop Ne 3 (man. 4) 3 Malixe AMCKOBOK KOHQirypadieto.
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Puc. 4. Potop Ne 3

MomeHTV iHepLii poTopiB BM3HaA4Yanucs 3a ix Macamu
i reOMETPUYHMU PO3MIpaMM TX YaCTMH 3rigHO 3 METOAMKOK
pobotu (Favorin, 1970). Macu 1 po3paxyHKOBi MOMEHTM
iHepuii poTopiB 3BeaeHO B Tabnuuto 1.

leomeTpuyHa chopma potopa Ne 3 gossonuna manxe
3piBHATU OCbOBMIA J, i eKksaTopianbHuin J, MOMEHTH
iHepUil poTopa 1 NPaKTUYHO 3BECTM [0 HYNS ripOCKONIYHUIA
MOMEHT poTOpa, MPONOPLNHMIA Pi3HWLI MIOTO MOMEHTIB iHep-
uii (Martsinkovskyi & Vorona, 1987).

Pesyntatu (Results). Ha gocnigHomy cteHgi 6ynm oTpumani
amnniTygHi YacToTHi xapakTepucTukv (AYX) ycix TpbOX poTopiB
Y LWMAHHWX YLWNbHEHHSX 3 HEKOHTPOIbOBAHOK 3aKPYTKOK
MOTOKY Ha BXOZi B YLLiNbHEHHs (Man. 5, man. 6, man. 7).

AnlDEM
Lol
d =60mMm
| =20mm
hy = 0,25mm|
200 = v
\0.2
0.3
{ﬂ,ﬁ Mg / /
100 , / \ ™ /
0 200 300 400 500 600 800 1000 1100 a

w,c

Puc. 5. AYX potopa - yuniHgpa Ne 1

Takox 6ynu oTpumari AYX potopa Ne 2 B yulinbHEH-
HSIX i3 3HELLKOMKEHHSM 3aKpYTKW MOTOKY Ha BXOAi B 3a30pu
yLinbHeHb (Man. 8).

EkcnepumeHTanbHi A4X ycix TpbOX pOTOPIB Y LWINMHHMX
yLWinibHeHHsX Bynu 3HATI npunagom “Bibponopt” ans ABox
nepenagis TUCKY Ha YLinbHeHHs X (AP = 0,2 MIMa ta AP
=0,3 Mr1a).

Ax10°m
d =60mMm
| = 20mm
hy=0,25mm f 0,2 || ap=p3mng
200 \
100 \
0 200 300 400 500 600 "800 1000 1100 )
Puc. 6. A4X potopa Ne 2
Ax10°m
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| = 20mm
ho=0,25mm| 02 aP =03 M3
200
) / /
) T
0 200 300 400 500 600 800 1000 1100 "1
Puc. 7. A4X potopa Ne 3
Av10m
d = 60mm
| = 20mm
hg = 0,25mm
200
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—
0 200 300 400 500 GO0 800 1000 1100 ) s

Puc. 8. AYX potopa Ne 2 B yuliNbHeHHSIX i3
3HELKOMAXKEeHHAM BXiAHOI 3aKPYTKMN MOTOKY

Ananiz A4X potopie Ne 2 i Ne 3 (man. 6, man. 7) Bkasye
Ha HasiBHICTb 4BOX PE30HAHCHMX CMECKIB, LLO CBIAYNTL NPO
iCHYBaHHS KDUTUYHUX KYTOBUX LIBMAKOCTEN 0BepTaHHs Ans
pagianbHMX Ta KYTOBMX KONMBaHb. [ns poTtopa — uunivapa
Ne 1 AYX (man. 5) mana oguH MakCUMyM, WO NOSICHIOETHCS
6nM3bKMM pO3TaLlyBaHHAM KPUTUYHUX KyTOBYX LUBUAKOCTEN

Tabnuus 1
®opwma poTopa ngca, MoMmeHTH iHepLji J,
’ . eksatopiansHui, J; —
Kr 02!:10(;3_3!/"'/(!; l\'/ljzo x 1078 kr m? J
Potop - umningp Ne 1 2,0 1,03 2,85 2,77
Potop Ne 2 2,85 2,47 3,61 1,46
Potop Ne 3 2,0 2,15 2,0 0,93
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pafianbHUX i KYyTOBUX KONMBaHb, Npy LibOMYy amnnityaa
KYTOBWX KOMMBaHb 3HA4YHO NepeBepLUyE pagianbHi i “nornu-
Hae” ix.

dopma CUHbas3HMX cUrHamiB 3 BEPXHIX | HUXHIX CTpy-
MOBWXOPOBUX AaTYMKIB NepemilleHb cTeHaa (man. 1, nos.
9) Ha ekpaHi ocuunorpaca C 1-68 cBiguMTb Npo HasB-
HICTb HM3bKOYACTOTHOrO PE30HaHCY pafianbHUX KOnMBaHb
i BiNbLL BMCOKOYACTOTHOrO Pe30HaHCy NPOTU(as3HMUX KyTo-
BUX konvBaHb Ans potopis Ne 2, Ne 3. [ina potopa — UuniH-
apa Ne 1 maB MmicLe TinbK1 KyTOBUIN PE30OHaHC.

Y [0 KPUTUYHI HA3bKOYACTOTHIN 06nacTi KyTOBUX LIBUA-
kocTei potopy Ne 2, Ne 3 34iiCHIoTL BUMYLLEHI padiasbHi
KOMMBAHHS 3 HApOCTalUoK amniTyaol (Makcumym amn-
NITyQM Ha KPUTUYHIN KYTOBIW LUBUAKOCTI pagianbHuX konu-
BaHb ®,, ). Y 3@ KPUTW4HIA ANs pajianbHux KonvsaHb
0bnacTi crnocTepiracTbCA 3HWKEHHS aMnniTyq pagians-
HUX KOMNWBaHb, NPOSIBMSETLCS ePEKT CaMO LEHTPYBaHHS
poTOopa, Konu OCTaHHiIl nparHe obepTaTnca HaBKOIMO Oci, Lo
NPOXOAUTL Yepe3 LeHTp mac. MNpu noganbLiM NigBULLEHHI
KYTOBOI LUBMAKOCTI 0BepTaHHsa 3'SBMSOTLCS KYTOBI KOMU-
BaHHs. IXHS amnniTyga WeMaKo HapocTae N JocArae Mak-
CUMYMY Ha KPUTUYHIA LUBMAKOCTI KyTOBMX KOMMBaHb @,
. Mpun UbOMY Ha KPWUTUYHIN LIBUAKOCTI KYTOBMUX KONWBaHb
i B 6e3nocepenHin 6nmabKoCTi Bifg HET cnocTepiraoTbes Npo-
TasHi KONMBaHHS, ki CBigYaTh Npo Te, L0 reoMeTpuyHa
BiCb pOTOpa 3M4INCHIOE KOHIYHWIA PYX 3 HEPYXOMOK TOUKOHO
MPaKTUYHO Ha CepeauHi oci poTopa. Ha KpUTu4Hii KyToBIN
LUBMAKOCTI KYTOBUX KONMMBaHb ®,,, POTOP 3AiNCHIOE NpsiMy
CUHXPOHHY KOHIYHY npeLecio. B Takomy obepTaHHi amnni-
TYOM KONMBaHb LEHTPIB poTopa nif YLinbHEHHAMU 3HaYHO
nepeBepLLyOTb aMNAiTyau pagianbHUX KONUBaHb Ha Bigno-
BiJHIN KPUTUYHIM KYTOBIW LIBMAKOCTI pagiansHUX KonveaHb
®©,, - Lieit dakT NosicHIoETbCA 3HAYHO MEHLNM Aemndi-
PYBaHHSM KYTOBUX KOMMBAHb Y MOPIBHSIHHI 3 padianbHUMK
konuneaHHsMKU. PoboTa — obepTaHHs poTopa Ha KyTOBMX
LUBMOKOCTAX OMM3bKMX [0 KYTOBOTO Pe30HaHCy AO0CUTb
BiOpaLiiHO akTuBHa W TOMy HebaxaHa. lNpu noganbLuim
MiOBULLEHHI KYTOBOI LUBMAKOCTI 06epTaHHs, ToBTO micns
nepexoay KyTOBOrO PE30HaHCy, CoCTepiraeTbCs 3HUKEHHS
aMnniTy4 KyTOBMX KOMNMBaHb POTOpa. Take 3HWXEHHS Mae
MicLie BHacnifoK KyTOBOro Camo LIEHTPYBAHHS poTopa, npu
SIKOMY OCTaHHIl nparHe obepTaTncsl HaBKOMO OJHI€ET 3i CBOIX
ronoBHUX 0Cen iHepuii. HacTynHe 3pocTaHHs KyTOBOI LBKA-
KocTi 0bGepTaHHsS MOXMMBO [0 NEBHOI MEXi ®,, , 3@ KO
HacTynae piske, cTpubkonodibHe 3poCTaHHs amMnniTyau
KOMMBaHb POTOPA B YLUiNIbHEHHSX, LLO NPUBOAUTL A0 ObKa-
TyBaHHS1 OCTAHHBOIO MO MOBEPXHSIX YLLiNbHeHb. [py LboMy
SIK Ha pOTOpI, Tak i Ha CTAaTOpHMX O0BOMNOHKAaX YLUifIbHEHD,
3'ABMSOTHCS YITKO BUPAXEHi CMYrv HaTMpaHb, @ NPUBOLHWIA
€neKTPOABUIYH NepeBaHTaXyeTbCA. HecuHXpoHHa npeLe-
Cis poTopa 3 amnnitygamu, 0OMEXeHUMMN TiflbkW Benuym-
HOI 3a30pY B YLLUINbHEHHSX, ABNSiE COBOK aBTOKONMBAHHS,
BUKMUKaHI HEKOHCEPBATUBHUMM LIMPKYNALIMHUMUK cunamu,
ki BelyTb 40 BTPATV pOTOPOM AMHAMIYHOI CTINKOCTI.

3pOoCTaHHA PEe30HaHCHWMX KYTOBUX LUBUAKOCTEN Mpw
36inblUeHHi nepenagdy TUCKY PIUHW Ha YLWiNbHEHHSX Nig-
TBEPOXKYE BIiLOMUIA (DaKT 3anexHOCTi XOPCTKOCTI YLUinb-
HEHb Bif nepenagy Ha HUX TUCKYy pobo4voro cepeposuLLa
(Martsinkovskyi, 1980), (Martsinkovskyi & Vorona 1987),

(Martsinkovskyi, 2002). Cnabki 3pocTaHHs aMnniTyam Konu-
BaHb B 06nacTi pagianbHuUX KPUTUYHUX KYTOBKX LUBUOKOCTEN
cBigYaTb NpPO 3HayHe AeMndipyBaHHS pagianbHUX Komum-
BaHb. Pe30HaHCHI niku KyTOBMX KOMMBaHb BESIbMU CYTTEBO
nepeBULLYIOTb padianbHi, WO CBiAYATb SK NPO AOCTaTHLO
Mare cymapHe KyToBe AeMndipyBaHHS, TaK i Npo nepesary
AnMHaMivHOro aucbanaHcy Haf eKCLEeHTPUCUTETOM LEHTpPY
Mac y BUNpobyBaHMX KOHCTPYKLISAX POTOPIB.

O6rosopeHHs (Discussion). OTpumaHi ekcnepuMeHTanb-
HUM Wwnsxom AYX poTopiB B YLLiNbHEHHSX J03BONSATH OLli-
HUTW KPUTWYHI KYTOBI LUBMAKOCTI ((hakTUYHO KyTOBa LUBMA-
KICTb MpsSIMO MOB'A3aHa i3 4acToTOK ObepTaHHs poTopa)
papianbHux o, iKyTOBUX @, KOMMBaHbL poTopa. Takox
no ekcrnepumeHTanbHUM AYX nerko BU3Ha4YaeTbCA KyToBa
LUBMAKICTb ®, , Ha SKii pOTOP BTpPayae AUHAMIYHY CTiii-
KICTb | BXOAUTb Y PEXMM aBTOKOMMBAHb i3 0BKaTyBaHHSAM MO
CTaTOPHMX 0BOMNOHKaX YLLiNbHEHD.

B po6orax (Goroviy, 2017), (Gorovoi, 2019) aBTopa
[JaHOro [OCMiIKEHHS MpUBEAEHI po3paxyHKOBi hopMysnu
[NS BU3HAYEHHS! BMIACHUX KYTOBUX LLIBUAKOCTEN pajianbHMX
®, i KyTOBUX 0, KONWBaHb:

o, =(2-K)m")" (1)

o, = (2 (~a,L—B, + K, +K,L)-

y 2
@m,* +2m,L+1,) )
(2)

ne o,.B,.K, K ,m,m, - BupasM KoediLieH-
TiB, HaBefeHi B pobortax (Goroviy, 2017), (Gorovoi &
Golovchenko, 2020), (Gorovoi, et al. 2021).

BenuumHM BRacHMx ,, ©, KYTOBWX LUBUOKOCTEW,
po3paxoBaHi no gopmynax (1), (2), i 3HaYEHHS KPUTUYHMX
®,, s O, KYyTOBUX LUBUAKOCTEN papianbHUX i KyTOBKX
KOnuBaHb POTOPIB B YLUiNbHEHHSX, OTPUMaHI MO ekcnepu-
MeHTanbHMM A4YX poTopiB B yuinbHeHHsX (Man. 5, 6, 7),
3BeIeHO B Tabnuuo 2.

AHani3 gaHux Tabnuui 1 i Tabnuui 2 fo3sonse 3pobutn
BVCHOBOK MPO Te, Lo Ans potopis Ne 2 i Ne 3, y akux manun
BMJSIMB TiPOCKOMIYHOTO MOMEHTY, BiAHOCHA MOrPILLHICTb MiX
BEMYMHAMMN KPUTUYHUX EKCMEPUMEHTaNbHUX | BaCHMX
PO3paxyHKOBMX KyTOBMX LUBWAKOCTEN K pafgianbHWX, Tak
i KyTOBMX KONMBaHb He nepesuLlye 6,3%.

[ns potopa — umningpa Ne 1 us BigHOCHa NOrpiLHICTb
pocsrae 21%. OTpumaHuin pesynbTaTr MOSCHIOETLCS iCTOT-
HUM 3HVKEHHSM KPUTWYHKX LUBMOKOCTEN KyTOBUX KOMMBAHb
®,,, 32 PaxyHoK (PaKTU4YHO HEraTMBHOrO riPOCKOMIYHOTO
MOMEHTY poTopa. [Ins poTtopa - uuiiHgpa ripoCKOMiYHMNA
MOMEHT CYTTEBO 3HUXYE KPUTU4HY KyTOBY WBKAKICTb ©,,
CTOCOBHO BIIACHOI KyTOBOI LUBMAKOCTI , KYTOBWX KOMW-
BaHb. [INs poTOpiB AMCKOBOI KOHpirypauii cnig odvikyBaTu
NiABULLEHHS KYTOBUX KPUTUYHUX LUBMAKOCTEW. Ha BENMYMHM
KPUTUYHUX LUBUAKOCTEN pafianbHWX KOMvBaHb POTOPIB iX
KOHGirypaLlisi He CTBOPHOE ICTOTHOTO BMNVBY.

BTpata poTOpOM [AMHaMIYHOi CTIMKOCTI 3a [aHUMK
pobit (Gorovoi, 2017), (Gorovoi, 2019) HacTae Ha KyTo-
BUX LIBMOKOCTAX OOepTaHHs, ki BABIYI NEpPEeBULLYHOTb
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Tabnuugs 2

®, -0 ®, —O
®opwma AP, — P 100% v e 0
poTtopa 10%Ma 0‘)6 ! c' wv ) ¢’ ('Oekp, ’ ¢’ (’kap. g c' (De ’ [0} x100%
Potop - 0,2 426 593 - 470 -- 2119
umnisgp Ne 1 0,3 522 727 - 590
Potop Ne 2 0,2 362 530 365 525 -1 1
0,3 443 650 415 630 6,3 3
Potop Ne 3 0,2 426 700 430 690 -1 1,5
0,3 522 859 510 870 2 -1,3

KYTOBY LUBMAKICTb BMACHUX pagianbHUX KOMMBaHb poTopa
B YLLINbHEHHSIX

)

KinbkiCHO nerko BU3Ha4YMTL MeXy AMHAMIYHOT CTINKOCTI
®,, Mo ekcnepumeHTansHum A4X potopis (Man. 5, 6, 7),
AK Micus cTpubkonogibHoro 3poctaHHsa kpueoi AYX nicns
nepexogy Yepes MakCUMyMU KyTOBUX KOMNUBAHb.

BenuumHu KyTOBMX LUBMOKOCTEW BracHUX pafgianb-
HWX KOnMBaHb , POTOPIB, po3paxosaHi no dopmyni (1),
| 3HAYEHHs! rpaHNYHMX KYTOBWX LUBMAKOCTEN @, pOTOpIB
Y WINUHHKX YLWiNbHEHHAX, OTPUMaHi Mo ekcnepumeHTanb-
HuM AYX poTopiB B yLinbHEHHAX (Man. 5, 6, 7), 3BefeHo
B Tabnuuyo 3.

3riaHo AXY potopis Ne 2 i Ne 3 (man. 6, 7) BTpaTa CTiiiKo-
CTi Mana Mamxe MUTTEBUN XapakTep. AMNNiTyaa KonuBaHb
naBuHONOAIGHO 3pocTana Npu gyxe He3HAYHIM MiABULLEHHI
KYTOBOI LUBMAKOCTi 06epTaHHsS pOTOPIB B Manii ginsHui o,
NpW LUbOMY BEPXHi N HWXHI CTPYMOBWXOPOBI AaTuMKu nepe-
MiLLeHb (Man. 1, nos. 9) peecTpysanut pO3BUHEH] aBTOKOMU-
BaHHA poTOpa, XapaKTepHi Ans poboT potopa B pexumi
BTpaTW iM OMHaAMIYHOI CTIKOCTI 40 pagianbHUX KONUBaHb.

Brpara potopamu Ne 2 i Ne 3 guHamiuHoi CTinkoCTi Mana
MicLle Ha KyTOBUX LUBWMAKOCTSIX, OnM3bkux OO MOABOEHOI
KYTOBOI LLIBMAKOCTi BMAaCHUX padiaribHuX KonueaHb (Mar. 6,
7 i Tabnuus 3), wo fobpe y3romKyeTbCsa 3 po3paxyHKoM rpa-
HUYHOI KYTOBOI LIBIAKOCTI ®,, MO chopmyni (3).

Potop — umniHgp Ne 1 Takox BTpayaB AuMHaMiYHy CTil-
KicTb (Man. 5) Ha 3a KPpUTUYHUX KyTOBKX LUBMOKOCTAX. [Mpu
LIbOMY 3pOCTaHHS aMMniTyaun KOnMBaHb HOCUINO TPOXY 3aTar-
HYTWUI i3 3pOCTaHHSAM KYTOBOI LUBWUAKOCTI Xapaktep. AHani3
ocuunnorpamM cUrHania 3 BEPXHiX i HUXHIX CTPYMOBUXOPOBUX
[laTymkiB nepemitleHs (Man. 1, nos. 9) Bkadye Ha Npotu as-
HiCTb KonmMBaHb. Lle ¢BiguMTb Npo BTpaTy pOTOPOM — LMIiH-
Apom Ne 1 auHaMivHOT CTIRKOCTI 40 KYTOBMX KOSMBaHb.

Brpata potopamu NeNe 1, 2, 3 guHamiyHOI CTilKoCTi
BUKIMKAETHCA LIMPKYNALIMHAMA CUNaMu B YLLINbHEHHSIX,
BESIMYMHA SKMX 3amneXuTb Bif 4acToTu obepTaHHs piguHM
nepeq yuwinbHeHHaM i no noro gosxuHi (Martsinkovskyi,
1980), (Martsinkovskyi & Vorona 1987), (Martsinkovskyi,
2002). Tomy 3HELLUKOMKEHHS 3aKPYTKM MOTOKY Nepeq, yLuinb-
HEHHSIMM NPUBOAWTL 40 NiABULLEHHS FPAHUYHOI NO CTIMKOCTI
KYTOBOI LUBUAKOCTI 06epTaHHsa poTopa.

EkcnepumeHTanbHWin CTeHa Ans OMHaMIYHMX BUMPO-
6yBaHb OyB JOMOBHEHWI NPUCTPOSIMU ANS 3HELUKOAKEHHS
BXiQHOT 3aKpyTKW MOTOKY nepeq yuinbHeHHsMu (Man. 1,
no3. 8). BunpobysaHHsi potopa Ne 2 y Takux MOAepHi3o-
BaHWX YLiNbHEHHSX Mokasanu, Wo y BciM pobovomy pia-
nasoHi KyToBUX LuBMAKocTen obepTaHHs potopa ( Big 0
[0 980 c-1) BTpaTta gMHaMIYHOI CTiiKoCTi He BiabyBanach.
Takox CyTTEBO 3MEHLUUNNUCS aMMnNiTyan pafianbHuX i KyTo-
BUX KOMMBaHb Ha KPUTUYHWMX KYTOBMX LUBMAKOCTSX ®,,
i@, (man.8).

BucHoskn (Conclusions). OTpumaHi Ha ekcnepumen-
TanbHoMy cTeHai A4X poTopiB HAcOCIB Pi3HOI FrEOMETPUYHOI
KOHCirypaLii L03BONATL CTBEPAXKYBATM NPO CaMo LieHTpY-
BaHHS POTOPIB B YLUiNIbHEHHSX B LUMPOKOMY Aiana3oHi KyTo-
BMX LUBMOKOCTEN 40O BTPATU OUHAMIYHOT CTIAKOCTI.

[JaHi aHanizy ekcnepumeHTanbHux AYX  poTopis
B YLWNIbHEHHAX CRYryOTb NIATBEPOXEHHSM MPUAHATHOCTI
¢opmyn pobit (Gorovoi, 2017), (Gorovoi, 2019), (Gorovoi &
Golovchenko, 2020), (Gorovoi, et al. 2021) ansa po3paxyHky
cUnoBux (hakTopiB B YLUiNIbHEHHSIX, OOYMCIIEHHSI BMAcHUX
KYTOBMX LUBUAKOCTEN pagianbHuX i KyTOBKX KOMMBaHb pOTO-
piB y BE3KOHTAKTHUX OMOpPaXx — YLLNIbHEHHSIX Ta OLiHKN MEXi
[OWHaMIYHOI CTIMKOCTi CaMOYCTaHOBMIOBANbHOMO B YLLifb-
HEHHSIX poTopa.

CrabinbHa poboTa camoyCTaHOBIMIOBAIbHOTO B YLLiMb-
HEHHSIX poTOpa 3 ManMMn aMmnniTyaamm pagianbHux i KyTo-
BUX KOJTMBaHb 3a0e3nevyeTbes Ha KYTOBMX LUBUAKOCTAX

Tabnuus 3
2-m, - o, .
®opwa PoTopa AP, 10°Ma ®,,c’ ® 2-0,,¢0 | T 5. ¥100%
e’ ep.? e’ .
Potop - umnivgp 0,2 426 1000 852 -17
Ne 1 0,3 522 1150 1044 -10
Potop Ne 2 0,2 362 800 724 -10
0,3 443 920 886 -4
Potop Ne 3 0,2 426 790 852 7
0,3 522 930 1044 11
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obepTaHHst [0 KPWUTMYHOI LUBUAKOCTI @
KOnuBaHb.

ExkcnepumeHTansH1m Wwsxom 6yna nigTeepakeHa Mox-
NUBICTb PO3LUMPEHHS 06nacTi AMHAMIYHOI CTIMKOCTI 1A monin-
LUEHHs BiOpaLiMHNX XapaKTEPUCTUK CaMOYCTaHOBIIOBASIb-
HOTO B YLLNIbHEHHSAX POTOpA LUMSIXOM LinecrnpsiMoBaHOro
3MEHLLEHHS! 3aKPYTKU MOTOKY Ha BXOAi B YLLiTbHEHHS.

Mpn CTBOPEHHI KOHCTPYKUINA BiALEHTPOBMX HacociB i3
CaMOYCTaHOBMOBASIbHUM Y LLIMMHHUX OMopax — YLWinbHEH-
HAX pobouMM KONMEecoMm crig BigaaTu nepesary [OMCKOBIN
reoMeTPUYHOI KOHirypaLii potopa (3 nepeBarow ekaTo-

wip. KYTOBUX

pianbHoro J, MOMEHTY iHepuii HaJ ocboBUM J, MOMEH-
TOM iHepuii). [uckoBa KoHdirypauis 3abesnevye MeHLLUi
aMnaiTyan pagianbHWX i KyTOBUX KOMMWBAHb HA KPUTUYHUX
KYTOBUX LUBMOKOCTSIX i 3MiLLly€ MaKCMyM KYyTOBUX KONMMBAHb
B GiK BMCOKMX KYTOBMX LUBUAKOCTEN. Ha nepexigHux pexu-
Max obepTaHHs1 poTopa Hacoca, KOnu TigpoaMHaMiYHi cunm
B YLUIMbHEHHSIX He 3abe3nevyloTb HafiliHe LeHTPYBaHHS
pOTOpa, OCTaHHiVi NpaLtoe 3 TepTAM NO CTaTOPHUX 0OOMOH-
Kax yLWinbHeHb. TOMy AOLiNbHE BUKOPUCTaHHS crieLianibHUX
3HOCOCTIMKMX MOKPUTTIB Ha POTOPHMX MOBEPXHAX YLLifb-
HEHb.
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Dynamic tests rotors pump of cylindrical and disk configuration in slotted seals

Centrifugal pumps are used in a wide variety of industries and agriculture in all countries of the world. In connection with
the widespread use of centrifugal pumps, the issues of working out their design schemes, which provide high indicators of durability
and vibration reliability, continue to be relevant. Hydrodynamic forces in the gap seals of the pumps have a significant effect
on the vibration activity of the rotor as a whole. Significant hydrodynamic forces in the gaps of non-contact seals of centrifugal
pumps can lead to a loss of dynamic stability of the rotor and self-oscillations of the rotor (which is unacceptable), and vice
versa - to significantly reduce the vibration activity of the rotor in the seals. Theoretical and experimental studies by various
authors allowed to establish the structure of hydrodynamic forces and to determine the values of radial force coefficients.
There was a need for further practical research in order to obtain reliable information about the influence of the geometric
shape of the rotor on its ability to self-center in seals at different angular speeds of rotation, up to the loss of the rotor's dynamic
stability. On a specially created laboratory experimental stand, the authors of this work obtained the amplitude frequency
characteristics (frequency response) of forced radial-angular oscillations of self-aligning in slotted seals of pump rotors
of cylindrical and disk geometric configurations at different pressure drops of the working fluid on the seals. Amplitude frequency
characteristics of forced radial-angular vibrations of the rotor were also obtained with neutralization of the swirl of the working
fluid at the entrance to the seal. The frequency response of the rotors obtained experimentally made it possible to determine
the critical angular velocities of the radial and angular oscillations of the rotors in the seals, as well as the limits of their dynamic
stability. The angular velocities of the inherent radial and angular oscillations of the rotor in the seals, as well as the limits
of their dynamic stability, were calculated according to theoretical formulas. Comparison of theoretical and experimental values
indicates their good quantitative agreement. A conclusion is drawn regarding the higher dynamic stability of the rotor of the disc
geometric configuration compared to the cylindrical configuration. When designing centrifugal pumps with an impeller self-
installing in slot supports - seals, one should strive for a disk geometric configuration of the impeller.

Key words: centrifugal pump, slot seal, rotor pump, self-aligning rotor, hydrodynamic forces, fluid pressure, radial -
angular vibrations of the rotor in slot seals, dynamic stability of the rotor, amplitude frequency response of the rotor in slot
seals.
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[pyHMU € 20M08HUM Ha3eMHUM pe3epsyapoM opaaHidHo20 syaneuto (CO). BusinbHeHHS 0800KUCY 8yareyro (CO,)
y npoueci GuxaHHs rpyHmy, 8 OCHOBHOMY 1068'13aHe 3 PO3KnadaHHSIM OpaaHiYHOI PEYOBUHU 8 IPyHMI, € OpyauM 3a 8enuYu-
HOK KOMIMOHeHMOoM 2r106arbHo20 8yarieueso20 YuKily i Moxe gidiepasamu 8axiiusy posb y 3MiHi KniMamy. 3anexHo eio
CiNlbCbK020C00apChKOI MPaKmMUKU yrpaerniHHs IpYHMOoM rpyHmy Moxymbs 6ymu eaxnusumu dxepenamu abo noanuHadamu
ammocghepHO20 8yarieyto 3 8idnosiOHUMU HacriOkaMu ma Hacsiokamu y ernobanbHoOMy Macumaoi.

BcmaroeneHo, wo sudinexHs gyanekucnoego 2agy (CO,) npu OuxaHHi rpyHmy npouecu, nog'asaHi 3 XummeoisisibHiCmio
bionoaidHuUX opaaHisamie 8 rpyHmax € Opyaum 3a 8e/IU4UHOK KOMIOHEHMOM 2/100a1bHO20 YUKITY 8yarieuo.

3anexHo 8i0 mexHoroaiti 06pobimKy rpyHmYy, SKi BUKOPUCMOBYOMb 8 agpapHOMy 8UPOBHULMSEI, rpYHMU MOXymb Oymu
gaxrusum Oxepenamu abo noanuHa4aMu ammMocehepHoO20 8yaneuto, Wo Moxe bymu IHCmpPYMeHmMOM KopeaysaHHs 8UKUDI8
3 rpyHmy. Hanpuknad, mexronoeii Mini-Till, ki nepebusaromb pewmku i 3apobngroms iX Ha MiHiManbHy 2rubuHy Maoms
HeezamugHul ennue Ha pigeHb sukudie CO, e HasKonuwHe cepedosule.

No-Till mexHormogii MeHuwe rpaurorome 3 POCIUHHUMU pewmkKamu i moMy 6 HagkonuwHe cepedosuye meHwe sukudig CO,,

O6miH CO, MiX OpHUMU TpyHMamu ma ammocgepor — fuwe 00uH i3 acrekmie cknadHocmi eyareyeeo2o 6rdxemy
aepoekocucmemu. Tum He MeHUW, HeobXiOHi moyHi eumiptogarHsi sukudie CO,, wob oyiHuUMU, Yu € Memod ynpaesiHHsi poc-
JIUHHUUMBOM Kpawum, HiX iHwud, y 3HuxeHHi sukudie CO, 3 rpyHmy.

[ns ouyiHku 0b6MiHy sukopucmosyembca Memod cmamuyHoi kamepu, akul 6yde crpsmosaHuli Ha 00CIOXEHHS
nomokie CO, i3 06pobroeaHo20 rpyHmy y 30Hi iHmeHcugHoO20 3emnepobemea, Hanpuknal, Ha nigoHi Ykpaitu. 6inb-
wicmb 84eHUX 8UKOPUCMO8YKMb maKy yMogHy o0uHuuk 0ns sumipy eukudie CO, sk ppm/xe BumiptosaHHs nomo-
kie CO,y rpyHmi 6y0ymb npoeedeHi Ha 0OHOMY 3 MOJlig COHAWHUKA, KePOBaHUX 3 BUKOPUCMaHHSIM PIi3HUX Memo-
Oig 06pobku rpyHmy, ma npedcmaereHi 05l ompumarHsi napamempig 051 modesnosarHsi 0bmiHy CO, MixX rpyHmom
ma ammocagheporo.
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Pospobneruti npunad mae wupokuli hyHKUioHan 3acmocyseaHHsl. BiH moxe 6ymu sukopucmarud, sk 05151 OpibHux docri-
OXeHb y Mexax KOHKpemHoao eocriodapcmea. Tak i sukopucmaruti Onisi ydacmi y enobansHit npoepami Carbon Farming
i0 Bayer, sika skntoyae Jlabopamopito syaneyesoeo 3emnepobemsa, Liugpose 3emnepobemea ma LieHmp dekapboHizauji.
B cyyacHux ymogax 8iliIHU €KOo2idHi MOKa3HUKU 8 YKpaiHi Matomb KpUMUYHO HU3bKI 3Ha4YEHHST | BMEHWEHHS MUCKY KOXHO20
napamempa Ha HagkonuwHe cepedosulye 8ruHe — 3adaqa KOXH020 HayKOBUS.

Lli docnidxeHHs nposoduruck CrinbHO 3 KoMnaHieto Lozova Machinery (8UpobHuK agpapHOi MexHiKu).

Knroyoei cnoea: carbon, the size of the remains, the percentage of earnings, the working body of the agromachine.

DOI https://doi.org/10.32845/msnau.2022.3.5

Betyn. B octaHHi poku npobnema 3abpyaHeHHst atmoc-
tepn Bukngamn CO, noctae Bce Binbl rocTpo. CaiToBi
nigepy BCe YacTile 3aMWUCIIIOTLCA MPO  3abpyaHEHHs
aTMocdepy ABOOKMCOM BYrfeLEeM Ta iHWMMK NapHUKOBUMM
rasamu. Tak, Ha Expo 2020 6yno CTBOpPEHO Aekifnbka cue-
HapiiB AN 3MeHweHHs 3abpyaHenHs (Expo 2020 Dubai
Sustainability Report 2018).

Ponb cinbCcbkoro rocnogapctsa y BUKMAAX NapHUKOBUX
rasis LUMPOKO BifOMa, ane HefoCTaTHLO 3po3ymina. MoHan
YBEPTb CBITOBMX BWKMAIB NapHUKOBKX rasiB Npunagae Ha
CinbCbKe Ta MiCOBE rocrnogapCTBO Ta 3MiHW 3eMIIEKOpUC-
TyBaHHS. FAKLWO Ha HWX aKTUMBHO HE 3BEPHYTW yBary, BOHM
30inbLUyBaTUMYTBCS, OCKINbKM 3emnio 3acensaTume GinbLue
niogen i notpeba B iXi npogoBxye 3poctatu. [MobanbHe
notenniHHsa Ha 1,5°C, 3BiT MiXypsgoBoi rpynu ekcnepris 3i
3miHm knimaty (IPCC) 3a 2018 pik, 4iTKO NOACHIOE, L0 NOTPi-
OeH «LWBUAKWUIA | JanNeKoCshKHUAY» nepexia, Wob obmexuTy
BNNMB 3MiHKM KnimaTy go 1,5 rpagycis 3a Lienbciem.

[ns uporo NOTpiGHO 3aNMMWMTUCA B MEXaX CYKYMHOro
ByrneueBoro Gtomkety B 570 riraTOHH BYIMEKUCNONO rasy
(GtCO,), mocart HynbOBMX BWKWAIB BYIMEKNCIIONO rasy
B YCbOMY CBiTi NpnbnusHo go 2050 poky Ta 3Ha4YHO CKOpO-
TUTW BUKMOW iHLMX ra3iB, BKIIOYAOUM METAH i 3aKUC a3oTy.
O6mexeHHst BnnmBy 3miHm knimaty go 1,5 rpagycis 3a
Llenbciem 03Ha4ano 6 3HauHi 3MiHU ANs CiNbCbKOro rocrno-
Japctea — Bif TOro, SK MW Befemo depmy, 40 TOro, §iK
MK MO Ta BUTpavaemo ixy. [JOCATHEHHS LIMX BEMUKUX 3MiH
Moxe OyTun BinbLl cKnagHUM ANs CiNnbCbKOro rocnofapcTea,
HK ANS iHWKUX cekTopiB. Hanpuknag, B enekTpoeHepreTuui
BYTiNNS i ra3 MOXHa 3amiHWTU BITPOM, COHLEM i akymyrto-
BaHHSM.

Cnig 3ayBaxuTW, WO arpapHe BMPOOHWLTBO TaKoX
€ [mKepenom, ake nposoauTb Bukuan CO,y HaBKONMLLHE
cepegosue. [lo mxepen BUKMAIB arpapHOro BUpoBOHMLTBa
cnig BiAHECTU ranysi TBAPMHHWLITBA Ta POCIMHHULTBA. AHa-
ni3ytoumn ranysb POCIMHHWLTBA BCTAHOBMEHO, WO IPYHT -
OCHOBHW pe3epByap OpraHiku, KU BKMOYaE B TPW pasm
GinbLe Byrnewo Hix 6iomaca pocnut (Fischlin et al., 2007).
O6miH CO, Mixk OpHUMM IpyHTaMK Ta aTMOCHEPOIO € NnLue
OfHUM i3 aCnekTiB CKNagHOCTI ByrneLeBoro BroaxeTy arpo-
ekocucTemu. Ane gyxe Baxnuenum Ans hopmyBaHHs 6iono-
riYyHOi Macv pocnuH Ta hOpMyBaHHS 3aTPaTHOI YaCTUHW MPK
ii BupoLyBaHHi (Gerosa et al., 2014).

BcraHoBneHo, wo BuaineHHs syrnekucnoro rasy (CO,)
MPW AVXaHHi I'PYHTY MpoLecy, NOB'A3aHi 3 XUTTERIANBHICTIO
BionoriyHmnX opraHiaMiB B I'pyHTax € Apyrim 3a BENUYNHOK
KOMMOHEHTOM rrobanbHoro umkny Byrneuto (Schlesinger &
Andrews, 2000; Silva-Olaya et al., 2013).

3anexHo Big TexHonorin 0bpobiTky rPpyHTY, SKi BUKO-
PUCTOBYIOTb B arpapHOMy BWPOGHWLTBI, IPYHTW MOXYTb

ByTv BaxnmBuM Sxepenamu abo normuHavamu atmocdep-
HOTO BYrneLo, Lo Moxe ByTu iHCTPYMEHTOM KOperyBaHHs
Bukugis 3 rpyHty (Lal, 2004; Lal, 2001; Mosier, 1998).
Hanpuknag, Texsonorii Mini-Till, ski nepebusatoTb peLuTku
i 3apobnsoTh iX Ha MiHIManbHy rMMBUHY MatoTb HEraTUBHUN
BMMYB Ha piBeHb Bukuaie CO, B HABKONMULLHE CepenoBuLLe
(Reicosky, 2003; Reicosky et al., 2008).

No-Till TexHonorii MeHWe npawuiolTb 3 POCIMHHUMK
peLuTkaMu i TOMy B HaBKOMNMWLLHE CepefoBULLE MEHLLE BUKU-
ais CO, (Scala et al., 2008; Sanchez et al., 2002; Bayer et
al., 2000; Lal & Logan, 1995).

B arpapHomy BupoOHMUTBI npobrnema 3abpyaHeHHs
aTMocdepy BUKMZAMW BYTTIEKUCIIONO rady TakoxX € Hafa3Bu-
YanHO aKTyanbHOW, OCKIfbKW BYrnelb — OAWMH 3 FOMOBHUX
€rneMeHTIB, WO BXOAATb 4O CKnagy rymycy. IHTeHcudikauis
3emnepobcTBa NprU3BOAUTE A0 TOTO, WO KiNbKICTb POAOYOro
Luapy 3emJsli 3MEHLUYETbCS.

Takum umHOM, ByrmeUb, WO K Bxe Oyno 3asHavyeHo
MICTUTBCS Y TYMYCi, BWBIMIbHAETLCA i NpYU NOTPaNMsSHH
B aTMocdepy Ta noefHaHHi 3 kucHem yteopioe CO,. 3meH-
WMTK 3abpyOHEeHHS MOXHa MWLle LUMSXOM  eKomnoridavii
arpapHoro Bupo6bHuuTtea (Riuter & Kanevskyi, 2020).

Touni BumiptoBaHHsa BuTOKIB CO, HEOOXigHI ANs OLiHKM
TOrO, YA € MeToguka YnpasriHHS BPOXaEM KpaLLoo, HiX
iHWa y ameHwweHHi Bukugis CO, 3 rpyHTiB (Gerosa et al.,
2014).

Lli pocnimkeHHa NpoBOAUANCH CMINbHO 3 KOMMaHieko
Lozova Machinery (BUpo6HuK arpapHoi TEXHIKK).

Tomy, METOK HALLIOTO AOCAIMKEHHA CTany npunagu, sKi
Aoromararotb BumiptoBati Bukan CO, 3 'pyHTOBOTO cepe-
gosuuia.

AHani3 ocTtaHHix gocnimkeHb i nyonikauin. 3aans
OOCMiMKEHHS BUKWAIB AioKcmMay Byrneuw B atMocdepy
BYEHVMM 3 YCbOrO CBITYy BUKOPUCTOBYIOTBHCS PisHi npunagm
Ta METOAMKM.

Tak, Hanpuknag, B ekororii y gocrimkeHHax emicii CO,
B MiACTUMLi NiCOBKX (PITOLLEHO3iB BUKOPUCTOBYBABCS KaMep-
HO-CTaTUCTUYHUIN METOA Ta 3aMKHEeHa CUcTeMa Ans BUMIpHo-
BaHHA KoHUeHTpauii Byrnekucrioro ragy CO650 Plant CO,
Analysis Package K7M 3X9 Qubit Systems inc., Canada
(Vyshenska & Rudko, 2018).

Topi sk B arpokynbTypi 34e6inbL BUKOPUCTOBYIOTb iHLLI
npunaam i metogu. [ns npuknagy, B AOCNI4I 3 BUBYEHHS
3abpyaHeHHsa CO, mig pisHAMM arpapHUMK pocriMHamm
BMKOPWCTOBYBanM MOPTaTMBHUI radoaHanisatop Testo
535 i3 iHdpayepBoHMM 30HZOM (Siabruk, 2015). A B gocni-
[DKEHHSIX, WO NpoBOAMNMCh Ha 6asi [HCTUTYTY CinbCbKoro
rocnopapctea Kapnatcekoro perioHy HAAH gns sumipto-
BaHHS piBHS BUKWAIB AioKCuAy ByrneLto 6yno BUKOPUCTAHO
rasoaHanisatop K-30 Probe. LlikaBum € Ton dakT, o 6Ginb-
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LIiCTb BYEHWX BUMKOPUCTOBYIOTb TaKy YMOBHY OAMHULIO NS
BuMipy Bukuais CO, sk ppm/xB, TOAi AK BYEHI LbOrO IHCTK-
TYTY BinbLU CXUMbHI O BUKOPUCTAHHS iHLLIUX OAUHULL. TOMy
y CBOI poboTi BOHM HaBogmnu metoq MakapoBa, Ta HaBenu
dopmyny (cbopmyna 1) 3a LONOMOroK SKOi ppm/XB MOXHa
nepetsoputn y Mr CO, /m? (Hermanovych, 2018).

V mzCO, | m* = (i*t*v/S)*MCO, | N4, (1)

ae Vwmr CO,/m? — wemakicTs BuaineHHs CO,;
i - iHTeHcMBHICTb BuAineHHs CO, y ppm/xs;

t — yac excnosuuii ( xB);

v —o6’em kamepw (Mn);

S - nnoLa noBepxHi OCHOBM Kamepu (M?);
NA - ctana Asoraapo;

M CO, — monekynspHa maca CO,.

OuiHioBaHHS 3abpygHEHHS MapHUKOBUMW rasamu i3
IPYHTIB arpoekoCUCTEM MOXHa 3[iNCHIOBATU  3aBASKM
mogeni plant-agrosoil-GHG-model, wo € komnnekcHoto.
3aBasikM BUKOPUCTAHHLO L€l Moaeni MoxHa npoBecTyn 6es-
Ni4 eKCNePUMEHTIB i3 KiNbKICHOT OLiHKW BNAUBY NEBHUX (hak-
TOpIB AOBKINNIA Ha BUKMAM NapHUKoBMX rasiB (B T.M. i CO,)
(Polovyi & Bozhko, 2021).

il

MoctaHoBka 3aBpaHHA. OOGrpyHTYBaHHS MapameTpis
MOGinbHOrO nMpunagy Ans BUMIPOBaHHS eMicii ABOOKUCY
BYrMneLu 3 IPyHTY, O AO3BOMMTb NPOBOAUTY MOPIBHSAHHS
sukuaie CO, nicns npoBeaeHHs 06POBITKY IPyHTY.

Matepianu i metoam pocnigxkeHHA.  Ockinbky,
OfHiel i3 Uinen cranoro possBuTky € Bopotbba 3i 3mi-
Hoto knimaty (Sustainable development goals), a aBookuc
BYrMneLo - O4WH i3 BUAIB NapHMKOBWKX rasis. byno BupileHo
CTBOPMTM Mpunag, Wo [03Bonse BuMiptosatn Bukuan CO,
nicns npoBefeHHs Byab-AKMX TEXHOMOrYHMX onepaLii.
Yomy My BBaXaemo, LLO NPOBELAEHHS BUMIPIB JOMOMOXE
3MEHLUNTW BUKMAW BYIMEKUCNoro rasy B atmocdepy? Ta
TOMY, WO NiCMs NPOBEOEHHS BUMIPIOBaHb, [OCHIAXEHb
Ta NeBHOro aHanizy MoxHa byze 3anponoHyBaTy ansrepHa-
TUBHMI TUN 06POBITKY IPyHTY (3 MeHLwnmm Bukugamn CO,),
ane npv LboMy 36eperti TeXHOMOriYHy niHito 06pobKM.

3 ujeto MeTor po3pobneHnin mMobinbHUA Npunag Ans
BMMIiptoBaHHs iHTeHcMBHOCTI BukuAiB CO, y HaBKOMMULLHE
cepeposuLle (PucyHok 1 1a 2).

KoHCTpyKTVBHI 0COBNMBOCTI, a Came, 1oro nopraTue-
HICTb, MOXMUBICTb LLIBWAKOTO MOHTAXY Ta AEMOHTaxYy, MiHi-
Mi3aLis BNAYBY HABKOMULUHIX (DaKTOPIB Ha iHTEHCUBHICTb
sukugie CO,, MOXNMBICTL 3anucy iHopmauii Ta nepeaadi

Puc. 1. 3aranbHuit BUrnag mobinbHOro npunagy Anst BUMIpy iHTeHCUBHOCTi BUkuUAiB CO, 3 FpyHTY.

Puc. 2. 3aranbHuin Burnspg 6noky-aHanisatopa ansi BUMipy iHTeHcUBHOCTi Bukuais CO, 3 FpyHTy.
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il Ha BigZani pobuTb MOro YHiKanbHUM Yy BUKOPUCTaHHI.
Mpunag cknagaetbcst 3 kamepu-HakonudyBada (ii 06’em
[opiBHIOE 16,5 1), ska i3onboBaHa Bif BNAUBY HaBKOMMLL-
HbOrO cepefoBuLla. brioka aHanisaTopa, fo cknagy sIKOro
BXOAUTL iH(pauepBOHNA daTyuk-aHanisatop pisHa CO,,
JaTtyvka TemnepaTypu Ta BONorocTi nositps. B Gnok-aHa-
nisatop BMOHTOBaHO Bluetooth, kapta nam’ati, cnot ans
CimM-kapT MOBifNIbHOTO onepaTopa Ta NoPTaTUBHI ENEMeHTH
XUBMEHHS. Ha30BHI BCTaHOBMEHWI OaTyuK Temnepatypu
BONOroCTi NOBITPS TakoX. [Ana ehekTMBHOCTI aHanidy npu-
naj, yKOMNIEeKTOBaHO LLiNbHUM NOKPUBOM.

MoGinbHWI NPUCTPIN, O AO3BOMSE BUMIPIOBATU PiBEHb
Bukugis CO, i3 rpyHTY CKNagaeTbes i3 TakMx KOMMOHEHTIB
(Tabn. 1):

PoGota npunagy. [licns nposegeHHs 06pobiTky
MOBEPXHS I'PYHTY HaKPMBAETLCS LWUiNbHAM MOKpuBoM. Lle
He Oae iHTeHcuBHO BunaposyBaTtuce CO2, neperpiBaTuch
FPYHTY, i BMBIlOBATMCH CO, 3 rpyHty BITPOM. rlapaneano
3 UMM, € MOXNUBICTb NPOBOAUTY aHani3 SIKOCTi BUKOHAHHS
MEeXaHi30BaHUX TEXHOSOrYHKUX onepawii: cTyniHb nogpib-
HEHHS! POCIIMHHUX PELUTOK, IHTEHCMBHICTb NEepeMillyBaHHs
PELUTOK 3 [FPYHTOM, PIBHOMIpHICTb 0BPOBITKY IpyHTY MO
rnubwHi, BUpIBHSHICTL noBepxHi nons. Li gogaTkosi napa-
METPU CNyryloTb OBIPYHTYBaHHSAM BUKOPUCTAHHA TiEl yu
iHLLOT MaLUWH B TEXHOIOMiT MOBEPXHEBOIrO 0BPOBITKY I'PYHTY
Ta BMSIMB MAaLLUUHW HA HABKOMNWULLHE CepenoBuULLE.

B UeHTp nokpvBy BCTAHOBMKOETLCH HA IPYHT npunag,
HaKpUBAETLCS i30MbOBAHOK KOMDOOI0, SiKa i30METbCS Big
BUNApPOBYBaHHS 3 CepeanHm rasis. [1ns KOPEKTHOro BUMIpHO-
BaHHS BUZiNEHHS OBOOKMCY BYIMELIO i3 IPYHTY Konoy, Luo

MicTuTb gatunk MH-Z19 BctaHoBMOETHCA Tak, WO6 He Byno
[JO0CTyny MOBITPS 330BHi, ANs Lporo i obkonyoTb Ta npu-
TpaMBoBYOTL IPYHT HaBKoMo Hei. Konba Mae cneuianbHuii
Lap yTennoBava 3aansa 3abe3neyeHHs MikpokniMaTy B Hill
He3anexHo Big 30BHiLLHIX YiHHKMKIB. O6’em konbu 16,5 n,
ANS NpOCTIWOro oBYUCreHHs oTpuMaHuMx aaHux. [licns
BCTaHOBIEHHS KONOW BIgNOBIAHO 4O BUMOr BiabyBaeTbCs
BUMIPIOBaHHA BWKUZIB BYrNEKUCNOro rady npoTsrom 4acy,
Lo gocniaHvk obepe cam, agke aBTOHOMHICTb poboT npu-
CTPOIO cknagae ao 24 roguH.

BucHoBkW. Po3pobneHnin npunag Mae WMPOKWiA GhyHK-
LioHan 3actocyBaHHs. BiH Moxe ByTu BUKOpUCTaHUM, SIK
Ans ApibHMX JOCHiMKeHb Y MexXax KOHKPETHOro rocrnogap-
cTBa. TaK i BUKOPUCTaHWIA ANSA yyacTi y rnobanbHin npo-
rpami Carbon Farming Big Bayer, sika Bkntoyae flaboparto-
pito Byrneuesoro 3emnepobeTea, Lindpose 3emnepobeTea
Ta LleHTp fekapboHisauii. B cyyacHux ymoBax BiliHW ekono-
riYHi NOKa3HWKK B YKpaiHi MalOTb KPUTUYHO HWU3bKI 3HAYEHHS
i 3BMEHLUEHHS TUCKY KOXHOMO mapameTpa Ha HaBKOMMWLUHE
cepesoByLLe BMMMHE — 3a4aya KOXHOTO HayKoBLS.
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Bi MiATPUMLi, HagaHin MiHicTepcTBOM 3aKOpPAOHHMX CnpaB
Yecbkoi Pecnybniku, sika go3sonuna posnoyat L Hay-
KOBY cniBnpaLto B pamkax npoekty «[ligBuLLeHHs noTeH-
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are thankful to the Czech government support provided by
the Ministry of Foreign Affairs of the Czech Republic, which
allowed this scientific cooperation to start within the project
"Enhancement of the PhD Students Potential For Qualita-
tive Research In Ukraine").

Tabnuuga 1
Mepenik komnoHeHTiB MobinbHoro CO,-meTpa
::‘;?1 HasBa mopynto DyHKUiA moaynto
1. Arduino nano MikpokoHTponep, Lo A03BONsE 3ibpaty faHi i3 4aT4mKiB, CeHcopiB Ta moaynie. OnpaLboBye,
30epirae i nepeae AaHi Ha nepeaaTynkm.
2. |MH-Z19 Jatunk, LWo fo3sonse B13HaunTy piseHs CO.,.
3. GY-21 BuKOpMCTOBYETLCS NS BU3HAYEHHS PIBHS BOINOrOCTI MOBITPS , @ TAKOX TeMnepartypu
y konbi, e BUMIPIOOTb PIBEHb ABOOKUCY BYIMELIO
4. DHT-21 BukopuncTOBYETLCS AN BUMIPIOBAHHSA BOMOTOCTi MOBITPS | TEMMNEPaTypy HaBKOMULLHBLOMO
cepenoBmLa.
5. | SIM800L GSM-mopynb ansa nepegadi iHpopmadii 3a 3anutom yeped CMC um IHTepHET.
6. |DS3232 Mogynb-roauHHKK, LLIO BiAMOBIAAE 3a CUHXPOHI3aLLito Yacy.
7. HC-05 Bluetooth-mogynb, Lo Ao3BONSE OTPMMYBaTKW iHOPMALito NPO PiBEHb BYFNEKWUCONO rasy
6esnocepeaHbo bins konodw.
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A mobile device for measuring carbon dioxide emissions from the soil

Soils are the main terrestrial reservoir of organic carbon (CO). The release of carbon dioxide (CO,) through soil
respiration, mainly due to the decomposition of organic matter in the soil, is the second largest component of the global
carbon cycle and may play an important role in climate change. Depending on agricultural soil management practices,
soils can be important sources or sinks of atmospheric carbon, with corresponding impacts and consequences on
a global scale.

It has been established that the release of carbon dioxide (CO,) during soil respiration, processes associated with
the vital activity of biological organisms in soils, is the second largest component of the global carbon cycle.

Depending on the tillage technologies used in agricultural production, soils can be important sources or Sinks
of atmospheric carbon, which can be a tool for correcting emissions from the soil. For example, Mini-Till technology, which
breaks up the remains and cultivates them to a minimum depth, has a negative impact on the level of CO, emissions into
the environment.

No-till technologies work less with plant residues and therefore emit less CO, into the environment.

The exchange of CO, between arable soils and the atmosphere is only one aspect of the complexity of the carbon
budget of the agroecosystem. However, accurate measurements of CO, emissions are needed to assess whether one crop
management method is better than another in reducing CO, emissions from the soil.

The static camera method is used to evaluate the exchange, which will be aimed at researching CO, flows from cultivated
soil in an area of intensive agriculture, for example, in the South of Ukraine. Most scientists use the conventional unit to
measure CO, emissions as ppm/min Measurements of CO, fluxes in the soil will be carried out in one of the sunflower fields
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managed using different tillage methods and presented to obtain parameters for modeling the exchange of CO, between
the soil and the atmosphere.

The developed device has a wide application functionality. It can be used as for small studies within a specific farm. It is
also used to participate in Bayer's global Carbon Farming program, which includes the Carbon Farming Laboratory, Digital
Farming and the Decarbonization Center. In modern conditions of war, ecological indicators in Ukraine have critically low
values, and reducing the pressure of each parameter on the environment will affect it - the task of every scientist.

These studies were carried out jointly with the Lozova Machinery company (manufacturer of agricultural machinery).

Key words: carbon, the size of the remains, the percentage of earnings, the working body of the agromachine.
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Mensca € nobiyHum mpodykmom 6ypsikouyKkpogoeo supobHuuymea, skuti micmums 6i0 40 o 60% caxapo3u. BcmaHos-
JIEHHS1 yMO8 QO0CSI2HEHHST MaKCUMallbHO MOXITUB020 8UX00Y UYKPY 8UCOKOI IKOCMI 3 MiHIMarbHUMU 8mpamamu caxapo3u
8 MesIsACi € 8axnusum 3aedaHHsaM 051 8UPOBHUKIE UyKpy ma Haykosuyis. [loka3aHo, W0 3acCmocy8aHHs PO3Ka4yoK ymaberto
0CmaHHB020 cmyreHs Kpucmarnisauii 800010 8 nepemiliysadyax-Kpucmarnizamopax He 3abe3srneqye docsigHeHHS Makcumars-
HO20 ehekmy Kpucmarnisayji 8Hacridok nopyweHHs i302idpudHux ymoe npouecy. Memoro 0aHoz2o docnidxeHHsi € po3pobka
pauioHanibHo20 crnocoby MpoeedeHHs Npouecy NnoimepMidHOI Kpucmarnizayji caxaposu ymabento 0CmaHHb020 MPOOYKMIYy.
B cmammi npedcmaesneHo cxemu ycmaHO80K O MPOMUCIIOB0I Kpucmaridauii ymebero, siki BUKOPUCMOBYOMbLCS 8 PIi3HUX
KpaiHax ceimy. Ha0aHo pexomeHdauii npomuciosocmi w000 pauioHarbHO20 8e0eHHSI NPoYecy Kpucmarnisauii caxaposu
ymaent ocmaHHb020 CMyrneHs Kpucmanisauii 8 nepemiwysadax-kpucmanisamopax WIsXoM OXOMOOXeHHs. 3 Memor
3abesriedeHHs1 i302i0pUYHUX yMO8 MPoyecy 3arporioHo8aHo 3aMicmb PO3Ka4oK ymeerno 0CmaHHb020 CMmyrneHs Kpucma-
nisayii odoro 3diticHiosamu io2o npomixHe HaegpieaHHs1 Ha 7-10°C nicrisi oxonodxeHHs ymapento do 50-55°C. Npu susHa-
YEHHI pexumMy mosimepmiyHoi Kpucmarnizayii 6yro epaxogaHo yucmomy ymgenno ocmaHHb020 CmyneHs Kpucmarnisauii
nicns eakyym-anapamy. 3anpornoHosaHul crocib rmosimepmidHOI Kpucmanizauii caxapo3u peasnisyembCsi WIISIXOM OCHa-
WEHHSI MawuHo-anapamypHoOi cxemu cmaHuii d00amkoeoi Kpucmarnisauyji ymeeno ocmaHHb020 cmyrneHs Kpucmarnisayji
crneuianbHUMU Hagpieadyamu 0151 IPOMIXKHO20 HagpigaHHs1 ymapento y 8idnosidHocmi Ao ocobrugocmeli KOMIMOHOBKU MakKux
CXeMm Ha KOHKpemHomy nidnpuemcmei. [pomixHe HazgpieaHHs1 3abesnedye binbWw MogHe 8UCHaXeHHS menscu U 36inbulye
emicm i epaHynomempuyHuli cknad Kpucmarie Uykpy 8 ymeperni lNpedcmasneHo npuknad KOMIOHOBKU MallUHO-anapamyp-
Hoi cxemu 000amKoegoi Kpucmarnizauii caxapo3u oCcHaweHoi 080Ma 8epmuKabHUMU Kpucmarizamopamu 3 8UKOpUCMaH-
HSIM MIPOMIDKHO20 HazpieaHHs ymeeriro.

Knrovoei cnosa: caxaposa, Uykop, npoMucioge 8upobHUUME0, Kpucmartidauis 0X000XKEHHSIM, MPOMIXKHE HagpieaHHs,
ymaens, Menisica, 8i0xo0u 8upobHUUmMeaa.

DOI https://doi.org/10.32845/msnau.2022.3.6

Betyn. [MpomucrnoBrm BUPOGHWLTBOM LYKPY Y CBITI
3anmatoTbes Ginblie 150 pokie. He guensunce Ha ue, Tex-
HOMorisi MOro BMPOOHULTBA 3anMLLAETLCS OAHIEHD i3 Hal-
CKMagHilmMX cepeq IiCHYyHYMX Xap4vyoBux TexHonorin. Lle
MOB’sI3aHO 3i CKMaAHICTIO NPOLECIB, AKi BUKOPUCTOBYHOTHCS
B Ljil TEXHOMOT.

MNpomucnoBa KpucTanisauis LYyKpy € €eHEproeMHUM
MpoLecoM, Ha SKMA Mpunagae 3HayHa YacTvHa 3aralb-

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

HUX BUTpaT BMpobHMUTBa (Shamim et al., 2016). EkoHo-
MIYHO edeKTMBHE MacoBe BMPOOHWMLTBO LYKpYy, NoTpe-
Bye cyyacHoro obrnagHaHHs Ta aBTOMATUYHOMO KOHTPOSO
(Rozsa, 2011).

[ns npoBegeHHs KpucTanisauii y NpoOMKCIIOBUX YMO-
Bax 3aCTOCOBYKTbCA Taki BMAW obnadHaHHS: Bakyym-ana-
patu, KpucTtanisatopy Ta UeHTpudyrn. Y Bakyym-anapa-
Tax (hOPMYHOTECH | POCTYTb KpUCTanM LyKpy Npu NOCTiNHIN

Cepist «<MexaHisaLjis Ta aBTomMaT13aLjis BApoOHM4MX MpoLieciy, Bunyck 3 (49), 2022

39



Temnepatypi 3 NepioguyHO nogayelo Migkayok cupony.
Y kpuctanizatopax 3pOCTaHHsi KpucTaniB BigbyBaeTbCs
3a paxyHOK OXOMNOMKeHHs yTdento, Wo 36inbLiye nepecu-
yeHHs (Gonzales et al., 2020).

Benwuke 3Ha4YeHHs Mae TakoX Cnocib NpoBeaeHHs npo-
Lecy kpuctanisauii (Kim et al., 2023). B npakTuui LykpoBoro
BMPOBHMLTBA 3aCTOCOBYIOTH [Ba CMOCOOU BedeHHs npo-
Llecy KpucTtanisauii: LUnSXOM BUMNApOBYBAHHS PO34YMHHMKA
B YMOBax KWMiHHS LyKPOBOrO PO34MHY Y BaKyyM-anaparax
Ta LUMSXOM OXONOMKEHHS LyKPOBOI AMCNEPCHOI cucTeMM
(yTthento) oCTaHHLOrO CTYMEHIO KpucTanisaLii B nepemiluy-
Bavax-kpucranizatopax. Big egekTMBHOCTI LMX npoLecis
3anexuTb BeNMYMHA BTpaT caxapo3su y BTOPUHHOMY Mpo-
LYKTi (Mensci), Skui € BiaxonoM BUpOBHULTBA.

KoHTponb nepecuyeHHs abo KOHTpOMb Temmnepatypu
€ OQHUM i3 CrocoBiB KOHTPOMO PO3MNOAINY KpUCTaniyHmUX
YaCTMHOK Yepes npoLec KpucTanisauii nepioguyHoro oxo-
nogxexHs (Samad et al., 2013). JocnigpxeHHsm npouecy
KpucTanisawii  oxonomkeHHsM Byno NpUCBSYEHO BeNWKa
KiNbKICTb AOCNIAXEHb, HA OCHOBI SIKMX 3aMpPONOHOBAHI Pi3Hi
BapiaHT! pexumiB Kpuctanisauii oxonomxeHHsm (Hdéving
et al., 2022; Schmalenberg et al., 2021; Schmalenberg et
al., 2022). JocnigpxeHHs nepioanyHOi KpucTanisauii caxa-
pO3¥ OXOMOMKEHHSIM 3 BUCOKOB'SI3KOrO BOAHOMO PO34MHY
nokasano, L0 AOCTaTHS KiNbKIiCTb BUKOPWUCTAHOI 3aTpaBKu
€(heKTUBHO BNMUBAE Ha HEAOMNYLLEHHS BTOPUHHOTO KpUCTa-
noyteopeHHs (Doki et al., 2022).

Mig yac kpucTanisauii B Millankax-kpucranisatopax
HeobxigHe Ans kpucTanisalii nepecuyeHHs caxaposun 4ocs-
raeTbCsl OXONOMKEHHAM, MPU LIbOMY TENMO- i MacoobMmiH Ha
MOBEPXHi KpuCTanis 3anexuTb Big 6araTb0X YMHHUKIB, B3a-
emonoB’asaHnx Mix coboto (Caminuk, 2018). EdekTmBHICTb
[00aTKOBOI KpucTanisauii NigBuLLYyeTbCS NPy 3acTOCYBaHHI
BOZHWMX PO3KaY4oK, ane npu LbOMY CIif, Y4iTKO 4OTPUMYBATUCS
PEXMMY PO3KauyBaHHS Ta NPOBOAMTH CKMadHi MaTeMaTuyHi
pO3paxyHKN AN BU3HAYEHHS BEMUYMHK PO3KAYKM MpU pis-
HUX SKICHUX NOKasHMKax yTgento. Y BUPOBHUYMX yMOBax
He 3aBXOW Taki BUKOHYIOTbCA | BaxaHi pesynsratn edekTy
kpucTanisauii He gocsratotees (Myronchuk et al., 2013).

Po3spobrneHo psg 3axodiB WoAO ONTMMI3aLii kpucTa-
nisauii oxonomKeHHsAM, NpoTe, BIACYTHI AaHi LWoao pauio-
HanbHOro cnocoby MpoBedeHHs 4O4ATKOBOI kKpucTanisavii
y NPOMUCIOBUX YMOBAX, SIKUIA JO3BONUTbL iHTEHCUAiKYBaTH
npoLec Ta MiHiMi3yBaTW BTpaTW caxapo3u B MESSCi.

MeTol gaHoro JocnifxeHHs € po3pobka pauioHarb-
HOro cnocoby NpoBedeHHs NPOoLIECY KpucTanisaLlii caxaposu
yThento OCTaHHLOrO NPOAYKTY.

[ns [oCArHeHHs nocTaBneHoi MEeTW Chig BUPILLUTK
HaCTynHi 3agavi:

- NpOBEeCTU aHani3 eeKTUBHOCTI anapaTypHO-TEXHO-
MOTYHMX CXeM AN NPOBeAEHHS KpucTanisauii 0XonomKeH-
HSIM;

- HagaTu pekoMeHZauii LLOoAo paLioHanbHOro BeAeHHS
npoLecy kpucTanisauii caxapo3n OXONOMKEHHSAM Y BUPOG-
HUYMX YMOBaX;

- po3pobuTn anapaTypHO-TEXHOMOFMYHY CXemy [Ans
peanisauii 3anponoHOBaHOMO PEXMMY.

Marepianu i meTogu gocnigxeHb. ExcnepumeHTansHa
YyacTuHa JocnigkeHb No kpucTtanisavii yTdhento 0CTaHHbLOro

NPOAYKTY, NPOBOAMMACS 3a LONOMOroto flabopaTopHoi ycTa-
HoBku (Myronchuk et al., 2013). MpomucnoBi AoCRiAKEHHS
Byno npoBefeHO Ha BUPOGHWUYUX MOTyxHOCTAX TOB «Yk.
As.-[ipyx6a» (MoBTHeBWI LlyKpOBMIA 3aBOL,).

BuknageHHA OCHOBHOro Marepiany AOCHiAXeHHS.

Ha 6inbLuocTi LykpoBMX 3aBOAIB NPaKTUKYETLCSA PEXUM
KpucTanisauii, npy skomMy yTdens nicns Bakyym-anapary i3
BMICTOM cyxux pe4oBuH 94-95% po3baBnseTbCs NEBHOM
KINbKIiCTIO BOAM B Millankax i oxonomkyeroca fo 40-45°C.
BOAHI poO3Kauky npu3BoasaTb A0 36iMbLUEHHS BMICTY caxa-
po3u B Mensci. Ha cborogHi icHye Linui pag pisHoBMaiB
anapaTtypHO-TEXHOMONYHMX CXeM KpucTanisauii caxaposu
OXOMNMOMKEHHSAM YT(HEN0 OCTaHHbOI CTyneHi KpucTanisawii
B NepemillyBayax-kpucTanisaropax.

3a ocTaHHi pokn HanbBinbLLIOro NOLLIMPEHHS Habynu cxemu
OCHalleHi nmepemillyBaYaMu-kpucTtaniaatopaMmn  €MHICTIO
150-800 m3. Cepen Hux BiTum3HsHI LLI1-MNKB, TMA-KB, TKB.
BiTumaHaHi cTaHuii KpucTanisauii caxapo3n 0XONomXEHHAM
YyTEento OCTaHHbOrO MPOAYKTY B OCHOBHOMY KOMMMEKTY-
l0TbCS 3@ BEPTUKANBbHUMU, FOPU3OHTASIbHUMYI Ta KOMBIHOBa-
HUMKU cxeMmamu. KomBiHoBaHi cxeMu kpucTanisauii ytdpento
OCTaHHbOrO NPOAYKTY Ha CbOroAHI MaloTb AOCUTH LUMPOKE
BUKOPUCTAHHS Y BITYN3HSHIN | 3apyBiXHIA NPOMUCIIOBOCTI.

Ha puc 1. nokasaHa cxema yctaHoBku 6aTapei Bep-
TUKanbHUX KpucTaniatopis dipmu Youry. 3a Lji€to CXxeMoro
yThenb HacocoM NofaeTbCs B KpucTanisatop, Ae Binbysa-
€TbCS MOr0 OXOMOMKEHHS i kpucTanisauis caxaposu. KiH-
LueBa Temnepatypa oxonomkeHHs 35...37°C, Tpusanictb
npouecy 40 roguH. lMepen ueHTpudyryBaHHaM yTdens
B Miluanui HarpiBaeTbes Ao 45...47°C. Miwanka gns Harpi-
BaHHS yTdpento 3'edHaHa 3 nonepeaHiM KpucTtanisatopom
nepexiaHum Kopobom, Lo A03BONSE YyTgento pyxatnch 3a
paxyHoK epekTy noeaHaHX NOCYaWH.

Ha 6inblwocTi BITYM3HAHMX 3aBOAIB i3-32 HE3HAYHMX
BUPOOHWMYMX MIIOL, BCTAHOBMEHHS [0OATKOBMX TOPU30OH-
TanbHUX KPUCTani3aTopiB NPaKTUYHO HEMOXMMBE, a TpUBa-
MiCTb KpUcTanisawii 0XonompkeHHsM He 3abe3nevye Heobxia-
HUI pEXMM KprcTanisadii. Y BepTukanbHUX KpucTaniaatopax
3abe3nevyeTbCs ePEKTUBHUIA PyX YTdens B pexuMi ineans-
HOrO BUTICHEHHS, MPU LibOMY MOXHa 3MiHIOBATU PEXUM OXO-
NOMXKEHHS.

Ekcnnyatauis 6atapei i3 40TMpbOX KpucTanisatopis
BITYN3HAHOTO BMPOOHULTBA [03BOMSE 3HU3UTU YUCTOTY
menscu Ha 5,4%.

[lna BCTAHOBMEHHS MiHIMAnNbHO MOXIMBOI  KiNbKOCTI
BICOKOBApPTICHNX HACOCIB 40TUpM KpucTamisatopu Oynm
po3gineHi Ha ABi 6aTtapei nNo ABa KpucTanisaTopy B KOXHIA.
lNpoBedeHui aHani3 ceia4uTb Npo Te, L0 Ha CbOTOAHI iCHYe
[ekinbka BapiaHTiB BeAEHHS NpoLecy KpucTanisaLlii oxomno-
[DKEHHSIM YTEN0 OCTaHHLOrO NPOAYKTY. Bei BOHM B Tilt un
iHLLIM Mipi BUKOPMUCTOBYIOTb PO3KadyBaHHS YTENo BOLOK
YM LYKPOBUMU po3dnHamu. Lle cyTTeBO 3MmeHLLye edekT
KpucTanizauii — pisHALA MiX YMCTOTOK MiKKPUCTASbHOMO
PO34MHY Ha NoYaTky npoLecy Kpuctanisauii i B Oro KiHui.
YnctoTa nNpogykTy BU3HAYAETLCS BiOHOLLEHHSIM BigCOTKO-
BOrO BMICTY caxapo3u [0 BiICOTKOBOrO BMICTY CyXMX peyo-
BUWH B NPOAYKTI.

MpoBeneHun aHania cTaHy KpucTanisawii OXonomxeH-
HAM yTpernto OCTaHHLOrO CTYNEHK0 KpucTanisauii nokasas,

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty
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Puc. 1. Cxema ycTaHoBkM 6aTapei kpuctanisatopiB cipmu Youry: 1 — npuiimanbHa miwanka; 2 — KpucTanizaTopu;
3 — yTtdenbHi HacocK; 4 — miwanka AnA nigirpisy; 5 — aMiwyBauyi.
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Puc.2. MpuHumnoBa TexHomnoriyHa cxema KpucTtanisadii caxaposu i3 yTdpens octaHHbOI KpucTanisauii 3
OBOMa BepTUKaNbHUMU KpUcTanizatopamu: 1 — ropusoHTanbHi Milwanku, 2 — BakyyM-anapart, 3 — BepTUKanbHi

KpucTanizatopu, 4 — npuimanbHa yTdenemiluanka,

5 — ueHTpudyra, 6 — 36ipHUK Menscu, 7 — HacoCHu.

LHeHTpU(yryBaHHsI
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Puc.3. NMpuHuunoBa TexHonoriyHa cxema Kpuctanisauii caxaposu i3 yTdens octaHHbOI KpucTanisauii
OXOMNOKEHHAIM 3 YOTUPMA BEPTUKaNbHUMM KpucTanizatopamu: 1 — ropusoHTanbHi Milanku, 2 — BakyyMm-anapar,
3 - BepTUKanbHi kpucTanisatopu, 4 — npunimansHa ytdenemiwanka, 5 — ueHtpudyra, 6 — 36ipHuk mensicu, 7 -
Hacocu.

O Ha CbOrOAHILIHIA AeHb B MPOMMWCIIOBOCTI HEMAE YiTKO
BU3HAYEHNX EOMHUX PEKOMEHAauUin LWodo paLioHasnbHOro
BeEHHS npoLuecy kpucTanisauii yTento ocTaHHbLOro npo-
LYKTY Y nepemilyBavax-kpucraniaatopax.
3anponoHoBaHMi Hammn Crocib NPOMIXKHOTO HarpiBaHHS
yTheno LO3BOSAE HE NMULIE 3MEHLUUTU KoedilieHT AuHa-
MiYHOI B'A3KOCTI i MPUCKOPWTU LIBUAKICTb KpucTanisauii, a
M pO34MHMTK OpiBHi KpucTanmu, Wo yTBOpMIUCS B yTdeni
Mg 4ac 1oro oxonomkeHHs. EkcnepumeHTtanbHi gocni-
[DKEHHS nokasanu, WO Hawbinbll pavuioHansHUM TEMMOM
oxonomxeHHs ytdento go Temnepatypu 50-55°C € weua-
KicTb oxonogxeHHs 0,95-1,0 °C/rog. MpomixHe HarpiBaHHs
cnig npoBoguTn Ha 7-10°C, skomora wswuawe, Gnm3bko
1°C/xB, nicns 4oro cnig MPOAOBXYBAaTU OXONMOMKEHHS
3 Temnom 0,8-0,95°C/roa. AKWO WBMAKICTL OXOMOOXKEHHS

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

Oyae BMLLOK Le MOXE CMpUYUHUTW iHTEHCWMBHE MOBTOPHE
3apOAKOYTBOPEHHS, TOOTO, BUCMMAHHA «Mykuy». LUBug-
KiCTb OXOMNOMKEHHS 3MIHIOETHCS B 3aNEXHOCTi Bifl YACTOTH
yT(hento 0CTaHHbOro mpogykTy B mexax 0,5°C/rog Ha 1%
YyncToTn, TOOTO LYKPOBI YTdheni BULLIOI YNCTOTU OXONOA-
XYITbCS i3 MakcumanbHot weuakictio 1,0°C/rog, Hu3Yoi
yuctotn — 0,8 °C/rog. LBmAKICTb NPOMIXKHOIrO HarpiBaHHs
yTento mMoxe KonmBaTuCb B WMpokux Mexax Big 0,5°C/
xB 8o 1,0°C/xB, a mMpu BUKOPUCTaHHI HarpiBaHHs yTgento
B enekTpuyHomy noni go 3,0°C/xe.

[ins 3abe3neveHHs ONTMManbHOI WBWMAKOCTI KpucTa-
nisauii cnig nigTpumyBatTh KoegILEHT NepecuyeHHs Ha
pieHi 1,35-1,4. [pn gaHin BenuuMHi NepecuyeHHs cnocre-
piraeTbCs HaBULLA LWBMAKICTb KpUCTanidalii npy iCHy4mxX
Temnepartypax kpuctanisauii. [pn 3HWKEHHS TemnepaTypm
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10 50°C i HMKYe crnocTepiraeTbCs 3Ha4YHe 3MEHLLEHHS LWIBMA-
KOCTi kpucTanisauii. Ane 3a Takux yMOB B MXKpUCTanbHOMY
PO34MHI MICTUTBCA LLie AOCUTb 3HAYHA KifbKICTb caxaposu,
L0 NpU3BOAUTL A0 YTBOPEHHS BTOPUHHUX KpUCTaniB, TOMY
3anponoOHOBaHWI HamW MeTo4 MPOMIKHOTO HarpiBaHHS
yThento € ePeKTUBHUM 3aX0A0M MO 3HUKEHHIO KOeqiLieHTY
OMHaMIYHOI B’A3KOCTI i koediLliEHTy NMOBEPXHEBOr0 HaTAry
Mpu SKOMY LUBUAKICTb KpMcTanisawii nigsuiyetscs Ha 0,5 r/
m2rog,.

Cnia BUKNKOYMTK CMOCIO PO3KaYKM BOZOK A5 3HUKEHHS
KoediLlieHTy AuHamiuHoi B'a3KocTi yTdpento. Lle no3sonutb
3HAYHO 3MEHLLMTU BMICT caxapo3u B mensci. [nsa peanisauii
3anponoOHOBAHOrO Hamu Crocoby NoNiTepPMIYHOT KpucTanisa-
uii yTpento oCTaHHLOro CTYMNeHHo KpucTanisauii y Beptu-
KanbHWX MilLankax-kpucTanisatopax 4ouifibHO BUKOPUCTO-
BYBaTW HACTYMHY MaLUMHHO-anapaTypHy cxemy (puc.4).

[ns LykpoBMX 3aBOAIB B SKUX BUKOPUCTOBYETLCS
KOMGIHOBaHa MalUMHHO-anapaTypHa Ccxema KpucTani-
3auii  yTdento OoCTaHHLOro NPOAYKTY 3 BepTUKanbHUMM
Ta rOpU3OHTanNbHUMK NepemillyBadaMmu-kpucTanisatopamu
MPOMOHYETLCS BUKOPUCTOBYBATU HarpiBay Ans NPOMIKHOMO
HarpiBaHHa yTeno nicns BepTMKanNbHOro nepemillysa-
Ya-kpucrtanizatopa. B akocTi HarpiBadiB yTdento fouinsbHO
BMKOPUCTOBYBATU enekTpodi3nyHi HarpiBavi. Taki HarpiBavi
3HANLLMN LWMPOKE 3aCTOCYBaHHS B LIyKPOBIN NPOMUCIIOBOCTI
[N HarpiBaHHS yThento nepes LeHTpUdyryBaHHsSM. HLLIMM
CrnocoboM MPOMIKHOTO HarpiBaHHs yTdento moxe 6yTu
3acTocyBaHHS TeNnoobMiHHWKa TUNy «Tpy6a B Tpy6i», Sk Le
noKasaHo Ha puc.S.

B sKocTi TennoHocis B LUbOMY BWUMaAKy MOXyTb 6yTu
BUKOPUCTaHi  KOHOEHCATW OCTaHHIX KOPMycCiB BUMNapHOI
CTaHLUii LyKpOBOro 3aBoAy, L0 MakTb TeMnepatypy 3 Tpe-
Thoro kopnycy — 113°C, 3 yerBeptoro - 99°C Ta 3 KOHLEH-
Tpatopa - 85°C.

O6roBopeHHsl. Hanbinbll NOWMPEHUIA Yy NPOMUCIIO-
BOCTi METO[, 3HWKEHHS B'A3KOCTI LUMSXOM PO3KaYku yThernto
BOLO0 He € edbekTBHUM. Boa € 3Ha4yHUM MensicoyTBOpHo-
BaYeM i CNpUYMHSE NIABULLEHHS BMICTY Caxapo3u B MEMSCi.
lMpouec kpucTanisavii OXonomKeHHsAM yTdento 0CTaHHbOro
CTYMNeHIo KpucTanisauii notpebye foaaTkoBuX OOCHIMKEHb
3 METOH) BU3HAYEHHS OLINBHOCTI 3aMiHW PO3KayoK yTdhento
MPOMDKHUM HarpiBaHHsIM.

B ymoBax BMpoOHMLTBa Yy Millanuyi-kpucTanisaTopi
yThenb po3kauyeTbCst BOAOK, NOro TemnepaTypa B MicLi
HaaXxoOxXeHHs Boam cknagae 55°C. 3a Takux ymoB nopsjg
3i 3MEHLLEHHAM, 3@ PaxyHOK PO3YMHEHHS, ApiGHMX Kpuc-
TaniB LUYKpYy, CMOCTEpIraeTbCsl He3HayHe 3MEHLUEHHS
KoeqilieHTy AMHAMIYHOT B’I3KOCTI  MIDKKpUCTarbHOMO
posuunHy Big 1,8 Ma'c go 1,3 Mac. Mpu ubomy koediui-
€HT MEepPecuYeHHs 3MEHLLYETbCS, PO3UYMH CTaE MeTacTta-
GinbHMM, @ nicns  PiIBHOMIPHOrO  pPO3noAiny  pPo3duH-
HUKa MiX BCi€lD YT(ENbHOI Macow 3a paxyHoK Woro
3MillyBaHHA 3 yTdhenem, npouec HapoLLlyBaHHS KpucTa-
niB gewo iHTeHcudikyeTbes. MNpu LbOMy HOBI KpucTanu
He 3'aBNATbCA. 3a Takux yMoB BifbyBaeTbcs npouec
pekpucTanisawii, T06T0 po34MHeHHs ApibHMX KpucTa-
niB Ta NepeHeceHHs MOMNeKyn PO34YMHEHOI caxaposu Ha
MOBEPXHIO ICHYIOUMX KpuUCTaniB Lykpy. Pasom 3 TuM, npu
[oAaBaHHi 40 yTdento BoAM NOPYLLYETbCS i30MiAPUYHICTb
npouecy B 6ik 30inblUEHHS MacoBOI YaCcTKW BOAM B MiX-
KpUCTanbHOMY PO34uHi, WO NpU3BOAUTL A0 36inblUeHHS
BUXOAY MensCu i BMICTY caxapo3u B Hiil. AnbTepHaTUBOK
pO3Ka4yoK YTEent OCTaHHbOrO CTYNEeHs KpucTanidauil
B nepeMillyBavax-kpucranizatopax Moxe 0yt ix 3miHa
Ha TennoBi po3kayku, TO6TO BMKOPUCTAHHSA MPOMIXKXHOIO
HarpiBaHHs yTdpento.

BucHoBKW. 3 MeTOI [OCATHEHHS MaKCUMarlbHOMO
edhekTy MnoniTepMiYHOi KpucTanisauii caxaposn yTdgento
OCTaHHbOrO  CTYNeH KpucTanisauii B  nepemillysa-
yax-KpucTanisatopax AOLINbHO BUKOPUCTOBYBATU NPOMIKHE
HarpiBaHHa YTento 3amiCTb PO3KayoK Oro BOdo, LUO
3abe3neymnThb i30rigpuyHi YMOBM NpoLEecy Ta MakcumarnbHe
3HELYKPEHHS MENsCU.

TpuBanicte noniTepmiyHOi  KpucTanisauii  caxaposu
BU3HAYaETLCA Y BIANOBIAHOCTI 4O 4YMUCTOTW yTdento, Lo
YCYHE YMOBW BTOPWHHOIO KPUCTASIOyTBOPEHHS 3@ pPaxyHOK
Y3roKEHHS TEMMY OXONOMKEHHS i3 LIBMAKICTIO KpUcTanisa-
Lii caxaposu.

MalurHHo-anapaTypHi cxemu MNoMiTEPMIYHOI KpucTani-
3aUii yThento 0CTaHHLOro NPOAYKTY OCHALLEHi NPUCTPOSIMU
AN NPOMDKHOrO HarpiBaHHS yTdento (3amicTb po3kavok
BOAOI0) BiAMNOBIAHO 40 0COBNMBOCTEN KOMMOHOBKM TaKMX
[INSHOK Ha KOHKPETHOMY MiAMPUEMCTBI MOXYTb CrpUSTU
3MEHLLEHHIO BTpaT caxapo3un B MensiCi.
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Puc.4. YopockoHaneHa MallMHHO-anapaTypHa cxema nonitepMidyHoi KpucTanisauii 3 NPOMiXKHMM HarpiBaHHAM yTdento
OCTaHHLOrO CTYMEHI0 KpucTanisadii: 1 - BakyyM-anapart; 2 — npuiiMansHUM nepemiwyBay; 3 — yTdenbHUA Hacoc;
4 - BepTMKanbHi nepemillyBayi-kpucTanisatopu; 5 — Harpiadi NMPOMiKHOIO Ta KiHLEBOro HarpiBaHHs yTdento; 6 —
ytcheneposnogintoBay; 7 — ueHTpudyru; 8 —aciHauinHum nepemiwyBay; 9 — wHek; 10 — 30ipHUK Mmenscu
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Puc.5. MawunHHo-anapaTypHa cxema KpucTtanisauil oXonomkeHHAM yTdesno 0CTaHHbOro NPOAYKTY 3 MPOMiXKHUM
HarpiBaHHAM yTdento: 1 - BakyyM-anapar; 2 — npuiManbHUiM nepeMilyBay-KpucTanizatop; 3 — yrdensHumn
Hacoc; 4 — BepTUKanbHUIA NepemilyBayv-kpucTanisaTop; 5 — yrdenbHa Tpy6a; 6 — ropusoHTanbHi nepemilyBadi-
KpucTaniszatopu; 7 - yrdeneposnogintoBay nepep ueHTpudyramu; 8 — uentpudyru; 9 — Tennoo6miHHmk; 10 —
Milwanka XoBToro uykpy; 11 — WwHek xoBToro uykpy; 12 — 36ipHuK Menscu
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Industry recommendations for sustainable management of the cooling succarose crystallization process

Establishing the condlitions for achieving the highest possible yield of high quality sugar with minimal loss of sucrose in
molasses is animportant task for sugar producers and scientists. It is shown that the use of pumping the massecuite of the last
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stage of crystallization with water in the molds does not ensure the achievement of the maximum effect of crystallization due
to violation of the isohydric conditions of the process. The purpose of this study is to develop an optimal method for carrying
out the process of crystallization of sucrose in the massecuite of the last product. The article presents schemes of installations
for industrial crystallization of utfei used in different countries of the world. Industry recommendations are given regarding
the rational conduct of the process of crystallization of sucrose of the massecuite of the last degree of crystallization in
the mixer-crystallizers by cooling. In order to ensure isohydric conditions of the process, instead of pumping the massecuite
of the last degree of crystallization with water, it is proposed to carry out its intermediate heating by 7-10°C after cooling
the massecuite to 50-55°C. When determining the mode of polythermal crystallization, the purity of the massecuite
of the last degree of crystallization after the vacuum apparatus was taken into account. The proposed method of polythermal
crystallization of sucrose is implemented by equipping the machine equipment of the station for additional crystallization
of the massecuite of the last degree of crystallization with special heaters for intermediate heating of the massecuite in
accordance with the layout of such schemes at a particular enterprise. Intermediate heating ensures a more complete
depletion of molasses and increases the content and particle size distribution of sugar crystals in the massecuite. An example
of the layout of a machine-hardware circuit for additional crystallization of sucrose, equipped with two vertical crystallizers
using intermediate heating of the massecuite, is presented.

Key words: sucrose, sugar, industrial production, crystallization by cooling, intermediate heating, massecuite, molasses,
waste production
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[LpibHonapmiliHi aHMaxHi Mepe8e3eHHs € 8aXIUBOI CKIad080K PO3-8UMKY eKOHOMIKU bazambOX CydYacHUX nionpu-
emMcme, adxe 3abesnedytomb weudke docmaeneHHs HeeabapumHux eaHmaxie 00 crioxueadie. AKMUBHO maki rnepeege-
3€HHS1 3HallWIu 3acmocyeaHHs 8 Pi3HUX cghepax, cepeld SKUX azpapHa, cghepa nowmosux nocsye, docmaeku ma iHwi. [1i0-
8ULLEHHST echekmusHocmi ApibHOMapmIlHUX 8aHMAaXHUX Mepeee3eHb € akmyarbHUM MUMaHHAM, KITlYo8UM 3a80aHHAM
5IK020 € YOOCKOHANEHHS NI02ICMUYHUX Maplipymie pyxy mpaHcropmHux 3acobig. Posymitodu, wjo yacmka OpibHonap-
MIOHHUX 8aHMaxig y 3a2anbHOMy 00Csi3i nepeseseHb MOCMILHO 3pocmae, a iX BUKOHaHHS He 00CMamHbO egheKmusHe.
Y 38’d3Ky 3 YuM HeobxiOHO 30ilicHIo8amu MOWyK HOBUX HayKOBO-MpakKmMuUYHUX pilieHb, Memodie i Modenel onmumizauji
rpoyecy Nepese3eHHs.

Po3pobrneHo memoOuKy (hopMy8aHHS payioHaibHOI MexHomoail mpaHCcnopmHo-ekcrneduyitiHoao 0bCTy208y8aHHs 8aH-
maxxoeracHukis, wo nepedbayae 8U3HaYEHHS payjioHaIbHO20 HarpsiMy 3acCmocy8aHHsI 8U3Ha4eHOI BaHMaXXHOCMI ma Kracy
asmomobins 01 pobomu Ha PO38I3HUX Mapwpymax Micm, yucenbHiCmb gKux nepesuulye 1 MIH. MewkaHuie. 3okpema
po3pobrieHo nMpakmuyHi pekomeHdauji 3 8rposadxeHHs pe3yrbmamie docnioxeHHs. 3a kpumepil eghekmugHocmi 06paHo
MiHiMarbHi 3a2arbHi sumpamu Ha MICbKUX p038e3eHHsIX OpibHONapmioHHUX eaHmaxig 3a 006y. BusHaueHo, wjo po3mip nap-
mii eaHmaxy rnionopssOko8yembCsi HOpMaribHOMY 3aKOHY po3ro0iny 8unadkoeoi 8e/UYUHU, @ Yac HagaHMAaXeHHsI ma po36aH-
maxeHHs1 1 m eaHMaxy — eKCrioHeHYiliHOMY 3aKkoHy. [1posedeHO pezpeciliHuli aHari3 ma ompuMaHo (OYHKUiH 3anexHocmi
3a2alibHUX sumpam Ha po36e3eHHs1 OpibHONapmMIoOHHUX 8aHMaxig 3a 000y 6i0 KifbKOCMI KIiEHMI8 pu Pi3HOMY 3HaYeHHI
cepedHbo20 po3mipy napmii eaHMaxy ma HoMiHaIbHOI 8aHMaXHoOCMi agmomMobinis, Wo fnpayroms Ha PO38ISHUX Mapuipy-
max. BoHa 00380715i€ 8U3Ha4YUMU payjioHasIbHi HanpPsIMU 8UKOPUCMAHHS ME8HO20 Kilacy 8aHMaxH020 asmomobifs 3amnexHo
8i0 Kirtlbkocmi KnieHmig 07151 8i0r08iOH020 3Ha4eHHs1 CEPeOHb020 PO3MIpPY napmii eaHmaxy. Y cmammi po3pobiieHi npakmuyHi
pekomeHOauji, ki 00380/15H0Mb PECYPCOEHEKMUBHO BUKO-PUCMOBY8amuU mexHosoeii pobomu asmomobirnie Ha Mapwpymi
repeseseHHs1 i3 3acmocy8aHHM KOHKPEMHUX MapoK asmomobinig 3anexHo 6i0 KinbKocmi KiieHmig ma 0bcsizie 8aHmMaxy.

Knro4oei cnosa: mpaHcriopmHo-excrieduuiliHe 06¢1y208y8aHHs1, PO3GI3HI Mapwipymu, MiCbKe Criofy4eHHs1, OpibHonap-
MIOHHI 8aHMaxXi.

DOI https://doi.org/10.32845/msnau.2022.3.7

Betyn. Ha cyvacHomy etani possutky B YkpaiHi Bce
Ginblle nignpu-eMcTB BUKOPUCTOBYKOTL JIOMCTUYHI  KOH-
Lenuii Taki SK: nnaHyBaHHS MOCTABOK «TOYHO B TEPMIHY»,
CKOpOYEHHS 3anaciB Towlo. Lle npu3eeno [0 3MeHLUEeHHS
PO3MipiB NOCTaBOK i 30iNbLWEHHS YacTkn ApiGHONAPTIOHHMX
BaHTaxiB y 3aranbHoMy obcsry nepeBeseHb. Lis TeHaeHuis
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HanbinblUe NPOCTEXYETLCS NMPU MEPEBE3EHHSX BaHTaXiB
Y MiCbKOMY CMOMNyYeHHi.

CyyacHa npakTuka nepeBeseHb ApiGHONapTIOHHMX BaH-
TaxiB XapakTepu-3yeTbCs HeBenukummu obcsramn nepese-
3€HHS Ha agpecy O[HOrO BaHTaX004ep-XXyBaya, a KinbKiCTb
MYHKTIB NPU3HAYEHHS NPOTArOM AOOM MOXe Jocsratv Bif
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JEKinbKoX OecATKiB A0 OeKinbKoX COTeHb. 3adaya MapLu-
pyTu3aLii € OfHIEl0 3 OCHOBHUX 3a4ad, siki PO3B'A3yHThbCS
NpW NnaHyBaHHi nepeBe3eHb APIBHOMAPTIOHHUX BaHTaxiB
y MicTax, Bif pauioHanbHOro pilleHHs SKkoi 6arato B YoMy
3anexartb eMeKTUBHICTb BUKOPUCTaHHS PyXOMOro cknagy
Ta BUTPaTW Ha NEPEBE3EHHS.

[ns sKicHOro TpaHCNOpPTHO-eKcneauLinHoro obcnyroy-
BaHH$SI BaHTaX0-BMACHWKIB Y NepeBe3eHHi BaHTaxiB, Heob-
XiOHO He TiNbK1 JOCTaBUTY 3a3HaYe-HUN 0OCAr BaHTaxy, ane
/i 3poBuTK Lie B NEBHWIA Yac, WO yCKNaaHe hopMy-BaHHs
PO3BI3HMX MapLUpyTiB Ta BMBIp pauioHanbHOI BAHTaXHOCTI
aBTOMOGINIB, LLO BUKOHYKOTb NEPEBE3EHHS.

3Baxaroun Ha Te, Lo YacTka ApibHONapTIOHHUX BaHTa-
XiB B 3aranibHOMy 06C53i nepeBe3eHb HeyXMIbHO 3pocTae, a
piBEHb iX opraHisauii HeoCcTaTHLO ehEeKTUBHMIA, HEOBXIAHO
30INCHIOBATM MOLUYK HOBUX HAyKOBO-MPAKTUYHUX pilleHb,
MeTogiB | Modenen onTuMisaLlii npoLecy nepeBe3eHHsl.

B pesynbrati aHanisy npouecy opraHisadii gpibHonap-
TIOHHUX MepeBe3eHb B MiCTax BU3HAYEHO psf HeZoniKiB:
hopmyBaHHS HepaLioHanbHWUX MapLUpyTiB; HEBpPaxXyBaHHS
BUMOT KMIEHTIB LLOAO Yacy 3aBE3eHHS BaHTaxy; 3acTocy-
BaHH$ Ha pO3BIi3HMX MapLLUpyTax aBTOMOGINiB HepaLioHasb-
HOI BAHTaXHOCTI.

[ns BupileHHs 3agay mMapLupyTM3alii Ans pos3Bi3HuX,
36ipHMX Ta poO3Bi3HO-30ipHMX MapLUpYTIB HayKoBLi Mpomno-
HYlOTb BWKOPWUCTOBYBaTW pisHOMaHiTHI Metoamn (Luchko,
2010). OgHak icHytoui MeToamn He nepenbavaroTb HAsBHOCTI
BENUKOI KiflbKOCTI KNieHTIB, WO 06cnyroByloTbCs (NopsaKy
100 i 6inbLue). Mpwn 3acTOCYBaHHI X KNACUYHUX HABINMKEHNX
MeTOZIB A1 BKa3aHWX YMOB MOrpiLLHICTE 0BYUCIIEHb Ayxe
BENMKa, a Yyac 0BUNCNEeHHS OyxXe 3HaYHUN, TOBTO BOHU He
rapaHTylTh PesynbTaTUBHICTL 3@ MPUNMHATHUA Yac. bBinb-
WicTb MeToAiB hOpMyBaHHS PO3BI3HWX MapLupyTiB 6Gasy-
0TbCS Ha BU3HAYEHHi HAMKOPOTLUMX MapLUPYTiB, OOHaK He
BPaxOBYIOTb MPIOPUTETHICTb KNiEHTIB Ta Oyab-aki cTpateri
ixHbOro obcnyrosyeaHHs (Shramenko, 2009).

Ha ocHOBi aHanidy HaykoBux pO3poBOK BYEHMX
(Prokudin, 2006; Vasilev, 2009; Prokofeva, 2004; Filippov,
2012; Sheptura, 2004; Shramenko, 2009; Moroz, 2014,
Shramenko, 2015; Levkovets. et. al, 2018), a Takox goc-
BiQy TPaHCMOPTHOrO OOCMYroBYBaHHS BAHTAXXOBIACHUKIB
TPaHCNOPTHO-eKCMNEeANLINHUMU  NiANPUEMCTBAMU  MOXHA
3po6UTY BUCHOBOK, LU0 OLliHKA TPa-HCMOPTHOrO 06CnyroBy-
BaHH$S BAHTAXXOBACHWKIB Y MiCbKOMY CMOMyYeHHi Yac-Tile
BCbOrO 3iINCHIOETLCS TiMbKM 3 NO3WLii NepeBi3HKKIB, a iHTe-
pecu BaHTa-XOBiANPaBHUKIB Ta BaHTaX00L4EPXKYBaYiB 00
Yyacy BMBE3eHHS (3aBE3EHHS) BaHTaXY BiAX04ATb Ha APYrui
nnaH abo 3anuwatTbCs MOBHICTIO HEBPAXOBa-HUMMU, LLO
CBIQYMTb NPO MOTiPLUEHHS SIKOCTi TPAHCMOPTHOrO 0BCnyro-
BYBaHHSI.

AHania nitepaTypHUX xXepen CBigYnTb, L0 piBEHb Opra-
Hi3aLii gpibHO-NapTIOHHMX NepeBe3eHb HeAOCTaTHbO edek-
TUBHWIA, BiNbLWICTb ICHYIOUMMX Modenen opraHisauii TpaH-
CMOPTHOIO NPOLIECY MPAKTUYHO HE BPaxXoBYyOTb HEOBXIAHICTb
JOCSArHEHHs1 KOMNPOMICY Ta piBHOBary eKOHOMIYHMX iHTe-
peciB yCix yyacCHUKIB TpaHCMopTHOro npouecy. HeobxigHo
30INCHIOBATM MOLUYK HOBUX HAayKOBO-MPAKTUYHUX pillEHb,
po3pobnsATY Ta YAOCKOHAMNOBATH iCHYHOMI Migxoam Ta Mogeni
L0 NnaHyBaHHS Ta opraHisaLlii po3Bi3H1X MapLUpyTiB ANns

CKOPOYEHHSI BMKOPWUCTAHHS PecypciB aBTOTPAHCMOPTHOIO
MignpuMeMcTBa, NiABULLEHHS SIKOCTI TPaHCMOPTHO-eKCne-
OMUiINHOrO 06CnyroByBaHHS, WO 0ByMOBUTbL (hOPMYBaHHS
THYYKOl TapudHOI NOMNITUKM TPAHCMOPTHUX MNiANPUEMCTB,
CNPSIMOBAHOI Ha BinblL NOBHE 3aJ0BOSIEHHS BUMOr BaHTa-
YXOBMACHMUKIB.

MeTa po6oTn — hopmMyBaHHS paLlioHanbHOI TEXHOMOrT
npu opraHisalii nepeseseHb ApiOHONAPTIOHHUX BaHTaxiB
Yy MiCbKOMY CMOJyYeHHi 3a paxyHOK BUOGOpY Mapku Ta BaH-
TaXHOCTi aBTOMOBINIB.

Matepianu i meToau focnigxeHb. BapTicHi 1 geski HaTy-
panbHi NOKa3-HUKM MOXYTb XapaKTepusyBaTu 3MiHW, LUO
BiAOyBaloTbCS K B OKPEMO B3SATUX CUCTEMAX TPaHCMOPTY-
BaHHS, BUPOOHULTBA I CMOXMBAHHS, TaK i CymapHo, TO6TO
iHTerpansHU edekT.

B akocTi kpuTepito edekTMBHOCTI 0BpaHO MiHIManbHi
3arasbHi BATpaTU Ha po3Be3eHHs ApibHONApTIOHHUX BaHTa-
XiB 3a goby:

(1)

[e qn — HoMiHanbHa BaHTaXHICTb aBTOMOOINIB, SIKi BUKO-
PUCTOBYIOTLCS A1 pOOOTU HA PO3BI3HUX MapLUpyTax, T;

N - KinbKiCTb crnoxuBaudis, of.;

g — CcepefHin po3Mip napTii BaHTaxy, T

Omxe, HeOOXiQHO BM3HA4aTW SKMIA BMMWB Ha 3aranbHi
BUTPATU Ha PO3BE3EHHSI APiOHOMAPTIOHHMX BaHTaxiB 3a
400y MatTb HOMiHamnbHa BaHTaXHICTb aBTOMOOGINIB, L0
NPaLoTb Ha PO3BI3HUX MapLUpyTaXx, KinbKiCTb KMiEHTIB, a
TaKoX CepeaHin po3mip napTii BaHTaxy.

Ona mopentoBaHHs 00’eKTy AOCHigKEHHS 0OpaHo imi-
TaliHe MOOEento-BaHHS, OCKIMbKM NepeBaXkHa KinbKiCTb
napameTpiB NepeBe3eHHst [ApiOHOMApPTI-OHHUX BaHTaXIB
Y MIiCbKOMY CMOMyYeHHi € BUNaakoBUMU BennyuHamu. Llen
MeTO, MOZENtoBaHHs! J03BONMUTL BinbLl TOYHO BpaxyBaTu
XapakTep BHYTPILLHIX MPOLECIB, PO3rMSAHYTU CTaH CUCTEMMU
B Pi3HWX yMOBaX.

Ha npuknagi TpaHCnopTHO-eKcneauUinHOro Mignpuem-
CTBa, L0 34INCHIOE OpraHisaLito nepeBe3eHb ApibHonapTi-
OHHUX BaHTaXiB B MICTi 3 YMCENbHICTIO HaceneHHs 1 MIH.,
NpPOBedEHO CTaTUCTUYHI JOCMigKeHHs. BusHaueHo, Lo
po3Mip napTii BaHTaxy nignopsiAKoBYETLCSA HOPMarnbHOMY
3aKOHY po3noginy BUNaZKOBOI BENUYMHM 3 NapameTpamu
a=0,4911 0 = 0,2 T; Yac HaBaHTaxeHHs 1 T BaHTaxy -
€KCMOHEHLINHOMY 3aKOHY PO3Mofiny BUNaAKOBOI BEMUYMHN
3 napameTpom b = 0,049 roa.; yac po3BaHTaXeHHs 1 T BaH-
TaXy — EeKCMOHEHLINHOMY 3aKOHy po3nodiny BUNaaKoBOi
BENMYKHM 3 napameTpom b = 0,048 rog.

Buxoasum 3 Toro, Lo HanyacTille nepeBe3eHHs ApibHO-
MapTiOHHUX BaH-TaXiB 34iNCHIOETLCS OOPTOBUMK TEHTOBA-
HUMK aBTOMOGINAMK Ta yproHamMu BaHTaXHICTIO Big 3 10
6 T, 0bpaHo 15 anbrepHaTBHUX Mapok aBTomobinis (Ofits.
vyd., 2012). B pesynsrati cniBCTaBneHHA MiHIMHUX HOPM
BWTPaT NanvBa Ta LiH aBToMObINiB 3 ypaxyBaHHAM iX Hal-
MEHLUMX 3Ha4YeHb Ans iMiTauiiHoro MogentoBaHHa 06paHo
Knacu aBTOMODINIB 3a BaHTaXOMigMOMHICTIO: Manoi (3 T)
Ta cepenHboi (4,2 Ti6 T).

BusHayeHo piBHi BapitoBaHHS BXiOHWUX (DaKTOpIB: BaH-
TaXHicTb aBTOMODINA — [3; 6] T; KinbkicTb knieHTiB — [10;
100] oz.; cepenHin po3mip naptii BaHTaxy — [0,241; 0,741] T.

B,=f(q, N,q)—> min,
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[ns npoBefeHHs iMITALHOTO eKCrnepuMeHTy po3pobrneHo
nnaH ekcnepumeHty [Mnaketta-bepmaHa, KinbkicTb cepin
cknagae 90 op.

Pesynbratu. IMiTawiiHi ekcnepuMeHTU NpoBeAeHO 3a
[LONOMOroK  P03-pobrieHoro NporpaMHoro  3abesneyeHHs,
BiAMIHHOIO OCOBNUBICTIO SIKOrO € (POPMYBaHHS paLioHarb-
HUX PO3BI3HUX (3BipHMX) MapLUPYTIB NpU NEepeBE3eHHI
[pibHONAPTIOHHMX BaHTaXiB B MICbKOMY CMOMyYeHHi Ans
BESMKOI KiNbKOCTi 3aMOBHMKIB. B noni nporpamMu BMNagkoBo
reHepyeTbCs PO3MILLEHHS KIIEHTYPU Ta TepMiHany, a Takox
obcsrn nepeBeseHb | Yac JOCTaBKM BaHTaXY KIi€HTaM.

Pesynbtatom € cdopmoBaHi MapLUpyTW Ta 3HaYeHHs
3aranbHoro npobiry Ha MapwpyTax 3a oby Lz. Onupato-
Yyucb Ha pesynbTati gocnigkeHHs (Shramenko, 2010) dop-
MYBaHHS1 MapLLPYTIB MPOBOAMIIOCS 3 YpaxyBaHHSAM HEXOp-
CTKMX YaCOBUX BUMOT CMOXMBAYIB.

[ns BM3Ha4YeHHs palioHanbHOi 06nacTi 3aCTOCYBaHHS
Ha pO3BI3HWX Ma-pLUpyTax KOXHOI Mapku aBTOMOOINS
B 3aNeXHOCTI Bif KiNbKOCTi KMiEHTIB NpoBeAeHO iMiTauiHe
MOZENoBaHHS Ta OTPUMAaHO perpecinHi mogeni ans cepea-
HbOro po3mipy napTii BaHTaxy B 0,241 1, 0491 11a 0,741 1
(tabn. 1). Po3rnsHyTO HacTymnHi BUAW 3anexHocTen perpe-
CiHX MOZENen: ekCrnoHeHLianbHa, noniHomiansHa Ta cTe-
neHesa.

Ockinbkn po3mip napTii BaHTaxy MignopsaKoByeTLCS
HOpMaribHOMY 3a-KOHY PO3MOAiny BUNaAKOBOI BENUYUHK, TO
3rigHO 3 NpaBUIOM «TPbOX cuUrM» 99,7% 3HayeHb BUNaf-
KOBOI BENWYMHWM MOTpannsiTb B iHTepean [a-30; a+30].
B imiTavinHomy MopentoBaHHI Ans reHepadii poamipy nap-
Tii BaHTaxy 3HauyeHHs il cepedHbOKBALPATUYHOMO BigXW-
neHHs popieHioe 0 = 0,042 T. 3 ypaxyBaHHAM LbOro BCTa-
HOBMEHO [iana3oHun BapitoBaHHS PO3MIpY i-i napTii BaHTaxy
g, B 3aNEXHOCTI Bif 3HA4EHHS CepeaHLOro PosMipy nap-
Tii BaHTaXy ¢ : npu ¢ =0,241 1 - ¢, € [0,05; 0,38] T; npw
q=0,49171- ¢, €(0,38;0,62) 7, npn ¢=0,7411 - ¢,
€1[0,62;1,0] 7.

3rigHo 3 perpeciiHumu Mmogensmu (Tabn. 1) oTpumaHo
rpadiku, Wo SB-N510Tb CO60K anpoKCMMOBaHI 3HAYEHHS
3aranbHUX BWTpPAT Ha PO3BE3eHHA ApiGHOMAPTIOHHMX
BaHTaxiB 3a A00Yy npu pi3HiN KiNbKOCTI KNIEHTIB Ta pi3-
HOMY 3HaY€eHHi cepeHbOro po3mipy napTii BaHTaxy Ans
ansTepHaTMBHUX Mapok aBTomobinie. [Mpuknag Hase-
[JeHO Ans cepefHboro posmipy naptii BaHTaxy 0,491 1
(puc. 1).

Omxe oTpumaHHi rpaciku (puc. 1) 0O3BONSIOTb BU3HA-
YUTU paLioHanbHi 0bnacTi 3acToCyBaHHS MEBHOI Mapkut
aBTOMODINS B 3aNEXHOCTI Bif KiNbKOCTi KNiEHTIB 4ns pobotu
Ha po3Bi3HUX MapLpyTax (tabn. 2).

Tabnuus 1

PerpeciiiHi Mogeni 3aranbHMX BUTpaT Ha po3Be3eHHs ApiOHONapTIOHHUX BaHTaxiB 3a AO6Y B 3aneXHOCTi Bif
KinbKOCTi KNiEHTIB ANs1 KOXHOI Mapku aBTOMOGINs npu pisHOMy 3Ha4y€HHi cepeiHbOro po3Mipy NapTii BaHTaxy

0,241 manoi (3 1) EkcnoHeHUianbHa B =502,06- "N
cepefHboi (4,2 1) EkcnoHeHUianbHa B.=512,13. "%
cepeaHboi (6 T) EkcnoHeHUianbHa BZ — 640,73 00N
0,491 manoi (3 1) CreneHeBa Bi —33,788. NV
cepenHboi (4,2 1) CreneHeBa B. = 44,832 "%
cepeaHboi (6 T) EkcnoHeHuianbHa B =715,09. "2V
0,741 manoi (3 1) CreneHeBa B — 28,993 . N2
cepenHboi (4,2 1) CreneHeBa BZ =35,997. NM76
cepeaHboi (6 T) EkcnoHeHuiansHa B. =756,58 &Y
Takum YMHOM, 4N NoKpaLleHHs edpekTUBHOCTI poboTu - BpaxoByBaTWM IHTEPECU BaHTaXOBMACHWKIB Npwu

TPaHCMOPTHO-EKCNEANLINHOTO NiANPUEMCTBA PEKOMEHAY-
€TbCs:

- 3acTOCOBYBaTM CyyacHi metogu (HOpMyBaHHSI pO3-
Bi3HMX MapLUpy-TiB ANS BEMUKOI KiflbKOCTi 3aMOBHMUKIB, LLO
[aloTb HaWMeHLWy noxubKy npu ONTMMI3auii 3aranbHOro
npo0iry;

- 3[iicHIoBaTK BMDIp paLioHanbHOI BaHTa)XHOCTi aBTo-
mobinis npy poboTi Ha PO3Bi3HUX MapLUPYyTaxX B 3aNeXHOCTi
BiJ CepedHbOro Po3Mipy NapTii BaHTaxXy Ta KinbKOCTi BaHTa-
XOBIACHMUKIB, L0 06CMyroBytoTbCA (Tabn. 2);

- nepepbayaTm  3acTOCyBaHHSI  AMEpEHLINOBaHUX
TapudiB AN MOXIMBOCTI  3a[0OBOMEHHSI BWMMOr BaHTa-
XOBMaCHWKIB LLIOAO TEPMiHY [OCTaBKW BaHTaXiIB;

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

BuUbOpi cTpaTerii popMyBaHHS PO3Bi3HKX MapLUPYTIB B YMO-
Bax HEBW3HAYEHOCTi Ta PU3NKY 3 MOCTINHO 3MIHIOBAHWM
MOMNMTOM, WO CPUSTUME NiABULLEHHIO PIBHS SKOCTI TpaH-
CMOPTHOTrO 06CNYroByBaHHS.

O6roBopeHHsi. Po3pobrneHo MeToanKy (hopMyBaHHS
pauioHanbHOi TexX-HOMOrii TpaHCMOPTHO-eKCneanLiHOro
o0cnyroByBaHHA BaHTaXOBMACHMKIB, WO nepenbadae
3aCTOCYBaHHSA paLioHanbHOI BaHTAXHOCTI Ta Mogeni
aBTOMOGINs Ans poboTh Ha po3Bi3HMX MapLupyTax. B sko-
CTi KpuTepito edheKTUBHOCTI poboTH aBTOMODGINIB Ha po3-
Bi3HMX MapLupyTax 3anpornoHOBaHO MiHiManbHi 3aranbHi
BUTPaTU Ha PO3BE3eHHS ApPiOHOMAPTIOHHMX BaHTaxiB 3a
L00y.
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Puc. 1. Ipachikm 3anexHoCTi 3aranbHMX BUTPAT Ha po3Be3eHHs1 BaHTaXiB 3a A00Y BiA KiNbKOCTi KNMiEHTIB npu
cepegHbLOMY po3mipi napTii BaHTaxy 0,491 T

Mopanblui JocnimKeHHA CcRig cnpsiMyBaTU Ha Bpaxy-
BaHHA YMOB HEBW3HAYEHOCTI Ta PU3MKY MPU MPUAHATTI
yNpaBniHCbKMX pilleHb Nig Yac opranisauii ApibHonapTi-
OHHMX MepeBe3eHb BaHTaXiB Ha PO3BI3HMX MapLupyTax
B MiCTax.

BucHoBKW. Ha npuknagi TpaHCNopTHO-eKcneaunLuiitHoro
MigNPYEMCTBA BM3HAYEHO 3aKOHW PO3MOAiINYy BUNaAKOBMX
BESIMYMH NPOLIECY PO3BE3EHHS APIOHONAPTIOHHMX BaHTaXIB
Ta iX napameTpu: po3mip napTii BaHTaxXy NiaNOpsAKOBY-
€TbCS HOPMAsibHOMY 3aKOHY 3 MaTEMaTUYHUM OYiKyBaHHAM
0,491 T Ta 3 cepenHbOKBAAPATUYHMM BigxuneHHam 0,2 T;
Yac HaBaHTaxeHHs 1 BaHTaXy — EKCMOHEHLIMHOMY 3aKOHY
3 cepegHiM 3HadeHHaM 0,049 rod.; yac po3BaHTaxeHHs 1 T
BaHTaXy — €KCMOHEHLINHOMY 3aKOHY 3 CepefHiM 3HaveH-
Ham 0,048 roa.

O6rpyHTOBaHO BMBIp anbTepHATUBHKX KnaciB aBTOMOGI-
MiB Pi3HOT BAHTaXXOMAMNOMHOCTI Anst iMiTaLMHOIO ekcrnepu-
MeHTY: manoi (3 T), cepeaHboi (4,2 T) Ta cepeaHboi (6 T).
BrkopucTOBYHOUM pesynbTaTh iMITauinHOrO eKCnepuMeEHTY,

OTPUMaHO perpeciily Mofesnb, WO HaWTOuHiWe onucye
3anexXHiCTb 3aranbHNX BUTPATV Ha PO3BE3eHHs ApibHonap-
TIOHHMX BaHTaxiB 3a 0Oy Big HOMiIHAINbBHOI BaHTAXHOCTI
aBTOMOGINIB, KiMbKOCTI KMIEHTIB Ta CepeAHbOro po3mipy nap-
Til BaHTaXxy. TakoX OTPMMaHO perpecinHi Mmogeni, LWo A03B0-
NSATb BUSHAYNUTYW paLlioHanbHi 06racTi BUKOPUCTaHHS NeB-
HOi Mapku aBTOMOOINS B 3a1€XHOCTI Bif KifIbKOCTi KITiEHTIB,
Wwo obCcryroBytOTbCS, MPW BiAMNOBIQHOMY 3HaYeHHi cepen-
HbOrO PO3Mipy NapTii BaHTaxy.

Po3pobneHo npakTuyHi pekoMeHgauii wopo gopmy-
BaHHs pecypcosbepiratoyoi TexHonorii poboTn aBToMobinis
Ha PO3BI3HNX MapLUpyTax, Npu LbOMY 3anpOonoOHOBaHO paLi-
OHanbHi 0bnacTi 3aCTOCYBaHHS BiAMOBIAHMX MapoOK aBToO-
MOGiniB B 3aneXHOCTi Bif, KiNbKOCTI KMi€HTIB Ta CEpeaHbOro
po3Mipy napTii BaHTaxy. Tak, npu cepeaHbOMy po3Mmipi nap-
Tii BaHTaxy 0,491 T ansa obcnyrosyBaHHs Big 10 o 16 kni-
€HTIB JOLINbHO BUKOPUCTOBYBATU aBTOMOBINb BaHTaXHICTHO
31, BiA 16 0o 27 Ta Ginblue 71 KNIiEHTIB — BaHTaxHICTo 4,2 T,
Bi 27 0O 72 KIIEHTIB — BAHTAXHICTIO 6 T.

Tabnuus 2
PauioHanbHi aBTOMOGini 3anexHo Bif KinbKOCTi KNiEHTIB Ta cepegHbOro po3mipy napTii BaHTaxy
CepepHin
po3mip naprii KinbkicTb KnieHTiB PekomeHaoBaHuI aBTOMOGiNb
BaHTaxy, T
Knac aBToMoGins 3a BaHTaXoni-ANOMHICTHO BaHTaxHicTb, T
0,241 10 manoi (3 1) 3
11-100 cepenHboi (4,2 1) 4.2
0,491 10-15 manoi (3 1) 3
16-26 cepenHboi (4,2 1) 4.2
27-71 cepenHboi (6 1) 6
72-100 cepenHboi (4,2 1) 42
0,741 10,11 manoi (3 1) 3
12-23 cepenHboi (4,2 1) 4,2
24-68 cepenHboi (6 T) 6
69-100 cepenHboi (4,2 1) 4,2
48 BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty
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Transport and expedition service for the transportation of city small party cargo

Small batch cargo transportation is an important component of the economic development of many modern enterprises,
because they ensure fast delivery of oversized cargo to consumers. Such transportation is actively used in various fields,
including agriculture, the field of postal services, delivery, and others. Improving the efficiency of small-lot freight transportation
is an urgent issue, the key task of which is to improve the logistics routes of vehicles. Understanding that the share of small-part
cargoes in the total volume of transportation is constantly growing, and their execution is not efficient enough. In this regard, it
is necessary to search for new scientific and practical solutions, methods and models for optimizing the transportation process.
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A methodology for the formation of a rational technology of transport and forwarding service for cargo owners has been
developed, which involves determining the rational direction of application of a certain load and class of car for work on delivery
routes of cities with a population of more than 1 million. In particular, practical recommendations on the implementation
of research results have been developed. The minimum total costs for city deliveries of small-lot cargoes per day were
chosen as the efficiency criterion. It was determined that the size of the cargo lot is subject to the normal distribution law
of a random variable, and the loading and unloading time of 1 ton of cargo is subject to the exponential law. A regression
analysis was carried out and the function of the dependence of the total costs for the delivery of small consignments per
to-bu on the number of customers at different values of the average size of the consignment and the nominal load of cars
operating on delivery routes was obtained. It allows you to determine the rational directions of use of a certain class of truck
depending on the number of customers for the corresponding value of the average size of the cargo lot. The article develops
practical recommendations that allow resource-efficient use of vehicle operation technologies on the transportation route
with the use of specific vehicle brands depending on the number of customers and volume of cargo.

Key words: forwarding service, transportation routes, urban traffic, small consignment.
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Y pobomi npoaHaniaogaHO cmaH xapyy8aHHs1 HaceneHHs YkpaiHu 8 ymogax HecmabinibHOi eKOHOMIYHOI cumyauii 8 Oep-
XXaei Ha ¢poHi gilickkogux 0ill. 3anexHicmb SKOCMI Xxap408020 pauioHy 8id docmynHuUX MPoOyKmig, ma 6ruge xap4y8aHHs
Ha 300poe’si ykpaiHuig. 3p0beHO 8UCHOBKU W000 MOXITUBO20 MOKPAUW|EHHS Xapdy8aHHS WIISIXOM 868€0€eHHS 8 pauioHU
npodykmig W00eHHO20 CroxusaHHsI 36azadeHux 6iono2idHO-YiHHUMU Xap4osuMu AdobaskaMu POCIUHHO20 MOXOOXEHHS.
lonosHumMu 3aedaHHAMU pobomu €: dosecmu AouinbHICMb Po3pObKU HOBOI peuenmypu 3a paxyHOK 8HeCeHHs iHepedi-
€HMIB POC/IUHHO20 MOXOOXEHHS,; npoaHanisysamu KrnacuyHy mexHO/oeilo 8upobHuymea bifkogux MOSIOYHUX Mpo0yKmie
ma adanmysamu ii Onis peanidaujii Hogoi peuenmypu; obrpyHmysamu xap4os8y ma 6iono2iyHy UiHHiCMb cupy KUCTOMOJIOY-
HO20 ma iHepedieHmy POCIUHHO20 MOXOOXKEHHSI — HAaCiHHA MaKy; u3Haqumu ornmumMasibHUl 8i0COMOK 8HECEHHST HaCIiHHSI
maky 8 npodykm; docridumu opaaHonenmuyHi enacmusocmi ma XimiyHul cknad eomogoeo npodykmy. OCHO8HOK MemMoro
docnidxeHHs1 8 pobomi byro 0brpyHmMysaHHs peyenmypu i po3pobka mexHoroaii 8upobie i3 cupy KUCIOMOMOYHO20 (8Upobu
cupkosi) 3 do0asaHHsM HaCiHHSI MaKy. HagedeHo pesyribmamu meopemuyHUX ma ekcriepuMeHmarbHUX AoCidxeHb mex-
Horoeil cupKie KUCIIOMOMoYHUX 3 do0agaHHsIM HaciHHsI Maky. Po3pobrieHo adanmogaHy mexHoIo2idHy cxeMy 8upobHuuymea
Mpodykmy 3a HOBOK peuenmyporo. Po3paxosaHo XiMidHUU ckrnad HO8020 nPOAyKmMy ma cmyriHb 3adoeoneHHsT A06080i
rnompebu 8 OCHOBHUX MiHEPasbHUX peyosuHax. BucHoeku. [IpoaHasnizogaHO KimacuyHy peuenmypu Cupkig comodKux i3
CUpY KUCIIOMOT04HO20. [JosedeHo douinbHicmb po3pobKU peyenmypu CUPKI8 KUCTOMOIOYHUX 3 BUKOPUCMAaHHSIM CUPOBUHU
POCIIUHHO20 MOX00XEHHSI, @ caMe HaCiHHS MaKy. BcmaHoeneHo onmumaribHY KiflbKicmb 8HECEHHSI HaCiHHSI MaKy y OCHOBHY
macy npodykmy, Wo cmaHosums 2%. Po3paxosaHo Xap4o8y ma eHepeemuyHy UiHHicms 20moegoeo npodykmy. 3’scosaHo,
wo 88edeHHs 00 peuenmypu 2% HaCiHHS Maky He noaipulye op2aHonenmuyYHUX MoKa3HuKie, 2omosuli MpodyKm Mae npu-
eabnusull 308HIWHIl 8u2/150, Macmky 00HOPIOHY KOHCUCMEHUII, MPUEMHUL CMaK ma apomMam, Wo xapakmepHut daHoMy
8UQy KUCITOMOJIOYHUX CUPKOBUX 8Up0big, w0 nidmeepdxeHo pesyrbmamamu opaaHoIenmuyHoi oyiHKU. BcmaHoeneHo, wo
exusaHHs1 200 2 CUpKy 3 HaciHHAM Maky 3abe3srnedye 8 cepedHbomy 31% dpizionoaidHoi doboeoi mompebu Kanbuito, 35% —
¢pocpopy, ma 15,5% — mazHito.

Knro4oei cnosa: xapyysaHHsi, Xxapyosa UiHHicmb, 6ionoaiyHa YiHHICMb, CUPKU KUCITOMO/IOYHI, HaCiHHS MaKy, MiHeparbHi
PEYOBUHU, iH2pedieHMU POCTUHHO20 MOXOOXEHHS], Op2aHoIenmukKa, peyenmypa.

DOl https://doi.org/10.32845/msnau.2022.3.8
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BcTyn. B cyyacHomy cBiTi ntogn nepebyBatoTb B CTaHi
MOCTIHOMO HEPBOBOrO HarmpyXeHHs, CTpPecu Ta TPUBOTM
CTanu YacTKOK XUTTS KOXHOMo yKpaiHus. Ha dpoHi HecTa-
BinbHOI eKOHOMIYHOI cuTyauii BiABYBaETLCS CTpiMKe 300-
poXy4aHHs 6a3oBoro Habopy NPodyKTIB.

MpoaHanisysaBLKM faHi [lepxaBHoi cnyx6u cTaTucTukm
YKkpaiHu, MOXHa BiAMITUTU HE3HAYHE 3HIDKEHHSI CrOXW-
BaHHS MOMNOYHUX NPOAYKTIB HAcENeHHsaM YkpaiHu, Lo cra-
HOBWTb B cepegHboMy 200 Kr Ha pik, Ha OOHi 3BinbLUEHHS
BXWBaHHS XNiboBynoyHmx, kpym'sHux BupobiB Ta KapTo-
nni. OKpiM TOro 3HWKYETHCA BXMBAHHSA M’'sica Ta pubu. Lle
NPW3BOAWTb O TOrO, LU0 pauioH XapyyBaHHS NepeciyHoro
yKpaiHus cTae GigHilumm, nepLu 3a Bce, Ha He3aMiHHi amiHo-
KUCMOTMW Ta XMPHI KNCNOTKU, TaKOX XUPOPO3UUHHI BiTaMiHM
Ta Taki MaKpo- Ta MIKpPOENEMEHTU §K KanbLii Ta 3aniso.
Lle npusBoguTb 0O NpOSIBIB aniMeHTapHUX 3axBOpPHOBaHb
Ta 3HWKYE OMIPHICTb OpraHiamy 40 iH(EKLiiHUX 3axBOpto-
BaHb (3ybap, 2018).

CboroleHHs CTaBUTb Mepes Xap4oBOK ranysslo HOBi
3aBAaHHSA, OKPIM JXUTTEBO HEOOXigHOro 3abe3neqeHHs
nioge 6azoBMM HabopoM NPOAYKTIB, TakoX Po3pobKy npo-
JYKTIB 3 MigBULLEHOI0 Xap4oBOK Ta GIOMOMYHOKW LiHHICTIO,
K 3MOXYTb 36araTuTy pauioHn XapyyBaHHS TakuMu Heob-
XiBHAMM RIMITYIOYUMU HYTPIEHTaMM.

OpHum 3 BapiaHTiB BUpILLEHHS Takoi 3afjadi € 36ara-
YEHHS NPOAYKTIB LLOAEHHOIO CMOXMBAHHS BionoriYHO-LiH-
HUMU Xap4yoBMUMM fo6aBKamu.

Pospobkoto Ta HaykoBUM OBI'PYHTYBaHHSM iHHOBALLiAHNX
MOMOYHMX MPOAYKTIB Ta, 30Kpema, BINKOBMX MOMOYHUX MpPO-
JYKTiB 3 KOMBIHOBaHUM CKMagoM CUPOBUHK, 36ara4yeHmnx yHK-
LiOHaNbHUMKM XapyoBUMM fobaBKaMu, 3aiMaETbCs psif BYe-
Hux: Mavak KO.P, Nanuk A.T., Pynakosa T.B., TenexxeHko J1.M.,
Mununenko J1.M., Mpek O.B., CeBacTbsiHoBa O.B. Ta iHLUi.

BinkoBi MONOYHi NPOAYKTW, 30Kpema cupu M'siki CBixi,
CUPW KUCINIOMOMOYHI Ta BUPOOU 3 HUX € NpOoayKTaMu LOLEH-
HOrO XapyyBaHHS i CYTTEBUM [KEPENOM MOBHOLHHMX Xap-
YyoBux BiNkiB, Makpo,- MikpoeneMeHTiB, BiTamiHiB. Tak 3a
AaHumu (JypeHko Ta iH., 2009) B 100 rpamax cupy KMCnoMo-
NOYHOIO HaMiBXUPHOro MiCTUTLCS 164 Mr KanbLito, TOX Npw
BxuBaHHi 200 r cupy 3abesneunmo opraHiam 30% pobosoi
noTpebu B AaHOMy MakpoeneMeHTi. [1poTe, cup Kucnomo-
MOYHWIA Ma€E He 3HAYHWI BMICT BiTaMIHIB SIK XXMPOPO3YMHHUX
Tak i BOOOPO3UMHHMX. Tox po3pobka HaykoBO 06rpyHTOBa-
HOI TEXHONOriT BUPOBHMLTBA BINKOBUX MOMOYHUX NPOAYKTIB
36ara4eHunx 6ionoriYHoO-LiHHUMMK iHrpedieHTamu POCITMHHOTO
MOXOMKEHHS € NUTAHHSAM aKTyanbHUM i noTpebye nogasb-
LUXX JOCNIOXKEHb.

OTxe, ronoBHUMM 3aBOAHHAMU €: JOBECTU AOUIMNbHICTD
pO3p0o6KM HOBOI peLenTypy 3a paxyHOK BHECEHHS iHrpesi-
€HTIB POCIIMHHOMO MOXOMKEHHS; NpoaHani3yBaTu KnacuuHy
TEXHONOrito BUPOBOHMLUTBa BINKOBMX MOMOYHMX MNPOAYKTIB
Ta aganTyBaTtu il Ans peanisauii HOBOI peLenTypu; obrpyH-
TyBaTh xapyoBy Ta BionoriyHy LiHHICTb CUpY KMCMOMOMOY-
HOrO Ta IHrpedieHTy POCMUHHOIO MOXOMKEHHSI — HaCiHHS
Maky; BU3HAYMTL ONTUMAnbHUN BiflCOTOK BHECEHHS HACIHHS
MaKy B MPOAYKT; OOCMIAUTA OpraHONenTUYHi BNAaCTUBOCTI
Ta XiMiYHWIA cknag roToBOro NPOAYKTY.

Martepianu i metogu pocnipxeHb. Mema docni-
0XeHHs1 — 0BI'pYHTYBaHHS peLenTypu i po3pobka TexHonorii

BUPOGIB i3 CMpY KMCNOMOMOYHOrO (B1POBM CMpKOBI) 3 foda-
BaHHSM HaCiHHS MaKy.

06’ekm 00CniOXEeHHSI — TEXHONOriA BUPOBHMLTBA BMPO-
6iB i3 CMPY KNCIIOMOMNOYHOTO 3 f0AABAHHSAM HACIHHS Maky.

MNpeameTtom JocnigkeHHs € — BUPOOU i3 CUpy KMCIIOMO-
MOYHOTO 3 A04ABaHHAM HACIHHS Maky, CUP KUCIIOMOMOYHWIA
(OCTY 4554:2006), Bupobu cupkosi (OCTY 4503:2005),
HaciHHa maky (OCTY 7696:2015)

Memodu docnidxeHHs — OCHOBHI AOCTIAXEHHAMMN Bynu
npoBeaeHi MeTogaMu TEOPETUYHOTO y3araibHEHHS Ta aHa-
nidy, a Takox Oynu BMKOPWUCTaHI PO3PaxyHKOBI Ta OpraHo-
NEeNTUYHI METOAM OCIIKEHb.

Pesynsratu gocnigxeHHs. 3rigHo 3 [ICTY 4503:2005,
BUPOOW CUPKOBI BMPOGMSIOTb 3 CUPY  KUCIIOMOSIOYHOTO
3 jofaBaHHAM BEPLLKIB, Macna BEPLUKOBOrO, HaNoOBHIOBauYiB
i xapyoBunx 0o6GaBOK, 40 CUPKOBUX BUPODIB BiAHOCATL CUPKU,
CUPKOBI Macu, AeCepTU CUPKOBI, TOPTU 3 CUPY KUCITOMOMNOY-
Horo. Xap4oBa, BionoriyHa Ta eHepreTu4Ha LiHHICTb roTo-
BOrO MPOAYKTY 3anexuTtb Big XiMIYHOTO CKMagy OCHOBHOI
CVPOBMWHW Ta Bif BHECEHOI Xap4ocmakoBoi fobaBku. ToMy
npu BUBOPI Ta BCTAHOBMEHHI ONTUMAnNbHOMO BIACOTKY BHE-
CeHHs1 3baradvytouoro iHrpedieHTy HeobxigHO npoaHanisy-
BaTW XiMIYHWUIM CKNaf OCHOBHUX peLenTypPHUX KOMMOHEHTIB.
B tabnuui 1 HaBegeHO NOPIBHSAMBHUIA XiMIYHUIA CKag cupy
KUCMOMOIOYHOIO B 3aNeXHOCTi Bi MacOBOI YaCTKU Xupy
B HboMy ([yaeHko Ta iH., 2009).

Ak BUAHO 3 Tabnuui 1 3i 36inNbLIEHHAM MACOBOI YacTKM
XWPY B CUPI KUCIIOMONOYHOMY 36inbLUYETLCS BMICT BiTaMiHy
A, WO MOXHa NOSICHUTY Or0o 3aneXHiCTIO Big BMICTY XUpY,
BMICT MiHepanbHWUX PEYOBWH KONUBAETHLCS B HE3HAYHIN Mipi,
TOX npun BXuBaHHI 100 r crpy KMCNOMONOYHOrO HaniBXMp-
Horo 3abesneyyetbes 15% disionoriyHoi Lo60BOT NOTPedu
kanbuito, 20% pobosoi notpebu docdopy, ane nuwie 6,5%
MarHito, TOX NIMIT MarHito MOXHa 3HW3UTK AoAaBLUM [0
peLenTypu HaCIHHA Maky, Ta 40 TOro X 36araTuTi NPOAYKT
iHLUIMMK HYTPiEHTaMU, LLO MICTUTb HACIHHS Maky.

HaciHHa maky € [mxepenoMm nomniHeHaCUYEeHUX Xup-
HUX KWUCIOT, @ HasBHICTb MarHito Ta Kanito B HacCiHHi Maky
CNPUSIE 3MEHLLEHHIO CTPEeCY Ta 3HWXKEHHIO apTepiansbHOro
Tucky (BineHko, 2019). 3a BMKOPUCTAHHAM KynbTYPHUI
Mak noginatTb Ha ONIMHWA Ta ONIMHUA. Y Xap4yoBMX LiNaX
BUKOPWCTOBYIOTb OfiNHI KyNbTypW Maky. KanopinHicts maky
cknagae 525 kkan y 100 rpamax npogykty. XiMiyHUM cknaz
HaciHHs maky y 100 r npefcraBneHo B Tabnuui 2.

Mak LIMPOKO BMKOPUCTOBYETLCA B KOHAMTEPCHKIiA, XIi-
BonekapcCbkii NMPOMUCIOBOCTI, MOAEKYAM HACiHHA BUKO-
PUCTOBYIOTb Y BMPOOHULTBI MOMOYHMX NpoaykTiB. Makosa
onis, fobyTa 3 HaCiHHA MaKy XONOAHUM NPecyBaHHAM BUKO-
PUCTOBYETLCS B Xap4oBil, KOHOWTEPCHKIA Ta KOHCEPBHIN
npomucnosocTax (Opnosa, 2002).

OTXe MaK € LiiHHOI CUPOBWHOK POCAMHHOTO MOXOMKEHHS
i B MOEAHAHHI 3 CUPOM KMCNOMOMOYHUM MOXe MOKpaLLmTy
Xap4oBy i 6ionorivHy LiHHICTb FOTOBOMO NPOAYKTY.

B sKocTi KOHTpOnbHOro 3pasky 6yno obpaHo KnacuyHy
peLenTypy CUPKIB KMCMOMOSIOYHUX COMOAKMX 3 BaHIiNiHOM
MacoBoto YacTkoto xupy 8,0% (CtenaHosa, 1999).

3 MEeTOK BU3HAYEHHS ONTUMANbHOI KiNIbKOCTi BHECEHHS
Maky B Macy Ansi CMpkis, Hamm 6yno po3pobneHo 3 BapiaHTy
peLenTyp 3 BMICTOM HaciHHS Maky Bif 2% 80 6% (Tabn. 3).
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Tabnumus 1

MopiBHANBLHMI XiMiYHUIA CKNag cUpPY KUCNIOMOSIOYHOTO

HalimeHyBaHHSI HYyTpPiEHTY Cup K:ec;:;n::;quuu C""J;ﬁg;ugﬂ:;""" Cup KMCITOMOMOYHUM XKUPHUN
Binku, r/100r 18 16,7 14
AKupu, r/100r 0,6 9,0 18,0

Byrnesogau, r/100r 1,8 2,0 28

Kanbuin 120 mr 164 mr 150 mr
Kanin 117 mr 112 mr 112 mr
docop 189 mr 220 mr 216 mr
MarHin 24 mr 23 mr 23 mr
Hatpin 44 mr 41 mr 41 mr
3aniso 0,3 mr 0,4 mr 0,5 mr
Bitamin A 0,01 mr 0,05 mr 0,1 mr
Bitamin B1 0,04 mr 0,04 mr 0,05 mr
Bitamin B2 0,25 mr 0,27 mr 0,3 mr
Bitamin PP 0,45 mr 0,5 mr 0,5 mr
Bitamin C 0,5 mr 0,5 mr 0,5 mr

Tabnuugs 2
XimiuHui cknap HaciHHA maky y 100 r
HalimeHyBaHHs HYTpiEHTY BmictB 100 1
Binku, r/100r 17,9
AKupu, r/100r 41,9
Byrnesogu/xap4osi BorokHa, r/100r 14,5/6
Kanbuin 1438 mr
Kanin 719 mr
®occhop 870 mr
MarHin 347 mr
Harpin 26 mr
3aniso 9,76 mr
MapraHeupb 6,7 mMr
Migb 1,63 mr
CeneH 13,5 Mkr
Linuk 7,9 mMr
Bitamit A 762,0 mKkr
BitamiH B, 0,85 mr
BitamiH B, 0,1 mr
Bitamin PP 0,9 mr
BitamiH B, 0,25 mr
doniesa kucnota 82,0 MKr
Bitamin C 1,0 mMr
Bitamin E 1,77 mr
BitamiH B, 8,8 mr
Tabnuus 3

PeuenTypHuI cknag cMpKiB KUCITOMOJIOYHMX CONOAKMUX 3 Aof4aBaHHAM HaciHHA Maky, Ha 100 kr

BapiaHTtu peuentyp

CupoBuHa, Kr

KoHTponb Ne 1 Ne 2 Ne 3
Cup KMCIOMOSOYHWIA 3 MACOBOK YacTKO xupy 9 %, Kr 89,92 87,92 85,92 83,92
Llykop-nicok, kr 10,08 10,08 10,075 10,075
HaciHHs maky, kr - 2,0 40 6,0
BaHiniH, kr 0,005 0,005 0,005 0,005
Bcboro 100 100 100 100
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BusHayeHHs ONTWManbHOI 103U BHECEHHS HaCiHHA
MaKy NPOBOAMMM OPraHoNenTUYHO, 3a PO3pPOBNEeHO Hamm
aecsaTmbanbHo LWKanot, ae — cMak — 2,0 6anu; apomar —
2,0 6anu; — cTpykTypa i koHcucTeHuis — 3,0 6anu;— konip —
1,0 6an; — 30BHiwHiA BUMsag — 2,0 6anu, Ta 3 BpaxyBaHHAM
y3aranbHeHOro XiMi4HOro cknagy KOMMOHEHTIB.

3rigHO 3 pUCYHKOM 1, BU3HAYEHO, LLIO BapiaHT peLenTypu 1
3 BMICTOM HaCiHHS Maky 2% Mae HavBULLi OpraHONenTUYHi
MOKa3HWKKM, HaCiHHS Maky po3nogineHe piBHOMIpHO Mo BCil
Maci NpoaykTy, CTPYKTypa OAHOpiOHa, MacTka, HasBHICTb
HACiHHA Maky Hadae crneuudiyHMX, NPUEMHUX HOT CMaKky,
i BiQNOBIOHO OpMriHaNbHWIA 30BHILLHIN BUrNAA, Konip 6inui
3 YUCMEHHUMU BKITIHOYEHHAMU MaKOBWX HACiHWH PO3NOAi-
MEHNX PiBHOMIPHO, apomaTt KUCMOMOMOYHUIA 3 BUPAXEHUM
BaHiNbHWM 3anaxoM, 3anax Maky Mamxe He Bia4yBaeTbCsl.

Heponikom 3paskiB 3a peuentypamu 2 i 3 6yno nepe-
HACWYeHHS1 OCHOBHOI MaCcK CUPY KUCIIOMOMOYHOTO HACIHHSAM
Maky, LIO Npu3Beno A0 MOripLeHHsT CTPYKTYPU NPOAYKTY,
HebaxaHoro, Ans Takoro TUny NPoayKTiB, KOMbOPY, @ TakoxX

3aHaATO BUPAXEHOro CMaky, Lo He TUNoBuWiA Ans Bupobis i3
CUPY KUCMOMOMOYHOrO.

XimMiYHUI cknaf BM3Hayanu po3paxyHKOBUM CNocobom
3 BUKOPUCTaHHAM TabnuuHoro npouecopa MS Excel, npea-
CTaBMeHo B Tabnuui 4.

[NpoaHanisysasLum AaHi (Tabn. 4), MOXeMo 3p0BUTH BUCHO-
BOK, LLI0 BHECEHHSI HACIHHS MaKy B KiflbkoCTi 2% MiaBULLYE BMICT
MiHepanbHMX PeYoBUH, 0COBNMBO KarnbLyjto, MarHito Ta 3anisa.
Takox 36inblumMBcs BMICT BiTamiHy A Ta B, . pote, eHepre-
TWYHA LiHHICTb NPOayKTY nigsumnacs He cytteso. OTxe, Bee-
[EeHHS HaciHHA MaKy [0 peuenTypy niaBuLLye yHKLUiOHamNbH
BMaCcTUBOCTi FOTOBOTO NPOAYKTY, A0ro BioNorivHy LiHHICTb.

Cup KMCMOMOMNOYHUIA Ta BUPOBM i3 HBOTO BiAHOCATHCS
[0 NPOAYKTIB LOAEHHOIO BXMBAHHSA, @ OTXe BMNMYBae Ha
3abe3neyeHHsl opraHiaMy OCHOBHUMW Xap4OBUMMU PEYOBY-
Hamu. [NpoBeaeHo po3paxyHOK 3a40BONEHHs qisionoriyHol
1060BOI NOTpedM B OCHOBHUX PEYOBMHAX NPU BXUBAHHI
CUpPKY 3 10j@BaHHSM HaCiHHS MaKy Ha npuknagi XiHoK BikoM
30 — 39 poki | rpynu iHTEHCUBHOCTI NpalLi.

30BHIIIHIA BUIIISII

Komip

3anax
—&—KOHTpoJIb

Penenitypa Ne2

KoncucreHmis

Cmax
—e—Penentypa Nel

Penienitypa Ne3

Puc. 1. OpraHonenTu4Ha ouiHKa 3pa3kiB po3pobneHnx peLenTyp y NOPIBHAHHSA 3 KOHTPONIbHUM 3Pa3KoM

Tabnuuga 4

MopiBHANbHA XapaKTepUCTUKa NOXKMUBHOI LIHHOCTI Ta XiMiYHOro cknagy CUPKiB KNCFTOMOMOYHUX CONOAKUX
3 BaHiniHoM 3 MacoBoto YacTkoto xupy 8,0%, 3i 3paskom 3rigHo Peuentypui, Ha 100 r npoaykTy

HaiimeHyBaHHs noka3HUKIB KoHTponb 3pasok 3a Peuentypoto 1
Binku, r 15,0 15,0
AKupu, r 8,1 8,8
Byrnesoawm, r 10,8 11,0
Kanbuiit, Mr 147,5 172,9
Kanii, mr 100,7 112,9
®ocdop, mr 197,8 210,8
Marin, mr 20,7 27,2
Hatpin, mr 36,9 36,6
3aniso, Mr 0,36 0,55
Bitamin A, mr 0,04 0,06
BitamiH B,, mr 0,04 0,05
Bitamin B,, mr 0,24 0,24
Bitamin PP, mr 0,45 0,46
Bitamin C, mr 0,44 0,52
EHepreTyHa LiHHICTb, Kkan 176,1 183,2
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Tabnuugsa 5

3abesneyeHHs disionoriuHoi A060BOI NOTPeOU fopocnoro HaceneHHs (kiHkKU 30-39 pokis) | rpynu iHTeHCUBHOCTI
npaui B OCHOBHMX Xap4yOBUX Pe4OBUHaX MPU BXMBAHHI CUPKY KUCIIOMOJIOHYHOTO 3 HAaCiHHSAAM MaKy

.. . 3abe3neyeHHA fo60BOI
HaiimeHyBaHHA NOKa3HMKIB ¢'3'°nr? ;'1‘_'":6‘206033 BwmicT B 100 r npoaykty norpeou, %
P (npu ymoBi BxuBaHHa 200 r)

Binku, r 52 15,0 57,7
HKupwm, r 53 8,8 33,2
Byrnesoau, r 303 11,0 7,3
Kanbuin, mr 1100 172,9 314
docdop, mr 1200 210,8 35,1
MarHin, mr 350 27,2 15,5
3aniso, Mr 17 0,55 6,5
Bitamin A, mr 1,0 0,06 12,0
Bitamin B, mr 1,3 0,05 7,7
Bitamin B,, mr 1,6 0,24 30,0
Bitamin PP, mr 16 0,46 5,8
Bitamit C, mr 70 0,52 1,5
EHepreTnyHa UiHHICTb, KKan 1900 183,2 19,3

OTxe npoaykT 3a po3pOoOGMEHO PeLenTypold MOXe
3abesneuntnt 31% dpisionoriyHoi 4O60BOI NOTPebM KanbLito,
35% — cboccbopy, Ta 15,5% — marHito, 12% — BiTamiHy A,
30% — BiTamiHy B,, npu yMOBi BXMBaHHS 110r0 B KirlbKOCTi
200

TexHonoris BAPOOHMLTBA CUPKIB i3 CUMPY KUCITOMOJOY-
HOro mMae Jekinbka Bapiauin (Ipek, 2009). Binoma TexHomno-
ris GicigoBmicHMX (KnumeHnTbeBa, 2020) Ta npobioTUYHMX
cupkoBmux BupobiB (KanpenbsHu, 2003). Takox po3pobkoto
Ta BOOCKOHANEHHSM peLenTyp Ta TEXHOMOrN 3aiMakTbCs
BYEHi B HanpsamMKy 36aradeHHs (AnekcaHapos, 2019), (Mavak,
2016) Ta koMBiHyBaHHSI CMPKOBMX BUPOBIB 3 iHrpedieHTamu
pocnuHHoro noxomkeHHst (Pygakosa, 2015), (CeBacTbs-
HoBa, 2018).

OCHOBHMM 3aBAaHHAM Npy po3pobLi TEXHOMOTYHOI CXeMK
€ apanTauis pobounx TEXHOMOMYHMX CXEM, 3 ypaxyBaHHSM
00po0KKM iHrpedieHTiB HOBOI peLenTypu, 4O YMOB BUPOOHM-
utBa. Peanisauis TexHonorii 3a NeXuTtb Big MOXIMBOCTI i
peanbHOro BMPOBAMKEHHS Yy BUPOOHMLUTBO. py po3pobu

4Oro npoLecy BUPOBHMLITBA CUPKIB i3 CUPY KUCITOMOOYHOTO.
AZanToBaHy TEXHOIOTYHY CXeMy BUPOBHMLITBA CUPKIB KMACTO-
MOIOYHUX 3 HACIHHAIM Maky, MPEACTABIEHO Ha PUCYHKY 2.

Po3pobneHa TexHomnoriyHa cxema [03BOSUTbH BMpOBa-
AUTU OaHy TexHomorilo Ha Oyab-sikoMy Mornokonepepob-
HOMY nignpuemcTsi 6€3 3MiHM yCTaTKyBaHHS, Ha Oitounx
TEXHOMOTYHNX NiHIAX.

B nnaHax noganbluvx JOCRiDKeHb BU3HAYEHHS BNANBY
BHECEHOIO HaMOBHIOBAYa Ha NOKa3HVIKM SKOCTi Ta 6e3neqHo-
CTi B npoLeci 36epiraHHs.

BucHoBKkK. [lpoaHanizoBaHO KnacuyHy peuenTypu
CUPKIB CONOAKMX i3 CUMpPY KMCromomnoyHoro. [loBedeHo
JOUINbHICTb pOo3po0KM peLenTypy CUPKIB KMCITOMOIIOY-
HUX 3 BUKOPWCTAHHAM CMPOBWHW POCIIMHHOMO MOXO-
[)KEHHA, a came HaciHHA Mmaky. BctaHoBneHo onTu-
MarbHY KiflbKICTb BHECEHHSI HACiHHS MaKy Y OCHOBHY
mMacy npogykTy, wo ctaHoBuTb 2%. Po3paxoBaHo xap-
YOBY Ta EHEpreTWYHy LjiHHICTb FrOTOBOro npopykTy. 3's-
COBaHO, WO BBEAEHHA A0 peuenTtypu 2% HaACiHHS MaKy

TEXHOMOTYHOI cxemm Byro BpaxoBaHO OCOONMBICTb BUPOOHW-  HEe  MOTIpLWY€e OPraHONEnTUYHWMX MOKa3HUKIB, TOTOBUWA
Haciana Iyxop, Cup
MaKy BIHLTIH KHCITOMOTOTHIIT
IIpoMIIBaHHA, 3MINTyBaHHA Bamsmropanua
TPOTIAPIOBAH KOMIIOHEHTIB |¢— CHPY
10xe KIICTIOMOJIOUHOTO
@acyBaHHA
OxonomKeHHA
36epiraHas
Puc. 2. AnanToBaHa TeXHOMNoriYyHa cxemMa BUPOOHMLTBA CUPKIB KNCITIOMOMNOYHMX 3 HACIHHAM MaKy
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NpoadyKkT Mae npuabnuBWii 30BHILWLHIA BUMMA4, MacTky  NEnTUYHOI OuiHkW. BcTaHosneHo, wo BxuaHHa 200 r
OJHOPIAHY KOHCUCTEHLiO, MPUEMHUA CMaK Ta apomaTt, CUpKY 3 HaciHHAM Maky 3abesnedvye B cepeaHboMy 31%
O XapakTepHU OaHOMY BMAY KUCIIOMOMOYHUX CUMPKO-  hidionoriyHoi fobosoi notpebu kanbuito, 35% — doc-
BUX BUpOBIB, WO NiATBEpAXEHO pesyneraTamu opraHo-  dopy, Ta 15,5% — marHito.
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Scientific rationale for the use of poppy seeds in the production of curd products

The paper analyzes the state of nutrition of the population of Ukraine in the conditions of an unstable economic situation
in the state against the backdrop of hostilities. The dependence of the quality of the diet on available products and the impact
of nutrition on the health of Ukrainians. Conclusions are drawn about the possible improvement of nutrition by introducing
daily consumption products enriched with biologically valuable food additives of plant origin into the diets. The main tasks
of the work are: to prove the feasibility of developing a new recipe by adding ingredients of plant origin; analyze the classical
technology for the production of protein dairy products and adapt it to the implementation of a new recipe; substantiate
the nutritional and biological value of curd products and an ingredient of plant origin — poppy seeds; determine the optimal
percentage of poppy seeds in the product; research the organoleptic properties and composition of the finished product.
The main purpose of the research in the work was to substantiate the recipe and develop the technology of products from
sour-milk cheese with the addition of poppy seeds. The results of theoretical and experimental research of a new technology
of fermented milk curds with the addition of poppy seeds are presented. An adapted technological scheme for the production
of a product according to a new recipe has been developed. The chemical composition of the new product and the degree
of satisfaction of the daily requirement for basic minerals were calculated. Conclusions. The classic recipe for sweet curds
from sour milk cheese is analyzed. The expediency of developing a recipe for fermented milk curds using raw materials
of plant origin, namely poppy seeds, has been proved. The optimal amount of poppy seeds incorporation into the bulk
of the product, which is 2%, has been established. Calculated nutritional and energy value of the finished product. It was
found that the introduction of 2% poppy seeds into the recipe does not worsen organoleptic characteristics, the finished
product has an attractive appearance, a homogeneous texture, a pleasant taste and aroma characteristic of this type
of fermented milk cheese products, which is confirmed by the results of organoleptic evaluation. It has been established that
the use of 200 g of curd with poppy seeds provides an average of 31% of the daily requirement of calcium, 35% of the daily
requirement of phosphorus and 15,5% of the daily requirement of magnesium.

Key words: nutrition, nutritional value, biological value, fermented milk curds, poppy seeds, minerals, ingredients of plant
origin, organoleptic, recipe.
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CyyvacHe saxke mMawuHobyOysaHHs xapakmepusyembCsi 3Ha4YHOK YacmKOK MarocepiliHuxX i 0OUHUYHUX ¢hopM 8upob-
Huymea. MawuHu, supobneHi 0ns MemanypailiHoi, eHep2emuyHoi, 2ipHU40006Y8HOI, XiMIYHOI MPOMUCI080CMI, Xapakme-
PU3YHOMbCS 3HAYHOK MemarioMiCmKiCmIo i BUCOKOK mpydomicmKicmio ix uzomoeneHHs . [ns euzomoesrneHHs eernukozaba-
pumHux demarnel gukopucmosyembcs abo yHigepcanbHe 0b6r1a0HaHHS ma OCHaUWEeHHS, abo cmeoprMbCS MEXHOMO2iHI
KOMI/IEKCU, 3aCHO8aHI Ha BUKOPUCMAaHHI YHiKaribH020 0051a0HaHHSI, 8ETUKUX MPUCMOoCy8aHb i Haradok, a 8 0esikux eunao-
Kax — opuaiHanbHuUX iHempymeHmig. Y 38'a3Ky 3i cneyughidHuUMU 0cobnueocmsimu 06pobrIeHHS 8aXKUX i 8eluko2abapumHux
Oemareli i HU3bKOH CEPIUHICMIO iX 8UPOBHUYMESa, npu Po3pobui MEXHOMNO02IT HEMOXITUBO MeXaHIHHO 8rposadxysamu rpo-
epecusHi MemoOu i criocobu 06pobrieHHs1, a makox opaaHisayito pobomu, WO WUPOKO 3acmoco8yrmscs 8 eenukocepit-
HoMy i MacogoMy 8UpObHUYMEI 2any3el, He Mo8'a3aHux 3 8axXKum mawiuHobydysaHHsaM. [pu 06pobneHHi makux demarnel
yacmo 8UHUKae HeobXiOHiCMb 8 opueiHaIbHUX mexHiYHUX piteHHsx (Technologia tiajelogo mashinostroenia, 1967).

OcHosHUMU 3a80aHHMU rpu 06p0bIIEHHI 8aXKuX | 8enlukoeabapumHux 0emarnel €: 00Csi2HEHHST He0bXiOHOI 2eomempii
MOYHOCMI, WOPCMKOCMI Mo8epxHi i (hi3UKO-MeXaHIYHUX gnacmueocmell nosepxHegozo wapy. HYucmosi ma 03006s1108arbHi
orepauii, 8 mpouyeci IKUX hopMyromsCsi Qhi3UKO-MexaHiYHi racmueocmi Mo8epxHe8o20 Wapy MacusHux demaried, a omxe,
i ix ekcrinyamauilHi skocmi, 3aCHO8aHi Ha pisaHHi Mamepiarnie.

O6pobrieHHs1 senukocabapumHux demanet dyxe mpydoMicmke, Nog'ssaHe 3 8e/IUKOI sUMpamoro Yacy. Tomy 00HUM
3 OCHOBHUX NUMaHb, IKi 00800UMbLCS 8UPILY8amU 8 8aXKOMy MawuHObydye8aHHI, € Mid8UUEHHS MPOOyKmMuUeHocmi 06po-
6rieHHs1 8 pe3ynbmami 3acmocy8aHHs1 nepedo8uX MEXHOMO2IHHUX pilueHb, nodarbwie 30inbWeHHs 8UpOOHUY020 OCHa-
weHHs1, U020 crieuianizauii, MexaHisayji ma Yyacmkoeoi asmomamusauii (Technologia tiajelogo mashinostroenia, 1967).

SHauHUM pe3epsoM nid8uUUWEHHST MPOOYKMUBHOCMI npauyi y 8aXKoMy MawuHobyOyeaHHI € payjioHarbHa OpeaHisauis
8upobHuUumMea senukozabapumHux demarsel, 3aCHO8aHa Ha 8UKOPUCMaHHI 2pyrnosux mexHomo2iYHuX npoyecie, munisaui
npouecis, Hopmarnizayji obradHaHHs ma IHCmpyMeHmie, ueHmpanisayii mexHomno2iyHoi nideomosku eupobHuUymea, enpo-
8a0XeHHI HayK080-MEXHIYHUX OOCS2HEHb.

XimiyHe i Haghbmose mawuHo- ma anapamobydysaHHs 3asguyali Mae 00UHUYHUL abo ManocepitiHul xapakmep 8UPO6HU-
umea. bnusbko 50% ximidHOT i Haghmoeoi anapamypu 8u2oMOoeNSEMbCs 3a iHOUBIOyanbHUMU 3aMOBIEHHSIMU Ma Opu2iHarb-
Humu modensmu (Berliner V.1., Balashov U.A., 1976). B makux ymogax 0cobnueo ympyOHeHa mexHorozaiyHa nideomoska
8UpobHUUMea, WO Xapakmepu3yembCsi 3aCMOCy8aHHAM MNEPEBaxHO YHigepcanbHo20 MemarsnopidanbHo20 ma Koearslb-
CbKO-1pecoso20 obnadHaHHS, HEBUCOKOK OCHaljeHicmio crieyianbHuM obnadHaHHAM ma npucmposiMu, CMEOPEHHSIM
mumyacosux crieyjianizosaHux mexHomoaidHux npouecig (Creditor M.A., Cherer G.A., 1967, Koshelev O.S., Ivanov C.B.,
Tchestnokov E.V, 2014). AHani3 KoHCMpyKuili arapamie rnokasye, U0 80HU 8 OCHOBHOMY CKadarmbCsi 3 OOHOMUMHUX
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Oemanel ma cknadanbHUX 00UHUUb (0buyaloK, OHULW, JTOKi8, Wmyuepis, onop mowjo). Lle 3ymosroe Moxnusicms opeaa-
Hi3auii momokogozo supobHuymea. llpu nomokosomy mMemodi supobHuUumea anapamypu CMeOPHMbLCS creyjaniso-
8aHi OifIIHKU ma yexu, Wo npaytoms 3a NPUHYUNOM MOMOKOBUX, MeXaHi308aHUX fiHil, SKi nepeHana2o0xyrmbcs Ons
8U20MO8rEHHS, 06pobeHHss ma cknadaHHs cmaHOapmMHUX | HopMmarizoeaHux demarnel, ckrnadanbHUX 00UHUUb | 8upobig
(Vlasova G.B., Tchudevich D.A., Pivovarov N.A., 2022). Tomy Had3guyalHO akmyanbHUMU € npobiemu onmumisauii ueo-
moerieHHs1 ma po3paxyHKie napamempie PO3MIPHUX Xapakmepucmuk 0CHOBHUX Oemarnell — obuyalok ma OHUW, XiMiYHUX

anapamis.

Mema pobomu. [ocnidxeHHs1 po3MIpHUX Xapakmepucmuk 3a20moeoK KoprycHux Oemanel XiMiYHUX arapamis, iX
871Uy Ha MEXHOORI0 8U2OMOBIIEHHS Ma Napamempu SKocmi 0emanel, a makox onmumisauyis nocnidogHocmi 06pobKu

8 ymogax MariocepiliHoeo ma 00UHUYHO20 8UPOBHUUMEA.

Knrovoei cnoea: ximiyHul armapam, obuyatika, OHUWE, 2HYmms, Wmamrogka, KogasbCbKo-rpecose 0b1adHaHHs, 36a-

PHOBAHHS.
DOI https://doi.org/10.32845/msnau.2022.3.9

Buknap ocHoBHoro matepiany. OcHOBHMMW [eTa-
NSIMW KOpNYyCiB anapaTiB XiMiYHUX BUPOOHMLTB € 0OU4anku
Ta AHULLA, SKi 3'€QHYIOTHLCS 3BApHOBAHHSIM.

Hanbinbl nowmpeHMmn cnocobamy BUTOTOBMEHHS
obuyanok 3 NUCTOBOTO MaTtepiany € 3ruMHaHHs, wwTam-
MyBaHHS Ta 3BaploBaHHS. [ns BUroTOBNEHHS obnya-
IOK 3aCTOCOBYIOTb CTallb, BUMMAaBIEHY B MapTEHIBCbKMX
i eneKkTPUYHMX Nevax, i cTanb KUCHEBO-KOHBEPTOPHOTO
BUMpPOOHMUTBA. OBUYaliku BUrOTOBNSIOTb 3 NMUCTOBOI CTani
3BMYaiiHOI AKOCTi abo BMCOKONEroBaHoi KOpO3iHOCTIN-
koi Ta xapocrTivkoi ctani (Koshelev O.S., Ivanov C.B.,,
Tchestnokov E.V., 2014).

JlnctoBui npokaT, Lo 3acTOCOBYETLCS [AMNSi BUIOTOB-
NeHHs obuyariok, y Oeskux BUNafKax Mae CrnOTBOPEHHS
noBepxHi Ta OpMU (XBUNACTICTb, BWUIMHWU, BUMYYUHN
Ta iHWi fedekTn). 3asHaveHi JedeKTn NUCTIB 3aBTOBLLKK
80 30 MM BMMPaBMsOTL MPABKOK Ha NMCTOMPABUITBHUX
MalumHax-BanbLsx (puc. 1). Jiuet 1 nponyckatoTtb y xonog-
HOMY CTaHi Mix BOMa psifamm MocnifoBHO PO3TaLLIOBAHMX
pobounx Basnkie 2. [nsa 3anobiraHHs nporvHy pobodi Basku
cnmpatTbca Ha onopHi Banku 3. [MpaBka 34iCHIOETLCA
HaratopasoByM NNACTU4HUM THYTTAM, MPU SKOMY BOMOKHA
po3TArylThCs | JOBXMHA iX CTae ogHakoBow. JIUCT pyxa-
€TbCs Mix Bankamu 3i weuakicto 0,1...0,2 m/c.

; 3

TR

Puc. 1. Cxema cemmnBankoBoi NpaBuUibHOI MaLWHU

3ycunnsa npaekn Ha BepXHbOMY abo HVDKHBOMY PSA
Baskis

P bd’c,, (n—-2) ,
t

Ae b i d — BignoBigHO WWPKHA Ta TOBLUMHA NACTA; G, —
MeKa MNacTUYHOCTI; M — YUCNO BEPXHiX BaskiB; t — BiACTaHb
MiX OCSIMUW BarKiB.

JlnctoBy cTamb, WO 3aCTOCOBYETbCA ANt OOWMYaNOK,
OYMLLAKOTL Bif MOBEPXHEBUX 3a0pyOHEHb, OKANMHK Ta ipXi
XIMIYHUM (TpPaBREeHHS PO3BEAEHUMM KUCROTaMu), TEPMid-

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

HUM (razononym'sHe 06pobneHHs) Ta MexaHiYHUM (micKo-
i LUPOTOCTPYMMHHE OYMLLIEHHS) crocobamu.

Hanbinbw nowupeHwin  cnocid  LpOTOCTPYMUHHOTO
OYMLLIEHHS NONsArae B TOMY, WO YaByHHUIA Opib diameTpom
0,6..0,8 MM mig gieto BigUEHTPOBOI CUIM BUKMOAETHCS
3 poboYOro Komeca YCTaHOBKM 3 BENWKOK LUBUAKICTIO (80
60 m/c) Ha noBepxHio, WO oumwaeTbes. LLBuakicte pyxy
mucta 0,02...0,03 m/c. BHacnigok guHamiyHoro ygapy oka-
IMHA PYWMHYETBCSA | MOBHICTIO BMAANSETLCA 3 MOBEPXHI
meTany.

BupisytoTb i 06pobnsoTb 3aroToBKM 06MYanok 3a niHi-
AMU PO3MITKW, AKi HAHOCATb NPWU BUKOHAHHI NiArOTOBYMX
onepawiii B OQUHUYHOMY Ta ManocepiHOMYy BUPOBHULTBI.
MNpw Binbwomy macwTabi BMPOOHULTBA BUKOPUCTOBYIOTHCS
MPOrpecuBHi METOAW PO3MITKM (Hanpuknag, (oTONpOeKLn-
HUI).

JoBXuHa pos3ropTku LMAIHAPUYHOI 0Buyanky BHYTPLU-
HimM gjiametpom D, 3i cTani ToBLUMHOW O BU3HAYAETLCA 3a
AiamMeTpoM HelTpanbHoi noBepxHi D :

L=nD, =n(D,+3),

ab0 3 ypaxyBaHHSIM HU3KM TEXHOMOTIYHUX chakTopiB

L=ﬁ£D6+8[b+gj+bl+b2+2Z,
2

ne 6¢, — (hakTU4Ha TOBLUMHA NUCTa; @ — JOMYyCTUME Bif-
XUIEHHS MO 0BarbHOCTI; b, — BenMuMHa ycaaku 3BapHOro
wsa; b, — BeNM4MHa 3a3opy Mif 3BaptoBaHHSA; Z — MPUMYCK
Ha 00pobneHHs KPOMOK.

B 1abn. 1 HaBegeHO Npunyckn Ha oBpPOGREHHS NUCTO-
BOTO Matepiany B 3aneXHOCTi Bif cnocoby pisaHHsl. 3aro-
TOBKM 0OMYaNOK BUPI3alOTb MEXaHIYHUM, Fa30BUM Ta erek-
TporasoBuM crnocobamu. [Ins pisaHHs meTany MexaHiyHUM
€nocobom 3acTOCOBYHOTb HOXMWLi, AWCKOBI Ta CTPIYKOBI
MUK, OUCKU TEPTS Ta MEXaHIYHi HOXIBKM.

MNpw pisaHHi Ha HOXMUSAX (pUC. 2) NKCT 2, WO po3pisa-
€TbCS, 3HAaXOOUTBLCS MiXK HUXKHIM HEPYXOMUM 3 i BEPXHIM
pyxomum 1 Hoxamu. 3ycunns pisaHHs

62
P,=05-—-0,.
g0
[e O — TOBLLMHA NNCTa, LLIO PO3PI3aeThbes; @ — KyT CTBOPY
HOXIB; OC — MeXa MILHOCTi iucTa Ha 3pi3.
3 ymoB 3anobiraHHs BULLTOBXYBAHHIO NWCTa CWIIOKD
P, KYT CTBOpY HOXiB Mae ByTv MeHLMM 3a 16°. GakTU4HO
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Tabnuus 1

Mpunyckn Ha 06po6Ky NMCTOBOro MaTepiany 3anexHo Bif cnocody pizaHHA

Cnocib pisaHHsA

ToBwmMHa maTtepiany, MM

meTany 3.7 8..12 13...16

17...20 21..25 26...28 29...31

MexaHiyHuin
(rinbAOTUHHI 3 4 5
HOXULL)

5 5 5 5

[a3oBui 5 3 5 6
Ta eneKkTporasoBui

10

BiH He nepeBwLLye 6°. [1Na 3MEHLIEHHS TEPTS MK HOXamm
i meTanom, L0 po3pi3aeTbcs, poboya NMowmMHa Hoxa
MOBUHHA MaTtu 3adHin kyT a = 1,5...3°. KyT MK HVKHBOIO
MIOLLMHOI0 HOXa Ta NMOLLMHO po3pisy B = 85°. 3aszop Mix
nesamu HOXiB Ans 3abe3neyeHHs YucToro pisy mae Gytu
MiHimanbHuM: a < 1/30 &, ane He 6inbwe 0,5 mMm.

Puc. 2. Cxema MexaHi4HOro pisaHHA NMUCTOBOrO
npokary

3aroToBkM Ans 06MYanoK BUPI3alOTb Ha TiNbAOTUHHUX
HOXWLSAX, SIKi 3aCTOCOBYOTLCS NS Pi3aHHS NIMCTOBOMO Mate-
piany 3aBToBLKM A0 60 MM i 3aBgoBxky 1000...3200 mm.
[lo HefoNiKiB MEXaHIYHOrO pi3aHHs BiQHOCATHLCS BiACYTHICTb
MOXINMBOCTI pi3aHHs MO KPUBOMIHIMHOMY KOHTYpY i obpo-
OneHHs1 KPOMKM Nif 3BaptoBaHHsl, OOMEXEHHSI MO TOBLUMHI
MeTany, Wwo po3pizaeTbecst (40 60 MM), 0BMEXEHHS SOBXMUHM
pisaHHst (2o 3200 Mm) i BUCOKa BapTiCTb 06MagHaHHs.

LLnpoko 3acTOCOBYIOTL TakOX rasoBe pizaHHS MeTany.
Lium cnocobom MoxHa pi3atu metan Oyap-sKOi TOBLUMHM
i JOBXWHW MO NPSIMOMY i KPUBOMIHIIHOMY KOHTYpaMm 3 OfHO-
YacHUM 0OpobneHHsIM KPOMOK Nif 3BaptoBaHHSsl, OTpU-
MyBaTh [OCUTb BUCOKY TOYHICTb i YMCTOTY pisy, WO Jae
3MOry BUKIMIOYATM NOAarnbLie MexaHiyHe 0BpobneHHs Kpo-
MOK. [TmbuHa GOpO3eHOK MIKPOHEpIBHOCTEN CTaHOBUTL
30...150 MKMm.

3 MeToK MiABULLIEHHS NPOAYKTUBHOCTI | TOYHOCTI 06pPO-
OneHHs Ta 36inblUeHHs KoedilieHTy BUKOPUCTaHHS mare-
piany LUMPOKO 3aCTOCOBYETLCS ra3opisanbHe obnafHaHHs
3 UYIK. 3asBuyaii Take obnafHaHHS BMKOPUCTOBYETHLCS
B KOMMJEKCI 3 MporpamHummn 3acobamu, Lo 3AINCHIOTb
pO3paxyHOK PO3MipiB 3aroToBkW, BUBIp paLioHanbHOro Bapi-
aHTa pO3KPOI0 NICTA, @ TaKoX MPU3HAYEHHS ONTUMAnbHKUX
pexumiB 0bpobnenHsi (Vlasova G.B., Tchudevich D.A.,
Pivovarov N.A., 2022).

B gaHui yac LWmpoko BNpOBamKy€ETLCS MIa3MOBO-4yroBUM
cnoci6 pisaHHa MeTaniB sk HanbinbLL yHIBepcanbHWiA Ta Npo-
OYKTUBHUA. [@30enekTpuyHe pisaHHs MeTaniB Bonbgpamo-
BVIM €NEeKTPOAOM JiaMeTpoM 3...6 MM y CepefoBHLLi 3aXUCHUX

rasiB (a30Ty, aproHy Ta CyMiLLli aproHy 3 BOZHEM) 3aCHOBaHe Ha
pO3MnaBneHHi Ta BU4YyBaHHI MeTarny i3 30HU pisy.

O6pobneHHs KPOMOK NWUCTOBMX 3aroTOBOK 06MYalok
BUKOHYIOTb 3 METOK BUAAMNEHHS Lapy HesIKiCHOro (Hakne-
naHoro abo ra3oHacu4eHoro) metany Ta Ans OTPUMaHHS
NPSIMONIHIMHOCTI KPOMKY i3 3a1aHOK0 KOHdirypaLlieto obpo-
GneHHs nig cTukoBe 3BaptoBaHHSA. OBPOBNEHHS 3AINCHIONTL
MeXaHi4YHUM crocobom abo razoBoto Pi3Koio.

Kpomkmu 3arotoBok JOBXMHOK 40 12 M 06po6nsitoTh Ha
KPOMKOCTpYranbH/UX BepcTaTax. 3aroTOBKY 3akpinsolTb
Ha CToni BepcTaTta rBUHTOBUMM, FigpaBniyHMMK abo nHeB-
MaTWYHUMWK 3aTickavamu, KpoMKy obpobnstoTb y npoueci
3BOPOTHO-MOCTYNANbHOTO PyXy KapeTku i3 3akpinneHum
Yy Hin pisuem. MNpu 3MiHI pyxy KapeTku piseLb NOBEpTaroTh.
Mpu yYopHOBOMY OBPOGREHHI LUBUAKICTb pi3aHHS 3HAXo-
antbesa B mexax 0,13...0,2 m/c npy rmnbuHi pizaHHs 4...6 MM
i nogavi 0,5...1 Mmm/noae. xig; npyu YNCTOBOMY OBPOGMEHHI
KPOMOK LUBMAKICTb pidaHHs ctaHoBuTh 0,16...0,24 m/c npw
rmnbuHi pisaHHa 2...3 mm Ta nogadi 0,2...0,3 mm/nogg.. xia.

[ns rasoBoro CTpyraHHs 3aCTOCOBYIOTb CrieljianbHi
MYHZILUTYKM, SIKi 4al0Tb 3MOTy He nuile o6pobnsTit KpOMKH,
a ¥ BuganatTM gedekTu 3sapHux LWBIB. [oOBITpsSHO-AYyroBe
CTpyraHHs BIOPI3HAETLCA Bif, ra30BOr0 BULLOK MPOAYK-
TUBHICTIO, BUKINMKAE MeHLy aedopmaliio Bupoby i nons-
rac B TOMYy, LIO MeTan po3nnaBnseTbCs AYrot BYriflbHOTO
enektpoga diavetpom 4...10 MM i BUOYBAETLCS CTPYMEHEM
CTUCHEHOIO MOBITPSI.

[HoZi KpOMKa NMcTa NOBMHHA MaTu NOTOBLLUEHHS 3a4/1s
MiABULLEHHS KOHCTPYKTUBHOI MILHOCTI AeTani, komneHcawii
ocrnabneHHs B 30Hi 3BaplOBaHHS, MiABULLEHHS XOPCTKOCTI
Ta iHWKX Linei. MOTOBLLEHHS KPOMKM OTPUMYIOTb B pesyrb-
TaTi TOpLEBOI NpoKaTKM.

OCHOBHMM cnocoboM BUIOTOBMEHHS 0BMYaiiok Kopnycis
XiMiYHWX anaparTiB € 3rMHaHHS NMCTOBOrO NPOKaTY, L0 BUKO-
HYETbCS NEPEBaXHO Ha BaNKOBWX NMUCTO3MMHANbHUX MaLlun-
Hax. Llei cnocib mae 3Ha4Hi nepeBaru B NOPIiBHSHHI 3 BUKO-
HaHHAM NogibHMX onepauin Ha npecax y wramnax. MHyTTa
30INCHIOETLCS 32 AOMOMOrOK NNACTUYHOIO 3rMHY NpU nepe-
MiLLIeHHI 3aroTOBKM MiX Bankamu, Lo obepTatoTbes nig dieto
CUn TepT$, SKi BUHMKaKOTb MK 3aroToBKOK | Bankamu. [nac-
TUYHe JedopMyBaHHS MeTany BinbyBaeTbCs Y JOKarbHil
30Hi, sika 6e3nepepBHO NEPEMILLAETLCA B3OOBX 3aroTOBKM
(Koshelev O.S., Ivanov C.B., 2014).

[HYTTS 30INCHIOETLCS B XOMOAHOMY Ta rapsvyoMy CTaHi.
Mo moxnuBoCTI HEOBXiAHO BigAaBaTV Nepesary XON0AHOMY
3rMHaHH0. Ha puc. 3 nokasaHi obnacti pauioHansHoro
3aCTOCYBaHHS XOMOAHOIO Ta rapsivoro 3ruHaHHs. Npu BHy-
TpilHBOMY AiameTpi o6uqaiiku D, < 40  sruHaHHs cnin npo-
BOOWTM B rapsivyoMy CTaHi.
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Puc. 3. O6nacTi 3acTocyBaHHs1 XONOAHOIO i rapsivoro
3rMHaHHA NMCTOBOI cTani

[HyTTS 0OMYalioKk NpOBOAMTHCA Ha  JIMCTO3rMHAasb-
HUX MalluHax, sKi OinAaTeCs B OCHOBHOMY Ha [Bi rpynu:
TpU- Ta YOTMpMBAmKOBi. Hanbinbw nporpecuBHUM Onst
LUMNIHAPUYHUX 0BMYaOK € 3rHaHHA Ha YO0TUPKMBANKOBMX
MawuHax (puc. 4), a TakoX Ha TPUBANKOBUX MalLMHaX
3 perynboBaHumMu BiyHumMu Bankamm (Moshnin E.N., 1967).

Mpn 3rMHaHHI Ha YOTUPUMBANKOBIA MaLUWHI 3aroToBKa
3aBOAUTLCA Yy Bamnku 4O YMOpy B MPOTUIEXHUA GivHMI
Banok (puc. 4, a) i 3aTUCKAETbCS MiXX CEPEAHIM i HIDKHIM
BankamMu B pe3ynbraTi MepeMilleHHsl Bropy HWXHbOTO
Barka. [1oTiM NpoBOANTLCA 3r1MHAHHSA 3ar0TOBKM Ha BY3bKild
[iNSHUi Wnsxom nepemiwieHHs 6ivHoro Banka (puc. 4, 6).
Mpwn BKMOYEHHI 0bepTaHHsA BaskiB KiHELb 3aroToBKM [0
Kpato 3rMHaeTbCa Ha KiHueBwmiA pagiyc (puc. 4, B). Micna
LIbOro Basku BCTAHOBMIOTLCA 3@ CUMETPUYHOIO CXEMOHD
Ta 3rMHAETbCA cepeaHs AinsiHKa 3aroTOBKM Ha NMPOMiXHWIA
pagiyc (puc. 4, r). MNigruHaHHs Opyroro KiHus 3aroTOBKM
3[iNCHIOETbCA TUM CaMUM CrocoboMm, WO i MiArMHaHHS
nepworo. loTiM 3a OAWH-ABA MPOMNyCKM MiX Bankamu
3aroToBKa Ha cepefHin AinsHUi 3rMHaeTbCa Ha ocTaTou-
HUW pagiyc (puc. 4, g, e).

r

Puc. 4. 3rnHaHHA o6MYanikn Ha YOTUPUBANKOBIN
MaLUWHi

THyTTS 0BMYanoK Ha MalMHax 3 acMETPUYHUM PO3-
TallyBaHHAM BankiB nokasaHa Ha puc. 5. KiHeub nucra
3aTUCKaETbCA Mk Bankamu 1 1a 2 i nigHATTAM Banka 3 3ru-
HaeTbCs (puc. 5, a) o 3agaHomy pagiycy, KOHTPONbOBAHOMY
wabnoHamu. MoTiM IMCT BUAMAKOTL 3 MaLLUHWK, NepeBepTa-
l0Tb i BCTaBNATb MiXX Bankamu 3 iHworo 6oky (puc. 5, 6),
MiCNsi Yoro 3AINCHIOETLCSA OCTATOYHE 3rMHAHHS 3@ OQWH MPO-
xig (puc. 5, B).

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty
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Puc. 5. THyT1TA 00MYaikyM Ha MaLWMHi 3 aCUMETPUYHUM
po3TallyBaHHsIM Bankis

Y MalumHax CMETPUYHOrO TUMy 3a3Buyait NPOBOAUTLCA
3rYHaHHS 3aroTOBKW 3 MOMEPEAHLO NiZIrHYTUMM Ha IHLIOMY
obnagHaHHi kpoMkamu. [MiarMHaHHS KPOMOK 30iNCHIOETLCS
Ha NiarvHanbHIA NapHO-PONMKOBIN MalUMHI abo nigrMHanb-
HOMY nipeci. IHogi niarMHaHHA KPOMOK 34IACHIOETLCS | Ha
MaLLMHi 3 CMETPUYHUM PO3TallyBaHHSM BarkiB 3a 4OMNOMO-
rOK [OMOMIKHOI MnnTK (puc. 6, a) abo crewuianbHOro KImHy
(puc. 6, 6). INuct 1 3aBOAATb MixX NPUBOSHMMM 3 | HATUCKHUM
2 Bankamu (puc. 7). [oTiM HaTUCKHWUI Banok MigBoAMTLCS
BMPUTYN A0 NUCTa, NPUTUCKAE NOTO IO HUXKHIX Bankis i npo-
rmHae. MNpu obepTaHHi NpUBOLHMX BasnKiB UCT OTPUMYE
nocTynansHuin pyx. OgHOYacHO 3 PeBEPCHMBHUM MPOKOYY-
BaHHAM nuMcTa 3AiMCHIOETLCA MoAaYa HaTUCKHOro Barska
i BHACIMIQOK LbOro — 3rvHaHHS NicTa 0 3a4aHoro pagiycy.

Puc. 6. Cnoco6u nigruHaHHS KPOMOK Ha TPMBANKOBIN
MallUuHi i3 CUMeTPUYHUM po3TaLlyBaHHAM BarnkiB

2
! % ¥ i’g )
d
Puc. 7. THyTTA 06MYaku Ha TPUBANKOBIN MaLUWHI i3
CUMETPUYHMUM pO3TallyBaHHAM Basnkis

MNpw 3rMHaHHI Ha MaLLMHAaX 3 BEPXHIM BasikoM, Lo nepe-
MilLyeTbCS B TOPU3OHTANbHOMY Hampsamky (puc. 8), nmct
3aKnagacTbCa MiX Bankamu, BEPXHi BafoK 3CyBaeTbCs
B NniBe NonoxeHHs (puc. 8, a), NPUTUCKAETLCA A0 OTPUMAHHS
HeobxigHoro 3ycunns (puc. 8, 6), NMCT NpocyBaeTbCs Bre-
pen (puc. 8, B), B pe3ynbTaTi Yoro BUKOHYETLCS NiArVHaHHS
OfHiei kpOMKM. Tak camo NiarMHaeTLCA Apyra Kpomka (puc. 8,
r, 4, €), NiCNs Yoro BanoK BCTAHOBMIOTb Yy MOMOXKEHHS,
o 3abesnevye HeOOXiOHWIA pagiyC BUIMHY, Ta BUKOHYHOTb
Kpyroee 3rHaHHs fncra (puc. 8, x).

[Onsa 3rvHaHHA 3aroToBOK 0BMYalioK y Harpitomy craHi
i MpW BUrOTOBMEHHI 0BMYanok BEMUKMX AiaMeTpiB 3acToCo-
BYIOTb BEPTMKANbHI MMCTO3rMHAMbHI MaLUMHW. [HYTTS nucTa
(pnc. 9) BUKOHYETLCA MK LMMIHAPUYHUM NPUBOZHUM Basl-
koM 1 i BiYHMMKM onopamu 2, BigCTaHb MK SKUMU MOXE 3Mi-
HioBaTmcs (puc. 9, a).

gpaBnivyHWM 3aTUCKHWUIA PonuK 3 B NPOLECi 3rMHaHHS
NOCTINHO MiATUCHYTUA [0 nucta 4. JInuct yknagaetbes
Ha onopwu, ki Npy PycCi y HanpsMKy 4O Banka 3rvHaloTb
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ainsaHky nucta. loTim onopw BiABOASATLCS | BKMIOYAETHCA
obepTaHHa Banka, npuv LbOMY IUCT NepeMiyeTbCs
MK BankoMm i ponukoMm Ha fesiky BiactaHb (puc. 9, 6),
Micns 4oro onopu 3HOBY MEPEMILLYIOTLCA Y HanpsMKy
[0 Banka (puc. 9, B) i 3rnHalTb HacTynHy AinsHky. L
pyXu aBTOMAaTW30BaHi Ta MOBTOPIOKTLCA [0 MOBHOIO
BUMMHY NnCTa.

Puc. 8. THyTTA 06MYanku Ha MalLMHi 3 BepXHiM Bankom,
Lo NepemillyeTbLCA B FTOPU3OHTaNIbHOMY HanpsiMKy

Puc. 9. THyTTA 06MYaKkn Ha BePTUKANbHIN
NUCTO3rMHanNbHIN MalLKHi

FAKLO NOTYXHICTb 0OnagHaHHA HEQOCTaTHA AN BUTUHY
NCTa B XOMOZHOMY CTaHi, 3rMHaHHS BUKOHYKOTb 3 mone-
pedHimM HarpiBaHHAM. TemnepaTtypa Ta pexumM HarpiBaHHS
obuyaiikn 3anexarb Big Mapku CTani Ta TOBLUMHU CTiHKW
nucTa. TemnepaTypa BMOMpaETbCA HWXYe TiEl, Mpu SKii
YTBOPIOETLCA OKanuHa. Byrmeuesi ctani HarpiBaloTb [0
Temnepatypu 930...950°C, ctani Tuny 12XM, 12MX - go
980...1050°C.

[lnst oTpUMaHHs1 HeOOXigHUX MEXaHIYHKX BNAacTUBOCTEN
meTany nnacTuyHe ged)opMyBaHHS MOro 3aKiH4yeTbCA Npw
Temnepartypi He Hux4e 600°C ansa Byrneuesux i 700...750°C
NS NeroBaHnX cTanen.

lHYyTTA KOHIYHMX OOMYaMOK BIOPI3HAETECS OESKUMU
0COONMBOCTAMM, 3yMOBMEHWMM iXHBOW chopmoto. [pu
3rMHaHHI KOHIYHMX 06M4anok HeobXigHO CTBOPHOBATW HEOo-
[HaKOBWIA MO LUMPWHI 3aroTOBKM NPOTMH il MiXX Bankamm (y
KPOMKM 3 MEHLLMM pafiyCoM CTBOPHOETHCS BiflbLLIMIA MPOTWH,
HXK Y KPOMKM 3 BinblunM pagiycom). BeplumHa koHyca obu-
Yanku, WO 3rMHAETHCS, 3aBXAM MOBUHHA NEXaTW y BEpTU-
KanbHiN NIOWWMHI, Sika NMPOXOANUTL Yepe3 MO3J0BXKHIO BiCb
CepenHbOoro Barka.

B AkocTi 3aroToBKM A5l KOHIYHMX 06MYanoK BUKOPUCTO-
BYHOTb NINCTOBY CTanb. PO3ropTku KOHIYHMX 06MYanoK MarThb
BUIMSAA KinbLeBwux cektopi (puc. 10). Poamipu kKoHiYHOT 06U~
Yanky NoB'A3aHi Mixk COBOK 3aNEXHOCTAMM:

Rl
sin o

RI_RZ.l:

thL = ’
I coso

S, =8, —1.

a

Puc. 10. ®opma 3arotoBOK AN KOHiYHMX 0OUYaNOK

Kyt cektopy 3arotoBku 3 =360sino abo = 360% .

1
[lns KOHiYHOI obuyarkn 3 KyToM KoHyca o 60° notpibHa

3aroToBKa 3 LieHTpansHum Kkytom, MmeHwwmm 180° (puc. 10, a),
a npwm BinbLUOMY KyTi KOHyCa — 3 KyTOM, Lo nepeuLyye 180°
(puc. 10, 6).

Kopnycu anapaTiB BMCOKOrO TUCKY, WO MarTb BEMMUKI
rabapuTHi poamipu (giametp 3000 MM i BMLLE), BUTOTOBNS-
l0TbCS LifIbBHOKOBAHUMU, KOBAHO-3BAPEHVMM, LUTAaMMO-3Ba-
PEHWMU, KPyYEHMM Ta GaraToLapoBUMM.

Ha puc. 11 npeacTaBneHi fgeski cnocobu BUroTOB-
NEHHA KOpnyciB TOBCTOCTIHHMX anapaTiB BWUCOKOrO TUCKY
(Pikhtovnikov R.V., Zavialov A.D., 1964). [Npu BUrOTOBMEHHI
KOBaHUX KopnyciB (puc. 11, @) 3 BENMUKMX 3MMTKIB 3aCTO-
COBYETbCS YHikanbHe obnagHaHHs. Llen cnocib xapakre-
pU3yeTbCs BEMUKMM 0OCArOM MeXaHiYHOro 0BpOGMEHHS,
HU3bKUM KOeiLieHTOM BMKOPWUCTaHHS MaTtepiany, obmexe-
HUMU MOXIMBOCTSIMM 36iNbLLUEHHS PO3MIpIB Ta PO3LLIMPEHHS
obcsry BUnycKy Kopnycis.

A A

AR AR o
)
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%r/////////ﬂ
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o]

Puc. 11. Cnoco6u BUroToBneHHs Kopnycis
TOBCTOCTiIHHMX anapaTiB BUCOKOrO TUCKY

lMpu BUroTOBNEHHI KOBaHO-3BapHUX Kopnycis (puc. 11, 6)
3HIKYETBCS 06CAr TPYAOMICTKMX KyBanbHUX pobIT, 36inb-
LIYETLCS NMPOAYKTUBHICTb MEeTanopidansHoro obnagHaHHs,
Bignagae HeobxiaHicTb y OyaiBHULTBI HOBKX LIEXIB.

BurotoBneHHs wtamno-3BapHux kopnycie (puc. 11, B)
XapaKkTepusyeTbCs Lie Oinbll BMCOKOK EKOHOMIYHICTHO
BMPOOHMLTBA, OCKINMbKM ManonpogyKTMBHE KyBaHHS 3aMi-
HEHO LTamMnyBaHHsAM. Kpim Toro, mpu ubomy cnocobi nig-
BULLYETHCA TOYHICTb BWUFOTOBMEHHS 3aroTOBOK OOMYaiok

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty
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i AHULL i BIZNOBIAHO 3MEHLUYETHCA 06CAr MexaHiyHOro obpo-
GreHHs.

[ns kopnycis anapatiB BUCOKOrO TUCKY YCRILLHO 3aCTO-
COBYETbCS CMOCIO BUrOTOBNEHHS 3 OKPEMUX KOHLEHTPUYHIUX
wapis (puc. 11, r) abo 3 pynoHoBaHuX 3arotosok (puc. 11, a).
MMpy BMKOpUCTaHHI UMX cnocobiB Hemae HeobXigHOCTi
y 3aCTOCYBaHHI 3NuUTKiB MeTany, He NoTpibHe obnagHaHHS
ANS X KyBaHHS, WTamnyBaHHS Ta MexaHiyHoro obpo-
6rneHHs. TexHonoris BUroTOBIIEHHS KOPMYCiB MU CNOCO-
H6amu npocTta, TOMy He NOTPiOGHI PoBITHUKM BUCOKOT KBani-
dikauii.

Baratowaposi anapatm MawTb BENWKY HaAiNHICTb
B eKcnnyatauii, OCKinMbkM Ans 1X BUIOTOBMEHHS MOXHa
BUKOPUCTOBYBATU TOHKOMNWUCTOBY CTanb 3 Binbll BUCOKAMU
XapaKTepuCcT1Kamm SIKOCTI, HiX Y TOBCTONMUCTOBOI cTani. MNpu
BUKOPUCTaHHI Lux crnocobiB Ha 20% 3HUXYIOTLCS BUTpaTa
maTtepiany Ta 3aranbHa BapTicTb anmapatie (Technologia
izgotovlenia, 2017).

OpyryM OCHOBHWMM enemeHToM Oydb SKOro XiMiyHOro
anapaty € gHuuwe. MigBuieHHs pobounx TuckiB i Temne-
paTyp 3yMOBWMM Pi3HOMAHITHICTE chopmu AHuw. LLnpoko
3aCTOCOBYHTbCS eNiNTUYHI, N0CKi BiAGOPTOBaHI, CepunyHi,
HaniBKynbOBI Ta KOHiYHi AHuWwa (Creditor M.A., Sherer G.A.,
1967; Polikarpov E.U., 2010). feski copmu gHWLL noka-
3aHi Ha puc. 12. Haibinbl nowmpeHuMu € eninTuyHi
AHuwa (puc. 12, a), reoMeTpuyHi po3mipun sKUX Npeacrtas-
neHi B Tabn. 2. [JHMWa BMKOHYOTECS AiaMmeTpom Big 299
[0 4200 MM 3 TOBLUMHOK CTiHKM Big 4 o 60 MM i MaloTb
LUMMiHAPUYHY AinaHKy (6opT) 3aBeuwkm 25...60 M. Ix Buro-
TOBMAOTb 3 IMCTOBOI CTani pisHMx Mapok (15, 15K, 20, 20K,
25, C12, C13, cranb 30, MC12 i MCT3), 3 HepxaBito4oi cTani
(Hanpuknag, X18H10T), TuTaHy Ta noro cnnasis, Midi, anto-
MiHit0 Ta NOro cnnasi..

[Huwa, ski nigoarTbes il arpecuMBHUX CepeaoBuLL,
BUrOTOBMSIOTb i3 KNCNOTOTPUBKMX | ByrneLeBMx cTaneu, Lwo
NNakyrTbCs 3 OAHOro BOKY KMCMOTOTPUBKOK CTassio.

N
|

Puc. 12. OcHoBHi hopMu OHULL: @ — eNiNTUYHE;
6 — cchepuyHe: B — 3 chnaHueMm;
r — 3 OTBOPOM, BiAOOPTOBAHUM BCEPEAUHY;
O — 3 OTBOPOM, BifbOpTOBAaHMM Ha30BHi

[ns BUroTOBMEHHA AHWLL BMOMPaKOTbCS Kpyrni 3aro-
TOBKW, BWpi3aHi 3 nucToBOi cTani. Po3mipn BuxigHoi
3aroTOBKM 3a3Buyail BM3HAYaKOTb NPUOMM3HO 3 HeBe-
NWKAM 3anacoMm, a MoTiM YTOYHIOKTb iX NpyU BUrOTOB-
NeHHi neplumx 3arotoBok. [MpuiHaTo BBaxatn (Chemical

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

and Pharmacentical equipements, 2022), wo npu wram-
nyBaHHi QHWLL NOBEPXHS 3ar0TOBKM 3annLLaeTbCs NOCTiN-
HOl, TOBTO pO3TAryBaHHS 3arOTOBKM Ha LEHTpanbHil
OiNsHUi KOMNEHCYETbCA 3MEHLUEHHAM MMOLi 3aroTOBKU
Ha nepudepinHin ainaHui. [iametp nnockoi 3aroToBKu
BM3Ha4aloTb, BUXOASAUN 3 YMOBW CTANOCTi MMOLLi NOBEPXHI
3aroToBKM:

D,=-ZF,

ge 2F — cyma nnowy noBepXOHb MPOCTUX ENleMEeHTIB,
3 AKUX CKNafaeTbCa AeTan..

dopmynu, 3a SKUMU MOXKHA BU3HAYUTU AiaMeTp NOCKOI
3aroTOBKM ANs HaWbiNbLL NOLUMPEHNX AHULL, BKa3aHi B Tabn. 3.
Y HaBefeHVX pekoMeHaauisx Woao nigpaxyHKy posmipis
3aroTOBKM PO3MIpU OHWLLA MPUAMAOTb MO CepefHbOMY
Kony.

B ymoBax BenukocepinHOro BMpPOBHMUTBA HambinbLu
MOLUMPEHNM Ta EKOHOMIYHMM cnocobom BUPOOHULTBA
€ LTamnyBaHHS [OHULL, Ha npecax. Y ManocepinHomy
BUMPOOHULTBI OHULL 3a3BMYaii 3aCTOCOBYIOTb Taki CMo-
C0BUN BUFOTOBMEHHS, MPU SIKUX BUKOPUCTOBYHOTHCH MEHLL
fopore obnaHaHHS Ta OCHALLEHHS (Hanpuknag, Buaaenio-
BaHHS, riapoLUTaMMNyBaHHs, eNEeKTPOMarHiTHe Ta BakyyMHe
dopmyBanHa) (The manufacture of apparatus and
chemicals, 2021).

Ha puc. 13 nokasaHwi wrtamn ANS LUTaMNyBaHHA
OHuW Ha nposan. [lycToTinuii nyaHCoH 2 wTamna
(puc. 13, a), BUroTOBNEHUI i3 CTANEBOro NUTTS, 3akpinne-
HWIA Ha cTinui 1 maTpuui 3, WwWo mae hopMy NPOTSHKHOIO
Kinbus. MaTpuus BCTaHOBMEHA Ha CTilikax npeca 5, B KX
TaKoX KpinnaTbCs 3MoMHUKM 4. Dopma TOPLEBOT NOBEPXHI
nyaHcoHa Bignosigae copmi gHuwa. Ha Topui nyaHcoHa
€ WITWP, L0 BXOAUTb B LIEHTPanbHUIA OTBIp AHULLA i 3aXu-
Wwae gHuLe Bif B6iYHOro 3MiLLeHHs nig Yyac LWTamMnyBaHHs.
ltamn mMae KOMNAEKT MaTPUYHUX Kifelb, KOXHE 3 SKUX
npusHayeHe ANs WTaMnyBaHHSA AHWLLA 3 NEBHOK TOBLUU-
HO CTiHKM.

ltamnyBaHHs  OHUWaA NPOBOAUTLCA  HACTYMHUM
YyuMHOM. Harpita 3aroToBka TpaHCMNOPTYETbCS Big neui,
BCTaHOBIIOETLCS HA BEPXHIN NIOLLMHI MaTpuLL Ta LEHTPY-
€TbCs No ynopax. [pu npoTaryBaHHi 3arotToBKM MyaHCOHOM
yepes maTtpuuo BoHa Habysae copmu nyaHcoHa. icns
LITamMnyBaHHS | BUXOAY 3aroTOBKM 3 MaTpuLli WITUPI 3OM-
HWKa 4 BMUCYBaIOTLCS | NPU 3BOPOTHOMY XOZi AHULLE NyaH-
COHa 3HIMaeTbCs. Ha WTupax 3noMHuKa 4 BUKOHaHi ckocy,
TOMY BOHMW MErKo 3acyBalTbCH BCEPedMHY Ha no4vatky
HacTynHoro xody. [ns BuAaneHHs AHUWa nepenHs
CTilika WTamMny BiACyBa€eTbCH | AHWLLE pa3oM 3 nigknaj-
HO NAUTOK 6 BUCYBaeTbCS Nebiakor. 3pyyHille 3HiMaTu
BiJlUTamnoBaHe AHuLLe B LUTaMni 3i CknagaHuM nyaHco-
HOM, WO Mae KnNuHomoAibHi Bknaguwi (puc. 13, 6). Mpu
LITamMnyBaHHi CKNaJaHuii BKNaOWLL, 30BHILLIHS MOBEPXHS
skoro Bignoeigae opmi AHWWA, NPUTUCKAETBCH BEpX-
HiMU TOpLSMU 0 BOPTY KOHIYHOT YacTUHK nyaHcoHa. Mpu
3BOPOTHOMY XOAi 30BHILLHIA AiaMeTp MyaHCOHa 3MeHLUY-
€TbCA | AHULLE BINbHO 3HIMaETbCA. KyT KOHIYHOT YacTuHW
nyaHcoHa 10...12°, a 3a30p Mix Bknaguwamm — TPOXM
Ginble 5 mm.
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Tabnuugs 2

FeomeTpuUHi po3Mipu eninTUYHUX SHULL, MM

BHyTpiwWwHi po3mipu gHuwa " BHyTpiwWHi po3mipu gHUWa "

Hiametp D Bucora h TosuwmHa 5 JOiametp D Bucora h TosuumHa 5

400 100 4..16 1600 400 8..42, 46, 50, 54, 60

450 112 4..18 1700 425 10...42, 46, 50, 54, 60

500 125 4..20 1800 450 10...42, 46, 50, 54, 60

550 137 4..20 2000 500 10...42, 46, 50, 54, 60

600 150 4..24 2200 550 12..42

650 162 4...26 2400 600 12..42

700 175 4..26 2600 650 12..34

800 200 6...28 2800 700 14...30

900 225 6...30 3000 750 16...30

1000 250 6...30 3200 800 20...28

1100 275 6...30 3400 850 20...28

1200 300 6...30 3600 900 22..28

1300 325 6...32 3800 950 22...28

1400 350 6...42, 46, 50, 54, 60 4000 1000 22...28

1500 375 8...42, 46, 50, 54, 60

*B iHmepeanu 3Ha4yeHb 8enuduHU & 8x005mb He 8Ci yughpu, a yepe3 00Hy (Harnpuknad, 8 iHmepsan 4...16 0aHoi mabnuyi exodamb

yugpu 4, 6, 8, 10, 12, 14, 16).

Tabnuus 3

dopmynu ans BU3HaYeHHS diaMeTpiB 3aroTOBOK QHULL,

OHuwe

Ecki3 HiameTp 3arotoBKku

CcbepuyHe

D, =1,41D1/1+2£
D

CraHpaptHe enintudaxe (h = D/4)

‘@ D,=D /1,38+4%

Minke enintuure (h = D/16)

2 < D, =D /1,21+4%

Mnocke BinbopTOBaHE 3 MANMMK 3aKPYTHEHHSIMM ) = A
r-—-1 D, =D,1+4—
!
Mnocke BinbopToBaHe 3 hnaHuem Ta Manumm % 3
320KPYMEHHAMN __ D =D Dy + 4&
o= )
\ <

Mnocke BinGopToBaHe 3 BENMKUMY
380KpYEHHSIMU
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MponoBxeHHst Tabnuui 3

Tapinyacrte

ool

KoHiuHe

CdbepunyHe 3 6opTom Ta dnaHuem

Puc. 13. lUtamn ana wraMmnyBaHHA QHULY HA npoBan

Cnocib wramnyBaHHA Ha OHO OOUINMbHO BUMKOPUCTOBY-
BaTU 41151 OTPUMaHHS AHULL 3 TOYHOK (hOPMOLO HA, a TaKOX
[HVLL 3 eKCLIEHTPUYHO PO3TALLOBaHKMM OTBOPaMU. Y LibOMY
BUNaOKy MaTpuus BUKOHYETbCS rryxot (puc. 14, a) abo
3i BCTaBHUM OHOM (puc. 14, 6). OctatouHe hOpMyBaHHS
[AHuLWa BiabyBaeTbCs B KiHUi poboyoro xody. Bugansetbest
BOHO 3a JOMOMOIOK PO3TallOBaHOMO 3HW3Y BULLTOBXYBaya
3 NPMBOAHMM rigpoumniHapom. [ns 3anobiraHHs yTBOPEHHS
BUIMHIB Ha HWKHIN YaCTWHI AHMLLA AHO MaTpULi BUKOHYETHLCS
PyXoMKM (A0To KpInnsTb 40 NYHXepa rigpouuniHapa).

Po3arnsHyTi cnocobu wramnyBaHHs 3a3Buyai Manoedek-
TWBHI N YaC BUTOTOBIEHHS TOHKOCTIHHUX OHWLL], 3 TOBLLIMHOK
CTiHkM o 25...30 mm. [Ina Takux gHuw, po3pobneHi (Mosh-
nin E.N., 1967) TexHomoriyHi npouecn GaratonepexigHoro
LUTamMnyBaHHs, 3aCHOBaHi Ha 3aCcTOCyBaHHi YHIBepcasibHUX
LWTamniB. Butsxkka gHWLLY, 30IMCHIOETLCS 3 MPUTUCKOM 3a ABa
abo Tpy nepexoou OOHWM MyaHCOHOM MpU  BUKOPWCTaHHI
Habopy MaTpUYHKX KineLb BignoBigHMX diameTpiB. MNepes Kox-
HUM NepexooM 3MIHIOKTb NULLIE MaTpUYHe KinbLe. Lie fo3so-
NSIE 30INCHIOBATM LUTAMMYBaHHS B YHiBEpCANbHOMY LUTaMMi,
SKAN 3aCTOCOBYETHCS ANS 3BUYAMHOI BUTSHKKM Oinbll TOB-
CTOCTIHHMX AHuL. Ha nepiomy nepexodi hopMyeTbes LieH-
TparbHa YacT1Ha 3aroToBKY 3 HaaHHSM 1 OCTaTOuHOT (hopMK
Ta po3MipiB, MOTIM Ha HaCTyNHWX ABOX Nepexodax nocnigoBHO
chopMyHOTBCS iHLLI KiNbLEBI AiNsHKX 3aroToBku (puc. 15).

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty
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Puc. 15. Cxema 6aratonepexigHoro npouecy
wTamnyBaHHA OHULY

Ha puc. 16 HaBegeHa cxema cekuiiHoro cnocoby Gara-
TONEepexigHOro  LTaMMyBaHHS  BenukorabaputHUX — TOH-
KOCTIHHMX OHUMLL. 3aroToBka 5 yknagaeTbCs Ha NnyaHCOH 6
i MPUTUCKAETLCA JO HLOrO MaTpuuero 4, 3akpinneHow Ha
noB3yHi 3. Bicb 7 pasom 3 myaHCOHOM 6 nepiognyHo nosep-
TaeTbCA MK YeproBuMy pobouMMmn XoA4amu nyaHcoHa 2.
Onopw maTpuui nepes novyaTkoMm pobo4oro xody nyaHcoHa 2
BCTaHOBNIOKOTHCS B POBOYE NONOXEHHS, @ Nepes No4aTkoMm
MOBOPOTY 3aroTOBKY BiACYyBatoTbCA BNiBO. [TyaHCOH 2, nepi-
OAMYHO HaTMCKaKYM Ha 3aroToBKy 5, AedhopMye ii Ha aesKy
rnubuny. MNicns ogHoro NoBHOro 0bepTy 3aroTOBKW NMyaHCOH
MOYMHAE OMYCKATUCS HUXKYE | TaKUM YMHOM NOCTYNOBO hop-
MYETLCS FOTOBE AHULLE.
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Y Takuid cnoci6 wTamnyTb AHULLE i3 CMiBBiOHOLWEH-
HAM B -100>0,5, (d — ToBLYMHA CTiHKM AHuWa, D — oro

diameTtp).

Y BENMKOCEPIiHOMY BMPOBHMLTBI NMPU LUTAMMOBL AHMLL
HEBEMMKMX PO3MIPIB  AOLIMBHO  BMKOPWCTOBYBATU  Crocio
BUTSDKKM 3 MEpPerMHoM 3arotoBku (puc. 17). Matpuus ckna-
JAETbCA 3 30BHILLHBOI KiMbLEBOI YaCTVHN 2 Ta BHYTPILLHLOI
MaTpuLi 3, BUKOHAHOI MO qOpMi BHYTPILLHBOI MOBEPXHI AHMLLA.
Poboya noBepxHsi nyaHcoHa 1 BUTOTOBMEHA Y BUIMISAi BY3bKOrO
Kinbus. [ns BULLTOBXYBaHHS CCHOPMOBAHOTO AHMULLA 3 MaTpuL
nependbaveHo Kinblie 4, ke CNMpaeTbCs Ha LWTUPI 5 HKHBOTO
UMniHapy. Y npoueci BUTSXKKM cepedHs YacThHa 3aroTOBKU
00TAryeTbCS MO BHYTPILLHIA MATpUL, @ 30BHILLHSA — CrOYaTKy
MiATMHAETLCS, @ MOTIM NepervHaeTbcs vepe3 pebpo nyaH-
COHa i MPUTUCKAETBCA HUM [0 BHYTPILLHBOI MaTpuui. Hese-
NVKi CKIaAKV BUMPABNSOTLCA MPU NeperMHaHHi vyepes pebpo
MyaHCOoHa, a NMOTiM BAPYre NPaBnATbCSA NPU 3aTUCKaHHI KPOMKM
3aroTOBKM MiXX MaTpyLIEIO Ta MyaHCOHOM B KiHLji poBo4oro xogy.

Puc. 16. Cxema cekuUiinHOro cnocoody TamnyBaHHs
AHnL,

hw N

Puc. 17. LLitamnyBaHHA AHULY 32 CTOCOOOM BUTSKKU 3
nepervHoM 3aroToBKM

MMpwv WTamMnyBaHHi AHWLL BaXNVBE 3HAYEHHSI MAE BU3HA-
YEHHS CUIMOBKX XapaKTEPUCTUK Npouecy. 3ycunnsa nputuc-
KaHHS 3aroToBKM Mae OyTu [ocTaTHIM Anst i yTpUMaHHS.
3aroToBka TWCHe Ha MpUTMUCKaY BHACMIAOK YTBOPEHHS CKNa-
[OK Ta Aii 3rMHanbHOr0 MOMEHTY, WO BUHWKAE B pesynbraTi
3rHaHHSA 3aroTOBKM Ha 3a0KPYrMeHHsX MaTpuui. 3a iHwux
PIBHWX YMOB [151 TOHKWX 3aroTOBOK HeoOXiaHe binbLue nuTome
3yCUINSA NPUTUCKAHHS!, HXK ANst TOBCTOCTIHHMX. 3ycunns npu-
TWUCKaHHS, JOCTaTHE AJ151 3anobiraHHs YTBOPEHHIO CKMaZok:

5100
ae D3 — giameTp 3aroToBKM; OB — Mexa MiLHOCTi MaTepi-
any; ¢, @', @" — emnipuyHi koedilieHTH; & — TOBLUMHA 3aro-

0= 0,86{}[)”([)(% - q)’j(l - KZ) D;

0

D . L
ToBKU; K = 7 — koedillieHT BUTSXXKW; D3.1 — 30BHiLLHIl

niametp nHmmé.

Y pasi xonogHoi Butshxkn ¢ = 0,72...0,78, ¢' = 0,95...1,0
ana yp = 0,15...0,25; ¢ = 0,8...0,85, @' = 1,1...1,5 ans
wp = 0,3...0,4, oe Yp — BigHOCHE 3MEHLUEHHS NOLLi none-
PEYHOTrO Mepepisy 3paska 3 marepiany, Lo AedopMy€eTbCS,
Ha nodvaTky YTBOPEHHS LUMIAKW MpW pO3TAryBaHHi. Y pasi
rapsiyoi BUTSKKM @ = @'= 1.

KoedilieHT @" npu XOnogHOMY LUTamnyBaHHi 3Haxo-
antbea B mexax 0,006...0,007, npu rapsdini — B Mexax
0,004...0,005.

3ycunns BUTSHKKN

P= n(Dm —5)8]9 ,
[e p — IUTOMUI TUCK BUTATYBaHHS.
3ycunns rapsyoro WtamnyBaHHS 3i 3MaLLeHHAM Ta nigi-

rpiBoM, Npu sikomy %: L,3...1,6:
P=C/(D,-C,D,,)c,8,

pe C, =15,C,=0,6.

3a3Buyan LWTaMMyBaHHA OHWLL, NPOBOAUTLCA 3i 3Ma-
LLEeHHAM, $IKe HaHOCATb Ha MyaHCoH Ta Matpuuto. [lpu
XOrNogHOMY LUTaMMyBaHHi B SKOCTI MacTuna 3aCTOCOBYHOTb
MaLUMHHe Macno, Npu rapsyin — Cymil MallMHHOro Macna
Ta rpacdity. [Ins 3anobiraHHs YTBOPEHHKO ra3oBMX MiLLKiB
BiZ, 3ropsiHHA Macna npu LUTamnyBaHHi B NMyaHCOHi nepea-
6ayaloTb HaCKpisHi OTBOPW AN BUXOAY rasiB Y BHYTPILLUHIO
MOPOXHUHY.

TexHonoriyHMn NpoLLec BUrOTOBMEHHS KOpMNyCy anaparty
3aKiHYyeTbCA CKMagaHHAM Ta 3BaptoBaHHSM KOPyCy 3 OKpe-
MUX 0BMYanoK Ta 3BaploBaHHAM Koprycy 3 Auwiem. [pu
CKnagaHHi obmyarok CTUKOBI KPOMKM 3auuiiatoTbes abpa-
31BOM abo MertaneBot wWiTkow. Obuuyanky 36MpatoTbeCs
Ta NpUXONIIOITLCS 3BAPIOBAHHAM MO KiflbLEBUM LUBaM Ha
cknaganobHomy cTeHgi. [licns BuMmipis kopnycy no giametpy
Y MicUsSX CTUKYBaHHSI BUKOHYETHCS 3BAPIOBAHHS CriovaTky
30BHILLHIX, @ NOTIM BHYTPILLHIX KiflbLIEBWX LUBIB.

3a3Buyan 36upaHHs KopnyciB 3 0614anoK i 3BaptOBaHHS
KinbLEBMX CTUKIB MPOBOASATL HA CneLianbHMX cknaganbHuUX
cTeHgax. Ha puc. 18 nokasaHuii cTeHg Ans cknagaHHs Kop-
nycis 3 obuyaiiok giametpom 600...3600 MM i Makcumarnb-
Hoto gosxuHoto 9000 mm (Moshnin E.N., 1967). Ckoba 7
AN 30BHILLHBOMO  CTMKYBaHHS 0bW4anoKk AiaMeTpom
600...1100 MM nepeMmilyeTbCs Y cneLjianbHUX HanpsaMHKX,
pO3TallOBaHNX 3a POMUKOBMMM OMopamu KaHTyBaua, 3i
wewuakictio 10 M/xB, a nHeBMockoba 3 ANns BHYTPILLHBLOMO
CTUKyBaHHS obudanok giametpom 1200...3600 mm nepemi-
LYETbCA POMMKOBMMU OMOPaMK KaHTyBaya 3i LUBUOKICTIO
11,4 m/xB. PeBepcuBHe obepTaHHs CTMKOBaHWUX obBuyanok
3i WBKAKICTIO 3,8 M/XB 3AiNCHIOETECS 32 AOMNOMOTOK KaHTY-
Baya 6 3 NPMBOAHVMM PONMKOBMMU ONOPaMK, LLIO CaMOBCTa-
HOBMIOKTLCA. Pyxomui ynop 12 nepemillyeTbes penkoBum
LUNISIXOM MiX POMUKOBUMU onopamu 3i wemakictio 11,4 m/xa.

Mpn cTukyBaHHi obuyankn gdiametpom 600...1100 MM
YKINafatTbCs Ha POSIMKOBI OMOPK KaHTyBava A0 MOMOXEHHS
ynopy B BUCTYN 4 Ha nHEBMOCKODI. MigTuckaHHs obuyaiiok
Mo TOPLSX MPOBOAWUTLCS BCTAHOBIIEHUM Ha PyXOMOMY yropi
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nHeBMoLumniHapoM 9 i3 3ycunnam 35 kH, CymiLLEeHHs KpOMOK
obunyanok — nHesmoumniHapom 8 i3 sycunnsam 80 kH, posrta-
LLOBaHMM Ha cKobi Ans 30BHILLIHLOTO CTUKyBaHHS. [licns noea-
HaHHS1 KDOMOK BUKOHYIOTb NMPUXBATKY CTUKY Mif, 3BaptOBaHHS.

3BapOBaHHSA KiNnbLieBMX CTUKIB

CtukyBaHHs obuyariok giametpom 1200...3600 mm BUKO-
HYIOTb @aHanoriYHMM YMHOM, YKNagarum obuyaiky Ha ponu-
KOBi OMOpM KaHTyBa4a Tak, o6 BOHa ynupanacs B ponvku
10 pyxomoro ynopy.

['OpU30OHTaNbHWUI MHEBMOLMMIHAP 2 3 3ycunnsam 45 kH,
BCTaHOBINEHWNA Ha MHEBMOCKODI Ansi BHYTPILUHLOTO CTUKY-
BaHHs1, CIyXUTb AN MiATACKAHHS 0014aNOK, L0 CTUKYIOTHCA
no TOpUSIX, @ BepTUKanbHi NHEBMOLMMNIHAPU 5 3 poboYMM
sycunnam 80 kH koxeH — Ans cymilleHHs kpomok. [Ticns
LIbOro BUKOHYIOTb NPUXBATKY CTUKY Mif 3BapOBaHHSI.

MNMHeBMOCKOGa i pyxomuin ynop qikCytoTbCs B 3agaHoMy
MOMNOXeHHI creuianbHUMK nHeBmoynopamm 1 i 11, 3bnoko-
BaHUMW 3 MPMBOAOM pyxy. INpy cknagaHHi gHuLa 3 Kopny-
COM KPOMKM 0OM4Yaikn Ta OHWLLA 3a4MLLAKTLCS Mig 3Bapto-
BaHHSA Ha WupuHY 15...20 MMm.

MNoenHaHHA kpoMok obuyarikm 3 i gHuwa 1, Wwo cTu-
KytoTbes, (puc. 19) gocaraeTbes 3a AOMNOMOrOK CTAryio-

ymx BONTIB, KOCUHLIB i KiNbLEBOro NPUCTPOLD 2, LLO OXO-
Nnioe By30/1, 3 NpopisaMun Ans enekTpo3sapoBaHHs. [Ans
CTUKYBaHHS MOXHa BUKOPUCTOBYBATWM TaKOX HamnpsiMHi
nnaHku, sKi NnpusapoTbes 6es3nocepeHbO 40 KOpnycy
Ta gHuwa.

3BapioBaHHA KiMbLEBOMO LWBa BWKOHYIOTb CroYaTKy
330BHi, NOTIM 3cepeanHn. [ina anapatis AiaMeTpOM MeHLue
1200 MM cnoyaTky BUKOHYIOTb BHYTPILLHIN LIOB, a NOTiM 30B-

1Y

BEEE EEE R

/3’

Puc. 19. CknagaHHA obu4ainky 3 gHULLEM

BucHosku. MpuBegeHa MeToamka po3paxyHKy po3Mipis
Ta napameTpiB XiMiYHMX anapaTiB — obuYaniok Ta AHWLL,
sika [o3Borsie NobyayBaTy NOCMIJOBHICTb iX BUrOTOBMEHHS
Ta 3a06e3nevnT XxapakTepucTUKM ix SkocTi. [NobygoaHi Tex-
HOMOriYHi NMpoLecK Ta BM3HAYEHO OOnagHaHHSs, L0 BUWKO-
PUCTOBYETLCS ANA [OCATHEHHS BMCOKOI MPOZYKTUBHOCTI.
PoarnsHyTi cnocobu ycyHeHHs1 moxnboK po3Kpoto Ta ckna-
JaHHs eneMeHTIB XiMiYHMX anaparTis. [TpoaHanisoBaHi npo-
Llecu cKnafaHHs Ta 3'egHaHHa 0014anok Ta QHUL, 3 METOH
3abe3neYeHHst TOYHOCTI iX BUTOTOBMEHHS.
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Technological problems of manufacturing body parts of chemical machines and apparatus

Modern heavy engineering is characterized by a significant proportion of small-scale and single forms of production.
Machines produced for the metallurgical, energy, mining, chemical industries are characterized by high metal consumption
and high labor intensity of their manufacture. For the manufacture of large-sized parts, either universal equipment
and equipment with numerical control are used, or technological complexes are created based on the use of unique
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equipment, large devices and conductors, and in some cases — original tools. Due to the specific features of the processing
of heavy and large-sized parts and the low seriality of their production, in the development of technology it is impossible to
mechanically introduce progressive methods and methods of processing, as well as the organization of work that are widely
used in large-scale and mass production of industries not related to heavy engineering. When cutting these parts, there is
often a need for original technical solutions (Technologia tiajelogo mashinostroenia, 1967).

The main tasks in the processing of heavy and large-sized parts are: achieving the required geometry of accuracy, surface
roughness and physical and mechanical properties of the surface layer. Finishing operations, during which the physical
and mechanical properties of the surface layer of massive parts are formed, and consequently, their performance, based on
cutting of materials.

Processing large-sized parts is very time consuming, associated with a lot of time. Therefore, one of the main issues
that have to be addressed in heavy engineering is to increase the processing productivity as a result of the use of advanced
technological solutions, a further increase in production equipment, its specialization, mechanization and partial automation.
A significant reserve for increasing labor productivity in heavy engineering is the rational organization of the production
of large-sized parts, based on the use of group technological processes, typing of processes, normalization of equipment
and tools, centralization of technological preparation of production, introduction of scientific and technological achievements.

Chemical and petroleum engineering and apparatus construction usually has an individual and small-scale nature
of production. About 50% of chemical and petroleum equipment is manufactured according to individual orders and original
models (Berliner V.., Balashov U.A., 1976). In such conditions, technological preparation of production is especially difficult,
characterized by the use of mainly universal metal cutting and forging and pressing equipment, low equipment with special
equipment and devices, and the creation of temporary specialized technological processes.

Analysis of the designs of the devices shows that they mainly consist of the same type of parts and assembly units
(shells, bottoms, hatches, fittings, supports, etc.). This predetermines the possibility of organizing in-line production. In
the flow method of equipment production, specialized sites and workshops are created that work on the principle of in-line,
mechanized lines that are reconfigured for the manufacture, processing and assembly of standard and normalized parts,
assembly units and products (Vlasova G.B., Tchudevich D.A., Pivovarov N.A., 2022). Therefore, the problems of optimization
of production and calculation of parameters of dimensional characteristics of the main parts — shells and bottoms of chemical
devices — are extremely relevant.

The purpose of the work. Research of dimensional characteristics of blanks of body parts of chemical devices, their
influence on manufacturing technology and quality parameters of parts, as well as optimization of the processing sequence
in condlitions of small-scale and single production.

Key words: chemical apparatus, shell, bottom, bending, stamping, forging and pressing equipment, welding.
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KucnomornouHi npodyKmu € OCHOBOK Xap4yo8020 pauioHy nrodel pisHO20 8iKy ma cmammi. AHanis nimepamypHUX
Oxepen rnokasas, WO KanuHa € Had3su4yaliHO rMepCcrekmuHOK Cupo8uUHOH Orsi 8UPOBHUYMea xap4osux npodykmig. [ns
supobHuymea rpodykmy 3i 36anaHco8aHUM XiMIYHUM cKradoMm Crlid 3acmocygamu npUHYUN KOMBIHy8aHHSI CUPOBUHU mea-
PUHHO20 i pOCNUHHO20 noxodxeHHs. Mema docnidxeHHs1 — 06rpyHmysaHHs peuenmypu CUPKOBUX Mac i3 BUKOPUCMAaHHAM
roxioHuUx npodykmie nepepobKU KanuHU 3a paxyHOK onmumidauii peuenmypHoe2o ckriady. 1i0 yac 8UKOHaHHS1 pObOMU 8UKO-
pucmani cmaHdapmHi, 3azanbHo-MputiHIMi Memodu 0ocniOxeHb. [s 00CiOXXeHHsT 06paHO mpu 3pasKu: KOHMPOsb (cup-
Koea maca), 1-U — emicm KanuHo8020 Mopowky 5%, 2-Ui — emicm kanuHosoeo nopowky 10%. Pesynsmamu 00CniOKeHHs.
Ocobnusicmio po3pobreHoi MexHOM02IYHOI CXeMU € 3aCmMOCy8aHHs KarluHOBUX MOPOWKIG, 8U20MOBIIEHUX 3@ MEXHO02IEH
pospobrieHor Haykosusmu Cymcbkoeo HAY. KanuHosuli mopowok, 3a po3pobrieHo mexHonozier, 8600UMLCs 8 peuen-
mypy pa3oM 3 [HWUMU KOMIOHeHmamu, Ha cmadii 3amiwysaHHs. Peuenmypy cupkosux mac 06paHO 3a MEeXHOM02iYHOK
iHcmpykuiero 0151 00epxkaHHST 20mogoeo npPodykmy 8idnoeidHo 0o sumoe [JCTY 4503:2005 «Bupobu cupkosi. 3azarnbHi mex-
HIYHi yMO8U». 3pasKu CUPKOBUX Mac 3 KasluHO8UM MOPOWKOM Masnu 00HOPIOHY, Ma3Ky KOHCUCMeHUito. 3a pesyrnbmamamu
CEeHCOPHO20 aHanisy 3pasok 1 ompumas Halsuwi 3Ha4yeHHs. 3a pe3dynbmamamu AociOxeHb 8Ci MOKa3HUKU eidrnosidanu
sumozam [CTY. Kucriomuicmb 3paska 1 binbwa 3a KucriomHicms KOHMPOo, Wo MosICHIOEMLCS npucymHicmio y cknadi
KaruHo8uUX MopOLLKie 8EMUKOI KiTbKOCMI OpaaHidHUX Kucrom. BemarosneHo, dodasaHHsI KanuHO8020 MOPOWKY Mpu3eo-
O0umb G0 3HUXEHHST 80/1020cmi 20mo8oeo NPodykmy. Lle noe’s3aHo 3 mum, W0 xap4osi 80110KHa, SKi MICmAmMbCS Y Kanu-
HO8UX MopowKax Maromb 30amHicmb ympumysamu eonozy. [paHu4Ha Harpyaa 3Cy8y KOHMPO/IbHO20 3paska CmaHo8UMb
305-10?[a, a 3pa3ka 3 kanuHosUM nopowkom — 316-10?MNa. Pesynbmamu nokasasnu, Wo 6ci 3pasku Marms naacmuyHy,
Ma3Ky cmpykmypy. BcmaHoeneHo, 3anponoHosaHuli 8ud HarosH8aqa Mo3umueHO 8riueae Ha CMpyKMmMypHO-MexaHiyHi
eracmueocmi cupkoeoi Macu. BucHoeku. [1nodu kanuHu 6azami 6ionoziyHo akmusHUMU pedosuHamu, ki dobpe 3bepiza-
tombcs npu nepepobuyi ma sbepieaHHi. OnmumarnbHul 8i0COMOK 8HECEHHS NOPOWKY KanuHu 5. 3a ecima ¢hi3uKo-XiMiYHUMU
roka3Hukamu, po3pobreHuli npodykm, gidnosidae suMoz2am cmaH0apmy Ha CUPKO8i Macu.

Knroyoei criosa: kanuHosul nopowok, peosoeais, xapyysaHHs, CUpKoga mMaca, opaaHonenmuka, aMiHokuciomu, peuen-
mypa, POCITUHHUU KOMITOHEeHM.

DOl https://doi.org/10.32845/msnau.2022.3.10

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty 69
Cepist «<MexaHisaLjis Ta aBTomMaT13aLjis BApoOHM4MX MpoLieciy, Bunyck 3 (49), 2022



Betyn. KucnomonouyHi npodykTu € OCHOBOK Xap-
YOBOro paLioHy ntogen pisHoro Biky Ta ctatTi. B acop-
TUMEHTI KUCIMOMOJIOYHMX MPOAYKTIB BapTO BiA3HAYMTM
CUPKOBI Macy, siki 3a CBOIM CMakoM Haibinbwe nogoba-
toTbcs Aitam. OpgHak npu iX BUPOBHULTBI BUKOPUCTOBY-
€TbCS LYKOP, HEHaTypasbHi CMako-apomaTuyHi obaBku
Ta CTPYKTypoyTBOptoBadi. AHanidyoum cyyacHi TeHaeHuii
B XapyyBaHHi nepeq BUPOOHMKAMM Ta HAYKOBLSIMU CTOITh
3aBAaHHSA CTBOPUTW KOPUCHY HaTypanbHy CUPKOBY Macy
Ha OCHOBI CMpPY KMCIIOMOSIOYHOMO Ta POCAMHHOI CUpO-
BUHW.

Cvp KMCNOMOMOYHUN Mae AieTUYHI Ta (YHKLUiOHAMNbHI
BIACTUBOCTI, PEKOMEHAOBAHWA ANS XapyyBaHHS AiTew,
BariTHMX XIHOK, NPW 3aXBOPIOBaHHI HUPOK, CepLEBO-CYAMH-
HOi cuctemm, aHemii (Homayouni et al., 2012, Pan et al.,
2018, Sahu, 2010, Kaur et al., 2022, Cena, Calder, 2020,
Horyuk et al., 2016, Samilyk, 2017).

B akocTi pocnuHHMX 006aBoK npu BUPOBHULTBI CUPKO-
BMX Mac 4acTo BUKOPUCTOBYHOTL kpionopowky (llinska et
al., 2017, Hachak et al., 2019), kmuHy (Bolgova, Honchar,
2019), vacHuky (Bolgova, 2020), oBo4eBWX LykaTiB i3
nacTepHaka Ta rapbysa (Samilyk et al., 2020), HaciHHS KyH-
xyTy (Stetsenko, 2016), iHyniH (Abd El-Khair et al., 2020),
CoHsILLHMKOBOTO i3onAaTy (Bolgova et al., 2020).

CyyacHa TeHAeHLUisl BOOCKOHAmNeHHs MpPOAYKTIB xapuy-
BaHHS OpieHTOBaHa CTBOPEHHS 30anaHCOBaHMX 3@ Xap4OBOH
Ta 6ioNorivYHOI0 LIHHOCTI NPOAYKTIB, 36aravyeHnx yHKLioHamb-
HUMMW iHrpedieHTamu. Y NpoaykTax 3i CKnagHWM CUPOBUHHUM
CKI1a4oM MOJIO4HE Ta POCIIMHHA CUPOBMHA BUKOPVCTOBYETLCS
B Pi3HUX MOEOHAHHSX, WO A03BONsE popMmyBaTh (hyHKLiO-
HarnbHi BNACTMBOCTI, BPaxoByBaTH 3BWUYKW Ta TpaguLii B Kynb-
Typi XapyyBaHHS HACENEHHS Pi3HNX PErioHiB.

B SKOCTi pOCRMMHHOIO  KOMMOHEHTY  peLenTypu
JOUIMbHO  BUKOPWCTOBYBAaTU  pEriOHANbHY  CUPOBWHY.
Arogn kanuHW 34aBHA BUKOPWUCTOBYBAanNMCS YKpaiHUSAMM
(Kraujalyté et al., 2013, Krlger et al., 2015). Aroan mic-
TaTb Garato BiTamiHy C, NOTYXXHOrO aHTUOKCMAOAHTY,
MEKTUH | TaHWHW, Pi3Hi BUAW LYKPY, 4yOUNbHI pevyoBUHM,
tbnaBoHoiaK, a Takox BanepiaHoBy, ackop6iHOBY, NanbMi-
TUHOBY Ta kanpunosy kucnotu (Wei et al., 2019, Bal et al.,
2011, Senica et al., 2016).

Caixi arogy KanvHM MaKTb HENPUEMHUI, TIPKWIA CMaK,
MOB’'SA3aHNA 3 BMICTOM CarnoHiHy, rMiko3ugy Ta BiHOYpHiHY,
AKi BBXAKOTHCA ManNOTOKCMYHUMM | NOTPEDYIOTE 3aMOPOXY-
BaHHs nepep BxvBaHHAM (Ozkan et al., 2020). Heasaxaroum
Ha BMUCOKY aHTWOKCMAAHTHY akTuBHiCcTb (Polka et al, 2019),
BVKOPWCTaHHS NMOAIB KanuHy B MPOMMUCIIOBMX MacliTabax,
ayxe obmexeHe (Rop et al., 2010).

AHania niTepaTypHUX [Kepen nokasas, WO KanuHa
€ HaA3BMYaNHO NEPCNEKTUBHOK CUPOBUHOK ANt BUPOOHU-
LTBa Xap4oBMX NPOZYKTIB, ane cnig nigibpatn npasBumnbHy
TexHonorito ii nepepobku, sika 4o3BonuUTL 36eperTy ii Giono-
MiYHy LiHHICTb Ta 3a6e3neunTyt oNTManbHi OpraHoNENTUYHI
BIACTUBOCTi FOTOBOIO MPOAYKTY.

Omxe, AN BMpoBHWLUTBA NPOAYyKTY 3i 36anaHcoBaHUM
XIMIYHUM CKMafoM LiHHICTIO cnig 3acTtocyBaTu MpUHLMN
KOMOiHYBaHHsS1 CMPOBWHW TBAPUHHOTO i POCIIMHHOTO MOXO-
IDKEHHS.

Matepianu i metogu pocnigxeHb. MaTepianamu
JocnifkeHHs Oynu: cupkoBa Maca Ta CUMpKOBa Maca
3 KanvHoBMM nopowwkoM. Mema 00cniOxeHHS — 0BI'pyH-
TYBaHHS peLenTypy CUPKOBKX Mac i3 BUKOPUCTAHHSAM
MOXiAHWX NPOAYKTIB MepepobKM KanmmHM 3a paxyHOK
onTuMmi3auii peuenTypHoro cknagy. ig yac BUKOHaHHS
pobOTU BUKOPWUCTAHI CTaHAApPTHI, 3aranbHO-NPUNHATI
meToau gocnigxeHb. OpraHonenTUYHi NOKa3HWUKKN Aocni-
IKYBAHMX 3paskiB ouiHioBanu no 5-6anbHin  Lwkani.
MacoBa 4acTka xupy Bu3Havanacs signosigHo go ACTY
ISO 1735:2005. BusHayeHHs KUCINOTHOCTI CUPKOBUX
Mac MpPOBOAUIMN METOAO TUTPYBaHHSA. [Nns fOCnimKeHHs
obpaHo Tpu 3pasku: KOHTponb (cupkoBa Mmaca), 1-n —
BMICT KanuHOBOrO NOpOLLKY 5%, 2-i — BMICT KanuHOBOIO
nopowky 10%. Cnoci®6 BMpoOHMLTBA CUPKOBOI Macu
3 KannHOBMM MOPOLLKOM nepefbavae: migrotoBky peuen-
TYPHUX KOMMOHEHTIB (CUP KMCMTOMOSOYHNIA XUPHICTIO 9%
NpOTMPaEMO, BEPLUKOBE Macno xupHictio 82,5 % niaro-
MMAEMO), BHECEHHSI KanMHOBOrO MOPOLLKY, Mepemilly-
BaHHSA O OAHOpPiAHOI MacK, acyBaHHS, OXONOMKEHHS
not=4+2°C.

Pesynbratn pgocnigxeHHA. OcobnuBicTio po3po-
GreHoi TEXHOMOrYHOI CXeMK € 3aCTOCYBaHHSA KanuHO-
BMX MOPOLLKIB, BUTOTOBNEHMX 3@ TEXHOMOTIE po3pobne-
Hoto HaykoBuamu Cymcekoro HAY (puc. 1) (Samilyk et
al., 2022). Arogn (kanibpoBaHi, BigMUTI) nonepegHbO
3aMOpPOXYIOTbCSA. 3aMOpPOXYBaHHS [03BOMNSE 3HU3UTK
ix ripkicte. [licna pedpocTalii NpoBOAMTECA OCMO-
TUYHa gerigpaTtauia sarig npyu temnepatypi 50°C y KoH-
LeHTpoBaHoMy UykpoBomy cuponi (70%). Mpu ybomy
i3 Arig BUAANSeTbCA YacTWHa KNITMHHOTO COKy (BoAw).
BupoaneHHs Bonoru BigbyBaeTbCcs 3@ paxyHOK BUCOKOTO
OCMOTUYHOTO TUCKY, CTBOPEHOrO 3a PaxyHOK KOHLEH-
Tpauil caxapo3n B po3yuHi. [pn LbOMy MOKpaLLyTbCS
OpraHonenTU4Hi BMACTMBOCTI KanuHu, 30epiraeTbcs
GionoriyHa UiHHiCTL arogu. KanuHoBi nopolwkn pobpe
36epiraloTbCsl, OCKIMbKM LyKOp SBMASETHCA KOHCEPBaH-
TOM. YacTKOBO 3HEBOAHEHI Arogu HanpaBnslTbCA Ha
CYWIiHHSA B iH(payepBOHY CyllapKy, BUCYLIYIOTbCA [0
BMicTy Bomorn 7-8% npwu TemnepaTtypi 65°C. CyuweHi
arogn noApibHIOTLCA B MOPOLUKM, SKi MPOCIOKTbCS
Ha dpakuii pisHMX posmipis. Ons pocnigxeHb BUKO-
puctoByBanu pakuito 0,45 mm. KanuHoBui nopo-
oK, 3a po3pobneHol  TEXHOMOriel, BBOAMUTLCA
B peLenTypy pasoM 3 iHWKWMK KOMNOHEHTaMK, Ha ctagil
3aMmillyBaHHS.

PeuenTypy cvpkoBux mMac obpaHO 3a TEXHOMOTYHOH
IHCTPYKLi€EIO0 ANs OAepXaHHs rOTOBOrO NPOAYKTY BigNOBIAHO
no sumor ACTY 4503:2005 «Bupobu crpkosi. 3aranbHi Tex-
HiyHi ymoBu» (DSTU 4503:2005, 2006). Ak KOHTPOMbHUIA
3pa3ok 0OpaHO peLenTypy CUMPKOBOI Macu conogkoi 0es
nobaBok. MapanenbHoO roTyBanv ABa 3pasku CUPKOBOI MacK
3 KanIMHOBMMM MopoLLKamMu Y kinbkocTi 5% (3pasok 1), 10%
(3pasok 2) (tabn. 1).

3pasku CUMpPKOBMX Mac 3 KarMHOBMM MOPOLLKOM Manu
OIHOPIOHY, Ma3Ky KOHCUCTeHLit0. Ha puc. 2 npeacraBneHo
pesynbTaTii OpraHoNenTUYHOT OLIHKX JOCMiAXKYBaHUX 3pas-
KiB CUPKOBUX.
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Tabnuus 1
PeuenTtypu gocnigxyBaHux CMPKOBUX Mac

CupoBuHa KoHtponb | 3pa3sok1 | 3pasok 2
Cup KMCNOMONOYHMIA
3 MacoBOK YacTKO 628,75 813,85 763,85
xupy 9 %
Macno BepLukoBe
3 MacoBOK YacTKO 136,10 136,10 136,10
xupy 82,5 %
Llykop-nicok 235,10 - -
BaHinin 0,05 0,05 0,05
KanvHoBwui nopoLLok - 50,0 100,0
Pazom 1000 1000 1000

3a pesynbratamm CeHCOpHOro aHanisy 3pasok 1 oTpu-
MaB HaMBWLLi 3HAYEHHS. 3pa3ok 2 OTPUMAB HaAMHMKYY CEeH-
COPHY OL|iHKY, LLIO MOB’SI3aHO i3 BigYyTTSIM KarIMHOBOI FipKOTK
i Kcnoro cmaky. BpaxoBytoun pesynbraTit OpraHoNenTUYHoOI
OLiHKM ANs nofanbLumx JocnimkeHb Oynu BUKOpKCTaHi ABa
3pasku: KoHTponb, 3pasok 1 (tabn. 2).

Tabnuuga 2
Pe3ynbratn gocnimkeHHs ismko-XiMiYHUX NOKa3HUKIB
Moka3Huku Hor?&aagﬁ;m 3pasok 1
KucnotHictb, °T 151 154
MacoBa yacTka xwpy, % 12 8
Macosa yacTka Bonoru, % 78 75,5
Macoga yacTka caxapos, % 7,3 5,2

3a pesynbratamy SOCHiQKEHb BCi MOKa3HWKM BignoBi-
fanu Bumoram OCTY. KucnotHicTb 3paska 1 Ginblua 3a Kuc-

NOTHICTb KOHTPOMHO, LLO NOSICHIETHCS NMPUCYTHICTIO Y CKNagi
KanuHOBMX MOPOLLIKIB BEMNWKOI KifbKOCTi OpraHiyHUX KUCMOT.
BcraHoBneHo, fogaBaHHs kKanHOBOIO NMOPOLLKY MPU3BOAUTb
[0 3HWXEHHS BOMOrOCTi rOTOBOrO NpoaykTy. Cxoxi pesyrnb-
Tat 6ynu otpumani (Ali et al., 2022, Tratnik et al., 2001). Lie
MOB’AA3aHO 3 TUM, LLIO Xap4OBi BOMOKHA, SKi MICTATLCS Y Kanu-
HOBMX MOPOLLKaX MatoTb 34aTHICTb YTPUMYyBaTH BOMOTY.

OuiHKy peonoriyHMx BnacTMBOCTEW, @ CaMe LUiMbHOCTI
CTPYKTYPU CUMPHOI Macu, NpoBenu 3a JOMOMOroK MEHETPO-
MeTpa, BU3HAUMBLUM Hanpyry 3cyBy. Pesynstatv nokasanw,
LU0 BCi 3pa3kn MatoTb MNacTUYHY, Ma3Kky CTPYKTypy. [paHuyHa
Hanpyra 3cyBy KOHTPOLHOTO 3paska ctaHoBuTL 3051023, a
3paska 3 kanuMHoBKM nopoLukom — 316-102MMa. BctaHoBNEHO,
3anporoHOBaHUIM BUA HAMOBHIOBaYa NO3WUTUBHO BMSIMBAE Ha
CTPYKTYPHO-MEXaHiyHi BNacTMBOCTI CUPKOBOI Macu.

[o cknagy nOpoLUKY KanuHW BXOAsATb 18 amiHokucnoT
(puc. 3) y kinbkocTi 4,63 /100 r, 3 HUX HE3AMIHHUX aMiHOKMC-
noT BusBNeHo Y kinbkocTi 1,63 /100 r (i3oneumH-0,17; nei-
umH — 0,37; nisnH — 0,24; meTioHiH — 0,07; dbeHinanaHiH — 0,23;
TpeoHiH — 0,19; BaniH — 0,23).

JlenuwmH, i3onenumH Ta BaniH BBaXalTbCH aMiHO-
Kucnotamu 3 posranyxeHumu, OBiYHUMKU naHuramu.
BoHu 3anmatoTb npakTnyHo 40% BCiX aMiHOKMCIOT, SKuUX
noTpebyoTb M'A3n. JleUunH — MigTPUMYE eHepreTUyYHUN
H6anaHc, i3onenUnH — CnoXuBae BUPOBMEHY rNKO3y, a
3HauUTb, Mae aHTMkaTaboniyHi BNacTUBOCTI, a BaniH —
€ CTUMYNATOPOM, LU0 aKTUBYE IMYHHI cunu, meTabonism,
MO3KOBY aKTUBHiICTb. TOGTO Ui amiHOKMCNOTW € Axepe-
NOM eHeprii, 3aBASKM AKUM | 3abe3nedyyeTbcsl CUHTE3
TPpMKapOOHOBUX KUCMOT i FMIOKOHEOreHe3y B OpraHi3Mmi
CMOPTCMEHIB.
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®eHinanaHiH € MNPOTEIHOrEeHHO  aMiHOKUCIOTO
Ta BXOOWTb A0 cknagy BinkieB ycix BiZOMWX XuBWMX opra-
HismiB. Bepyun yyactb y rigpodobHMUX Ta CTekiHr-B3ae-
Mogisix, eHinanaHin Bigirpae 3HavHy ponb Yy ONAUHIY
Ta ctabinisauii 6inkoBuUX CTPYKTYp, € CKNaJ0BOK (hYHKLi-
OHasbHUX LEHTPIB.

Kpim TOro, y nOpoLKY KanMHu BUSIBNEHO He3aMiHHY
amiHokucnoty metioHiH (0,07 r/100 r). BoHa gobpe Bnnu-
BA€ Ha CTaH HUPOK, 3HWKXYE TOKCUYHICTb BaraTbox OTpyn-
HWUX PEYOBWH i CNpMSE BIQHOBNEHHIO QYHKLIN NEYiHKM.

BpaxoBytoun amiHOKUCNOTHUIA CKnaf OTpUMaHux 3a
pO3pO06NEeHO TEXHOMOrIE MOPOLLKIB KanuHK, MOXHa
NpPOMNoHyBaT pPo3pobneHnin NpPoayKT AN XapyvyBaHHS
HaceneHHs K YHKLiOHaNbHUN.

B nnaHax noganblumx AOOCRIOXEHb BU3HAYEHHS
BMMBY MOPOLLKY KamnuHW Ha MPOLECU OKUCIEHHS XUPY
Ta Noka3HuKM B6e3neYHOCTi.

BucHoBKK. KannHa € LWMPOKO NOLMPEHO POCIINHOL,
Lo pocCTe Ha Bcill TepuTopiil YkpaiHu. MNnogwu 6arari 6iono-

riYHO aKTMBHUMU peyvoBUMHaMU, ki Aobpe 3bepiraloTbes
npu nepepobui Ta 36epiraHHi. Lle no3sonse poarnagatu
NMAoAN KanuHU K perioHanbHy CUPOBUHY ONst BUPOOHU-
LITBa Xap4yoBMX MPOAYKTIB.

MNpoBeneHi focnioXeHHs nokasanwu, Lo BUKOPUCTaH-
HAM MOPOLLKY KanuvHW Mae No3WTWBHUW BMNWB Ha opra-
HOMNENTUYHI MOKA3HWKM KMCOMOMNOYHMUX NpoaykKTiB. BeTa-
HOBNEHO ONTWUManbHy 403y BHECEHHSI MOPOLLKY KanuHW
(5%), Npu AKiA CMPKOBI Macu xapakTepuayrTbCs Hankpa-
LMW CEHCOPHUMU NMOKa3HUKaMM.

AHani3a aMmiHOKMCMOTHOrO CKrnagy MOPOLUKIB KanuHu
CBidUATb NpPO BIACYTHICTE NIMITOBAHMX aMiHOKUCMOT
i AOCUTb BMUCOKY iX BionoriyHy UiHHICTb. B penentypHomy
KOMMOHEHTI MicTUTbCA 18 aMiHOKMCAOT, B TOMY YMCH
7 HE3aMIHHMX.

3a BciMa hi3nKo-XiMiYHUMMK MoKasHWKamu, po3pobne-
HWI NPOAYKT, BiANOBIZAe BUMOraM CTaHAapTy Ha CUPKOBI
macu. BctaHoBneHo, L0 A0AaBaHHS KanHOBOTO NOPOLLKY
NPU3BOAUTL [0 3HWKEHHS BONIOTOCTi FOTOBOrO NPOAYKTY.
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Improvement of the technology of curd masses using viburnum powder

Dairy products are the basis of the diet of people of all ages and status. An analysis of literary sources showed
that viburnum is a promising raw material for food production. For the production of products balanced by the chemical
composition, a combination of raw materials of animal and vegetable origin should be used. The purpose of the study is to
substantiate the formulation of curd masses using derivative products of viburnum processing. When performing the work,
standard, generally accepted research methods were used. Three samples were selected for the study: control (curdled
mass), 1st — the content of viburnum powder 5%, 2nd — the content of viburnum powder 10%. Research results. A feature
of the developed technological scheme is the use of viburnum powders made according to the technology developed by
scientists of Sumy NAU. Viburnum powder, according to the developed technology, is introduced into the recipe along
with other components at the mixing stage. The recipe of the curd masses was chosen according to the technological
instructions for obtaining the finished product in accordance with the requirements of DSTU 4503:2005 “Curd products.
General technical conditions”. Samples of curd masses with viburnum powder had a homogeneous, smearing consistency.
According to the results of sensory analysis, Sample 1 received the highest values. According to the research results, all
indicators met the requirements of DSTU. The acidity of Sample 1 is higher than the acidity of Control, which is explained
by the presence of a large amount of organic acids in the composition of viburnum powders. It has been established that
the addition of viburnum powder leads to a decrease in the moisture content of the finished product. This is due to the fact
that the dietary fiber contained in viburnum powders has the ability to retain moisture. The limiting shear stress of the control
sample is 305-10-2Pa, and that of the sample with viburnum powder is 316-10-2Pa. The results showed that all samples have
a plastic, smearing structure. It has been established that the proposed type of filler has a positive effect on the structural
and mechanical properties of the curd mass. Findings. Viburnum fruits are rich in biologically active substances that are well
preserved during processing and storage. The optimal percentage of adding viburnum powder is 5. According to all physical
and chemical indicators, the developed product meets the requirements of the standard for curd masses.

Key words: viburnum powder, rheology, nutrition, curd mass, organoleptics, amino acids, recipe, herbal component.
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OpezaHizauis 0opoxXHb020 pyxXy CKnaGHUMU repexpecmsamu Mae 00CUMb 8ax/1Uee 3HaYEHHS, mak fiK, brudbko 80%
00POXHLO-MPaHCIOPMHUX MpuU200 8UHUKatomMb came Ha makux dinsiHkax dopoau. Y daHili cmammi po3enisiHyme nepexpe-
cms micma Cymu, sike 8i0HocUmbCs came 00 makux asapiliHo Hebe3neyHux 0inssHoK dopoau. Posanssdaembcs nepexpecmsi
synuyp Xapkigcbkoi, [epoie CymuwuHu, [azapiHa ma MokposckbKol oW, Wo 3Haxo0umbCs 8 UeHmparnbHil YyacmuHi Micma
ma € 8aX/uguUM 8y3/10M Ha repemuHi MazicmparbHUX mpaHcrnopmHux Kopudopie micma.

AHanisyrouu cumyauito Ha yit 0insHui dopoau Qitiwiu 8UCHOBKY, W0 OOCiOXeHHsT ma aHasis pyxy mpaHCrIopmHUX
3acobig yuM nepexpecmsam Mae eaxiiuge npuknadHe 3HayeHHs Onisi micma. Ha nepexpecmi susisneHo psd ¢bakmopis,
AKI CrPUSINU 8UHUKHEHHIO A0POXHBO-mMpaHCopmHux npu2od, deski 3 Lux ghakmopie MpoBOKyoMb Ha MOPYWeEHHS npasus
00POXHBO20 PyXYy, MaKOX KOHCMPYKMUBHO CMBOPEeHe repexpecms Mae 00CUMb 8e/1UKe HaBaHMAXEHHS, WO Npu3eooums
00 ycknaOHeHb po3’isady mpaHCropmHux 3acobie ma 8UHUKHEHHIO OOPOXHBO-MPaHCIopmHuUX fMpu2od. 3a npoaHanizosa-
Humu daHumu 3 2018 no 2021 pik 6yno 3aghikcosaHo 17 AOPOXHLO-MpPaHCIOPMHUX npu2od. B cmammi HaeedeHo AaHi Mo
pokax 0e 8UOHO, W0 asapiliHicmb nepexpecmsi 36iMbWyeMbCS, 3 KOXXHUM POKOM. SIKwio nopieHsimu 2018 ma 2020 poku, mo
aeapitinicmpb gupocna 8 4 pasu. lpu nopieHsHHI 2020 ma 10 micauie 2021 poky, asapitiHicms gupocna 2,5 pasu. pu nopie-
HsHHI 2018 ma 10 micauie 2021 poky, asapiliHicms eupocna 6 10 pasis. [1id yac aHanizy ma Modesi8aHHs 8UKOPUCMOBy8a-
niocs cydacHe rpoepamHe 3abesneveHHss PTV VISSIM. [ns modemnogaHHs onmumizogaHo20 repexpecms 6yno dopobrieHo
noghasHull po3’i30 ma yuknoepamy 3 ypaxyeaHHsM fpasux mogopomig ma oKpemo 68i0 pyXy rpsiMo 11i6020 M08OPOMy 3 8yIl.
lepoie CymujuHu, 3 BUCOKOH iHMeHcusHicmio pyxy. 3 eyrnuyi lazapiHa nisopy4 nomik cknadae 0o 30 asmo/200., 3 Nokpos-
CbKOI niowi npasopyy nomik — 8o 15 asmo/200.

Takum YuHom, Byro po3pobreHo noemariHy npospamy 8rnpoeadxeHHs 3axo0is, SKki 6 cripusiu nid8UUWEHHIO besneku
PyXy uum nepexpecmsm. Hatikpauwum pitueHHsM Orisi QoCidxysaHo20 nepexpecmsi € 36epexxeHHs1 ceimnoghopHo20 peay-
NH08aHHs 3i 8ropsiOKysaHHAM Mowi nepexpecms (MiX cmon-niHisMu) ma cmeopeHHs] 6e3KOHGIIKMHO20 noghasHo20
po3’i30y. byrno po3pobrneHo npozpamy enposadxeHHs1 3MiH Onsa nepexpecms y 3 emanu: 1 eman — OCHO8HUU, 2 emarl —
yepe3 2-3 poku riicns enposadxeHHs1 1 emarny, 3 eman — yepes 4-5 pokie nicrisi enposadxeHHs 2 emary.

Knrovoei cnoea: pyx mpaHcnopmy, nepexpecmsi, opaaHisauisi pyxy, mpaHcrnopmHud nomikx.

DOl https://doi.org/10.32845/msnau.2022.3.11

Bertyn. lNepexpecTa Bynuub Xapkiecekoi, [epoiB Cym- Marepianu i ™etoau pocnigxeHb. [lepexpecTs

WwwmHK, larapida Ta MNokpoBcbkoi nnowi y M. Cymu poaTaruo-
BaHe Mo npaBoMy Oepesi pivku MNcen Ha Mexi iCTOpUYHOro
i haKTWYHOrO LEHTPY MICTa, € BaXKMMBUM BY3/IOM Ha nepe-
TWUHI MaricTpanbHUX TPAHCNOPTHUX KOPUAOPIB MicTa.

Bynuusa Xapkiscbka, Mepois CymwmHn Ta NokpoBcbka
nroLla € ByNMUsSMM 3aranbHOMICBKOTO 3HA4YEHHS! peryrboBa-
HOTO PyXYy, Bynuus arapiHa — panoHHOro 3HaveHHs. Ha puc. 1
3006pakeHo MicLie po3TallyBaHHS AOCHIAXKYBAHOMO 00'EKTY.

[OTOYHMIA CTaH NepexpecTsi 300paxeHo Ha puc. 2.

[NepexpecTts Mae ayxe Benuki po3mipu: 96 M Mix cton-ni-
HisiMK no Byn. XapkiBcbkiii Ta MNokpoBcbkoi nroLi Ta 50 M no
Bynuusx larapina i Fepois CymwymHm. Kinbkictb aBTomobinis
Ha goporax YKpaiHu nocTiHO 3pocTaE, Lo Npu3BoanTb A0
3aTpyOHEHHS NPOi3aiB NEpexpecTb Ta 30iNbLWEHHS KiflbKo-
CTi aBapiliHux Bunagkis (Shirokun, 2018; Vinokurov, 2020).
TakuM YMHOM Hamm Gyno BUPILLEHO AOCMIANTMU OOHE 3 HaWl-
HebeaneyHilmx nepexpectb Micta Cymu Ta 3HaTV MOXIIUBI
LUMISIXW BUPILLEHHS! JAHOTO MUTaHHS.

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

perynoeTbes CBITNOopoM 3 3-hasHUM peryroBaHHAM,
[€ PerynoTbCa OCHOBHI HanpsiMu pyxy: Byn. Xapkis-
cbka — lNokpoBcbka nn., Xapkiscbka — arapiHa Ta Mokpos-
cbka nn. — lepois Cymwwumn (DBN, 2001; DBN, 2002;
Osetrin M., 1997). MNocrTiiiHo 3eneHa cTpinka 3 lepois Cym-
LMHKM Ha TokpoBChKY M. Ta 3 XapkiBcbkoi Ha Mepois Cywm-
wyHKu. 3 6oky Bynuui Mepois CyMLIMHM € HeperynboBaHui
niLoxXigHWn nepexia, Skun carae gosxuHy 20 meTpis. Pea-
nisoBaHa 3eneHa XBUNS MK nepexpectsaMu XapkiBcbka —
lNokpoBcbka Nn. Ta caiTnogopom nobnudy MaHnydakTypu.
Takox Bigomo Lo nepexigHi asn He 403BONSAKTL BY4aCHO
MOKMHYTK NepexpecTs, AKWwo ixatn 3 Mepois CyMLmHM Ha
larapiHa, i oCTaHHIM aBTO [OBOAUTLCA ranbMyBaTyt nepes
MiLLOXiZHUM NepexofoM, OCKINIbKM aBTOMOGINI MOKMHYNM
nepexpecTs, ane Habnuaunucb 4O perynboBaHOMo MiLlo-
XiOHOTO nepexody, KOMW BMMWKAETbCS 3€fleHe  CBITNO,
Ha Byn. [arapiHa. Yac umkny csitnocopa cknagae
130 cekyHa: 37 cekyHn XapkiBcbka — [oKpoBCbKa; 25 cekyH[
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Puc. 1. KaptorpadiyHe po3tawyBaHHsl nepexpecTs

Puc. 2. MoTo4yHui cTaH nepexpects

XapkiBcbka — larapiHa Ta NokpoBcbka — 'epoi CymLmHM.
OcrtaHHs (hasa: [arapiHa — epoiB CymLUMHK Ma€E Take Hana-
LUTYBaHHS: 56 cekyHg Ans nosopoTty 3 lepoi CyMLmMHM Ha
XapkiBcbKy Ta pyxy npsaimo Ha larapiHa Ta 30 cekyHg 3 [ara-
piHa Ha lepoiB CymwymHK. Takox € okpema dasa ans pyxy
3 [arapiHa Ha XapkiBcbky — 93 cekyHam. Kpim sragaHux € e
(hasu 3 3eneHoto cTpinkoto: Mepois CymiimHm — MNoKpoBCbKa
nn. Ta Xapkiecbka — lepoiB CyMLyHW.

Llono icHytoumMx NOTOKIB TpaHCMOPTY TO MOXHA ckasaTy:

A) BpaHui 3 7:00 go 8:00 noTik TpaHCNOPTY HaBeAEHWN
Ha PUCYHKY 3.

B) BBeuepi 3 17:00 go 18:00 notik TpaHcnopTy HaBege-
HUI Ha puc. 4.

Mpu obcTexeHHI gaHoro nepexpects Oyno BUSIBNEHO
Taki hakTopm:

- KpanHa npaBa cmyra 3 [1OKpOBCbKOI nnouli Mae
LUMpUHY 4 meTpu, LWo GinbLie Hix nepegbaveHo [BH 2.3-5:
2018 «Bynuui Ta goporn HaceneHux nyHkTiB». Makcu-
MasibHO JO3BOJIEHA LWMPKHA CMYTY pyXy — 3,75 M.

- [MiwoxigHun nepexig no Byn. Mepoie CyMLMHM 3Ha-
X0OMTbCA N03a padiycoM MepexpecTs Ta € Heperynbosa-
HUM Yepes L0 TPaAHCMOPT Ma€ NOCTINHO 3YMUHATUCS, KOMNK
MiLoxoam NepexoasaTb Yepes Lev nepexia.

- [pw pyci 3 Bynuui MarapiHa Ha Bynuuto Mepoi Cym-
LUMHN LUMPWHA CMYTY MiX MEpLUO0 CTOM-MiHIE Ta cTon-ni-
Hi€l0 Ha nepexpecTi cknagae 6 MeTpiB, Todi SK LMpKHA

BicHuk CymcbKoro HauioHanbLHOro arpapHoro yHisepcutety
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Puc. 4. IcHytoui NiKOBi MOTOKM TpaHCMOPTY (BeYipHin Yac)

cmyrn pyxy Ha Byn. lepois CymwmHu cknagae 3,5 metpa,
yepes LLIO YacTKHa BofiiB pobuTb NepecTporoBaHHS B HE03-
BOINEHOMY MicLyi.

- Takox nomiveHi Hanypasnueilwy rpyny Yy4acHuKIB
OPOXHBOrO pyxy — Bernocuneaw. MNpu HasBHiW opraHisadii
[OPOXHBOrO PyXy, Ha NEepexpecTi, 3a BUHATKOM MOBOPOTIB
3 [arapiHa Ha XapkiBcbKy, 3 FepoiB CymwmHu Ha lMokpos-
CbKy ., 3 XapkiBcbkoi Ha epoiB CyMLLMHKM, NOpYLUYOTh
npaBuna JOPOXHLOIO PyXY.

- TomiveHo Takox, Lo Bogii, SKi pyxatTbcs 3 [epoi
CyMLLVHM Ha XapKiBCbKY NOBEPTaKTb paHille JO3BOMIEHONO,
iHLLMMKM CrioBamK iyTb Yepe3 NoABilHY CyLimbHY.

- Torik, sikmi ige 3 MepoiB CyMLLMHM Ha XapKiBCbKy Mpo-
MycKae MoTiK, K1 pyxaeTbes 3 MarapiHa Ha Mepois CymLmHu.

Okpim OpibHMX MOpyLUEHb, Le MepexpecTs We € aBa-
pinHo-HebeaneyHowo ginsHkoto (Osetrin, 1997; Lobashov,
2010). 3a npoaHanizoBaHumu panumu 3 2018 no
10-# micaub 2021 poky Byno 3adikcoBaHo 17 OTI1. Axwo
PO3MOAINMUTM NO BKa3aHWX PoKax, TO MOXHa OTpumaTti puc. 5.

3 puc. 5 BuOHO, WO aBapiiHICTb MNepexpecTs
30iMbLIYETECA, 3 KOKHAM  POKOM. FAKWO  MOPIBHATY
2018 1a 2020 pokw, TO aBapinHiCTb BUpocna B 4 pasu. [Npu
nopisHaHHI 2020 Ta 10 micsauiB 2021 poky, aBapiiHiCTb
Bupocna 2,5 pasu. MNpu nopiBHsHHI 2018 Ta 10 MicsuiB
2021 poky, aBapinHicTb Bupocna B 10 pasis.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurtety

Pesynbratv gocnigxeHb. [Ina nokpalleHHs nokasHu-
KiB MEPEXpecTsi NPOMOHYETLCS WOT0 NPUBECTU [0 BUMAAY
CTaHOApTHWUX €BPOMENCLKMX NMEepexpecTb, SK Lie Noka3aHo
Ha puc. 6.

Takui NpUHUMN opraHisauii 4o3Bonsie 3abe3neunTn He
TiNbKn JOOPY MPONYCKHY 30aTHICTb, a LLE | BUCOKi MOKa3HWKM
[OCTYMHOCTi (HaseMHi nepexoaw). Ha po3rnsHyToMy nepe-
XpecTi € Npobrnemu 3 JOCTYMHICTIO: Nepexid Yepes BynuL
XapkiBcbka Ta [NokpoBcbka nrnoLa He € 4oCTynHUMK. A nia-
3eMHUI nepexig, KW TaM €, HiSK He cnpusie JOCTYMHOCTI
ANs ManomobinbHMX rpyn HaceneHHs i MCns peMOHTY He
6yoe cnpuatn. Came TOMy Ha NEPEXPECTi MOXIMBO CTBO-
putu ymMmoBM ans 6e3bap’epHoro npoctopy (Savenko et. al.,
2011; Sylianov et. al., 2009).

Came 3aBaskm Ge3kOHIMIKTHOMY PErynioBaHHIO TpaH-
CMOPTHMX Ta MILLOXiOQHUX MOTOKIB, MiABULLYETLCA Oe3neky
PyXy Ta LBMAKICTb NPOi3ay NepexpecTs, He NOTPibHO ranb-
MyBaTW Ta MPOMyCKaTW iHWMX YYaCHWKIB — Npoisg y Oyab-
SAKOMY HanpsMky BigbyBaeTbcs BinbHO i 6€3 3aTpMMOK Ha
3eflIeHunii curHan ceitnodopa.

KaHanizoBaHi npasi MNOBOPOTM HanpPsSIMHUMK OCTpIB-
usMK, Siki 3apa3 po3miveHi hapboto fJOMOMOXKYTb BUBECTM
MOTOKM NILLOXOAIB Ta BENOCUMNEANCTIB, TaKUM YMHOM PO3Ai-
JIMTN NEPETUH HUMW NEPEXPECTS Ha KOPOTLUI BigpisKK, LLO
MOXYTb peryntoBatuncs okpemo puc. 6. Came nepexpects
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Puc. 6. CtanpapTHe onTumisoBaHe nepexpects y €sponi

MPU LbOMY 3MEHLLYETHCA OO PEryrioBaHHS Nue NpsiMux
Ta NiBONOBOPOTHWX HAMNPSIMKiB, @ NePeXoay PO3MILLYIOTLCS
MaKCcMMarnbHO BMpUTYN A0 NepexpecTts, a He BigHeceHi 3a
pagiyc, nepexpects cTae BinbLl KOMNAKTHUM, LLO CKOPOYYE
i Yac nepexody MiLLOXOAIB, i NPOI3ay TPaHCNOPTY.

BnawTyBaHHs cMyry Ans rpOMafCcbKoro TPaHCMopTY,
3 XapKiBCbKOi, B HANPSIMOK LIEHTPY, AO3BONUTL NMPUCKOPUTM
PyX MapLUpYTHUX TPAHCMOPTHUX 3acobiB Ta 0b’eaHae Biapi-
30K Ha [ToKpPOBChHKiN NMOLL.

OCHOBHI NPOEKTHi PiLLEeHHS:

1. 3BYXEHHA LUMPUHWM CMyrU pyxy Ha [loKpOBCbKiN
nnowi — o 3 meTpiB Ta Byn. arapiHa — go 3,6 m, 3aans
3abeaneyeHHs noBopoTy 3 larapiHa Ha [MoKpOBCbKY mroLly
Ta lepoiB CymwmHy — 10 3,6 M, 3aans y6esneyeHHs nonyT-
HUX 3iTKHEHb.

2. 3aranom nepexpecTsi MOBHICTIO BMUCAHE B iCHYOYY
nnoLly acansTHOTO MOKPUTTS.

3. KananisyBaHHSi TpaBONOBOPOTHMX MOTOKIB y NpOi3gax
3aBLUMPLLKM MO 5 M (3 ypaxyBaHHsM BOKOBOIO BUHOCY B Kpu-

78

Bi) (Pi3MYHO BifOKPEMMeHi 3 TPbOX CTOPIH KOHCTPYKTUBHO
BUAINEHNMU HaNPSAMHUMKU OCTPIBLUAMM, Ha AKi BUBELEHO
nilwoxigHi nepexogu Ta BenocunegHi nepeisgun. Npasui
MOBOPOT MixX Byfn. Xapkiscbka Ta lepoi CymwmHu gopart-
KOBO perynboBaHWi Ans NigBULLEHHS Ge3neku pyxy niLloxo-
[iB Ta BENOCUMNEANCTIB Yepes iIHTEHCUBHUN PyX.

4. BenocvinenHi nepeisaun Ta BenocunegHi cMyrv nepea-
BaveHo 3 ycix CTOpiH NepexpecTs Ta Ha BCiX migxogax no
BYIMLSIX.

[ns mopentoBaHHsS OMTMMI30BaHOTO MepexpecTs Byno
fopobnieHo nochasHuii po3’iag Ta Lyknorpamy 3 ypaxyBaHHsSM
KaHanisoBaHWX NpasKX NMOBOPOTIB Ta OKPEMO Bid pyXxy NpsmMo
nisoro nosopoty 3 I CyMLUMHW, 3 BUCOKOK iIHTEHCUBHICTIO
pyxy. 3 Byn. [arapiHa nisopyy norik cknagae go 30 asto/rof.,
3 [MoKpOBCLKOI M. MpaBopyy MoTik — Ao 15 asTto/rod. Tomy
KaHanisyBaHHs € HedoUiNbHMM, L0 TakoX Mokasano moge-
noBaHHA B nporpamHomy cepegosuii VISSIM. Linknorpama
cknagae 131 ¢ (Ha 1 ¢ goBLue icHyto4oi) i Mae 4 chasu. MNodpas-
HWUI PO3’i34 Ha NepexpecTi NokasaHo Ha puc. 7.

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty
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Puc. 7. MponoHoBaHui nochasHuin pos’isg

Yac koxHoi hasu: ®asza 1 — 37 ¢; dasa 2 — 25 ¢; dasa
3-25c¢;%azad-29c.

MepexigHuii curHan (1 cekynga), ans 6esneyHoro i 6es-
KOHCDIIKTHOrO pO3BEAEHHS NMOTOKIB.

Mpu aHanisi icHyl4oro craHy Ta MNPOMNOHOBAHOIO
PILUEHHS BUSIBUIOCS, LLIO MPOMOHOBAHE PILLEHHS € KpaLLuMm
3a iCHYIOUMI CTaH, SKLLO PO3IMsAAATK iX 3a TakMMuK napame-
Tpamu:

- Yac npocToto;

- 3YMUHKY;

- 3aTPUMKM.

Pesynbratv moxHa ornsHyTtv B Tabnuui 1. [lani Bkasy-
l0Tb CepefHi 3Ha4YEHHS.

Hankpalimm pilleHHaM ans AoCcnigxyBaHOro nepexpe-
CTA € 30epexeHHs CBITNOGOPHOrO perynoBaHHs 3i BNOpsia-
KyBaHHSIM MIIOLi NepexpecTs (Mixk CTOM-NiHisMK) Ta CTBO-
peHHs 6e3koHnikTHOro nodasHoro pos’isgy (Biliatynskyi,
1997; Havrylov et al., 2007).

Komn’'totepHe mopentoBanHs, y VISSIN, nokasano, wo
MPOMNOHOBAHE PEryrbOBaHE MEPEXPECTS MOHWU3UTL MOKas-
HWKM Yacy NpOCTOHO, 3yMNHOK, 3aTPUMOK.

Oo6roBopeHHsl. Ockinbku KamniTanbHW PeMOHT abo
PEKOHCTPYKLIs Byae KowTyBaT Yumano, came ToMy nporo-
HY€ETbCS NO-eTarnHe BUKOHAHHS OO AaHOro NEPEXPECTS.

Etan 1. BcraHoBneHHs1 CBITNOGOPIB Ha BWi3g 3 Byr.
XapKiBCbKOi, Ha KaHamisoBaHOMY OCTpiBLi. lNepeMilleHHs
nepexogy 3 lepoiB CymwmHu Gnvkye [0 nepexpects.
[lonaHHs cMyrv rpoMaACcbKoro TPaHCMopTy Ha MOCTY, 384151
rapMoHi3aLlii 3i CMyror MapLUpPYyTHMX TPAHCNOPTHMX 3acobiB
Ha MOKPOBCHKIl NMOLLi, TaKOX HEOOXiAHO BCTAHOBUTY CBIT-
nochop Ans rpOMafCcbKoro TPaHCNopTy. BigHOBMEHHS miLo-
XigHoro nepexopy yepes MNoKPOBCLKY M1, Ta BCTAHOBMEHHS

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurtety

niwoxigHoro ceitnodgopy. Po3miTuTh Benonepeisan Ha BCix
nigisgax oo nepexpectsi. BCTaHOBMNEHHS aHTMMapKyBarnb-
HUX CTOBMYUKIB, 33418 YIiTKILLOrO KaHanidyBaHHS MOTOKIB,
106 YHEMOXIIMBUTY MOPYLLEHHS NPaBUIT JOPOXKHBOMO PyXY.
BctaHoBuTn petekTopy Wo6 He [ONyCTUTU 3abuBaHHs
nepexpecTs Yepes HaANMLIKOBY NMPOMYCKHY 34aTHICTb.

Tabnuus 1
PesynbkTaTtn 3amipiB NOTOYHOro i NPONOHOBAHOIO
BapiaHTy
Beuip
Yac 3atpumkm
npocToto (C) | 3ynuHkm (c)
Beuip (noto4Hui
CTaH) 34,86 3,45 73,03
Beuip (nponoHoBaHuii
BapiaHT) 15,88 1,98 33,27
PisHnus 18,98 1,47 39,76
PaHok
Yac 3atpumkm
npocToto (C) | 3ynuHku (c)
PaHok (NoTouHwiA
CTaH) 36,00 3,41 77,79
Panok
(nponoHoBaHui
BapiaHT) 7,36 0,96 23,49
PisHnus 28,64 2,45 54,30

ETan 2. BnpoBagxeHHs yepes 2-3 poku nicns Bnposa-
[KeHHs 1-ro eTany. BigokpeMneHHs KpaiHbOoi NpaBoi cMyrut
3 [NokpoBCbKOI NM. Ha Byn. XapKiBCbKy AN CMyry rpoMaj-
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cbkoro TpaHcnopty. MigknoyeHHs cBiTNodopy A0 Mepexi
CBITNOGOPIB 334151 KOHTPOMNKO JAOPOXKHLOTO PYXY B MICTi.

Etan 3. BnpoBagxeHHs yepes 4-5 pokiB micns Bnposa-
xeHHs 2-ro eTany. JlikBigavis nig3emHoro nepexogy, Ta Bia-
HOBIEHHS Ha3eMHOro MiLLoXigHOro nepexody, 3 OCTpiBLEM
6e3neku, LUIMPUHO 3 M.

BucHoBku. B Uit cTaTTi MU po3rnsiHynu KnovoBe nepe-
xpectss M. Cymu, B SKOMY [i3HANUCS MPO HUHILLHIA CTaH:
Mae gyxe Benuki poamipu: 96 M MK CTON-NiHIMK MO BYTI.
XapkiBcbkin Ta MokpoBcbkoi nnowi Ta 50 M no BynMusax
larapiHa i l'epois CymLUMHN.

Takox 6yno BusiBNEHO 6 HeratuBHUX aKTOPIB:
a) kpawiHa npasa cmyra 3 [TOKPOBCHKOT NNOLLi Ma€ WMPUHY
4 meTpy, Wo Ginblwe Hix nepenbaveHo; 6) nioXigHWiA
nepexia no Byn. lepoiB CyMmLMHKM 3HaxoguTbCcs nosa
pafiycom nepexpects Ta € HeperynboBaHUM 4Yepes Lo
TpaHCNopT Mae MOCTIMHO 3YNUHATUCSH, LWOG MpOoMyCcTUTK
niLioxodiB; B) NMOMIYEHO HaMypasnuBilLy rpyny y4acHWKIB
LOPOXHBOTO pPyXy — BENocuneaw; r) Bogii, ki pyxaoTbCs
3 Byn. lepoiB CyMLmHM Ha Byn. XapKiBCbKy 4acTo nepe-
TUHaKTb MOABINHY CYLiNbHY MiHil0 JOPOXHLOI PO3MITKY;
4) notik, skuit ige 3 Byn. lepoiB CyMLuHM Ha Byn. Xap-

KIBCbKY Mponyckae noTik, kUi pyxaeTbes 3 Byn. [arapiHa
Ha Byn. lepois CyMwuHK; €) WuMpuHa CMyrn Mix nep-
LUOK CTOM-NiHiEl0 Ta CTOM-MiHIED Ha nepexpecTi ckna-
fae 6 MeTpiB, ToAi SK WMPKUHA CMYTK pyXy Ha Byn. [epois
CymuwuHun cknagae 3,5 meTpa, Yepes Lo YaCTuHa BOAIIB
pobuTb NepecTpoloBaHHSA B HELO3BOIEHOMY MiCLL.

Okpim apibHMX NopyLUeHb, Lie NepexpecTs e € aBapin-
HO-Hebe3neyHoto AinsHKow. 3a npoaHanisoBaHUMU AaHUMK
3 2018 no 10-#n micaus 2021 poky 6yno 3acikcoBaHO
17 OTr.

[ns nokpalleHHs NOKa3HWKIB Mepexpectsl NpOMnoHy-
€TbCS IOro0 NPUBECTU A0 BUMMAAY CTaHOApTHWUX €BpOnen-
CbKUX MepexpecTb. Takui NPUHLMN OpraHi3auii [o3Bonse
3abe3neynTu He Tinbku JOBPY NPOMNyckHy 34aTHICTb, a Lue
i BUCOKi MOKA3HUKM JOCTYMHOCTI.

Ons uboro nepexpecTtsl MNPOMOHYETLCH:  3BYXEHHS
LWUMPUHA CMYTW  PYyXYy; KaHanidyBaHHS NpaBOMOBOPOTHUX
MOTOKIB; BeNocunefHi nepeisgum Tta BenocunegHi CMyru
nepenbaveHo 3 ycix CTOpiH NepexpecTts Ta Ha BCixX niaxogax
Mo BynuusIX.

Ons pgaHoro nepexpects Byno po3pobrneHo nodasHuii
po3’i3a 3aans ybesneyeHHs NOTOKIB.
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Features of traffic organization at city intersections

The organization of road traffic at complex intersections is very important, since about 80% of traffic accidents occur

precisely at such sections of the road. This article examines the intersection of the city of Sumy, which belongs to such
accident-prone sections of the road. The intersection of Kharkivska Street, Heroes of Sumshchyna Street, Gagarin Street,
and Pokrovska Square is under consideration, which is located in the central part of the city and is an important node
at the intersection of the main transport corridors of the city.

Analyzing the situation on this section of the road, we came to the conclusion that the study and analysis of the movement
of vehicles at this intersection has an important applied value for the city. A number of factors have been identified
at the intersection that contributed to the occurrence of traffic accidents, some of these factors provoke violations of traffic
rules, and the constructively created intersection has a rather large load, which leads to complications in the departure
of vehicles and the occurrence of traffic accidents. According to the analyzed data, 17 traffic accidents were recorded
from 2018 to 2021. The article provides data by year, where it can be seen that the accident rate of the intersection is
increasing every year. If we compare 2018 and 2020, the number of accidents has increased 4 times. When comparing
2020 and 10 months of 2021, the accident rate increased 2.5 times. When comparing 2018 and 10 months of 2021,
the accident rate increased 10 times. The modern PTV VISSIM software was used during analysis and simulation. In
order to simulate the optimized intersection, the phase-by-phase interchange and cyclogram were modified, taking into
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account right turns and separately from the movement of straight left turns from the street. Heroes of Sumy Oblast, with
high traffic intensity. From Gagarina Street to the left, the flow is up to 30 cars/hour, from Pokrovska Square to the right,
the flow is up to 15 cars/hour.

Thus, a step-by-step program for the implementation of measures was developed that would contribute to increasing
traffic safety at these intersections. The best solution for the studied intersection is to preserve the traffic light regulation with
the regulation of the area of the intersection (between the stop lines) and the creation of a conflict-free phase intersection.
A program of implementing changes for the intersection was developed in 3 stages: 1st stage — the main stage, 2nd
stage — after 2-3 years after the implementation of the 1st stage, 3rd stage — after 4-5 years after the implementation of the
2nd stage.

Key words: traffic, intersection, organization of traffic, traffic flow.
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B cmammi nposedeHuli aHani3 iCHyrYUX Ha MenepiwHil yac nimepamypHUX ma nameHmHUX OXXepert, HanpasneHux Ha
MOKPAaWEHHS napamMempig sskocmi mogepxHesux wapie demarnet nap mepms. Memoto pobomu gusHa4yeHo Mid8ULEHHST SIKO-
cmi ma 3Hococmilikocmi PoboYUX MOBEPXOHb CMAE8UX KieUb MOPUEBUX iMMYIbCHUX YU iTbHEHb, SIKi MOXHa 8UKOPUCMO-
gysamu 8 ymosax padiayiliHo20 0rnpoMIHI08aHHS, WITSXOM (hOpMy8aHHST Ha POBOYUX MOBEPXHSIX Kiflelb MemMOAOM eneKkmpo-
iCKp0B020 NneaysaHHs kea3ibazamowaposux nokpummis, o 06’c0Hyromb 8 cobi 3mallysarnbHi ma MexaHiyHi eracmueocmi.

Aemopamu 3anporoHo8aHUll HOBUU Crocib MOBULEHHST SIKOCMI MOBEPXOHb CMasibHUX Kineub Mopuesux iMmymbCHUX
YWinbHEHb, SIKi Mpayrorme 8 ymosax padiauiliHo2o onpoMiHI08aHHs. [JocridxeHHs 3acmocy8aHHsT HOB020 Crocoby rnpoeo-
Ounu 0nisi cmaneu mapok 12X18H10T, 30X13 i 40X. Crioci6 nonsizae 8 HaHECEHHI MEMOOOM EIEKMPOICKPOBO20 fiE2y8aHHS
Ha MoBepXHHO KiflbUsi mopuyeso2o iMmynbCHO20 yWinbHeHs rnokpumms 3 Midi npu eHepeii pospsdy Wp = 0,04 [k, a momim, Ha
cehopMoBaHy NMOBEPXHK, HAHOCSIMb crieyjiaribHe MeXHoMo2idHe Hacudytode cepedosulue y suensdi nacmonodibHoi cymii, 00
cknady sikoi 8xodsimb — 80% kapbidy sonbgppamy, 10% Hikerto i 10% easeniHy, i (poeodsimb enekmpoicKpose fe2ysaHHs epa-
¢bimosum enekmpodom rpu eHepaii po3psdy 8 mexax Wp = 0,5-4,6 []x. [lecysaHHsi Middo ma epaghimosum enekmpooom-iH-
cmpymeHmom 8i0bysarnock Ha yecmaHosUi 3 pyYHUM 8ibpamopom «EnimpoH-22A». 3 ekcriepuMeHmarbHUX 3paskie 8U20mog-
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nanucs wigpu, ski 00Cioxysanu Ha onmu4yHOMy Mikpockori «Heoghom-2». 3a dornomoeoto Mikpockona nposoduriacs ouiHka
aKkocmi wapy, toeo cyyinbHocmi, moswuHu | 6y0osu 30H nidwapy — Ougby3itiHOI 30HU | 30HU MepMIYHO20 8ruey. Takox
npoeoduscs OropoMempuYHUL aHari3 Ha po3modin Mikpomeepdocmi 8 N08epXHe8OMY Lwapi i Mo 2nubUHI wiigha 8i0 MOBEPXHI.

3acmocysaHHs1 H08020 criocoby, Ao3eorisie, hopmysamu wapu PObOYUX MOBEPXOHb CManesux Kineub Mmopuesux
iMIYNbCHUX yWinbHeHb nidsuweHoi meepdocmi moBWUHOK 3arexHO 8i0 MapKu cmari U eHepeail po3psdy npu yemeHma-
yii mMemodom enekmpoickpogoeo neeysarHs 8id 30 0o 115 mkm, mikpomeepdicmio do 10350 MIa i cyuyinsHicmio 100%.
Lllopcmkicmb cghopmosaH020 noKpumms 3Haxo0umscs 8 mexax Ra = 0,7—14,2 mkm. [Nodanbuie 3HUXEHHSI WOopcmKocmi
MOXIIUBO 3a paxyHOK nodasbLwioi uemeHmauii MemodoM erekKmpoiCKPOBO20 Jieay8aHHs, arne 3 MEHLOK eHepaieto po3psidy,

a makox be3abpa3usHoi yribmpa3sykosoi ¢hiHilHOi 06pObKuU.

Knrovoei crioea: ennekmpoickpose rieaysaHHs, mopuese iMrybCHE YUlibHEHHST, meepdicmb, WOPCMKICMb, MOKPUMMS,

enekmpo0, Mamepiari, MOBepPXHSI.
DOl https://doi.org/10.32845/msnau.2022.3.12

Beryn. binbLicTb BignoBiganbHUX AeTanei By3niB TepTs
BMCOKOLUBMIKICHNX TypOOHACOCHMX Ta TypBOKOMMPECOPHIX
arperartie (TKA) komnpecopiB, HAaCcOCIB i iHLIOMO AMHAMIYHOMO
obrnagHaHHS, NpaLkoe My BUCOKUX LUBMUAKOCTSIX, TUCKaX, TEMMe-
patypax, a TakoXx B yMOBax abpa3vBHOTO, KOPOSIHOIO i iHLLOTO
BWiB BNIIMBY POBITHUUMX cepenoBuLL. MNMigBULLEHHS! PEXUMHIX
napameTpiB Typ6oHacocHX Ta TKA pakeT-HOCIiB, MOTYXXHICTb
SKVX NPU MiHIMaribHWX rabapuTax NepeBULLYE COTHIO MEraBar,
CYNPOBOIKYETLCS MOSBOK HOBMX, KOMMO3ULIMHKX MaTepianis,
TWMY «OCHOBA — MOKPUTTSI», LLIO CMIOMyYatoTh Y cobi 3axuCHi BNa-
CTUBOCTI MOKPUTTIB 3 MEXaHIYHOK MILIHICTIO OCHOBM. [lepcnek-
TMBHUM HanpsIMKOM CTBOPEHHS LIMX Matepianis MoxyTb GyTu
HOBI €KOJIOMYHO YMCTI, EHepProeheKTUBHI METOAM (aniTyBaHHS,
LIEMEHTaLisl, HITPOLIEMEHTaList, CUNILiFOBAHHS Ta iH.), CTBOPEHI
Ha 6asi metoay enekTpoickpoBoro neryBaHHsa (EINT). dopmy-
BaHHs1 NMOBEPXHEBUX LLAPIB AeTanen BuLLe 03Ha4YEHUMM METO-
JamMu, Ta ix koMbiHaLismMM, [03BONSAOTL NABULLMTIA 3HOCOCTIl-
KiCTb BY3riB TepTsi GiNnbLL eKOHOMIYHMU METOAAMM.

[ocsig exkcnnyatauii TKA nokasye, WO ABi TPETUHU BCiX
BiOMOB yCTaTKyBaHHS BigbyBarTbCA BHACMIZOK NOPYLLEHHS
npaue3faTHoOCTi yuwinbHeHb. OCTaHHIM 4acoM 40 YLinb-
HeHb Npea'saBnsalTbCA NiOBULLEHI BUMOMM BiHOCHO repme-
TUYHOCTI, JOBrOBIYHOCTI, 30aTHOCTI NpaLtoBaTy NPW BUCOKMX
3HAYEHHSIX TEXHOMOriYHMX napameTpiB. CTBOPEHHS Hafdil-
HUX YLiNbHIOBAINbHMX BY3nMiB, WO 3abe3neyyoTb repme-
TUYHICTb MPOTATOM TPMBASOro Yacy B LUMPOKOMY AianasoHi
3MiHM TemnepaTyp i TUCKiB, € OAHIEI 3 OCHOBHMX Npobnem,
LLIO BMHUKAIOTb NpY NPOEKTYBaHHI MaLUWH i arperaris.

MocTtaHoBka npo6nemu. 3rigHo 3 (Blasiak S., 2016) Top-
LeBe yWinbHeHHs (TY) € repMeTu3yBanbHUM NPUCTPOEM, WO
CKnagaetbCsa 3 ABOX AeTanen y BUMMsAi Kineub: ogHe 3 SKUX
0bepTaeTbcsl pasoM i3 BasioM, a iHLIe HepyXoMe, NoB’si3aHe
3 koprycoM. KinbLs NOCTIMHO CTUCHEHI 1 YTBOPIOKOTb MSIOCKY
napy Teptsi. CTUCHEHHS YLLiNbHIOBANbHUX NMOBEPXOHb Kirneub
3abe3nevyeTbCa MPyXVMHaMK, CUNb(OHaMK, HaLIULLKOBUM
TUCKOM MacTusbHOI pignHKn. CTUCKaHHI0 poBOYMX MOBEPXOHbL
npoTuaie pobounii TUCK YLLIMBbHIOBANbHOTO CepenoBma p.
[na 3anobiraHHA BWTOKY YLLINbHIOBANBHOMO CepeaoBuLLA
yepes 3a30p napu TepTs HeoOXxigHo, Wob CTucKyBarnbHe
3ycunna 6yno GinbLUMM 3a Cunu, Siki PO3KPMBALOTbL 3a30p, 00Y-
MOBIEHi POOOUMM TVCKOM.

Kinbugsa TY saBnswoTb coboto napy TepTs, WO Bigirpae posb
OCHOBHOTO YLUifIbHIOBANbHOTO efIeMeHTa, TOMY IX BUrOTOBMS-
l0Tb i3 cnewianbHUX MaTepianis, ski BUOMPaOTb 3anexHo Bif
yMOB ekcnnyarauji. [paBunbHO BMOpaHui MaTepian Kineub
TY 3abesneyvye HapgilHy, 6e3neyHy Ta 6e3BiaAMOBHY poboTy
By3na YLUiIbHEHHS, @ OTXke, M YCbOro arperaty. 3assuuyal

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

OfHe 3 KineLb TOPLEBOI Napy BUKOHYIOTH i3 rpadiTy, iHLle —
3 rpachity, metany abo kepamiku (Tarelnyk V.B., 2022).

HassHicTb B TOpueBin napi TIY rapaHToBaHOrO 3as30py
senmumHoto 0,003-0,004 MM NpU3BOAUTL 40 TOrO, LLO YLLiNbHIO-
BarlbHi NOBEPXHI KifeLb Malxe He 3HOLLYITLCS. HesBaxatoum
Ha Ue, X YLLinbHIoBarbHI KinbLs MOBHICTIO BUrOTOBMNSAKTLCS 3i
3HOCOCTIMKMX MaTepianis, Takux sik kapbig Bonbdpamy, kapbig
KpeMmHito, pisHi BaK rpadity. BapricTb Kineup i3 umx matepi-
anis gocsrae coteHb i TucaY gonapie CLUA, wo obymosnioe
BMCOKY BapTICTb YLLiNbHIOBAmNbHMX By3MiB Y LiOMY.

TopueBi iMnynbeHi ywinbHeHHs (TIY) Lwupoko Buko-
PUCTOBYIOTb Yy BUCOKOODOPOTHUX Hacocax i KoMmpecopax
Benukoro Tucky. Poboui Topuesi nosepxHi TIY KOHTaKTy-
0Tb HETPMBAMNWI Yac, NMLIEe B MOMEHTU NYCKY i 3yMUHEHHS
mawuHm (Zahorulko A., 2015).

3assuuan TIY MicTaTb akcianbHO-pyxoMe MeTanese
KinbLe, BCTAHOBMEHE B KOPMYCi, WO 3abe3neyeHe BTOPUH-
HUM YLLNIbHEHHSIM, SIKE TEPMETU3YE MOPOXHUHY 3 Pi3HUM
TUCKOM, OMOPHE MeTarneBe KinbLe, 3akpinneHe Ha Bany. Ha
pobouin TOpLEBIN MOBEPXHi aKCianbHO-PYXOMOro KinbLs
pO3MilLieHi 3aMKHEHi kamepu, a Ha TOpLEBiN MOBEPXHI
OMOPHOTO KinbLA — NiABIAHI kKaHanu, ski nig yac obepTaHHs
OMOPHOTO KinbLs NOCMIAOBHO 3'€QHYIOTb 3aMKHEHI KaMmepu
3 YLUiNbHIOBANBHOK MOPOXHUHOM.

®opma nigBigHMX kaHanis Moxe OyTW pisHOo, Hanpw-
Knag y Burnsagi pagianbHux xveunbHukis (Tarelnyk V.B.,
2022), TaHreHujianbHux xuBunbHukie (Tarelnyk V.B., 2022),
KOMOIHOBaHWX XUBWIIbHWKIB — pafianbHi Ta OCbOBI KaHanm
(Tarelnyk V.B., 2022).

KOHCTPYKTUBHO po3pi3HstoTb TIY 3 ryMOBUM BTOPUHHUM
ywinbHeHHsam (Tarelnyk V.B., 2022) i BTOPMHHUM yLUinb-
HEHHSIM, BWFOTOBMIEHUM Yy BUIMS4I METANEBOi MaHXeTM
(Tarelnyk V.B., 2022).

TY 3 iMNynbCHUM 3PIBHOBAXEHHSIM aKCiarbHO-PyXo-
MOrO enemMeHTa Mae NopiBHSAHO HeAaBHIO icTopito — 1974 p.
(Tarelnyk V.B., 2022). TpaguuiiHa KOHCTpYKTUBHa cxema T1Y
nokasaHa Ha puc. 1. Ha pobouili noBepxHi akcianbHo-pyxo-
MOrO KinbUs 1 po3MmiLLieHi 3aMKHEHI KaMepy 2, a Ha NOBEPXHI
OMopHOro aucka 3 nepeadayeHo Kinbka nigBiaHWX KaHanis 4,
SKi nig yac 06epTaHHs YNOPHOTO KiNbLs NOCNIZOBHO 3'€AHY-
I0Tb Kamepy 2 3 YLUiNbHI0BaNbHOK MOPOXHUHOW A.

MpuHLUMN 4ji iMNYNbCHOTO YLUINbHEHHS I'PYHTYETLCS Ha
TOMY, LLO MiZ Yac obepTaHHs poTopa NiaBigHi kaHanwm 4 nepio-
[VYHO CnoMnyYaroTb Kamepy 3 MOPOXHUHOK BUCOKOTO TUCKY 5,
BHaCMigoOK UbOr0 B HWX BiAOYBalTbCA CMMECKN TUCKY
(iMnynbeu), WO CNPUYMHSAOTL 3MiHY BanaHcy OCbOBMX CUJT.

TIY HanexaTb 4O TNy camoperynboBaHuX, Y HUX BESn-
YMHa TOPLEBOIO 3a30py BUTPUMYETHCS aBTOMATWUYHO.
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Puc. 1. KonctpyktuBHa cxema TIY

TIY Ha piguHHOMY MacTuni JOCMigXeHi B LUMPOKOMY
Jiana3oHi napameTpiB pexuMmy: YLiNbHIOBaNbLHUA nepe-
nag Tuckis go 16,0 MIMa, weunakicTb koB3aHHs Ao 100 m/c.
3aBaskM CBOIM BMCOKMM eKcnyaTauiiHUM SIKOCTSIM, BOHM
YCRiLLHO NpaLoTb Yy BUCOKOOBOPOTHUX KMBUMBHKUX HACO-
cax aTOMHMX | TEeMNOBUX ENEKTPOCTaHLi. Y cepegHboMy iX
HanpawtoBaHHS MiX MNaHOBKMM PEMOHTaMM HacoCiB CTaHo-
BUTb He MeHLe Hix 8 000 roa, BogHOYAC CTYMiHb 3HOLLEHHS
npy wnsxy 108 kv 3anuwaeTbes B Mexax 1-2 MKM, Lo Ans
BY3MiB TEPTS XapaKTepu3yeTbCs SIK HYNbOBE 3HOLLUEHHS.
3a Tunosmx ymoB pobotn (Tuck — 2,0-4,0 Mla, konosa
wBmnakictb — 40-60 m/c) piBeHb BUTOKY CTaHOBUTb YCbOTO
1-2 nirog (Tarelnyk V.B., 2022).

Y (Tarelnyk V.B., 2022) npoBegeHo aHania pobotu
3aTBOPHOrO  iMNYNbCHOTO  YLWiNbHEHHS. BigsHaveHo, Lo
3aCTOCYBaHHSI TaKMX YLiNbHEHb [O3BOMSE 3aoLlaguTy
EHeprito 1 pecypcy, a TakoX NiABULLMTY eKoMorivHy Be3neky
HACOCHOTO Ta KOMMPECOPHOro 0bGnagHaHHs.

Y OesKMX arpecuBHKX CEPENOBHULLAX, A€ 3aCTOCYBaHHS
B PO3HIMHUX 3’€QHAHHSAX YLUiNbHEHb i3 HeMeTaneByx marte-
pianis obMexeHe abo HEMOXIIMBE, BUKOPUCTOBYHOTbL METa-
neBi YLWiNbHEHHS.

[lo octaHHbOro yacy BBaxanocs, wo TIY npauesgatHi
nvwe B pigkmx cepeposuwax. OgHak npoBedeHi Teope-
TUYHI Ta eKcnepuMeHTanbHi JOCHIMKEHHS 3acBiguunn, Lo
Ui yWinbHeHHs npauesgatHi i B piguHax, i B rasax. bynm
BUKOHAHI YHiKanbHi JOCMIAXEHHS iMNYNbCHUX YLUiNbHEHb
33 Ha[ABMCOKMX PEXMMHIKX napametpis pv > 400 Mlla - m/c
B KpiOreHHiv piguHi (pigkun asor, t = —195 °C), sxi nokasanm,
WO TaKe YLWNbHEHHS ManoyyTnvee O TemnnodisnyHmx
BaCTMBOCTeW i Temnepatypu poboyoro cepenoua. Yce
Le [03Bornsie 3pobuty BUCHOBOK MPO YHiBepcanbHicTb TIY
i BENWKY NpakTuyHy LiHHiCTb (Tarelnyk V.B., 2022).

3 ornAgy Ha Te, WO Npy BUKOPUCTAHHI BUCOKWX i Haj-
BICOKMX TWCKiB, EKCTPEMAIIbHIX TEMMEPATYP (Big BUCOKMX
[0 KPIOTEHHMX), arpecMBHUX CepeaoBULL Ta iH., e 3acTo-
CyBaHHS B PO3HIMHUX 3'€QHaHHAX YLLiNbHEHb i3 HemeTane-
BUX MaTepianiB obmexeHe abo HEMOXIIMBE, CTae AOLiMb-
HUM 3aCTOCYBaHHSI MeETaneBuX YLLNbHEHb, AN SKUX
NPaKTUYHO HemMae 0OMeXeHb, KpiM MiLLHOCTi camoro mare-
piany ywinbHeHb i TEPMOCTINKOCTI maTtepiany MoKpUTTS

(Tarel'nik V.B., 2017, P.1; Tarel'nik V.B., 2017, P.2; Tare-
I'nik V.B., 2017, P.3).

HeoOxigHO 3a3HaunTW, WO YLWNbHEHHS, SKi MatoTb
FYMOBI YLLiNbHIOBAYi BTOPUHHOIO YLLINbHEHHS, He mpaLes-
[aTHi B KPIOFEHHUX CepefoBULLaX.

3rigHo 3 (Tarelnyk V.B., 2022) yuwlinbHeHHs poTopiB
MOBUHHI 3a40BOSbHATY ABi FONOBHI YMOBU: MaTtu HEOOXigHY
repMeTUYHICTb | NiABULLEHY HafiHICTb 3a 3afjaHuX nepe-
nagiB TUCKY, YacToT obepTaHHs, Temnepatyp i (isnyHmx
BIACTMBOCTEN YLLiNbHIOBAbHOMO cepefoBuila. 3assuyan
TY npautoloTb Y pexumi rpaHMyHoro abo HamiBpigvHHOMO
3MalllyBaHHSl | Ha pO3PaxyHKOBMX pexumax 3abeanevy-
I0Tb MiHIManbHe, KpaniuHHe BWTiKaHHS. BHacnigok Lporo
3a30p MiX KinbLsSMU MOBUHEH OYTW OyKe ManeHbKuM, 3ama-
LyBanbHa MniBka Oy)Xe TOHKOK, a Martepianu MOBEpXHi
YLWiNIbHEHHS BUTPUMYBATU TEPTS 04UH 006 04HOr0, NpUYoMy
4acTo 3a BUCOKMX LUBUAKOCTEN | HABaHTaXeHb. ToMy maTe-
pianv 4ns noBepxoHb TY NOBUHHI MaTh HU3bKNI KOEILIEHT
TepTs, JOCTaTHIO TBEPAICTb, XOPOLLY CTiKICTb 4O KOpO3ii
M BUCOKY TenmnonpoBigHiCTb. [onycTMa HEennoLwMHHICTb
KOHTaKTHMX NMOBEPXOHb — He BinbLue Hix 0,6 MKM.

[MepCnekTMBHMM LIASXOM NiOBULLEHHS 3HOCOCTINKOCTI
kineub TIY moxyTb ByTu KOMGIHOBaHi METOAW TeKCTypy-
BaHHSI NOBEPXOHb Kineub metogom EIJ1 Ta nasepHum obpo-
bneHHsm (Antoszewski B., 2014), a Takox (POpMyBaHHS
Ha poboyMx TOpLUEBMX MOBEPXHSX KBasibaraTolapoBumx
MOKPUTTIB, LU0 NOEOHYIOTb Yy COBI TBEPAI 3HOCOCTINKI 1 M'SKi
aHTupuKLinHi matepianu (Tarelnyk V.B., 2012).

3a cnocobom enekTpoeposinHoro nerysanHs (EEN), Te
cawe, woiElT(Tarelnyk V.B., 2022) 3 MeTOt0 NiABNLLEHHS 3HO-
COCTIMKOCTi i 3MEHLLEHHS LLOPCTKOCTI MOBEPXHI, CroYaTKy HaHO-
CATb LIap MOKPUTTS aHTUPUKLIAHMM NErKonnaBkiM MeTa-
nom, o6paxum 3 rpynm In, Cd, Sn, Pb, a noTim Lwap nokpuTTs
i3 3HOCOCTINKOrO BCOKOTBEPZOrO MeTasly, BUOpaHoro 3 rpynu
Ti, V, W Ta ix kapbigis. Npn LbOMY pi3KO 3HKYETLCS LLOP-
CTKiCTb noBepxHi 4o Ra = 0,54-0,91 mkm. OgHovacHo nigeu-
LLYETLCS 3HOCOCTINKICTb. [poTe JO0CBIg nokasas, LU, He3Ba-
a4 Ha NiABULLIEHHS 3HOCOCTIKOCTI, MIKpOTBEPAICTb TaKMX
MOKPUTTIB HEZOCTaTHLO BUCOKA. ToMy Byro 3anporoHOBaHO
cnoci6 Elf, B skomy cnovatky HaHOCWIIW Lap NOKPUTTS aHTU-
dpurKLINHUM MeTanoM Migato, a noTiM Wwap i3 3HOCOCTINKOro
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BMCOKOTBEPAOro MeTany abo oro kapbigy, 06paHoro 3 rpynu
Ti, V, W. MetanorpadivHi gocnigkeHHs wapis EIJT nokputis,
cchopmoBaHuX 3a BKadaH1M cnocobom Ha ctani 45, ceigyatb
npo Te, WO X MIKPOTBEPAICTb 3HAX0OMTbCS Ha MOPIBHSHO
Bucokomy pisHi (8400-12300 Mr1a). Mpryomy, Ha MNOKPUTTI
MPUCYTHSA NMiBKa Migi TOBLUMHOKW 1-3 MKM. YCi MOKpuTTS,
ChOPMOBaHI TakM CnocoboM, MatTb XapaKTepPHUI KOBTUI
konip. HasBHICTb Migi SK Ha NOBEPXHi, TaK i MO BCi TOBLUMHI
NOKPUTTS MIATBEPIKYETLCS PEHTTEHOCTPYKTYPHUM aHanisoMm
(Tarelnyk V.B., 2022). OgHak, cnig 3a3HaunTi, WO TOBLUMHA
Takux MNOKPUTTIB HeBenuka i cknagae 15-20 mMkm, a cyuinb-
HicTb — meHLwe 100%.

Hanbinbw 6nmsbkum Jo crnocoby, Lo NpOMNOHYeTbCA
B AiNCHiM poboTi, € cnocib (npotoTun) B skoMy Ans 36inb-
LUEHHS1 TOBLUMHM | CYyLiNbHOCTI MOKPUTTS 3anpOrnOHOBAHI
KBasibaraTolwapoBi EnekTPOIiCKPOBI MOKPUTTH, WO dop-
MyloTbCst B nocnigosHocTi BK8+Cu+BK8. 3a uum cnoco-
6oM neplumi i OCTaHHIN Lwapu 3 TBepaoro cnnasy BK8
HaHocATb npu eHeprii po3psagy Wp = 0,2 [, a migb — npu
Wp = 0,08 x. ¥ ubomy Bunagky TOBLUMHA 3MiLHEHOMO
wapy 36inbyetses o 30-40 MKM, MIKPOTBEPAICTb 3HAX0-
autbes Ha pieHi 8740 MMMa, a cyuinbHicTb cTaHoBuTL 100%
(Tarelnyk V.B., 2022).

HesBaxalum Ha HU3KYy MO3NTUBHWUX 0OCOGNMBOCTEN
kBasibaraToLlapoBKX EneKTPOICKPOBMX MOKPUTTIB, CKNagy
BK8+Cu+BK8, BigmiyeHunx y npotoTuni, cnig BigMiTuTH, WO
TBepaun cnnae BK8 mae B cBoemy cknagi 8% kobanerty,
HasIBHICTb SIKOrO, He J03BOSSIE BUKOPUCTOBYBATK iX Ans TIY,
O npauoTe B yMOBax pafiauiiHoro OnpoMiHIOBaHHS.
[NopiBHAHO 3 eHepreTUYHUMK YCTaHOBKAMU Ha OpraHivHOMY
nanvei, ymoBu poboTn matepianis B aTOMHUX EHEPreTUYHUX
yCTaHOBKax 3BUYanHO € BinbLu cknagHuMu 1 GaratodakTop-
HuMWK. [Npy BUBOPI KOHCTPYKLINHWX MaTepianis Ansa aaepHux
eHepreTUyHNx ycTaHoBoK (AEY) pisHux TuniB HeobxigHo
BpaTi 0o yBarm cepes, iHWMX OCHOBHMUX YMOB: YMCIO 1 BENW-
YMHY LMKMIYHUX 3MIH MEXaHIYHUX HaBaHTaXeHb; HENTPOHHE
ONPOMIHEHHSI N BNIMB TEMSIOHOCIS Ha KOPO3itd0 M KOpO3il-
HO-MexaHi4Hy MIUHICTb MaTepianis. [ns 3HWKEHHS BNnvBY
nepeHeceHNxX akTUBHMX NPOJYKTIB KOPO3ii Ha YMOBY PEMOHTY
BCTaTKyBaHHs NEPLLOro KOHTYPY B psiai BUNaaKiB y cTani per-
NaMeHTYETLCS BMICT €NIEMEHTIB, SIKi MPY ONPOMIHEHHI CTaKTb
[kepenoM HebesneyHnx LOBroxuByymMx i3otonis. Hacamne-
pen, ue crocyetbes kobanbTy. Takox Bigomo, Lo kobansr,
SKWA Mae BeNUKWA nepiog HaniBposnagy, HenpunycTumMo
BUKOPUCTOBYBATY B YLLINbHEHHSX HACOCIB aTOMHUX EMEKTPO-
cTaHuin (Haponova O. P., 2022; Yefimov O. V., 2017).

Kpim wuporo, kobanst Mae HW3bKy XiMi4HY CTiMKICTb, BiH
PO3YMHSETLCS HABITb Y AWUCTUMBOBAHIN BOAI, TOMY WOr0 He
MOXHa 3aCTOCOBYBaTW B anaparax XapyoBOi NMPOMWCHOBOCTI.
KobGanbroBe 3B'a3yBaHHS Kinewp 3 kapbigis Bonbdpamy nig-
[laeTbCs CUnbHIN koposii B Mopcbkin Bogi (Tarelnyk V.B., 2022;
Tarelnyk N. V., 2022). Mpu4omy, HasiBHICTb Y MOKPUTTI HaBiTb
HesHayHoTl KinbkocTi (0o 8%) kobansTy 3a NeBHUX YMOB MOXe
HEraTMBHO NO3HAYMTUCS Ha MOrO 3HOCOCTIMKOCTI.

BukopucTaHHs Hikeno Bupillye sBula, sk Biabysa-
0TbCA NpY BUKOPUCTaHHI KobBanbtoBoi 3B'A3ku (Tarelnyk
V.B., 2022; Tarelnyk N. V., 2021). Ximiynun cknag matepi-
ani geranen, WO CTUKAOTLCS 3 TENSIOHOCIEM, HE MICTUTb
cnevianbHux 0obaBok KobanbTy Ta iHWMX enemeHTIB, Lo
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YTBOPIOIOTb [JOBrOXMBYYI i30TONM B aKTUBHOMY poboyomy
cepenoBuLLi. ToMy B SKOCTI mMarepiany NOKPUTTIB MOXHa
BUKOPUCTATW METanm, siki He YTBOPIOKTb JOBrOXWBYYI i30-
TOMU B aKkTUBHOMY poBOYOMY CepefoBuWLLi, Hanpuknag,
XpOM, MoniGaeH, Hikenb Ta iH.

TakuM 4YMHOM, METOH POOOTM € NIABMLLEHHS SKOCTI
Ta 3HOCOCTINKOCTI poBouMx MOBEPXOHb CTaneBuX Kineub
TOPLUEBUX IMMYMbCHUX YLUifIbHEHb, SKi MOXHa BUKOPUCTO-
ByBaTM B YMOBax papgiauiiHOro ONpOMIHIOBAHHS, LUMSXOM
dopmyBaHHS Ha poboymnx NoBepxHsIX Kineub metogom EIS
KBasibaraToLlapoBMX NOKPUTTIB, L0 06’eaHYI0Tb B COBi 3ma-
LLlyBanbHi Ta MexaHi4Hi BNacT1BOCTi.

MeToau gocnigxeHb

[ns nocarHeHHs noctaBneHoi MeTU NepLUK M LWapoM Ha
NOBEPXHIO Kinbusa TIY HaHOCATE Migb Npu eHeprii po3psay
Wp = 0,04 [Ix, a notim, Ha cchopmoBaHe NOKPUTTS 3 Mifi,
HaHOCATb cneLiarnibHe TEXHOMNOrYHe HacuyyBasibHe cepeso-
suwle (CTHC) y Burnsagi nactonogibHoi cymilli, 4o cknagy
akoi BxoaaTe — 80% kapbigy Bonbdpamy, 10% Hikento
i 10% BaseniHy, i NPOBOAATL ENEKTPOICKPOBE MeEryBaHHs
rpadiToBUM €neKTPOLOM MpU EHeprii po3psay B Mexax
Wp = 0,5-4,6 Ox.

Cnig sigmituti, wo npu EUT rpaditoBum enexktpogom
npotikae 6e3niy AMCKPETHUX MPOLECIB HACMYEHHS1 0Bpo-
BnoBaHoi NOBEPXHi ByrneLeM, ki cniBnagaloTb 3 3arapTy-
BaHHSM MOBEPXHEBOrO Luapy. TakuM YMHOM BiAOYyBaeThHCA
npoLec LeMeHTaLii METOLOM €neKTPOICKPOBOro MeryBaHHs
(LLEL).

3 MeToK 3MEHLLEHHS WOPCTKOCTI noBepxHi nicns LIEIN
PEKOMEHZ0BAHO MPOBOAUTK nodarnbLly 06pobKy NOBEPXHI
rpadiToBUM €neKTPOLOM MpU EHeprii po3psay B Mexax
Wp = 0,06-2,6 [k ans HagaHHA HeoOXiOHOI LOPCTKOCTI.
B noganbwomy poboui nosepxHi, ski nignsaratots EIT, nig-
JatoTtbes 6e3abpa3vBHii ynbTpasByKoBin (iHiLLHIN 06pobLi
(BY®O).

[JocnioxeHHs 3acTocyBaHHS HOBOFO Crocoby npoBo-
aunn ansa pisHux matepianis crani: 12X18H10T, 30X13
i 40X.

[0nsa pocnimkeHHs CTPYKTYpU | BUMipY TBEPAOCTI NOBEPX-
HEBOro LLapy BWKOPUCTOBYBanM LUMichy 3paskiB po3mipom
10x10%x8 mM. JleryBaHHs Mmiga Ta rpaditoBum enekTpo-
[OM-IHCTPYMEHTOM BiAbYBanocb Ha YCTaHOBLi 3 PyYHUM
BibpaTopoM «EniTpoH-22A» (puc. 2).

[lns BUroToBNEHHs cnewianbHOro TEXHOMONYHOMO Hacu-
YyyBanbHOrO CepeaoBuLLa Y BUMSAI NacTONOAIGHOT CymiLi,
BukopuctoByBanu 80% nopoLuky kapbigy Bonbgpamy (pos-
Mip yacTok 4—6 Mkm) mapku WC, skuii cknagaetbes, 3rigHo
TY48-19-540-92 3 94% W i 6% C; 10% nopoLuLKy Hikento
kapboHinsHoro, mapku MHK (TOCT 9722-97), B cknag sikoro
BxoauTtb 99,7-99,9% Hikento, 3 po3mipom YacTok < 20 MKM
i 10% Baseniny.

MNosepxHs wnida 6yna opieHTOBaHa nepneHanKynspHoO
[0 noBepxHi neryBaHHs. [lepeq BUroTOBREHHSM LMidha
[N BUKMIOYEHHS KPaioBOro ehekTy Npw NeryBaHHi TopeLb
3pa3ka (pesepyBanu Ha rmMubuHy He MeHwe 2 MM. [Ons
nonepekKeHHs 3MUHaHHS Lapy, 3aBasiB Kpato 3pasok Kpi-
MUK 3a KOHTPTINO B cTpyOuuHi. Jani wnid nigaasascs
XiMiYHOMY TpaBMeEHHIO ONs BUSIBMEHHSI CTPYKTYpU B peak-
TuBi. lNicna BUroTOBNEHHs Wi focniaxyBany Ha ONTUY-
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Puc. 2. 306pakeHHA YCTAaHOBKM eJIeKTPOepo3iliHOro neryBaHHs mogeni «EnitpoH—22A» (a)
Ta 3pa3ku Ans gocrnigxeHb (6)

HOMY Mikpockoni «HeodoT-2», 3a 4OMOMOroK SKOro npo-
BOAMIacs OLiHKa SIKOCTi Lwapy, MOro CyUinbHOCTI, TOBLUMHM
i OynoBw 30H niglwapy — Andy3iinHOT 30HK i 30HKU TEPMIYHOTO
BMMBY. TaKoX NPOBOAVBCS AOPOMETPUYHUI aHani3 Ha po3-
nogin MikpOTBEPAOCTi B MOBEPXHEBOMY LUApi i N0 MMMOUHI
wnidga Big noBepxHi. 3aMip MikpOTBEpAOCTi NPOBOAMIN Ha
mikpoTBepaomipi NMMT-3 BaoaBneHHsM anmMasHoi nipamigu
nig HaBaHTaxeHHam 0,05 H. LWopcTkicTb BUMIiptoBanu Ha
npunagi npodinorpadi-npodinometpi mogd. 201 3asogy
«Kanibp» wnsxom 3HATTSA Ta 06po6kM Npodpinorpam.

Pesynbratn pocnigxkeHHsi. Ha puc. 4 306paxeHi
MIKPOCTPYKTYpU (a, B) i po3mogin MiKkpoTBepZocTi 3a TOB-
wmHow wapy (6, r), BianosigHo 3paski ctani 12X18H10T
i 40X nicns LIEIN, sxi 6ynm oTpumMaHi npu  eHeprii po3psay
2,6 Ox. TlpoBeneHnn metanorpadivyHMin aHanis noka-
3aB, WO MIKPOCTPYKTYpY CKNagatoTbCs 3 3-X 30H: BEPXHil
«Binuny» Wwap, Lo He TPaBMTLCS y peakTyvBi, Ady3iiHa 30Ha
i OCHOBa. HaibinbLua MiKpOTBEPAICTb 3HAX0AMTLCS bnvkye
[0 MOBepxXHi 3pa3kiB, ska MO Mipi NOrMUOMNEHHS NOBIMbHO
3MEHLLYETHCA 40 MIKPOTBEpPAOCTi OCHOBW. [MMbKHa 3MiLHe-
HOTO Lwapy, HanbinbLLUa MiKpOTBEPAICTb i LLOPCTKICTb NOBEPXi
BigoOpaxeHi B Tabn. 1.

B 3BegeHii Tabn. 1 npegcTaBneHi pesynsratyi npoBeae-
HUX JocnigxeHb cTanbHux 3paskis nicnsa EUT migato i LIEIT
MpW Pi3HUX eHeprisx po3psay.

AHanis Tabnuui 1 nokasa., LLIO He3anexHo Big AocHi-
IDKYyBaHOrO MaTtepiasny, LUOPCTKICTb MOBEPXHi 3pocTae
3 nigBuLLEHHSAM eHeprii po3psaay. Kpim Toro, Ans BCiX mate-

pianis ctane, 3i 36inblueHHAM eHeprii po3psay 306inbLuy-
€TbCS 3aranbHa rmubuHa 3MiLHEHOrO Lwapy i MakcumarsbHa
MIKpOTBEpAICTb Ha MOBepXHi JOCMiAXyBaHUX 3paskiB.
MikpoTBepZiCTb 3MiLlHEHOrO LWapy 3pocTae A0 eHeprii pos-
psgy Wp = 4,6 [Ix, a noTiM 3HWXKYETbCA. HesanexHo Big
gocnigxysaHoro matepiany i pexumy LEIT mikpotsep-
[iCTb 3MiLHEeHOro Luapy, Bif MakcvMarnbHOI Ha MOBEPXHi,
y Mipy NOMMOMEHHS NMaBHO 3HWXYETLCH | MEPEXOAWTb
B MIKpOTBEpPAICTb 0CHOBW. CyLiNbHICTb 3MILHEHOIO LLapy Ha
yCix gocnigxyBaHux 3paskax ctaHoBuTb 100%.

Bpaxosytoun Te, wo LEIT npu eHeprii po3psagy Wp =
6,8 [, CynpOBOMKYETHCA 3HWXKEHHSAM MiKPOTBEPAOCTI
i 3HAYHWUM MiOBULLEHHAM LIOPCTKOCTI MOBEPXHEBOIO LUapy,
[0 NpaKTUYHOI peanisauii 3anponoHoBaHoro cnocoby peko-
MeHaytoTbes napametpn Wp B mexax 0,5-4,6 [Ix.

B nonepepgHix poboTtax HaMu BigMiYanocb, IO LLOP-
CTKICTb MOBEPXHEBOrO LUapy MOXHa 3HU3WUTU 3a paxy-
HOK noganbluoi LIEI, ane 3 MeHWwow eHeprielo pospsay
(Martsynkovskyi V.S., 2013), a Takox BY®O (Tarelnyk V.B.,
2006). PeaynbraTtv wopcTkocTi noBepxHi ctani 12X18H10T
nicns LIEIN 3 meHwoto eHeprieto po3psay i BY®O npeacras-
neHi B Tabn. 2.

BucHoBku:

1. 3anponoHoBaHW HOBWIA CMoOCi® NiABULLEHHS SIKO-
CTi MOBEPXOHb CTanbHUX Kineub TOPLEBMX iMMYNbCHUX
YLiNbHeHb, AKi NpauiTe B yMOBaxX pagiauiiHoro onpo-
MiHtoBaHHS. Cnocib nonsrae B HaHeceHHi metodoM ElNT Ha
noBepxHto Kinbus TIY nokputTa 3 Migi npu eHeprii po3psay

Puc. 3. 3o6paxeHHA npodpinorpada-npodinomerpa moa. 201 3aBopy «Kaniép»
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Puc. 4. MikpocTpykTypa (a, B) i po3nogin mMikpoTBepAocCTi 3a TOBLMHOM wapy (6, r), BianoBigHo 3pas3kiB cTani
12X18H10T i 40X nicnsa LIEIN 3 Wp = 2,6 [Ox
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Tabnuus 1
MapameTpu AKOCTi NnoBepxHeBUX LapiB 3pas3kiB ctani 12X18H10T
EHepris pﬁ)::'(pﬂny Wp, npo.ngK'rzer;mcm, 3ara£:;; w::uua MikpoTeepaicTh, MMa I.I.I%gc’:'l;c'l((lzwm,
Cranb 12X18H10T
0,5 1,0-1,3 30 9020 0,8-0,9
1,3 1,3-1,5 45 9320 1,0-1,8
2,6 1,5-2,0 60 9740 5,1-6,7
4,6 2,0-2,5 70 9860 8,3-9,0
6,8 2,5-3,0 110 8590 11,0-14,2
Cranb 30X13
0,52 1,0-1,3 40 9510 0,7-0,9
1,3 1,3-1,5 55 9630 1,1-1,7
2,6 1,5-2,0 70 9840 5,8-6,3
4,6 2,0-2,5 80 10350 8,0-8,5
6,8 2,5-3,0 115 9270 11,9-14,0
Cranb 40X
0,52 1,0-1,3 35 9430 0,7-1,1
1,3 1,3-1,5 50 9590 1,2-2,3
2,6 1,5-2,0 65 9830 5,5-6,8
4,6 2,0-2,5 75 10150 8,3-9,1
6,8 2,5-3,0 110 8900 11,5-13,9
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Tabnuugs 2

MapameTpu wopcTkocTi 3pa3kiB ctani 12X18H10T npu noganbuwin LIEIT 3 meHwoto eHeprieto po3psagy i BY®O

EHepris po3pagny LLopcTKicTb, 3MeHweHa MpoayKTUBHICTD, LWopcTKicTb, WopcticTs, Ra,
Wp, Ox Ra, Mkm E€Hepria pospsay cm?/xB Ra, Mkm MKM michs
’ ’ Wp, Ox ’ 06po6kn BYDO
0,5 0,8-0,9 0,06 0,5-0,8 0,6-0,7 0,3-0,4
1,3 1,0-1,8 0,5 1,0-1,3 0,8-0,9 0,4-0,5
2,6 5,1-6,7 1,3 1,3-1,5 1,2-14 0,6-0,7
4,6 8,3-9,0 2,6 1,5-2,0 5,2-6,8 1,0-1,2

Wp = 0,04 [1x, a noTiM, Ha copMoBaHy MOBEPXHIO, HAHO-
cate CTHC y Burnsgi nactonogibHoi cymiwi, o cknagy
akoi Bxogate — 80% kapbigy Bonbdpamy, 10% Hikento
i 10% BaseniHy, i NPoBOAATL E€MEKTPOICKPOBE NEryBaHHs
rpacdiToBUM €nekTpoaoM Npu eHeprii po3psay B Mexax
Wp = 0,5-4,6 Ox.

2. 3acTocyBaHHA HOBOro crnocoby, fo3sonse, dopmy-
BaTW Wapu poboUMX MOBEPXOHb CTaneBwX KifeLb TOPLEBUX

iMAYSbCHUX YLLiNbHEHb NiABULLEHOI TBEPAOCTi TOBLUMHOW
3anexHo Big Mapku ctani n eHeprii po3psgy npv LIEIT Big
30 go 115 mkm, mikpoTBepgicTio Ao 10350 Mrlla i cyuine-
HicTio 100%. LLopcTkicTb CCHOPMOBAHOTO MOKPUTTS 3HAXO-
antbes B Mexax Ra = 0,7-14,2 Mkm.

3. LopcTKiCTb NOBEPXHEBOIO LUapy MOXHa 3HU3WUTU 3a
paxyHok noganbioi LIEINT, ane 3 MeHLOW eHeprieto pos-
psay, a Takox BY®O go 0.3-0,4 mkm npu Wp = 0,5 Ix.

bi6nioepachiyHi nocunaxHs:
1. Antoszewski B., Tarelnik V. (2014) Laser Texturing of Sliding Surfaces of Bearings and Pump Seals. Applied Mechan-

ics and Materials.. Vol. 630. P. 301-307.

2. Yefimov O. V., Pylypenko M. M., Potanina T. V. ta in. (2017). Reaktory i paroheneratory enerhoblokiv AES: skhemy,
protsesy, materialy, konstruktsii, modeli [Reactors and steam generators of NPP power units: schemes, processes, materials,
designs, models] / za red. O.V. Yefimova. — Kharkiv : TOV «V spravi», 2017. — 420 s..

3. Blasiak, S., Zahorulko, A.V. (2016) A parametric and dynamic analysis of non-contacting gas face seals with modified
surfaces. Tribology International. Vol. 94. P. 126-137. DOI: https://doi.org/10.1016/j.triboint.2015.08.014

4. Haponova O. P., Martsynkovskyi V. S., Tarelnyk N. V., Zubko V. M., & Dumanchuk M. Yu. (2022). A new method of
assembling sliding bearings for centrifugal pumps operating in radiation exposure. Scientific Bulletin of Ivano-Frankivsk
National Technical University of Oil and Gas, (1(52), 7-14. https://doi.org/10.31471/1993-9965-2022-1(52)-7-14

5. Tarelnyk V.B, Konoplianchenko Ye.V., Haponova O.P, & Tarelnyk N.V. (2022). Zabezpechennia zakhystu poverkhon
tortsevykh impulsnykh ushchilnen turbomashyn shliakhom formuvannia znosostiikykh nanostruktur: monohrafiia [Ensuring
the protection of the surfaces of end pulse seals of turbomachines by forming wear-resistant nanostructures: monograph] /
za zah. red. V.B. Tarelnyk. Sumy: Universytetska knyha (in Ukrainian).

6. Martsynkovskyi V.S., Tarelnyk V.B., Bratushchak M.P. (2013) Patent Ukrainy na vynakhid Ne 101715, 23N 9/00.
Sposib tsementatsii stalevykh detalei elektroeroziinym lehuvanniam [The method of cementation of steel parts by electro-
erosion alloying] / Opubl. 25.01.2013, biul. Ne 8 (in Ukrainian).

7. Martsynkovskyy V., Zahorulko A. , Gudkov S., Mischenko S. (2012) Analysis of buffer impulse seal. Procedia Engi-
neering. Vol. 39. P. 43-50. DOI: https://doi.org/10.1016/j.proeng.2012.07.006

8. Tarel'nik, V.B., Martsinkovskii, V.S. & Zhukov, A.N. (2017) Increase in the Reliability and Durability of Metal Impulse
End Seals. Part 1. Chem Petrol Eng 53, 114—120. https://doi.org/10.1007/s10556-017-0305-y

9. Tarel'nik, V.B., Martsinkovskii, V.S. & Zhukov, A.N. (2017) Increase in the Reliability and Durability of Metal Impulse

Seals. Part 2* . Chem Petrol Eng 53, 266-272

10. Tarel'nik, V.B., Martsinkovskii, V.S. & Zhukov, A.N. (2017) Increase in the Reliability and Durability of Metal Impulse
Seals. Part 3" . Chem Petrol Eng 53, 385-389. https://doi.org/10.1007/s10556-017-0351-5

11.  Tarelnyk N. V. (2021). A new method for restoring worn surfaces of steel parts of pumping equipment, nuclear
power plants. Scientific Bulletin of Ivano-Frankivsk National Technical University of Oil and Gas, (2(51), 32-39. https://doi.

0rg/10.31471/1993-9965-2021-2(51)-32-39.

12. Tarelnyk N.V. (2022) Properties of Surfaces Parts from X10CrNiTi18-10 Steel Operating in Conditions of Radiation
Exposure Retailored by Electrospark Alloying. |. Features of Topography and Mechanical Properties of Coatings, Metallofiz.
Noveishie Tekhnol., 44, No. 8: 1037-1058 (in Ukrainian). DOI: 10.15407/mfint.44.08.1037

13. Tarelnyk V.B., Martsynkovskyi V.S., Antoshevskyi B. (2006) Pidvyshchennia yakosti pidshypnykiv kovzannia
[Improving the quality of sliding bearings] Vydavnytstvo «MakDen», Sumy, 160 (in Ukrainian).

14. Tarelnyk V.B., Martsynkovskyi V.S., Antoshevskyi B. (2012) Suchasni metody formoutvorennia poverkhon tertia
detalei mashyn: monohrafiia [Modern methods of forming friction surfaces of machine parts: monograph]. Vydavnytstvo

«MakDen», Sumy, 280 p. (in Ukrainian).

15.  Zahorulko A. (2015) Theoretical and experimental investigations of face buffer impulse seals with discrete supply-
ing. Eastern European Journal of Enterprise Technologies. Vol. 4, No 7(76). P. 45-52. DOI: https://doi.org/10.15587/1729-4

061.2015.48298

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

88

Cepist «MexaHisaLjig Ta aBTomaT3aL|is BUpobHUUMX npoviecisy, Bunyck 3 (49), 2022



Tarelnyk V. B., Doctor of Technical Sciences, Professor, Sumy National Agrarian University, Sumy, Ukraine

Gaponova O. P,, Doctor of Technical Sciences, Professor, Sumy State University, Sumy, Ukraine

Vlasovets V. M., Doctor of Technical Sciences, Professor, Lviv National University of Nature Management, Lviv, Ukraine

Tarelnyk N. V., Candidate of Economic Sciences, Associate Professor, Sumy National Agrarian University, Sumy,
Ukraine

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

Shulyak M. L., Doctor of Technical Sciences, Professor, Sumy National Agrarian University, Sumy, Ukraine

Kyryk H. V., Doctor of Technical Sciences, Professor, Sumy National Agrarian University, Sumy, Ukraine

A new method of improving the surface quality of steel rings of impulse end seals subjected to radiation
irradiation

The article analyzes the currently existing literature and patent sources aimed at improving the quality parameters
of the surface layers of friction pair parts. The purpose of the work is to improve the quality and wear resistance of the working
surfaces of steel rings of end pulse seals, which can be used in conditions of radiation exposure, by forming quasi-multilayer
coatings combining lubricating and mechanical properties on the working surfaces of the rings by the method of electrospark
alloying.

The authors proposed a new way of improving the quality of the surfaces of steel rings of end pulse seals that work
under conditions of radiation exposure. Research on the application of the new method was carried out for steel grades
12X18N10T, 30X13 and 40X. The method consists in applying a copper coating to the surface of the end pulse sealing
ring by the method of electrospark alloying at a discharge energy Wp = 0.04 J, and then, on the formed surface, a special
technological saturating medium is applied in the form of a paste-like mixture, the composition of which includes — 80%
tungsten carbide, 10% nickel and 10% petroleum jelly, and carry out electrospark alloying with a graphite electrode
at a discharge energy in the range of Wp = 0.5-4.6 J. Alloying with copper and a graphite electrode-tool was carried
out on an installation with a manual vibrator "Elytron-22A". Grits were made from the experimental samples, which were
examined on the optical microscope "Neofot-2". With the help of a microscope, the quality of the layer, its integrity, thickness
and structure of the sublayer zones — the diffusion zone and the zone of thermal influence — were assessed. A durometric
analysis was also carried out on the distribution of microhardness in the surface layer and along the depth of the cut from
the surface.

The application of the new method allows forming layers of the working surfaces of steel rings of end pulse seals
of increased hardness with a thickness depending on the grade of steel and the energy of the discharge during cementation
by the method of electrospark alloying from 30 to 115 microns, with a microhardness of up to 10350 MPa and 100% integrity.
The roughness of the formed coating is within Ra = 0.7-14.2 microns. Further reduction of roughness is possible due to
further cementation by electrospark alloying, but with lower discharge energy, as well as non-abrasive ultrasonic finishing.

Key words: electrospark alloying, end pulse sealing, hardness, roughness, coating, electrode, material, surface.
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CYYACHI CUCTEMW NPOBEJEHHA IHOKYNALII NOCIBHOIO MATEPIANY NMPOCAMHUX KYNbTYP
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CyMCbKuiA HaLioHanbHKIA arpapHuin yHiBepcuTeT, M. Cymu, YkpaiHa
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IHOKynsIyisi MocieHO20 Mamepiany 008071 Yacmo 8UBYaEMbCS BYEHUMU 3 MOYKU 30pYy MUy MPOuecy Ha po38UMOK
Kynbmypu. O0Hak, icHye Ayxe Marno iHghopmauii 000 3abe3neyeHHs camoi MexHOI0_2iYHOI onepauyii 80710201 IHOKYNAUi
HaciHHs. BoOHouac, npouec iHoKynsuii 3abe3neqyembcsi 8 0CHOBHOMY 3acmapinumu 3acobamu MexaHizauji. Xod IHoKynsuis
008071i Yacmo 3acmocosyemsCs 8 YkpaiHi npu supouysaHHi 60608uUX Kyrbmyp, Npouec 06pobKu HaCiHHS iHOKYIsIHMamu
doci He bys onmumizoeaHul. Halt4acmiwe Onsi MposedeHHsT MexXHOI02iYHOI onepauii 8UKopucmosyrme agpezamu O7si
MPOMpPYBaHHS HaCiHHS, ue nompebye He nuwe 8eruKux eHepaosampam, a U 3ay4eHHs1 8€ITUKOI KibKOCMI MpauisHUKIe.
Tomy, Memor yb020 00CiOXKEHHST Byr10 8ugHUMU azpoMalluHU, Wo 30amHi npogodumu iHOKynsyilo came nid yac cigbu
Kynbmypu 0nisi 3abesnedyeHHss dompumaHHs aeposuMoe i nidsuueHHs1 eHepaoeghekmusHocmi azponidnpuemems. B aHa-
nisi nimepamypHux dxepern byno 8USHaYEHO i NpoaHani3oeaHo MpuU cUCMeMU, WO meopemuyHo moanu 6 3ad080bHUMU
guMoeuU, siKi cmaenisimbcsi neped onepamopamu 800iHHS | agpoHOMaMu fpu MpoeedeHHi iHoKynauji. Ceped HUx cucmemu,
wo sidkpusaromb 60pO3HY AUCKOM abo X 1arok KybmueamopoM ma CUCMEMU-IHXeKmOopu. s KOXHOI 3 HUX 8USIB/IEHO
nepesazu i HeAoriKu ix ekcrinyamauii 8 skocmi cucmemu 055 iHoKynsyii. Halbinbw nidxodawumu Orsi npo8edeHHs iHOKYIIs-
uii 3acobamu, wjo Moxyms 3a008071bHUMU nompebu aeposupobHukie, byno susHa4yeHo crieyianbHul annikamop StandMax
Hunter CS ma cucmemu posnuneHHs 8id TM Raven, siki ecmaHoemome Ha MocigHi KOMIIEKCU ma 8UKOpUCMO8yombCsi
3aKopOOHHUMU a2posupobHuUKamu. Takox, 8 cmammi euceimneHo ocobnueocmi cucmem ma KOMIOHeHMmIs, W0 8 HUX
sukopucmosyromscsi. Ceped HUX munu hOPCYHOK, SKi MOXYMmb 8UKOPUCMO8Y8amucCh y cucmemax iHOKynsuji; ceHcopu
07151 KOHMPOSIK 8UITUBY PIOUHU; HEBIO’EMHUMU KOMIOHEHmMaMu € makox MIKpormpouecopu ma fpogpamMHe 3abe3neqeHHs.
OO0Hak, nid 4ac nowyky ma aHanisy nimepamypHux Oxepern He byno 3HalideHo MemoduKku ma pekomeHOauyit w000 eHe-

CEHHS1 iHOKYnssHMIg 8 rpyHm rid Yyac ciebu, momy ys mema nompye nodasnbuwioeo binbw 0emasnbsHO20 O0CTIOKEHHS.
Knrovosi cnosa: 3epHo, nocis, cigaska, sucieatodull anapam, sikicme.

DOI https://doi.org/10.32845/msnau.2022.3.13

BeTyn. B octaHHi poku nioacteo Bce Binblue 3amuc-
MIOETBCA MPO TEXHONOrii, Lo A0NOMOXYTh 36epertu nna-
HeTy. [na uboro ceiToBMMM nigepamu Oyno BU3HAYEHO
«mobanbHi Uini», Wo cnpusioTe LUboMy. Hanbinbw Bax-
NMBUMW ONSA XKUTTA NOAUHK € Lini «30epeeHHs1 eKocuc-
TEM CyLi» i «NOAONAHHS ronoay», agxe Le ABa OCHOBHUX
MUTaHHS 3aBOSKU SKUM ftoaun icHytoTb. OgHUM i3 MOXU-
BUX BUPILLEHb LMX ABOX Npobnem € nepexig noAacTea Ha
OpraHiYHui cnocid BUPOLLYBaHHS arpapHUX KynbTyp, TOOTO
BUKOPUCTAHHS NuLLEe opraHivyHux fobpus, abo x Mikpoop-
raHi3MiB ik 3acib Ans NigBULLEHHS BPOXXaNHOCTI Ta 3anobi-
raHHsa gerpagauii rpyHty (He et al., 2022; Qiao et al., 2022;
Mockeviciene et al., 2022).

[HOKYNALiS — BaXIMBUA €NEMEHT TEXHOMOrii BUPOLLY-
BaHHsi 6060BUx (Kumawat et al., 2022; Ibrahim & EI-Sawah,
2022; Mehboob et al., 2022; Danylchenko & Zhatova, 2016;
Danylchenko et al., 2018; Berdin et al., 2013) Ta iHLWKX Cifb-
cbkorocnoaapcbkux Kynstyp (Kusale et al., 2021; Adeleke et
al., 2021; Datsko, 2021), wo € ogHWMm i 3acobiB, SKWiA f03-
BOISIE NIABULLMTY BPOXANHICTb 3aBOSKW IHTPOAYKLT Kopuc-
HUX MIKPOOpraHiamiB i BogHOYac € LiNKOBUTO Ge3neyHnm
[Ns HaBKOMULLIHBOTO cepenoBuLLa. ICHye fekinbka cnocobis
iHOKYNALiT nociBHOro MaTepiany, 3anexartb BOHY Bif BlacHe
camoro npenaparty i noro copmu. Hapasi mu 6epemo go
yBary came BOSIOTMIA METOZ, iHOKYnsiLi, TOOTO 3 JodaBaHHAM
[0 HbOr0 HEe3HauHOI KinbKOCTi BoAM npu 06pobui HaciHHA
(Ovcharuk et al., 2020). B 6inbLUOCTi arpapHUX NianpuemcTs
YKkpaiHu [0oCi BWMKOPWUCTOBYHOTb TEXHOMOMYHO 3acTapini

Ta eHeprosaTparHi 3acobu Ans NpPoBeAeHHS LiEl onepalii,
a came npotpytoBadi HaciHHa (Tkachuk, 2014; Kotenko &
Ratushnyi, 2017), a6o x obpobka BypTiB py4HUM OMpUCKy-
BayeM 3 NnofarnbLMM PyYHUM NepeMillyBaHHSAM YM B3arani
nepemillyBaHHs! MOCIBHOrO Matepiany i iHOKynsiHTa y 6eTo-
HO3MiLLyBaYi. Taka TEXHOMNOriS 3aCeneHHs! KOPUCHUX MiKpO-
OpraHi3MiB Ha NOBEPXHIO HACIHMHW CTBOPIOE [OBOMI 6arato
npobnem Ta HE3pYYHOCTEW, @ TOMOBHE He 3a[0BOJIbHSE
arpoBUMOT K.

OpHieto i3 ronoBHUX BUMOT Byab-AKOi KynbTypu NPy NOCIBi
€ KiNIbKiCTb BOMOTW Y IPYHTI, L0 3MOXe 3abe3neymTi npopo-
CTaHHS HacCiHMHW. [ns KyKypyasu, Hanpuknag, Lei nokas-
HUK cTaHoBUTb 30% BomorocTi rpyHTy (Zubko et al., 2021),
Mpu LUbOMy, 0ro TemnepaTtypa He MOBWMHHA OyTW HUKYOH
3a 10-12°C (Grabovskiy, 2018). BogHo4ac, ans mikpoop-
raHi3miB, LLO MICTATbCA B iHOKYMSAHTax TemnepaTypa Takox
Bigirpae BaxnuBy ponb i noBuHHa Byt B Mexax 10-30°C
(Welver, 2019). Hapasi, gocnimkyroTbCs HOBI BapiaHTy iHOKY-
nauii HaciHHg, To6To 6e3nocepenHbO B 6opo3Hi (Schiffmann
& Alper, 1968; Rezende et al., 2016; Oliveira et al., 2019).

ToMmy, MeTOH LbOro AOCHIIKEHHS € ONUC CUCTEM, LU0
TEOPETUYHO 3[aTHi NPOBOAWUTM IHOKYNALIT KynbTyp npu
MOCiBI, @ TAKOX BUSBNEHHS iX nepesar i HeQoMiKiB.

Pesynbrati. Ha cborofHi, 4ns nNpoBefeHHs iHOKyns-
Lii B nonboBux ymoBax i 6e3nocepeaHbo nia vac cisbu He
BM3HAYEHO MIiTKOI Mpouedypu 4v CreuianbHOro arperary.
OpHak, fesiki BYeHi BXe NponoHyBany MexaHiamM BUpiLLEHHS
uiei 3apgadi (Manea et al., 2009; Drazi¢, 2017; Sahu et al.,
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2018). A B pocnimxeHHsix (da Rosa et al., 2020, Jordan et
al., 2018, Tubbs et al., 2015 Ta Denton et al., 2017) 6ynu
MOPIBHSHI CNOCOOM SKUMW MPOBOASATL IHOKYMSAUiD Ta iX
BMNMB Ha KynbTypu. [epeBaxHo, K HaykoBLi Tak i KOMnaHii,
LLO NPOMOHYKOTb arperaTyBaTh NOCIBHWIA KoMNekc obnaa-
HaHHAM Ans iHOKynAWii, 6a4aTe BUPILLEHHS LibOr0 NUTaHHS
3a paxyHOK CMCTeM, WO 3haTHi BHOCUTW piaki MiHepasbHi
nobpwuea y rpyHT (Sundaram et al., 2019; Trimurtulu et al.,
2014; Kalnahuz et al., 2021; Pierson et al., 2018). Teope-
TUYHO, AaHi CyMKEHHS € BipHUMU. Tomy, HeobXiaHO npoaHa-
ni3yBaTV HACKINbKW JaHi cucTeMy MigxoaaTb Ans o6pobku
MOCIBHOrO Marepiarny iHOKynsHTamu.

Cepen BCix iCHYHOUMX TUMIB BHECEHHS PiAKMX MiHeparb-
HUX 00OpMB HEOOXigHO BUAINM Ti, WO MornM 6 MiginTy ans
npoBefeHHs iHokynauii (Palgrave, 2020; Kyveryga et al.,
2018; Semernia & Kalnahuz, 2016):

1. Cuctemu, WO BigkpuBaoTb HOPO3HY ANCKOM i O3BO-
NSI0Tb BHOCWTK pigke JobpuBo y 60po3Hy (Puc. 1, a);

2. Cvictemm 3 iHxeKTopHUM TvMom (Puc. 1, 6) BHeCEHHS
pigkux pobpwe (Bautista et al., 2000);

3. Cvictemu, wWo BigkpvBakoTb Gopo3Hy pobounm opra-
HOM TuUny «nama kynetusaropa» (Puc. 1, B), nicns 4oro
BHOCUTBLCS pigke fobpuBo y 6oposHy (Stichler & Livingston,
2003).

fa]
—E) \
Vs R
a AN

Puc. 1. Cuctemartunsauis malimMH Ta oonagHaHHa gnsa
BHECEHHSA pigkux Aobpus.

Kpim Toro, Lji cuctemmn MOXyTb BHOCUTY pigki 4obpusa
HesnocepeaHbO Ha HaciHWMHY, abo X HaBKONO HACIHWHM Ha
neBHin BigctaHi (Plumblee & Mueller, 2021).

Hanpwuknag, syeHumu Knutato 6yno pospobneHo nocis-
HWIA KOMMMEKC, WO came BiAHOCUTbCA OO0 MepLioro Tuny,
TOOTO BigKpvBae OOPO3HY AMCKOM i 34aTe€H BHOCWTM PiaKi
nobpvea B 6opo3Hy nepen Ta nicns HaCiHWMHK, ANs Toro Lwob
3abesneunTty picT pocnuH micns npopoctanHsa (Yu et al.,
2021). CxoXy cUCTEMY BHECEHHS pPigkux 0oBpuB y 60pO3HY
onucye (Ross, 2020). BHeceHHs pigkux 4oOpuB Ha AinsiH-
Kax, e BUKOPUCTOBYHOTb Nno-till, a 60po3Hy yTBOPIOKTL AMC-
kamu onucas (Baker, 2007).

MepeBarold TakMX CUCTEM, € MOXIMBICTb HAHECEHHS
iHOKynsiHTa K 6e3nocepenHbO Ha HaCiHUHY, Tak i B 'PYHT.
OpHak, HeonikoM € niaBuLLEeHa BUTpaTa piguHu.

OfHUM i3 HaMHOBIWMX MexaHi3MiB, L0 3AaTHi BHO-
CWUTM pigKi MiHepanbHi fOOpWBa y I'PYHT € Tak 3BaHi iH'ek-
LinHi pobodi opranm (Klymchuk et al., 2021; Vetokhin et al.,
2021; Shustik et al., 2020; Singh et al., 2020; Nyord et al.,
2008), o matoTb hopMy Koreca Ta CBOEpIaHi «ronkuy, abo
«IHXEKTOpWY, SIKi Ha BUXOAi MatoTb (HOPCYHKMN AN BHECEHHS
nobpuB y rpyHT (Puc. 2).

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurteTty

Puc. 2. Burnsg iH’ekuinHux poboymx opraHiB y
nonLoBMX yMOBax Ha npuknaai 3Hapsaaas «Dragon»
(Radionov, 2020)

ICHyE i IHLIWIA iH'EKLiNHMIA MexaHi3M, Lo BBOAWTb piake
MiHepanbHe 4OOPUBO Y I'PYHTOBWIA FOPU3OHT Ha MUOUHY Bif,
50 go 100 cm koxHi 30 cm (da Silva & Magalhaes, 2019; da
Silva & Magalhaes, 2017). BueHumm 3 Kutaro 6yno pospo-
OrNEHO CXOXWIA MeXaHi3M Ta [OBELEHO MOro eqeKTUBHICTb
(Zhou et al., 2019). OgHak, Taki arperatv He BUKOPWCTOBY-
l0Tb i3 MOCIBHUMMK KoMMrekcamu, B GinblIOCTi BUNagkKiB ix
BUKOPWCTOBYIOTH i3 MallMHaMu, IO FOTYKOTb Mone nepeq
ciBboto um 3 TexHikoW Ans gornsagy 3a nocisamu (Tomchuk,
2020 a; Tomchuk, 2020 b). MepeBaroto Takvx arperatis (3a
TEOPETNYHOTO BUKOPUCTaHHS caMe Mif Yac cisbu) € Te, Lo
BOHM 3AaTHi 3a0e3neynTn TOYHE BHECEHHS MiHepanbHOro
[obpuBa y rpyHT. A OT HeOonikoM € HEMOXMUBICTb 06po-
61T camy HaCiHUHY po6OYMM PO3HMHOM.

|[HWUMK BapiaHTamu MexaHisauii, wo mornm 6 3abes-
MEYNTU NPOBedEHHs IHOKYNAUii nig yac ciBbu € nociBHi
KOMMNMEKCH, L0 NpU3HAYeHi ANs BHECEHHS PIOKUX MiHe-
panbHUX Jo6puB i yTBOPIOWTL BOPO3HY POBOYMM OpraHoM
ANy «nana KynstuBaTopar. [puknagamu Takux arpe-
raTiB € nociBHi komnnekcn komnaHin Great Plains, John
Deere, Horsch Ta iHwi (Lehkodukh & Lehkodukh, 2018;
Aniskevych & Rosamakha, 2016; Heruk & Petrychenko,
2014). KoxeH i3 Takux MNOCIBHWX KOMMMEKCIB Mae CBOI
YHikanbHi ocobnueocTi. Hanpuknag, dipmoto Precision
Planting pospobneHo cowHunk Furrow Jet Ta cuctemy
vApplyHD (Zubko et al., 2021), o [03BONSIOTb BHOCUTU
piaki MiHepanbHi 4O6puBa Ha NEBHY BiacTaHb BOIK Big Haci-
HWUHW Ta Nig Het, a Takox Yy 6oposHy (Rishennia Precision
Planting dlia vnesennia ridkykh dobryv, n.d.). Togi sik nocie-
Huii komnnekc Fendt MOMENTUM mag GinbLu Lunpoki onuji
BHECeHHs1 piakoro nobpuea, o 25 MM Brnmb Big HaCiHWHM
(Tochnyi moment: vse shcho treba znaty pro novu sivalku
Fendt MOMENTUM., 2020), komnaHis John Deere po3po-
Ouna nociBHi KOMNMeKcK, WO 3aaTHi BHOCUTW piaki i rpa-
HynboBaHi fobpvBa nig Yac ciBbu, iX BMKOpPWUCTOBYBanM
y cBoix gocnigpkeHHsx (Randall, 2004; Popescu et al.,
2022; Kusi et al., 2021). Y Cepbii 6yno nposesaeHo gocnig
3 MPOTOTUMOM CiBanku, Lo Mae CX0xXi (OyHKLUIT i Mae Ha3By
EUKU-01 (Drazic et al., 2020). lMpote, AocnimKeHHAMM
BCTAHOBMEHO, WO AN MPOBeAEHHs iHOKynsauii Ginble
NiginWnyM mMexaHiamu, WO 3aaTHI 3a0e3neYnT BUKOHAHHS
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TexHonorii pop-up (Alley et al., 2010; McGuire, 2014; Till,
2017). AMepuKaHCbKi BYEHi po3pobunu cisanky ans Manux
pocnigHux no-till 4insAHoOK, Wo 3gaTHa BHOCUTU piaki MiHe-
panbHi 4obpuBa B psAOK 3@ AOMNOMOIO0 YM3ENbHUX HOXIB
(Engel et al., 2003). Cxoxy cuctemy 6yno pospobneHo
y MakucTani, TeCT NpoBOAWNMCE Mif Yac ciBOY KyKypyaau,
B SIKOCTi pigkoro fJobpmBa BUKOPUCTOBYBANU PO3BEAEHY i3
BOoK hocopHy kucnoty. Cuctema 3gatHa 3abesneyunTu
BHeceHHs 4 n pigkoro fobpuea Ha rektap (Ashraf et al.,
2017). lMopibHa cuctema Byna pospobneHa iy IHaii, ane
[06prBO BHOCUMU He B pAOK, a nig HaciHuHy (Sundram &
Mani, 2020). Baxnmsum € Te, LLO NPOTOTWN AAHOI CiBanKM
OyB He Tinbky po3pobneHnit i onucaHui, a Lie 1 getanbHo
BUBYEHI (DOPCYHKM, AKi nigbupanucb BignosigHO 40 HEOb-
XigHoro fo3yBaHHs pigkmx fobpus (Devram & Mani, 2020).
[HWWMK iHAINCEKUMKU BYeHUMM Byno po3pobneHo cuctemy,
Lo [o3BONsiE BHOCUTY J0BpKMBO nif yac cisbu 6esnocepesa-
HbO B B6oposHy (Doshi et al., 2015). B YkpaiHi Tex po3po-
GrneHo caguBHY MallvHy, WO 3a4aTHa 06pobnsaTu pigkumm
MiHepansHUMU fobpuBamu KopeHennoaun Bypskis nig yac
ix nocagkw (Kostenko et al., 2019).

MepeBaroto TakMx MalUWMH NPU BUKOPUCTaHHI iX B SIKOCTI
cuUCTEMMW NS IHOKYNSALUiT HACiHHS, 3HOBY X Taku, € MOXIU-
BICTb HAHeCEeHHs1 poboyol piaMHn BesnocepenHbLO Ha Haci-
HUHY. BogHouac fesiki cucteMu He 3gatHi Le 3abesneunty,
OCKifIbKM pO3paxoBaHi Ha BHECEHHS piakMX O06pUB Ha Oes-
Ki BigcTaHi Big HacCiHMHW. TOMy Lie € HeoMiKOM, Tak camo
SIK i HOpMa, LLIO BOHU 34aTHi BHECTM Y PSZOK, B AeSKUX NOCiB-
HUX KOMIIeKcax € 3aBenuka. Y GinbLUoCTi npoaHanisoBaHmx
JocnigpkeHb, HEOOXiAHOK HOPMOK BHECEHHS! iHOKYMSHTY
B psgok BBaxatoTb 50 n/ra.

BaxnuBumun € [OCNIKEHHS enemMeHTiB CUCTeM, LLO
3[aTHi BHOCUTKM pigke gobpmso y 6oposHy. Tak, (Sidhu et
al., 2020) onucaB TunNu (HOPCYHOK, a Manamsincbki BYEHI
NPOBOAMNM OOCNIQKEHHS i3 KINbKICTIO PiAWMHKW, LIO BOHU
MOXYTb MPOMNYCTUTW 3@ MEBHOI LUBMAKOCTI TpakTopa Ha
oauHuuo nnowi (Yamin et al., 2016). OgHak, BaxnuBuMm
€ He nuwe opcyHka KO BHOCUTBCH pigke A06puBo,
a 1 WBKAKiCTb 3a sKoi noro BHocaTb (Kasal et al., 2018)
Ta TUCK Yy CUCTEMI, Li mapameTpy ANs BHECEHHS PigKux
nobpus pgocnimxysanu (Kasal et al., 2019). Bueni i3 Kutato
niwny gani i gocnigunu BNave Tuny OPCyHKM (KOHIYHA YK
ceKkTopanbHa) Ta KinbKOCTi piguHK, WO BUNMTa Yy psoK Ha
AKICTb MOCIBY Ta PICT CXOAiB KyKypyAsw. 3a iX JaHuMu npu
BUKOPUCTaHHI CeKTopanbHOi hOpCyHKM SKiCTb ciBbu Byna
BULLA, @ YuM BinbLua KinbKiCTb BOAW ANs 06NpUCKyBaHHS
Oyna BuKOpuCTaHa y psaky nig yac cisbu, TuM LWBMAaLLe
3'ABNANNCSH CXOAM KYNBTYPU, MPU LibOMY 3pOCna i KinbKicTb
HaZ3eMHoi Ta nia3emHoi 6iomacu (Wang et al., 2019). Ekc-
nepyMeHTaMy i3 CTpyMEHEBOK (HOPCYHKOK 3anManucb
(Zheng et al., 2019). OgHak, BOCHIMKEHHAMMN 3 BU3HAYEHHS
KiNbKOCTI pignHK, O NponycKaTb POPCYHKU 3anManuchb

i iHwWi ByeHi (Sharda et al., 2016). Y pocnimkerHsx (Scott
Tubbs et al., 2012) BukopuctoByBanu )OPCyHKY, L0 CTBO-
ptoe TymaH, a B gocnigxeHHsax (Wilson et al., 2015) gns
0BpO6KN HACiHHA HCEKTULMOOM Y pAAKY BMKOPUCTOBY-
Banu opcyHku i3 mapkysaHHaM Teejet TP8001EVS, a
(Gassmann & Weber, 2015) ons TMx camux Linew BMKO-
puctosyBanu Teejet XR80015EVS. BueHumu 3 Kutato bynu
npoBeaeHi CXOXi JOCMIMKEHHS 3aAa CTBOPEHHS CiBasku,
Lo 34aTHa BHOCUTY nectuumuan Ta gobpuea nig vac cisbu,
HUMK ByNo JOCNIAXEHO TPy TUNKM POPCYHOK Ta X KyT po3-
nunenHHs (Huang et al., 2019). JocnigxeHHs (Chen et al.,
2021) BKa3yloTb Ha HEOOXiQHICTb 3aCTOCYBaHHS CEHCOpIB
NS MOHITOPUHIY KiNMbKOCTI BUKOpUCTaHHA fobpus, a (Bai
et al., 2022) BvBYanu MOXNMBICTb MiABULLEHHS TOYHOCTI
BHECEHHs pigknx fobpvs nicns 3miHu Hopmu. [uTaHHAM
po3pobKM CUCTEMM, IO 3AINCHIOE 3aTPUMKY BHECEHHS
Ta [J0O3BONSIE 3MIHIOBATV HOPMY ANs piakux fJobpuB 3arima-
nuce (Zhang et al., 2021). Mpu UbOMY, AyXe BaXIUBO Npo-
BOAWTW BipHE KamnibpyBaHHS arpoOMalluWH, WO 34iINCHIOKTb
BHeceHHs pigkux gobpus (Field & Long, 2018). Takox,
Bynu npoBeaeHi JOCMIMKEHHS 3 BU3HAYEHHS HEODXIQHOCTI
3aCTOCYBaHHS CrieLjianbHUX MiKpOnpoLECOpiB AN TOYHOro
BHeCeHHs pigkux fobpus (Xiuyun et al., 2019), koHTpone-
piB (Garcia et al., 2014; Anitha et al., 2019), abo x nokpa-
LLeHHs nporpamHoro 3abesnedveHHs (Jinlong et al., 2021).
OcKinbku He iCHye YiTKOrO MexaHi3My BHECEHHS iHO-
KYNSHTY B pSOOK B OesKUX JOCMigKeHHSX, Byno onmcaHo
MeToAW BHECEHHs poboyoil piaMHM B BGOPO3HY LUMSXOM
npuedHaHHa onpuckysada no cisanku (Morais et al., 2016;
Sivarajan et al., 2018). BogHouac, MOxHa npOBOAWUTM
006pobKy pigkum gobpneoM GOPO3HU 3a OOMOMOrOH pyy-
Horo obnpuckyBaya nepea cisankoto (Campo et al., 2010;
Oliveira et al., 2018; Glaucia et al., 2017; Grabau et al.,
2021). bpasunbCbki BYeHi 3acTocoByBanu [Ans 06pobku
HaCiHHS pigkuMm Jo06pMBOM KapboHaTy KanbLjlo cneuianb-
Hui annikatop StandMax Hunter CS, wo go3sonsie obpo-
61T HaciHHs B BoposHi nig vac cisbu (Nascente & Cobucci,
2015), Toai Kk aMepuKaHCbKi BYEHi BUKOPUCTOBYBaNMU Ans
006pobkn HaciHHs B Bopo3Hi iHcekTuumpamm (Boetel et al.,
2004) yu pigkummn gobpreaMu cUcTeMU po3nuneHHs Big TM
Raven, wo BcTaHoBneHi Ha nociBHOMY komnnekci (Kaiser
et al., 2014). B iHWKX JOCNIMKEHHSAX BUKOPUCTOBYBANMUCH,
HaBnaku, BiNbLL Cy4acHi COLLHMKK, WO BXe obnagHaHi anni-
KaTopamu NS BHECEHHs pigkux [obpus, Ana npuknaay,
cipmu Yetter Manufacturing (Rutan & Steinke, 2019).
BucHoBku. OTxe, cepen BCix onucaHux cuctem abo
annikaTopiB ANa BHECEHHS piakmMx 40OPUB YM iHCEKTMUMAIB,
€ CuUCTEMMU, LLO A03BONSATH NPOBECTU iHOKYMSALO HaACiHHS
6e3nocepenHb0 B GOpo3Hi. BoHu MatoTb CBOI nepesaru
i Heponikn. OgHak, HeMae uiTKOI MeToauKM NpoBedeHHS
[aHoi onepaLii B NonboBKX ymoBax. ToMy, AN BU3HAYEHHS!
HeobxigHOro arperaty HeobXigHi noAanbLLUi JOCHIMKEHHS.
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Shelest M. S., Candidate for Higher Education of Doctor of Philosophy, Sumy National Agrarian University, Sumy,
Ukraine

Modern systems of inoculation of seed material of row crops

Inoculation of seed material is quite often studied by scientists from the point of view of the influence of the process
on the development of culture. However, there is very little information on ensuring the technological operation of wet
seed inoculation itself. At the same time, the inoculation process is mainly provided by outdated means of mechanization.
Although inoculation is quite often used in Ukraine when growing lequmes, the process of treating seeds with inoculants
has not yet been optimized. Most often, for carrying out a technological operation, seed treatment units are used, which
requires not only large energy costs, but also the involvement of a large number of workers. Therefore, the purpose of this
study was to study agricultural machines capable of carrying out inoculation precisely during the sowing of crops to ensure
compliance with agricultural requirements and increase the energy efficiency of agricultural enterprises. In the analysis
of literary sources, three systems were identified and analyzed that could theoretically meet the requirements of driving
operators and agronomists during inoculation. Among them are systems that open the furrow with a disc or cultivator
and injector systems. For each of them, the advantages and disadvantages of their operation as a system for inoculation
have been identified. The most suitable means for inoculation, which can meet the needs of agricultural producers, were
determined to be the special StandMax Hunter CS applicator and the spraying systems from TM Raven, which are installed
on sowing complexes and used by foreign agricultural producers. Also, the article highlights the features of the systems
and components used in them. Among them are the types of nozzles that can be used in inoculation systems; sensors to
monitor liquid spillage; microprocessors and software are also integral components. However, during the search and analysis
of literature sources, no methodology and recommendations were found for applying inoculants to the soil during sowing, so
this topic deserves further, more detailed research.

Key words: grain, sowing, seeder, seeding device, quality.
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