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Measurement is an important means for humans to understand and transform the world, and it is the technological
foundation for breaking through the forefront of science and solving major problems in economic and social development.
The three-dimensional measurement system serves primary national needs, leads national economic development, and
ensures national defense security. With the arrival of a new industrial revolution, major industrial countries worldwide have
begun to accelerate the strategic deployment of intelligent manufacturing. As an essential component of the construction of
smart factories and lighthouse factories, the 3D measurement system will play a vital role in deepening the implementation
of the manufacturing power strategy and promoting the high-end, intelligent, and green manufacturing process. In recent
years, optical 3D measurement technology represented by surface structured light has developed rapidly and has been
widely applied in multiple material processing fields such as forging, casting, and sheet metal. To analyze the manufacturing
accuracy of complex parts using surface structured light 3D measurement technology, it is necessary to first scan and
reconstruct the overall 3D surface of the part. The reconstructed 3D point cloud data of the part surface should be roughly
and precisely matched with the design model. Finally, based on this, data comparison and accuracy analysis should
be carried out according to the actual detection requirements of different types of parts. In this process, the accuracy
of 3D reconstruction of complex parts and the alignment accuracy between the reconstruction results and the design model
directly determine the reliability and accuracy of the final part manufacturing and machining accuracy analysis. This article
uses cases to illustrate the application of machine vision in 3D online measurement. The application of three-dimensional
measurement technology in online quality inspection and grinding of blades can not only improve the measurement accuracy
of online quality inspection of blades but also maintain the relative stability of robot grinding force and improve the grinding
effect in robot grinding of aircraft engine blades. Applied to online quality inspection of train wheel hubs, three-dimensional

measurement of train wheel adapters and high-speed train wheel size online inspection has been achieved.
Key words: digital twin, machine vision, 3D scanning and reconstruction, 3D point cloud registration.
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Introduction

Machine Vision is a comprehensive science that
is based on a series of geometric optics, classical
mathematical algorithms, and integrates modern anatomy,
neurophysiology, computer technology, statistics, operations
research, graph theory, signal analysis and processing,
and other disciplines. It is an important branch of artificial
intelligence. With the rapid development of computer vision
technology and optoelectronic technology, a new detection
technology has emerged — computer vision detection
technology (Liming Xue et al., 2023; Yajie Sun et al., 2023;
Ahmad Mohamad Mezher et al., 2023; Nazanin Safavian et
al., 2023; Elmira Faraji Zonouz et al., 2023). It is a detection
method that uses images as a means or carrier for detecting
and transmitting information when detecting the target being
measured, with the aim of extracting useful signals from
the image. It is a modern detection technology based on
modern optics, integrating science and technology such as
optoelectronics, computer imaging, information processing,
and computer vision. Due to its intelligence, digitization,
miniaturization, networking, and multifunctionality, as well

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

as its ability to perform online detection, real-time analysis,
and real-time control, it has received widespread attention
and application in military, industrial, commercial, medical
and other fields (Elmira Faraji Zonouz et al., 2023; Kui Luo
et al., 2023; Mengran Fang et al., 2023; André Luiz Buarque
Vieira e Silva et al., 2023; Jodo Peixoto et al., 2023; Obinna
Nwosu et al., 2023; Wu Xiaogiang et al., 2023; Huang
Ziliang, 2023; Wei Yi, 2023; Design..., 2023; Yang Jiahe,
2023; Li Xianzheng et al., 2023; Wu Shaoji & Hu Yike, 2023;
Wu Xiaogiang & Zeng Chaoyang, 2023; Cai Yunbin, 2023).

3D measurement is one of the most important fields
among the numerous applications of computer vision. In the
pastfew decades, the rapid development of visual technology
has made 3D visual inspection an important component of
many automated production systems. Unlike visual pattern
recognition and understanding in computer vision research,
visual inspection technology is an important means of
quality inspection, quantitative inspection, and non-contact
measurement. Three-dimensional measurement has many
applications in industrial manufacturing, which can be divided
into dimension measurement, surface measurement, and
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coordinate measurement according to primary functions.
The current mainstream industrial 3D measurement methods
include laser trackers, laser triangulation, photogrammetric
systems, structured light, time-of-flight technology, and so
on. 3D measurement includes the main processes of data
acquisition, data processing, measurement analysis, etc.

Key Technologies of 3D Measurement System

Currently, the commonly used methods for detecting
complex parts mainly include specialized fixture inspection,
Coordinate Measuring Machine (CMM) measurement, and
Photogrammetry. However, these methods can only see the
dimensions of the limited positions of the parts. They need
help to complete the three-dimensional measurement and
accuracy analysis of the overall shape of the parts, making
it difficult to provide complete and comprehensive data
support for forming process optimization (Li Y & Gu P., 2004).
To obtain three-dimensional data of the overall surface shape
of parts, optical three-dimensional measurement technology
represented by surface structured light three-dimensional
measurement technology has developed rapidly in recent
years. It has been widely used in multiple material processing
fields, such as forging, casting, and sheet metal, achieving
good application results (Su et al., 2009; Zhong et al, 2015;
Han et al, 2018; He et al, 2018; Cheng et al., 2019).

To analyze the manufacturing accuracy of complex parts
using surface structured light 3D measurement technology,
it is necessary first to scan and reconstruct the overall 3D
surface of the part. The part surface’s reconstructed 3D point
cloud data should be roughly and precisely matched with
the design model. Finally, based on this, data comparison
and accuracy analysis should be carried out according to
the detection requirements of different types of parts. In this
process, the accuracy of the 3D reconstruction of complex
parts and the alignment accuracy between the reconstruction
results and the design model directly determine the reliability
and accuracy of the final part manufacturing and machining
accuracy analysis.

3D scanning and reconstruction technology

The 3D scanning and reconstruction technology is
affected by the occlusion of the tested part itself and the
limitations of the measurement range. A single measurement
can only obtain local 3D point cloud data on the part’s surface
(Zhang, 2010; Lietal.,2013; Zuoetal., 2018). Toget complete
3D data of the part surface, it is necessary to constantly
change the spatial pose of the measuring equipment during

{h)

the measurement process, measure the part from different
perspectives, and register the local 3D data obtained from
different viewpoints into a unified coordinate system (Levoy
et al., 2000). To address this issue, the ATOS equipment
from German company Gom (GOM Inspect..., 2019) and the
HandyScan equipment from Canadian company Creaform
(HandySCAN... 2019) use an external positioning-assisted
approach to recover the spatial pose of the measured
viewpoint. Method 1: The solution of the measurement
viewpoint pose is completed by pasting marker points on
the surface of the tested part and extracting and matching
the features of the marker points(Ouellet&Hébert1, 2008).
Method 2: Fix the measuring equipment on a mechanical
device (such as a robotic arm) and calculate the measuring
equipment’s spatial pose by obtaining the automatic
device’s internal positioning coordinates (Han et al., 2018).
Method 3: Uses photogrammetric methods to visually track
the measuring equipment from the outside (Cuypers et
al., 2009) and calculate the spatial pose of the measuring
equipment. These methods have the advantage of high
positioning accuracy. Still, the dependence on external
positioning assistance affects measurement efficiency
and the flexibility of measurement equipment, limiting the
application scenarios of structured light 3D measurement
technology. As shown in Figure 1.

3D point cloud registration technology

Industrial part models are usually designed in Computer-
Aided Design (CAD) software, so they are located in the
design coordinate system. The measured part surface point
cloud data obtained by scanning with structured light 3D
measurement equipment is located in the measurement
coordinate system. The difference between these two
coordinate systems is usually significant, resulting in a
significant initial position deviation between the design
data model and the point cloud data when placed in the
same coordinate system. Therefore, it is necessary to
find a suitable rigid transformation matrix to register the
point cloud data and the design data model together. This
process is known as point cloud coarse registration (Gelfand
et al., 2005; Aiger et al., 2008; Zhou et al., 2016; Rusu,
2009). After obtaining the overall 3D point cloud data of the
tested part surface, it is necessary to coordinate/align the
measured point cloud data with the design model before
proceeding with subsequent key dimension fitting, overall
accuracy analysis, and part quality evaluation operations.

Fig. 1. Extemal assistance based measurement equipment positioning method (a) Attaching artificial marks
(b) Mechanical control positioning (c) Visual tracking positioning [31]
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For traditional workpieces with simple shapes, coordinate
alignment between measurement data and design models
can be achieved through the 3-2-1 reference method.
However, the overall shape is more complex for complex
parts because they are usually composed of multiple free-
form surfaces. Therefore, more accurate registration of
measurement data and design models is achieved through
geometric shape registration.

Because the coarse registration results of point clouds
are obtained by registering a sparse set of corresponding
points together, and each set of feature corresponding points
cannot accurately correspond to the same spatial position,
the accuracy of the coarse registration results will not be
optimal. Usually, more precise geometric shape registration is
required based on this, accurately aligning the measurement
data with the design model. As shown in Figure 2.

Cases

Online quality inspection and grinding of blades

In article (Ghorbani et al., 2019) characterized the
difference between local measurement scan data and
the standard model by combining the average curvature
Hausdorff distance and the average Euclidean Hausdorff
distance, accurately separating unreliable damaged area
scan data points of blades and improving measurement
accuracy. In article (Li et al., 2016) applied three-dimensional
measurement technology in robot grinding of aircraft engine
blades. They introduced the weight function of stable grinding
allowance into the measurement matching system, defining
an optimization function based on variance minimization. At
the same time, the problem of incorrect matching caused by
missing points or uneven density data points in 3D scanning
data was solved by balancing the matching weights of all
measurement points. Finally, the final measurement point
cloud registration parameters were obtained through
iterative optimization algorithms. This method avoids data-
matching errors caused by uneven scanning data points.
It considers different machining allowance requirements
for the concave and convex surfaces of the blade, making
the three-dimensional measurement results beneficial for
maintaining the relative stability of the robot’s grinding force
and improving the grinding effect. As shown in Figure 3 (b).

Online quality inspection of train wheel hubs

In article (Zhong et al., 2015) studied the measurement
scanning mechanism to solve the problems of surface
reflectivity changes and vibration during the scanning
process, improve the quality of point cloud data generation
in 3D scanning, and achieve 3D measurement of train hub
adapters. As shown in Figure 3 (a) (Chen Xu., 2019). designed
an automated 3D measurement and detection scheme for the
online detection of high-speed train wheel dimensions, using
multiple LMI GOCATOR2390 line laser sensors and high-
precision 2D rotary tables to form a high-speed rail wheel
rotation scanning system. As shown in Figure 4.

Development trends and challenges of 3D
measurement technology based on digital twins

Currently, emerging information and communication
technologies such as digital twins, cloud computing, the
Internet of Things, and big data are rapidly developing,
providing new ideas and opportunities for the development of
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(a) (b)

Fig. 2. Point cloud fine registration (a) initial position
(b) fine registration result. The point cloud data comes
from the Stanford University Graphics Laboratory
(Curless B & Levoy M., 1996; Chen Xu, 2019)

a) 3D geomenuy (D) Train wheel adapte:

meagurement syvatem 3D meazutement zystem

for components

Fig. 3. 3D measurement system for complex
structural components [43]

Fig. 4. High-speed rail automatic three-dimensional
measurement line (Chen Xu., 2019)

high-end manufacturing. With the rapid popularization of 3D
measurement equipment, point cloud processing technology
is playing an increasingly important role in it. Therefore, how
to achieve the integration and feedback of detection models
and CAD design models is a manifestation of digital twin
technology in 3D measurement technology, and it is also a
technical challenge for 3D online measurement equipment.
The three-dimensional measurement technology has
achieved automated online quality inspection of industrial
parts, which is of great practical significance for improving
product quality, reducing energy consumption, and reducing
labor costs.
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Conclusion

With the arrival of a new round of industrial revolution and
the rapid development of artificial intelligence, cloud computing,
and the Internet of Things technology, major industrial countries
around the world have begun to accelerate the construction of
smartfactories and lighthouse factories. The 3D online inspection
system for parts using machine vision will be an important piece
of equipment in the manufacturing and inspection of products

in intelligent factories and lighthouse factories. This article first
reviews and introduces the key technologies of machine vision
and 3D measurement, such as 3D scanning and reconstruction
technology, 3D point cloud registration technology, etc. Finally,
typical cases of the application of 3D measurement systems in
the field of intelligent manufacturing were summarized, and the
development trends and challenges faced by 3D measurement
systems were discussed.
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FepacumeHko B. 0., kaHOuGam hisuko-MameMamuyHux Hayk, doueHm, CyMmcbKuli HauioHanbHUl az2papHuli
yHigepcumem, M. Cymu, YkpaiHa

[HocnidxeHHss mexHonoeii 3D-eumiproeaHHs Ha OCHO8I MaWUHHO20 30py

BumiprosaHHsi € gaxnusum 3acobom modcmea 015 Po3yMiHHSI ma 3MiHU HaBKOMUWHBOR20 C8imy | e mexHosoaiyHa 0CHO8a,
wo 3abesrieqye PoO3BUMOK repedosux HayKosux OOCIIOXEeHb ma BUPIWEHHS WUPOKO20 Koma npobremM eKOHOMIYHO20 ma
couyjanbHO20 Po38UMKyY. Po3gumok ma 800CKOHaneHHs1 cucmem 3D-8UMIPIOBaHHS CTyXUMb NEPLIOYEP208UM HaUiOHaNIbHUM
rnompebam, cripusie PO3BUMKY HalioHaIbHOI EKOHOMIKU ma € 8aX/IUSUM elTeMEHIMOM, U0 3abe3nedye HaujoHabHOI 6esrnexy.
3 noyamkom HOBOI NPOMUCIOBOI pesontouii eenuki IHOycmpianbHi KpaiHu ceimy noYanu npucKopreamu cmpameaiyHe pos-
20pmaHHs iHmernekmyansHo20 8upobHUUmMea. Baxrueum KoMroHeHmMoM BydigHuUYmea 8UCOKoIHMenekmyanbHUX 8UpobHU-
yux nidripuemems € cucmema 3D-eumiptogaHHsl, sika Mae sifiepasamu 8axiiugy porb y noenubneHki peanisayli cmpameaii
8UpPObHULMea ma NpocysaHHi BUCOKOSIKICHO20, IHMesIeKmyansH020 ma eKoroaiyHo20 8UPOBHUY020 rpoyecy. B ocmaHHi poku
mexHosoeisi onmu4Ho20 3D-sumiprosaHHsi, npedcmasnieHa rnosepXHe8UM CMPYKMypPO8aHUM C8imJioM, WeUOGKO PO38UHYIack
i ompumana 3acmocyeaHHsi 8 baeambox obnacmsix 06pPOOKU Mamepiasie, maKux SiK Ky8aHHs, Tummsi ma obpobka nucmo-
6020 Memany. [Insa npoeedeHHs aHanisy moYHicmb 8u2omoerneHHs ckiadHux 0emarieli 3a ornomoeoto mexHonoeii 3D-aumipro-
8aHHS1 3i CIMPyKMypo8aHuUM C8imIoM MoeepxHi, Ha nepwomy emari HeOOXIOHO 8UKOHAMU CKaHy8aHHS ma peKoHcmpyoeamu
3aearnbHy 3D-rosepxHio demari. OmpumaHi eHac1idoK peKoOHCMPyKUIi mpusuMipHi 0aHi XMapu moYoK nosepxHi 0emarti Maroms
6ymu y3200eHi 3 IPOEKMHO0 MoOes. Ha HacmynHoMy emani UKOHyeMbCS MOPIGHSIHHS OaHUX ma aHaitia moyHocmi y 6io-
rosidHocmi 00 3as18/IEHUX MEXHIYHUX 8UMO2 Ha KOHMPOsboBaHy Oemarib. Y ubOMy Mpoueci moyHicmb PEKOHCMPYKUIi mpu-
BUMIPHOI 08epxHi cknadHoi demarii ma moyYHiCmb KOPessuii MiX pe3yrbmamamu PeKOHCMPYKUii ma npoeKkmHow MoOemo
6e3rmocepedHb0 8u3HaYatomb HaliliHicmb | MOYHICMb 0CMamOoYHO20 8UEOMOBIEHHsI Oemarli ma aHarni3 moYHocmi 06pobKu.
Y yiti cmammi po3ansiHymo npuknadu, siKi iniocmpyroms 3aCmocy8aHHs MalluHHO20 30py 8 3d-euMiptogaHHsIX. 3acmocyeaHHs
mexHonoeil 3d-8uMiprogaHHs1 8 cucmemMax akmusHO20 KOHMPOI0 SKoCmi, Hanpuknad, rpu wigpysaHHi nornamel Moxe He
minbKU midsuwumu moyHicms 8umiprosaHb 06pobrieHux demarel, ane makox 00360/1UMb 3abe3nequmu 8UuCOKy MPodyKmus-
Hicmb ma 8iOHOCHY cmabiribHicmb cunu pisaHHS npu 06pobui onamku mypbiHu agiauiliHo2o dguayHa Ha asmoMamuyHoMy
winicbysaribHoMy pobomi. HasedeHo npuknad 3acmocosygaHHsI mexHosoeii 3d-eumiptogaHb NPU OHMaUH-IHCIEKUIl SKocmi emy-
110K Koric noisdie, adanmepie Konic roizdig i po3Mipy KOric 8UCOKOWBUOKICHO20 Moi3da.

Knroyosi cnoea: yughposuli dsiliHUK, MawuHHUU 3ip, 3D-ckaHy8aHHS ma pekoHCmpyKuis, peecmpauis 3D xmapu moyox.
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Because of the limitation of deposition thickness in electro-spark deposition (ESD) technology, composite coatings are
increasingly used in electro-spark deposition. The deposition quality of transition coating is the key to improve composite
coating. The deposition quality of transition coating is the key to improve composite coating. SKH51 material belongs to
tungsten and molybdenum based materials and a high-speed tool steel with small and homogenous carbide particles. It has
high hardness and excellent thermal hardness. It has good impact toughness and wear resistance, and can be used as the
intermediate layer of carbon steel material and super-hard cermet coating. Consequently, a gradient structure is established.
In this article, SKH51 material was deposited on the surface of 45 steel by the electro-spark deposition. With orthogonal
experimental design, 16 sets of deposition experiments were conducted by selecting 4 factors and 4 levels. The coating
thickness, coating surface roughness and maximum wear width of 16 samples were measured and counted. SKH51 coating
wear surface is mainly abrasive wear and oxidation corrosion which is due to dry friction resulting in high temperatures on
the surface. Because the surface of SKH51 coating was rough, the wear mass was used, the error will be larger. So the
wear mark width is used to compare the wear resistance of the samples. The normalization method was used to unify the
different unit coating evaluation objectives into a single metric. Three groups of weighting factors were determined using the
requirements of transition coatings for coating performance indicators. Then, it was substituted into the objective function,
and each experimental group normalizes the parameters for calculation. As a result, three distinct sets of maximal goal
functions were obtained. The optimal value of the objective function corresponded to the 12th sample group. Finally, the
deposition process parameters of the 12th sample were regarded as the optimal process for the SKH51 transition coating.

Key words: electro-spark deposition, composite gradient coating, steel, hardness, microhardness, surface layer,
structure, coating, alloy, roughness, transition coating, normalization method, weighting factor method.
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Introduction

Mechanical parts are subjected to impact loads during
their service life. It has a certain velocity of impact in a very
short period of time. In this case, the ability of the material
to resist the impact load is called the toughness of the
material. The coating material utilized in the ESD)process
exhibits brittleness and is susceptible to dislodgement upon
impact. During the electro-spark deposition process, if the
coating material is relatively brittle, the toughness of the

coating needs to be enhanced. The usual solutions include
grain refinement, composite strengthening and toughening,
and alloying. By adopting the alloying method, SKH51 was
selected as the electrode material. SKH51 is a tungsten-
molybdenum series high-carbon high-speed tool steel
(Thammachot et al., 2023) with high hardness (61-64HRC)
and high high-temperature hardness (Chuang et al., 2011).
SKH51 has good toughness (Khadem et al., 2021) and
wear resistance, it is mostly used in the mold industry
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and in the cutting tool industry (Lawanwong et al., 2011).
The steel has fine and uniform carbide particles (Shiozawa
et al., 2006). The presence of molybdenum can reduce
carbide segregation, and vanadium can make the steel
more stable when heated. Its wear resistance is 2 times
higher than high chromium high carbon steel and toughness
is 1.5 times stronger. As an intermediate layer, SKH51
coating can have good compatibility (Aghajani et al., 2020)
with cobalt alloys in WC-8Co, WC-10Co and WC-12Co
coatings. Because ESD process is limited by the thickness
and functionality of a single coating (Shafyei et al., 2020),
composite coating structures are often used to make up for
the shortcomings of the process (Aghajani et al., 2020). The
surface properties of the intermediate coating are directly
related to the coating deposition quality of the outer layer.
Therefore, the improvement of the surface properties of
the intermediate coating has a positive significance on
the deposition quality of SKH51+WC composite gradient
coatings.

Bai (Bai et al., 2021) proposed to obtain high-hardness,
high-toughness wear-resistant coatings using gradient
coatings by using gradient coatings, layered structural
coatings, and multiple-scale structural coatings. G. Rolland
(Rolland et al., 2019) used Stellite 6 electrodes of cobalt-
based alloy to improve the toughness and hardness of
ESD coatings. Liu (Liu et al., 2019) modified the toughness
of AICrSiN coatings with the addition of nickel material.
The SKH51 material utilizes the ferrous matrix to ensure
adequate toughness, and its hardened composition gives it
a certain degree of wear resistance.

The fine tungsten carbide particles formed internally,
which makes the SKH51 material have a certain degree
of wear resistance. Metal hard compounds have high
hardness and good wear resistance. Carbides and nitrides
of metal elements are usually used to strengthen the surface
hardness of the coating. Hossein (Aghajani et al., 2020)
deposited WC/TiC/Co/Ni composite coatings on the surface
of St52 steel, which increased the surface micro-hardness
by 710HV. Yusuf Kayali (Kayali et al., 2021) deposited WC
coatings on AISI 5140 to generate a hardness gradient
structure for better wear resistance. Wang (WANG et al.,
2021)used Niand Mo as transition layers and formed a WC-Ni
composite coating when the deposited coatings was made
on the surface of H13 steel by ESD. Zhao Wang (Zhao et al.,
2023) used the WC-10%Co coating deposition experiment
on the tc11 surface and comprehensively evaluate the
coating quality, and the ESD process parameters for the
repair of the coating defects were determined. Mert Onan
(Onan et al., 2021)uses electro-spark deposition technology
to deposit double layers of WC and WC + SS (tungsten
carbide and stainless steel) coatings on the surface of 45
mold steel to improve the toughness and wear resistance of
the mold surface.

Materials and Methods

Material Analysis and Deposition Parameters

The ESD electrode used a rod with a diameter of
3mm (Jinxin Co., Ltd. China). The material utilized for its
construction was SKH51, which originated from Japan, as
shown in Table 1.
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Table 1

Elemental content of SKH51 alloy steel
Element Cc W Si Cr | Mo \') Fe
Content (%) [0.85| 5.8 | 0.45| 4 4.8 | 1.8 |other

Firstly, 2mm thickness of 45 steel plate was cut into
25*30 mm size. Then, 240-400-800-1200 grit sandpaper was
selected to grind the surface successively in order to remove
the oxide layer and impurities. The samples were placed in a
beaker soaked in 99 per cent anhydrous ethanol and cleaned
with an ultrasonic cleaner. Then, a hair dryer was used to dry
the surface of the samples. The ESD deposition equipment
was selected as HMT9500 from Shanghai Shengzao
Company, as shown in Fig. 1. SKH51 rod with a diameter
of 3mm was selected as the electrode, and argon gas was
used as the protective gas. The experiments were carried
out by Taguchi OA Design of Factorial Design (Weiwei et al.,
2007) for ESD deposition experiments on 45 steel surfaces,
the process parameters are shown in Table 2. Based on
the pre-experimental results, the parameters related to the
4-factor, 4-level test were determined, as shown in Table 3.
The deposition time was 5 min each time.

Fig. 1. The electro-spark deposition equipment

(HMT9500)
Table 2
The ESD process parameters

Ne Efficiency | Voltage frggilf:;y ggfég
Unit % V Hz r/min

1 20 (1) 25 (1) 100 (1) 150 (1)
2 30(2) 35(2) 200 (2) 225 (1)

3 40 (3) 45 (3) 300 (3) 300 (1)

4 50 (4) 55 (4) 340 (4) 375 (1)

() — Level values in brackets

Materials Testing methods

After deposition of the samples, the graphite powder
was wiped from the processed surfaces with a brush. The
surface was then measured for roughness experiments by a
roughness tester (Mitutoyo Co., Ltd., SJ-210). The ball-disc
friction and wear tester MS-T300 was used for the abrasion
resistance test (Huahui Instrument Co., Ltd., MS-T300), in
which the test parameters were set as follows: load 5N,
test time 10 min, spindle speed 600 r/min, and test radius
3.5 mm. 5mm friction balls (ZrO2, G10 precision) were used
for the surface abrasion test. After the test, the powder on
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Table 3
Taguchi OA experimental scheme for SKH51
deposition experiments

Ne | Efficiency | Voltage | Current Frequency Eggg
Unit % v Hz r/min
1 25 20 100 150
2 30 28 100 225
3 35 36 100 300
5 30 20 200 300
6 25 28 200 375
7 40 36 200 150
8 35 44 200 225
9 35 20 300 375
10 40 28 300 300
11 25 36 300 225
12 30 44 300 150
13 40 20 400 225
14 35 28 400 150
15 30 36 400 375
16 25 44 400 300

the surface of the parts was removed by brushing, and
the scratches were wiped with anhydrous alcohol and
dried naturally. The abrasion marks were measured by a
microscope (Leica Co., Ltd., DM6).

Results and Discussion

1. Coating Thickness

The experiments were carried out to measure the thickness
of the deposited surface according to the orthogonal experimental
scheme in Table 3. Measurements were carried out on the surface
at five specific places, and which of values were averaged in order
to eliminate the measurement error. According to the orthogonal
experiment Table 4 (Hazra et al., 2022), the coating thickness is able
toreflectthe deposition quality of the coating. The extreme value R of
the orthogonal table is found to be in the measurementrange of these
experiments. The larger the value of the extreme value R reflects the
large influence of this factor on the coating thickness. The order of
factors affecting the thickness of deposition: Rotate Speed > Current
Frequency > Voltage > Efficiency. The rotate speed of ESD
deposition process parameter has the greatest effect on the
thickness of the deposited layer; Efficiency has a lesser effect on
the deposited thickness. The larger the electrode rotate speed, the
larger the thickness of the deposited coating. However, due to the
high speed of the electrode, the uniformity of the deposition process
on the surface will become worse, and the friction of the electrode
movement will increase during the experiment. In Fig. 2, sample 15
has the largest coating thickness with a value of 45.9 ym; Samples
10, 12, 14, 15 and 16 were the altemative feasible solutions.

2. Coating roughness

The deposited surface was measured by Mitutoyo SJ-210
roughness meter. The roughness meter was selected from
the 1ISO 1997 standard and the surface was measured over
a length of 3mm. The objective of this study is to perform
roughness measurement on the surface of SKH51 coating.
Three measurements will be conducted on each sample
surface, and the average value of Ra for the sample will
be calculated. The results were analysed on the basis of

Table 4
Taguchi OA Experiments on Coating Thickness
Ne | Efficiency | Voltage Fr(:éﬁzmzy gggg Tﬁﬁ(&%gs
1 1 1 1 1 11.1
2 2 2 1 2 12.4
3 3 3 1 3 16.6
4 4 4 1 4 241
5 2 1 2 3 10
6 1 2 2 4 15.6
7 4 3 2 1 20.9
8 3 4 2 2 20.2
9 3 1 3 4 18.7
10 4 2 3 3 36.9
11 1 3 3 2 17.2
12 2 4 3 1 34.1
13 4 1 4 2 26.7
14 3 2 4 1 40.6
15 2 3 4 4 45.9
16 1 4 4 3 40.3
K1j 26.725 16.675 16.05 38.375
K2j 2515 26.375 16.625 29.675
K3j 24,025 25.6 21.05 27.15
K4j 2595 19.125 26.675 26.075
R 2.7 9.7 10.625 12.3
50
™™ Coating Thickness
N 40 4
1|
L 304
g
o0 20
e
<
S 1011“
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Sample Number

Fig. 2. Deposition quality and coating thickness
of SKH51 coating

the orthogonal experimental scheme. The influence of ESD
deposition parameters is reflected based on the extreme
values of R in the orthogonal table. As shown in Table 5, the
order of effect of deposition factors: Rotate Speed > Voltage
> Current Frequency > Efficiency. By average roughness
values, it is found that rotate speed has a significant effect
on surface roughness than other process parameters. At a
certain energy, too much and too little rotate speed causes an
increase in surface roughness. Thus, when the three process
parameters of Current Frequency, Voltage and Efficiency
increase, the energy is greater ; when the energy increases,
the coating thickness increase, but the surface roughness
value will increase. As shown in Fig.3, sample 14, 15, and
16 appeared larger roughness. There was a tendency for
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surface roughness to decrease with smaller deposition
thickness. However, too small a thickness was not conducive
to the formation of a transition layer, even if there was a good
roughness. Samples 4, 12 and 10 were feasible options.

Table 5
Taguchi OA Experiments results for mean values
of coating roughness

Extreme | Efficiency | Voltage Fgl:qﬁ::::y ggg;tg
R 0.0805 0.2225 0.10375 0.319

g
=3

[ The Average of Surface Roughness

n
1

Surface Roughness(Ra pm)
o -
b =

0.0 -
0123456 78 910I111213141516

Sample Number

Fig. 3. Average of Surface Roughness

3. Abrasion resistance tests of SKH51 coating

The wear resistance of SKH51 coatings were analyzed
with a rotary friction and wear machine MS-T300 (Huahui
Co., Ltd. China). A load of 5N was selected to carry out the
wear resistance experiment on the metal surface, as shown
in Fig.4a. In Fig.4b, SKH51 coating wear surface was mainly
abrasive wear and oxidation corrosion which was due to dry
friction resulting in high temperatures on the surface. Because
the surface of SKH51 coating was rough, the wear mass was
used, the error will be larger. So the wear mark width is used to
compare the wear resistance of the samples. The maximum
width of the wear marks was measured by super depth-of-
field microscope, as shown in Fig. 4c. Owing to the influence
of coating surface roughness, it makes the wear marks
uneven, and its friction force and friction coefficient cannot
truly reflect the degree of wear resistance. The maximum
width of the abrasion marks was utilized to eliminate the effect
of surface roughness and coating topography. Under 25 °C
experimental environment three experiments were carried
out for every specimen . The data were measured separately
and subsequently averaged for analysis, as shown in Fig. 5.
In Table 6, according to the orthogonal experiment of extreme
value R, the order of effect of deposition factors: Current
Frequency > Efficiency > Rotate Speed > Voltage. Current
Frequency and Efficiency have a greater influence relative to
the other parameters, which make the abrasion resistance
of the coating worse. As shown in Fig. 5, sample 15 has the
largest wear width and the worst abrasion resistance. Sample
15, 8,4, 3, 7 and 10 have larger widths of abrasion marks and
poorer abrasion resistance.
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Fig. 4. SKH51 coating friction and wear experimental
results:
a) Friction coefficient and friction; b) Friction and wear
morphology; ¢) Abrasion measurement

Table 6
Taguchi OA Experiments Extreme for the average
of the maximum wear width of SKH51 coating

Extreme | Efficiency | Voltage an:ﬁ::::y gggg
R 90.4125 65.7925 111.18 76.1025
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Model evaluation

SKH51 transition coatings can be comprehensively
evaluated based on coating thickness, coating roughness
and wear width. As transition coatings need serve the
deposition of external coatings, they should give priority to
the coating thickness and the coating roughness. A multi-
objective optimal design problem (Sharafi et al., 2014)
is a problem in which two or several design objectives
are required to be optimal at the same time in an optimal
design. If there is no unified metric for each sub-objective
in objectives, it will be difficult to compare. In 1772 Franklin
proposed the multi-objective problem, by now the multi-
objective optimization problem has a variety of mature
optimization theories and has been applied in engineering
optimal design. This model uses the normalization method
and the weighted factor method to transform multiple
evaluation factors into a single-objective method, as shown
in Formula 1.

Normalization method

Normalization method is to eliminate the effect of different
units of each factor. According to the physical significance of
the numerical magnitude of the factors, different functions of
efficacy coefficients are selected for normalization (Landes
etal., 1991; Yang et al., 2021). Coating thickness, roughness
and wear width have different units, which are processed
using a normalization method (Zhang et al., 2023).
Higher values of average coating thickness mean better
performance. It is processed according to the increasing
function of the efficiency coefficient. The data were
substituted into Equation 3. The smaller values of average
wear width marks and average roughness mean the better
performance. It is processed according to the decreasing
function of the efficiency coefficient. The corresponding data
were substituted into Equation 4. Eventually, the normalized
data for the coating parameters were obtained as shown in
Table 8.

FO0=Ya,£,(X) ("

(2)

The evaluation factors were normalised due to the
different units of the factors:

1) To denote the monotonically increasing efficacy
coefficient function:

0 f<a,
dj = (fj(x)_a’j)/(Bj_a/) (x’j <f‘j(x)<Bj (3)
! 1,28,

2) To denote the monotonically decreasing efficacy
coefficient function:

1 fSi(x)<a,
dj: l_(f;'(x)_a‘j)/(p)j_a‘j) a‘j<fj(x)<[3j (4)
0 J;(x)2B;
12

Table 7

SKH51 coating performance parameters

No | Average coating | £SURC. | UIERL
thickness (um) Roughness (um) | Wear Width (um)

1 1.1 1.108 543.67

2 12.4 1.016 713.91

3 16.6 0.922 810.84

4 241 0.917 839.41

5 10.0 1.533 600.24

6 15.6 1.040 613.44

7 20.9 0.825 783.42

8 20.2 0.871 925.23

9 18.7 0.845 712.45

10 36.9 1.162 783.23

1" 17.2 1.103 645.15

12 341 0.962 693.47

13 26.7 1.222 606.75

14 40.6 1.347 590.41

15 45.9 1.457 956.54

16 40.3 1.127 713.58

Table 8
Normalized data table for coating parameters
Average Average Average
Ne coating of Surface of Maximum
thickness | Roughness Wear Width
1 0.03064 0.60028 1.00000
2 0.06685 0.73023 0.58767
3 0.18384 0.86299 0.35290
4 0.39276 0.87006 0.28370
5 0.00000 0.00000 0.86298
6 0.15599 0.69633 0.83101
7 0.30362 1.00000 0.41931
8 0.28412 0.93503 0.07584
9 0.24234 0.97175 0.59120
10 0.74930 0.52401 0.41977
11 0.20056 0.60734 0.75421
12 0.67131 0.80650 0.63717
13 0.46518 0.43927 0.84722
14 0.85237 0.26271 0.88679
15 1.00000 0.10734 0.00000
16 0.84401 0.57345 0.58847
Weighted factor method

A weighting factor refers to the coefficient of relative
influence or weight assigned to an individual sub-objective
(Kilic et al., 2006). The weighting factor method (DragiCevi¢
et al., 2018)is based on the importance and specific attributes
of each variable or sub-objective. To ensure the unity of
evaluation, the weighting factor method requires that the sum
of the weighting factors of each factor must be 1. Transitional
coatings are firstly considered to have a better surface quality
of the coating to facilitate the deposition of subsequent
coatings. Transitional coatings are firstly considered to
have a better surface quality of the coating to facilitate the
deposition of subsequent coatings. Secondly, it is considered
to have a certain coating thickness. finally, it is considered
that the transitional coating has a certain degree of wear
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resistance than the substrate. Therefore, the weighting
factors are selected taking into account the characteristics
of the transition coating. The order of the selected factors is:
coating roughness > coating thickness > maximum abrasion
mark width. Three weighting factors were taken respectively.
Therefore, according to the above factors, the weighting
factors are selected from the table 9.

Table 9
Weighting factors for coating performance parameters
Average Average Average of
Ne coating of Surface Maximum Wear
thickness Roughness Width
Scheme 1 0.4 0.35 0.25
Scheme 2 0.5 0.3 0.2
Scheme 3 0.6 0.25 0.15

The normalized values of the schemes in each factor were
multiplied by the corresponding weighting factors, and then
summed to obtain the target values for each alternative solution
(Acar et al., 2009). The experimental solutions were evaluated to
arrive at the optimal solution. The maximum value of the objective
function was calculated by substituting the normalized data in
Table 8 and the weighting factors in Table 9 into Equation 1.
The results of the objective function are shown in Fig. 6.

(iai =1 aq ZOJ
i=l

By comparing the values of the objective functions, the
three objective functions of sample 12 are all the maximum
value, and the comprehensive evaluations of the transition
coating are optimal in Table 9. The deposition process
parameters are Current Frequency at 300 Hz; Voltage at 44 V,
Efficiency at 30 %; and Rotate Speed at 150 r/min. In addition,
it was suggested that sample 7 and sample 9 could be used
as an alternative for the deposition of the transition layer.

Conclusions

In SKH51+WC composite coating, the SKH51 coating
that functions as an intermediate layer has a significant
impact on the deposition quality of the composite coating.
SKH51 coating was deposited on No. 45 steel in the
experiment. With the orthogonal experimental design
method, the effects of electro-spark deposition parameters
on the average thickness of the coating, the average width
of the maximum wear mark, and the average roughness
were discussed. It was discussed respectively the effect
of electro-spark deposition parameters on the average of
the coating thickness, the average width of the maximum
wear width, and the average roughness. It was found that
each parameter had different effects on the properties of
SKH51 coating. According to the normalization method and
weighted factor method, the optimum deposition process of
the coating was obtained from the performance requirements
of the transition layer.

1) The influence of ESD process parameters, which
were rotate speed, current frequency, voltage and efficiency
was considered on the performance parameters of SKH51
coating respectively by the orthogonal experimental
method. Rotate speed has a greater influence on the
deposition thickness and coating roughness. Voltage has a

MAX f(X)=Ya,d,
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Fig. 6. Objective function diagram:
a) Weighting factor scheme 1; b) Weighting factor scheme 2;
¢) Weighting factor scheme 3

greater influence on the reduction of abrasion width and the
enhancement of abrasion resistance.

2) The average coating thickness, average maximum
wear width, and average roughness of the SKH51 coating
were analyzed from the perspective of transition coating.
The normalization method and weighting factor method were
used to conduct target evaluation of coating performance
parameters. Three different weighting factors were selected to
evaluate the SKH51 coating and draw consistent conclusions.

3) The optimal deposition process is obtained with the
use of a comprehensive evaluation. The optimal deposition
process parameters are Current Frequency 300Hz; Voltage
44 V/; Efficiency 30 %; Rotate Speed 150 r/min.
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[HocnidxeHnHsi enacmueocmeli nepexioHo2o wapy 3i cmani SKH51, cgpopmoeaHoMy enekmpoickposum
Jle2yeaHHsIM 8 KOMIMO3UuMmHoMy 2padiecHmHOMy nokpummi

B 38’a3Ky 3 MEXHOMOIYHUMU OBMEXEHHSIMU MakcuMaribHOI MOBWUHU HariasneHo2o MemoO0oM erleKmpoicKpo8o20o
fleeyeaHHs wapy ece Yacmiwe 3acmocosytombscs bazamowiaposi KOMIo3umHi mokpumms. Baxnuey ponb 6 3abesneqeHi
eKkcrilyamauitiHuX rnapamempie KOMIMO3UmHo20 rnokpummsi eidizpae sikicmb nepexioHo2o wapy. B cmammi docnidxy-
oMbCs erracmugocmi nepexioHoz2o wapy 3i cmani SKH51, ska € Lueuc)Kopbet/Ofo iHcmpymeHmaanOfo cmanno, iezosea-
Hoto eonbghpamom i MonibdeHoM ma micmume 8 ¢80ill cmpykmypi 00 Mamepianig Ha 0CHO8I 80fbghpaMy ma Monl6deHy
i € BUCOKOWBUOKICHOK IHCMpPYMeHmMarbHOK cmasio 3 OpibHUMU ma 00HOPIOHUMU YacmuHkamu kapbidy. lNepesazamu ujei
cmari €: 8ucoka meepoicmb, xopowa ydapHa 8’3Kicmb | 3HOCOCMIlKiCMb, MOXe 8UKOPUCMO8Y8amuCs SK NPOMIKHUU wap
MiX 8yareyeeo cmasio ma HadmeepOuMm MemasiokepamiyHuM rnokpummsm. [lpu ybomMy, 8 KOMIO3UMHOMY MOKpummi
gopmyemscsi epadieHmHa cmpykmypa. Y 8arili cmammi docnidxeHHs1 ocobrugocmel ¢hopMyeaHHs! MPOMIKHO20 wapy
3 cmani SKH51, w0 HaHeceHUl Ha nosepxHio cmarii 45 memodom enlekmpoicKpo8o20 neaysaHHs. byno nposedeHo cepiro
3 16 ekcriepumeHmig, 8 sKUx 6y10 8CMaHoB8IeHO 4 pigHi 3Ha4YEHb 011 YOMUPLOX Mapamempig MPoUeCy eneKmpoiCKPo8o2o
neaysaHHsi. KoHmporstoganucsi HacmyrnHi napamempu: moewuHa MoKpumms, Wopcmkicms nosepxHi ma makcumarnbHa
wupuHa 3Hocy 16 3paskie. BcmarosneHo, wo npu 3HowyeaHHi nosepxHi nokpumms SKH51 8i0bysacmbcsi nepesaxHo
abpa3usHe 3HOWYBaHHA Ma OKUC/T08asIbHa KOPO3isi, SKi BUHUKaloMb 8 yMo8ax 8HacmidoK Cyxoeo mepms npu3godums Ao
8UCOKUX meMrepamyp Ha noeepxHi. [1ns nopieHsHHS 3HOCOCMIUKOCMI 3pa3Kie 8UKOPUCMOBYEMbLCS WUPUHA Clidy 3HOCY,
w0 0038071UI0 3MEHWIUMU MOXUBKY 8UMIPHOBAHHS 8 MOPIGHSIHHI 3 8a208UM 3HOCOM 8 HaCTidOK MoOpUCMOCcmi 0OmpuUMaHo20
nokpumms. Memod Hopmarizauii 6yno sukopucmaro 0ns 06°cOHaHHs Pi3HUX uinel ouiHKU 0OUHUYHUX MoKpummie 8 EOUHY
mMempuky. byno eusHa4yeHo mpu epynu 8a2o8ux KoegiuyieHmig 3 8UKOPUCMAaHHAM 8UMO2 NepexiOHuUX nokpummie Ao nokas-
Hukie eghekmugHocmi nokpumms. OmpumaHi 3Ha4yeHHs1 6yr1o nidcmaerneHo 8 Uinbosy hyHKUIto, | NS KOXHOI ekcriepuMeH-
marbHOI epyrnu 8u3Ha4eHO HOpMarti3o8aHi po3paxyHKosi napamempu. B peaynbsmami 6yno ompumaHo mpu pi3Hi Habopu
MaKCcUMasbHUX 3Ha4YeHb Uinbosux yHKYil. OnmumaribHe 3HaYyeHHs Uinboeoi (oyHKYi eidrnoeifano 12-U epymi 3paskie.
Takum YuHOM, Napamempu nPOUECY eNTeKMpPOICKPOB020 Nieay8aHHs 12-20 3pa3ka npuliMaemo K ormumaribHi sl npouyecy
chopmysaHHs1 nepexidHozo nokpumms 3i cmani SKH51.

Knro4oei crioea: enekmpoickpose fie2ysaHHs, cmarib, KOMIo3umHe epadieHmHe nokpumms, meepdicmb, Mikpomeep-
dicmb, nosepxHesul wap, cmpykmypa, nokpummsi, crnas, nepexioHul wap, wopcmkicms, Memod Hopmanisauii, memod
8az08UX KoegiyjieHmig.
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AKmyarnbHO npobreMoro Xxap4oeoi npoMuciosocmi € 3amiHa bifikosux i30715imie, OMpUMaHUX i3 2eHemu4yHo Modueiko-
8aHux Oxxeper cuposuHuU. Bedymbcsi akmueHi nowyku Hosux dxepert poCuUHHO20 birlka 3 2eHeMUYHO HeMOOUIKOBaHUX
Kyribmyp.

Y cmammi po3ensaHymo numaHHs 8upobHUUmMea (hyHKUIOHaIbHUX Xap4oeux npodykmie Ha OCHOBI POCIUHHOI cupo-
8UHU, mobmo 8upobHULMEa xap4o8ux nPodyKmie NPUHYUNO8o no-Hosomy. Cucmemamusauyisi ma y3a2anbHeHHs Po3poboK
3 mexHiKu ma mexHonoaii 08epxaHHs bIKO8UX i30715iMig i3 POCIUHHOI CUPOBUHU, & MakKoX aHasli3 nepcrneKkmue po3sumky
MEeXHOMO2IYHUX PilleHb, CMBOPEHHS pecypco3bepiearoyux MexHoIo2ill ma eKomoaiyHo Yucmoao eupobHUUmMea hyHKUjo-
HasbHUX MPOOYKMI8 XapHyeaHHsi.

Ompumani Ha GaHull MOMEHM pesyribmamu HayKosux 00C/iOXeHb Hadarmb NePeKoHIusi 00Ka3su iCHy8aHHSI MOXI/TUGO-
cmi supobHULmMea ixi 3a AOMOMOZ0H0 MPUHYUNOB0 HOBUX Memodig. TepMiH «hyHKUIOHaNbHI MPOOYKMU Xxap4ysaHHs» Hadae
03Ha4YeHHs1 Npodykmam, SKi 8U20MOereHi 3 UKOpUCMaHHAM Biflkie ma iHUWUX MOXUBHUX PEYOBUH MPUPOOHO20 NOXOOKEHHS,
arne ix cknad, cmpykmypa, 308HiWHil suensd i Habip enacmusocmeli chopMO8aHi LWMY4HO.

Ha cb0200HiwHit deHb, ocobnugull iHmepec 8UKNUKatomb OyHKUIOHaNbHI MpoOyKMuU XapdyeaHHs, sKi 8iOpisHsaombcs
8UCOKOI0 6i0N102i4HOI0 UIHHICMIO Ma 8UWYKaHUM cMakoM. Lli mpoGykmu eupisHsSMbCs He UWE C8O€E KOPUCHICMIO Orisi
300poe6’s, a U cripusitomb 3a0080/TEHHIO 2aCMPOHOMIYHUX rlepesaz crioxusadie. BoHu gidkpusatoms wiisix 00 HOBUX MOXITU-
eocmell y cghepi xap4ysaHHs, 00360/15H04U TOOSIM OMPUMy8amu He fiulie HeobXiOHi MOXUBHI PeYOBUHU, are | HacomooXy-
8amuCs XXero 3 HOBUMU, HEOYIKy8aHUMU XapaKkmepucmukamu.

Pobomu 6 ybomy Hanpsmi, crpsMoeaHi Ha ompuMaHHsa PyHKUiOHarbHUX MPOoOyKmie xap4yyeaHHs, Malomb ro0silHy
memy. [o-nepwe, 80HU cmeoproomb MPOdykmu, SKi iMimyrome mpaduuitiHi eupobu 3 thapuwily. Lis mexHomoeisi € nopieHIHO
npocmoro, a ompumani npodykmu eiBHOCHO dewesi ma 3pyyHi y sukopucmarHi. lo-Opyze, pobomu y ubOMy HanpsIMKy
CrpsMoeaHi Ha CMEOPEHHSI nNPodyKmie 3 HEernoOPIGHEHOK BOTOKHUCMOK CMPYKMYypPOK, 0CObIuBo y M’CHUX eupobax,
Wo € o0Hieto 3 HaluiHHIWUX ghopm xapdysaHHs. Takul nidxid eidkpusae wisx Ao Hogux Moxnueocmel 0ns moded, sKi
npaeHymb 36epicamu 300posuli criocib xumms abo subuparoms eecemapiaHCbKul cnocib xapyyeaHHs. ®YHKUiOHabHI
npodykmu xap4yysaHHs, Wo 8idmeoptoromb mekcmypy mpaduuitiHux MpodyKkmie i 00HoYacHO 36az2aqeHi KOPUCHUMU CKrla-
0osuMU, MOXYmb Cmamu 8axnueuM efieMeHmom y 36anaHco8aHOMy xapdysaHHi, doromazaroyu 3a0080/bHSIMU MOXUEHI
rnompebu 6e3 HeobxiOHOCMI 8UKOpUCMaHHS MPOAYKMie MeapuHHO20 MOXOOXEHHS.

Po3pobneHHs mexHiku i mexHonoaii (oyHKUiOHanbHo20 XapdysaHHs Q0360/15€: 3HU3UMU cobieapmicmp i 36inbwumu
8UPO6HUUMEO MPOdyKmMig XapdyeaHHsI 8 ICHyHYill eKOHOMIYHIl 6a3i xap4osili MPOMUCIO80CMI 3@ PaxyHOK 3MEHWEHHS

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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empam i 8UKOpUCMaHHSI HernpPodo8oskYOi CUPOBUHU; docsemu HeobXxiOHo20 pigHs Mpodoeosnkyoi besneku ma supiwiumu
npobremy OuMs4020 ma 1iKy8anbHO20 XapyyeaHHS, Xap4y8aHHs 8 HE38UYHUX yMOBax.
Knrovoei cnoea: binku, hyHKUiOHabHI Xxap4osi npodykmu, KIimKoguHa, MoKpe rnpsidiHHs, aHasoe, po3pioxyeaui.

DOl https://doi.org/10.32782/msnau.2023.4.3

MocTtaHoBKa npobnemu. TexHi4HMIA NPOrpec y xap4yo-
Bii MPOMWCINOBOCTI MOB’A3aHWIA i3 JOCATHEHHAMU Haykw,
0c06nMBO Haykn Npo xapyyBaHHs. OQHUM i3 BaXIIMBMX (hak-
TOPIB PO3BUTKY € MOTiPLUEHHS €KONOrYHUX YMOB Ta BUCOKA
KOHKYpEHLis Ha npodoBOMbYOMY PUHKY. Bce ue npu3Bo-
[AUTb HE TiflbKM OO BOOCKOHANEHHS TEXHOMOTT OTPUMaHHS
TpagWUINHUX NPOAYKTIB, ane M OO CTBOPEHHS MPOAYKTIB
HOBOIO MOKOSIHHS: HU3bKOKaNOPINHWX, KOPUCHWUX AN 300-
pOB’sl, 3i 30anaHCoBaHMM CKNMagoM Ta (yHKLiOHANbHUMK
BacTUBOCTAMM, MOXMMBICTIO LUBMAKOMO MPUrOTYBaHHSA Ta
TpuBanoro 36epiraHHs (Isabella et al., 2023, 17 p.; Markina
& Bol'shakova, 2019, pp. 119-128).

[0 xap4oBWX (BYHKLIOHANBHUX HFPELQIEHTIB BiGHOCATLCS
PEYOBMHM TBAPUHHOIO, POCAMHHOIO, MikpobionoriyHoro abo
MiHepanbHOro NMOXOMKEHHS, @ TAKOX MPUPOAHI abo CMHTE30-
BaHi Xxap4oBi fobaBky, siki BUKOPUCTOBYHOTLCA Nig Yac nigro-
ToBKM abo BMpoBHMUTBa. CborogHi Benuka yeara npugins-
€TbCS BNPOBALKEHHIO Y BUPOBHMLITBO NPOAYKTIB XapyyBaHHS
Ha OCHOBI POCIIMHHOI CUPOBUHW, SIKi AO3BONSAOTL 36iNbLLNTY
006Csr, po3LWMPUT acOPTUMEHT Ta MNIABULLMTU SKICTb Npo-
AYKUIi, WO BUMYyCKaeTbCs. B ymoBax Kpuau, konm ocobnmneo
BaXIMBO 30epertu LOCArHYTWM OCTaHHIMM pokamu piBeHb
CMOXMBaHHS NPOAYKTIB XapyyBaHHS, POfb Xap4oBUX (PyHK-
LioHanbHWX IHrpegieHTiB 3pocTae, 3 X JOMOMOroK MOXHa
pgocartn Binbw rnmbokoro nepepobrneHHs Ta a6annmeoro
BUKOPUCTAHHS CUPOBUHW, YAOCKOHAMMUTW TEXHOMOTYHMIA NPO-
LIEC, 3HW3WNTU BUTPATV BUPOOHMLTBA, ONTVMMI3yBaTy BapTiCTb
npoaykuii (McClements & Grossmann, 2021; Samoichuk,
2020; Savenko, & Sedikova, 2021, pp. 323-325).

Y cBiTi nocTiiHo 3pocTae notpeba y Binkax i npogykTax
Ha iX ocHosi, ane 3a gaHumu BOOS, noHag 60 % ntogcTtea
He OTPMMYIOTb LOCTaTHbOI KinbkocTi Ginka. Hectaua Ginkis
Y XapyyBaHHi MOpyLIye AMHAMIYHy piBHOBary MeTabonivyHmx
mpoueciB 3a ix yyacTio, 3pywyroun ii B Bik nepeBaxaHHs
po3nagy BnacHux BinkiB KMiTMH opraHiamy, Lo Npu3BoauTb
[0 NOro BUCHAXEHHS. Y 3B'A3Ky 3 UMM 0cobnuBoi 3Hauy-
LwocTi HabyBaloTb NUTaHHA 3abe3neyeHHsl HaceneHHs Gin-
KOBVMMMW KOMMOHEHTAMW XapyyBaHHS, TAKOX MNiABULLYETLCS
npiopuTeT AOCAIAXKEHb Y LbOMY HanpsaMi, WO NigTBEpOXKY-
€TbCS PO3POOKOI0 Ta 3anpoBaXEHHSIM crhewianbHUX npo-
rpam y npoMMCroBO-PO3BUHEHUX KpaiHax cBiTY. OgHUM 3i
CrnocobiB NOMINWEHHS Xap4oBOi LiHHOCTI NPOAYKTIB € BUKO-
pucTaHHs HOBMX mkepen cuposuHm (Hiroyuki & Wei, 2022;
Rohling et al., 2021).

HaykoBOKO OCHOBOK Cy4vacHOi cTpaterii BUPOOHWLTBA
€ MOLLYK HOBUX PECYpCiB HE3aMIHHUX KOMMOHEHTIB DKi, BUKO-
PUCTaHHS HETPaZULIAHUX BUOIB CUPOBUHMW, CTBOPEHHSI HOBUX
NPOrPECMBHMX TEXHOMONIN, WO AO3BONSATL MiABULLMTL Xap-
yoBy i 6ionoriyHy LiHHICTb NPOAYKTY, Hagaty MOMY 3afaHi
(hyHKUiOHanNbHI BMAcTMBOCTI, 36inbMT TepMiH 30epiraHHs.
Y CBITOBI NpaKTULi OOHMM i3 MOLWMPEHMX CnocobiB Kopu-
IyBaHHS CKragy MpOAYKTIB CTano KOMOIHYBaHHS CUPOBMHM
3 KOMMOHEHTaMN POCAMHHOIO Ta TBAPUHHOMO MOXOKEHHS.
OcobnuBwit iHTEPEC Y LIbOMY BifHOLLEHHI NPELCTABNSAIOTL 3ep-
HOBI, 3epHOB0BO0BI KyNTYPU Ta MOMOYHI Binky.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

3a ponomoroto Ginka 3a40BONbHAETLCS NoTpeba opra-
Hi3My B 3arasnibHOMy a30Ti, L0 3abe3nedyye BioCMHTE3 3aMiHHIX
aMIHOKMCIOT Ta iHLMX a30TOBMICHUX eHOOoreHHMX GionorivyHo
aKTMBHMX PeYOoBMH. FAKiCTb xap4yoBoro Oinka xapakTepusy-
€TbCS MepLI 3a BCe MOro BIOMOrivHOK LHHICTIO, CTYNeHeM
YUCTOI YTUNi3aLlil, aMiHOKUCNOTHAM CKNagoM, KoedilieHTOM
nepeTpaentoBaHocTi Ginka ixi noguHolo. Hambinbw 6nmse-
KAMU 0 «igeanbHUX» € Binku seub, M'sica, MomnoKa.

MNpsive BMKOPUCTAHHA POCHMHHUX OBinkiB, Takux K Cosi,
€ BinbLL edheKTUBHUM, HiXX OTpUMaHHS Binka Big TBapWH, SKUX
rogysanv pocnnHHUMK Binkamu. Lie gyxe BaxmBo Anst kpaiH
i3 0OMEXEHNMM EKOHOMIYHUMU pecypcammn. AMIHOKACIOTHUIA
npodinib coeBoro Ginka BBaxaeTbCA HaWbinbLL Bnn3bkuM 40
TBapUHHUX BinkiB. Cost MICTUTb 3HaYHY KiMbKICTb MOBHOLHHOMO
Girnka Ta Jeskux He3aMiHHMX aMiHOKUCHOT.

Hapasi akTyanbHoto npobremoto xap4oBoi MPOMMCIIOBOCTI
€ 3amiHa GinKkoBUX i30M1AATIB, OTPMMAHUX i3 reHeTUYHO Moaudi-
KOBaHOi CMPOBWHW. TpMBaIOTb aKTWBHI NOLLYKW HOBUX [HKEpen
POCAUHHOIO Binka 3 reHETUYHO He MOAWDIKOBaHUX KynbTyp.

Meta pocnimkeHb: cuctemaTusauis Ta y3ararnbHEeHHs
pOo3po0OoK i3 TEXHIKM 1 TEXHOMOrIT OTPUMAHHS BinkoBuMX i30ns-
TiB i3 POCINMHHOI CUPOBWHW, aHani3 NepPCnekTUB PO3BUTKY Tex-
HOMOTYHYMX PiLLEeHb LLLOAO CTBOPEHHS! iIHHOBALLIMHMX TEXHOSONIN
Ta €KOMOMYHO YMCTUX BUPOOHMLITB OTPUMaHHS (DYHKL{iOHaMb-
HWX NPOAYKTIB Xap4yBaHHS HA OCHOBI POCITMHHOT CUPOBMHM.

Marepianu i metogn. O6’€KTUBHUMM NPUYMHAMK 3aCTO-
CyBaHHs! iHHOBALHOI TEXHONOTiT OTPUMAHHS (PYHKLIIOHASbHMX
BiNKoBMX MPOZYKTIB €: 3pOCTaHHSA YUCENBHOCTI HACENEHHS;
HeoOXigHICTb BMMYCKY Xap4oBMX MPOAYKTIB i3 CKIagoM, Lo
BiANOBIZAE Cy4acHOMy Criocoby XUTTS.

[0 NOTEHUiAHNX CUPOBUHHUX [Kepen BiZHOCATLCS: 3epHO-
6060Bi, xnibHiI i KPyM'sHi KynbTYpW, ONilHI, BEreTaTMBHa Maca
POCIMH, NPOOYKTM NepepobneHHs GpyKTiB i srig, ropixu. Tpa-
AMLIHO0 Anst BUPOOHMLUTBA BinkoBKX MPOAYKTIB € COSl.

XapakTepHotlo  0CcoGnMBICTIO  iHHOBALAHOI  TeXHonorii
€ 3aCTOCYBaHHs KOMMIIEKCHOTO NepepobneHHs NPOAOBONLHOI
CUPOBWHW, LLIO JO3BOMSE BUKOPUCTOBYBATM 3HAYHI MOTEHLiNHI
pecypcu Binky.

OCHOBHMMM 3aBAAHHSMM IHHOBALIMHOI TEXHOMOrii BUPOG-
HUUTBa Xap4oBoro OBifKy €: BWIyYEHHS WOTO 3 CMPOBMHM
3 MiHiManbHUMKU BTpaTamu; MiHiMarbHi 3MiHU yHKLOHaNbHUX
BMacTMBOCTel Binky 3 36epexxeHHsIM GionorivyHoi Ta xap4oBoi
LHHOCTI.

Xapuyosi Binkv BUrOTOBNAOTL Y BUTNAAI TPbOX OCHOBHUX
TUNIB NPOAYKTIB (Kpyna ¥ OGOPOLUHO, i30MAT Ta KOHLEH-
TpaTtn), AKi Bigpi3HATLCS 3@ BMICTOM Binky. YCi Tpy OCHOBHI
TMNK xapyoBux Ginkie abo BinkoBUX MPOAYKTIB BUTOTOBMS-
I0TbCS Y BUMMNAAI LUMPOKOrO CNekTpy moaudikaLin, ski pos-
Pi3HAOTLCA 3@ CBOIMW (DYHKLIOHANbHUMMW BNACTUBOCTAMM.
LLnpoke 3acTocyBaHHSI B Xap4oBil MPOMMUCHOBOCTI OTpW-
manu GinkoBi NPoAyKTH 3 coeBux 606IB (3HEXMPEHE CoeBe
OOpOLLHO, COEBI KOHLIEHTPATW, COEBI MOMNOYHI 1 M'AICHI Npo-
JYKTW), L0 MaKOTb BUCOKi (DYHKLIOHANbHI BNacTUBOCTI.

Pesynktatn gocnigxeHb. Hapasi ogHWM i3 OCHOBHMX
HanpsiMiB  BUKOPUCTaHHS POCIUHHOMO Binka BBaXaeTbCs
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Oro 3acToCyBaHHS OIS BITYUM3HSHOMO M’SICHOTO PUHKY.
PocnuHHWiA 6inok fo3sonsie 3OiNCHATU PIBHOLIHHY 3aMmiHy
HaTypanbHi M’SCHIN CUPOBWHI, NONINLUXTK AKICHI XapakTe-
PUCTWKM rOTOBOI NPOAYKLIi, 3HU3UTW COBIBApPTICTb NPOAYKTIB
XapyyBaHHsl, 36araTuT M’SICHI NPOAYKTU HeoOXigHUMU Ans
MIOOVMHN Xap4yOBUMM HYTpiEHTaMM (XapyoBi BOMOKHA, BiTa-
MiHuW Ta iH.) (Kopytec’ & Voloshyn, 2020).

[JocnigpxeHHs, Wo npoBoasaTbca B Baratbox KpaiHax
CBITY, 3i 30arayeHHs Xap4oBMX NPOAYKTIB PyHKLiOHANBHUMM
peYyoBMHAMU 3 METOK NOMIMNLLIEHHS IX SKOCTi nepeabavaroTb
36anaHcoBaHICTb aMiHOKUCIIOTHOTO cknagy OinkiB W XKup-
HOKMCNOTHOrO cknagy ninigis. MNpote BCi Ui poboTn BKItO-
YaloTb, SK NPaBUNO, BUKOPUCTAHHS CUPOBUHWU TBAPUHHOMO
NOXOMKEHH — M’ica, M’ACOMPOAYKTiB, Ka3eiHy, cuposar-
koBux BinkiB. [Mpn UbOMY CTae 3aBaHHSA CTBOPUTU ChyHK-
uioHanbHi Ginkoso-ninigHi HaniBNpogykTK, 36anaHcoBaHi 3a
OCHOBHMUMM MOXMBHUMU KOMMOHEHTaMK, siki 3py4HO 36epi-
raTu Ta nierko nepepobnsaTy y Xxap4oBi NpoayKTy.

Peanisauis 3a3HayeHux Bulle BUMMOr He Moxe 6asy-
BaTMCA NWLLE Ha BiJOMWUX TEXHOMOMYHUX PiLLEHHSIX, TOMY
HEOOXiOHUA NOLUYK HOBUX TEOPETUYHMX i MPaKTUYHUX nia-
XOfjiB, CMPSIMOBaHMX Ha PO3POBKY KOMMO3WUTIB MOMicPyHK-
LiOHaNbHOrO NPU3HAYEHHS ANS1 3aCTOCYBaHHS iX 3 METOH)
PO3LUMPEHHS BITYM3HSHOTO CUPOBUHHOIO PUHKY Ta acopTu-
MeHTY Bi0NOoriYHO LLHHUX XapYoBUX NPOAYKTIB.

['ONOBHMM HeZoniKoM BiZOMUX CNOCOBIB BUMyYeHHS Birn-
KOBWX i30Nn4TiB (3a BUHATKOM Typbocenapalii) € Heobxia-
HICTb 3aCTOCYBaHHs1 arpecuMBHUX PEYOBWH, AN enimiHaLii
AKUX NoTpibHe Baratopa3oBe NnpomuBaHHS BoZot. Lie cnpu-
YMHSAE eKONoriYHi Npobnemu i Npu3BoaNTb A0 300POXKYAHHS
opepxyeaHoro isonaty (Klymenko et al., 2006).

AHania pesynsTatiB JOCNiMKEHb nokasye, Wo 6inku
KOMMMEKCHOI CyMilli MalTb BUCOKI 3HAYEHHS XMPOEMYIlb-
rylo4oi, BOAO- | XUPOYTPUMYHOHOT 30iBHOCTEN, 3aBASKM HOMY
POCAMHHI KOMMO3WUTW MOXHa BUKOPUCTOBYBAaTW Yy BUPOG-
HULTBI pi3HMX NacT Ta emynbcint. MpoBeaeHi focnimKeHHs
nokasanu OOUiMNbHICTE BUKOPUCTAHHS POCAUHHUX KOMMO-
3UTIB y CKNagi PisHOMaHITHUX Xap4OBUX NPOAYKTIB 3 METOK
perynioBaHHs X (PyHKUiOHaNbHUX BRACTMBOCTEW, TOBTO
niaeuLieHHs abo 3MmiHM BnactusocTen binka ans 3abes-
neYeHHs cTabinbHOCTI TEXHOMOMYHOro NpoLecy Ta SKOCTi
OLEePXKYBaHWUX NPOAYKTIB, @ TaKoX NS PO3LUMPEHHS METO-
JiB, L0 3aCTOCOBYIOTbCA ANs Nepepobku, Ta aCOPTUMEHTY
OLEPXKYBaHWX NPOQYKTIB.

OtpumaHi pesynsraTi 4OCnimKeHb JOBOAATb MOXINUBICT
BMPOBHULTBA XapyoBKX NPOAYKTIB 3 PiISBHOMAHITHUMK (DYHK-
uioHansHumm Bnactmeoctamm (Motuzka & Koshelnyk, 2019).

3anexHo Big cnocoby 3acTocyBaHHS (OYHKLIOHAMbHI
XapyoBi NpoayKTU NOAINSATL Ha ABi KaTeropii: po3pigxysadi
i aHanoru.

TepMiH «po3pigXyBadi» O3Havae, WO Ui NpoayKTu
BUKOPUCTOBYIOTb Y KOMGiHauUii 3 HaTypanbHumu. [lo pos-
pioKyBadiB Hanexatb Binku coi, Aki nicns cneuianbHOro
06pobneHHs Ana HagaHuHs NOTPIGHUX  OYHKUIOHANBbHUX
BIACTUBOCTEN 3MILLYIOTh i3 M'ACHUM dhapLuem i nepepobnsi-
t0Tb Y Pi3HOMaHITHI BUpOOU. BinbL WMpOKe 3aCTOCYBaHHS
OTPUManu po3pigKyBadi Ha OCHOBI TEKCTYpOBaHMX Binkis,
OCKINbKY BOHW MaloTb CYTTEBO Kpalli (PyHKUiOHanbHi Bna-
CTUBOCTI (BMCOKWIA CTYNiHb HabyxaHHs, BOMOronornuHansHy

Ta XWUPO3B’A3yBaslbHy 30aTHICTb, MOTPIBHY KOHCUCTEHLHO)
Ta MaKpOCTPYKTYPY, XapaKTepHy Ans M’iCONPOaYKTIB.

TepMiH «aHanoru» o3Hayae, Lo Lji M’iCOnpoayKTH iMi-
TYIOTb 32 30BHILUHIM BUMMSLOM, KOHCUCTEHLLEID, KOMBOPOM,
CMaKoM i 3anaxom TpaguLiiHi M’acHi Ta pubHi Bupobu.

[o yHKUiOHANbHUX M’SICONPOAYKTIB, WO iMITYOTb
BUpoOM i3 ciyeHoro m'saca (PMC) HanexaTtb koBbaco-co-
CUCOYHI BMPOOW, LWHIiLeni, KOTNeTU, M'ACHUIA XNib, XonoaHi
M’SICHI CHiAaHKW, naLTeTu Towwo. Ix BMpobnsioTb ronoBHAM
YMHOM Ha OCHOBI BinkiB COI Ta NLIEHUL, SEYHOro anbBbyMmiHy,
kaseiHy abo ix cymiwen. 3a3Buyan BOHU ABMSOTL COBOKO
Aparni, HanoBHeHi Aucnepciamu 6inkis, noniuykpmais (kpo-
Xmarnb) i ninigis (onii Ta TBAPUHHI XMpH).

Ons otpumanHs OMC y posunH abo gucnepcito 6in-
KOBOrO 4M NOMILYyKPMAHOrO AparneyTBoproBaya BHOCATb
TOHKONOAPIGHEHI XapyoBi, CMAKOBi, apoOMaTUYHiI PEYOBUHM
i GapsHuku. OTprMaHy aucnepcito 3 pigkoto 6esnepepsHOLD
¢hasoto f03ytoThb Y BignoBigHy 060noHKy abo dhopmy i nepe-
BOOATb B AparnenofibHuin ctaH. Y pesynbraTi oTpuMyoTh
i30TPONHI Aparni, HanoBHEHI XapyOBUMU PEYOBUHAMMU SIKi
iMiTY0Tb BMPOBM i3 civeHoro m’sca.

Ons BupoGHUUTBA (DYHKLIOHANbHUX M’SCONPOAYKTIB
BOMNOKHUCTOI CTpyKTYpu (PMB) 3a3BMyain BUKOPUCTOBYHOTb
GinKkoBi BOMOKHA, SIKi OTPUMYIOTb METOAOM «MOKPOro» npsi-
[iHHA po34mHiB Ginki..

XapyoBi BOMOKHA LLMPOKO BUKOPUCTOBYIOTLCS B BUPOO-
HULITBI NPOAYKTIB Xap4yBaHHS B SKOCTi OMILLOK, LLO 3MiHI0-
t0Tb CTPYKTYPY Ta XiMi4Hi BNACTUBOCTI XapyoBUX NPOAYKTIB.
[lo Toro x nepeBarold 3aCTOCYBaHHS Xap4yOBUX BOMOKOH
€ 30aTHICTb MO3UTMBHO BMNMBATW Ha OpraHiam MOOWHM.
BrkopucTaHHs xap4oBuX BOMOKOH B M’siconepepobHii npo-
MWCIOBOCTI [03BONSE 36iNbLIMTY BUXiO FOTOBOTO NPOAYKTY
i 3HM3UTY oro cobiBapTiCTb.

3a TexHOMorieto BOMOKHA CKIEoTb XapyoBUM CMOMyY-
HUKOM, LU0 MICTUTb Pi3Hi Xap4yoBi PEYOBMHU i BapBHUKM.
3MiHIOIUM i3NYHI NapaMeTpy BOMOKOH i CMOMyyHUKa, iX
CNiBBIOHOLUEHHS | XapakTep yKnajaHHS BOMNOKOH, BAAETHLCS
[0CUTb MOBHO BIATBOPKOBATU BOMOKHUCTY CTPYKTYpY, opra-
HiYHi 1 CNOXWBYI XapakTepUCTUKN BEMUKOI KinbKOCTI Tpaau-
LiMHMX M’ICONPOAYKTiB. 3a Uict0 TEXHOMONIEID OTPUMYIOTh
LUMPOKWIA aCOPTUMEHT aHamnoriB M’sica TBapuH, pubu i NTui.

Bioomi gBa ocHoBHMX Buan ®MB, Wwo BigpisHSOTLCS
cknagom i cnocobamu otpumaHs. Meplumnii sense coboto
Xap4yoBi Aparni (CNony4yHUKM), HanoBHEHi iCTIBHUMMW BOMNOK-
Hamu 6inkis abo noniuykpuais. Y gpyromy sunagky ®MB —
Lle cUCTeMa Xap4oBUX BOMOKOH, CKPIMMEHUX CronyYHUKOM.
Y nepluomy BUNagKy OCHOBHA KifbKiCTb XapyOBMX, CMaKo-
BUX | apOMaTUYHUX PEYOBMH MICTUTLCS B Aparnsx, apMoBa-
HWUX BOMOKHaMWU. Bumory 0o mexaHivHuX i gisnko-XiMmiyHux
BIacTUBOCTEW AparniB [OCUTb BUCOKI. BonokHa MOXyTb
MaTu 3HUXeHy BionorivHy LiHHICTb (BOMOKHa Ha OCHOBI i30-
naTy coesoro 6inka) abo Bsarani He nepeTpaenoBaTUCS
B LUYHKOBO-KULLKOBOMY TPaKTi (BOMOKHA Ha OCHOBI KUCINX
noniuykpuais abo uenionosu). BoHn HapgaloTb NpogykTy
HEOZHOPIAHOT (32 OpraHONenTUYHUM OLLIHIOBAHHSAM) M’SICO-
NOAiGHOT KOHCUCTEHLIT | BONIOKHUCTOI CTPYKTYPM.

Y opyromy BUNagKy BUKOPUCTOBYHOTb NepeBaxHO Binkosi
BOMOKHA, 3'€dHaHi Mano KifbKiCTo 3B'A3YH0YOr0 PO34MHY
ab0 3an1BHUMU KOMNO3NLLIIMU. 3B’S3YHOHUMU KOMMOHEHTaMK

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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3a3BMYan CryryloThb pigki komnoauii abo aucnepcii, Wwo yTeo-
PIOOTb Aparni nig Yac HarpiBaHHA. 3annBHUMM KOMNO3ULSIMI
MOXYTb BYTW PO3TOMNMEHi Xap4OoBi KUPK, PO3UNHU XKENaTUHY
W IHLWI pigki cucTemu, WO nepexoasaTs y TBepauid CTaH nicns
OXONOMKEHHS. Y LyX NpoayKTax BULLi CTyniHb OpieHTauii Ta
LWiNBHICTb YKNaZaHHS BOSIOKOH, ane CyTTEBO HWDKYI BUMOTM
A0 MILHICHWUX BNacTUBOCTEN CNOMNyYHMKa. ToMY pyiHyBaHHS
i noapibHeHHs ®MB nig Yac nepexoByBaHHS i CynpoBO-
[DKYHOTBCS PO3MINIEHHSM BOMOKOH Ta iMITYHOTb HEOAHOPIOHY
M’ICONOAi6HY KOHCUCTEHLHO.

Y BCiX BMMNagKax «MOKPOro» NpsidiHHS BinkoBMX BONOKOH
neplia cragis npouecy nonsrae y NpUroTyBaHHi Mpsiaunb-
HOro po3uvuHy Ginka. 3assudyan nepepobnaoTb rMOBYNSPHI
BinkK, MaKPOMONEKYNN SKMX MOPIBHAHO crnabo B3aeMopiloTb
y po3duHax. [Ins Toro wob BUKNMKATK NOMIpHY AeHaTypaLiio
6inkiB i NiABULLMTI MDKMOMEKYNSpHY B3aeMOf;lo, iX 3a3Buyan
po3BOAATH Y PO34MHAX NyriB, CE4OBMHM abo NOBEpPXHEBO-akK-
TUBHUX PEYOBUH. FIK BiOMO, 30aTHICTb YTBOPHOBATU CTabifbHi
pigKi HATKU NOB’sI3aHa 3 HAsBHICTIO B PO3UMHI aCUMETPUYHMX,
CUINbHO B3aEMOLIHOYMX HYACTUHOK i 3HAYHOD MIPOIO 3anexuTb
BiZ MO0 peororivyHmX i NOBEPXHEBUX BNACTUBOCTEN. [1ns oTpu-
MaHH$ BNacTMBOCTEN NaCMOBOCTI NPSAWIIbHI po34mMHK Binkis
MatoTb 03piTy. NoTim iX npoTuckatoTb Kpisb inbepy B koary-
NAUiINHY BaHHY. POPMYIOTL BOMOKHA B KMCMOTHO-COMNBLOBMX KOa-
YNAUIRHAX BaHHaX, A€ TOHKI CTPYMEHi NpsiaunbHOM0 po3ynHy
nepeBoaATh i3 piakoro B AparnenofibHui ctaH. lMicns koary-
NAUINHOT BaHHWM ANS 3MILHEHHS | NiABULLEHHS BOAOCTINKOCTI

TOHKI HUTKW MiZAalTb OOHOBICHOMY PO3TATYBaHHIO (OpiEHTa-
LinHe BuTAryBaHHs Ha 50 — 400 %). Lito onepaliio 3a3suyan
BUKOHYIOTb i3 HarpiBaHHAM Yy rapsivi Bogi abo Ha napy. OpieH-
TaLiiHe BUTSArYBaHHS € BXKMUBIUM eneMeHTOM npouecy. BoHo
NPUBOAUTL [0 3MILHEHHS BOMOKOH i YaCTKOBOI BTPATV HUMM
BOAM B pe3ynbraTi BAMYLLEHOro cuHepesucy. He nigaaHi Buts-
TYBaHHIO BOMOKHA € KPUXKUMMW, HEOOCUTb MILHWUMW i Nerko
3MUHaLOTLCA. [10TiM BOMOKHA 3MILLYIOTb 3i CMOMYYHUKOM, LLO
MICTUTb Xap4oBi, CMakoBi, apOMaTUYHi PEYOBUHU | BapBHUKN,
MIiCNs LibOro NponyckakoTb YePe3 BaHHY 3 HArpiTUM XUPOM.

Hapani 6ynu BOOCKOHaneHi BuLleHaBedeHa TEXHOMo-
rig oTpumaHHa OMB i cTagis OoTpUMaHHS NPSAUIBHOTO PO3-
yuHy. [lo3piBaHHA NpsaunbHOrO po3qmHy Ginka B nysi npw
pH 12-13 TpuBae fo 24 roguH, TOMy LEN po3umH Habysae
creuudiyHoro HenpuemHoro 3anaxy. Lle saeuiie moxe Bytu
4acTKoBO abo MOBHICTIO YCyHEHe A0AaBaHHAM [0 rPaHUYHOMO
PO34MHY cynbiTy. Y pesynbTaTi Lboro NoKpaLLyTbCA CMaKoBi
BNACTUBOCTI, 3anaXx i KOHCUCTEHLLS LLITYYHUX M’ SICOMPOAYKTIB.

YCTaHOBMNEHO, WO 3MEHLLUEHHS TpWBAnoCTi [03piBaHHS
NPSAUIBHOTO PO3UYMHY AOCAraETbCS TOYHUM [O3YBAHHAM fyry,
NigTPUMYBaHHAM Temnepatypy i KOHUEeHTpauii 6inka B nes-
Homy iHTepeani (Savchuk, 2017, pp. 64-71).

Ha puc. 1 HaBeneHo TexHOrorilo 1 anapaTypHO-TEXHOMO-
riuHy cxemy ans 6esnepepsHoro 06pobneHHs Binkosmx BoOro-
KOH y KoarynsilinHiiA, NPOMMBHIN i HeMTpanisaLinHin BaHHax
6e3nepepBHOrO NPOCOYYBAHHS BOMOKOH CMOMYYHWUKOM, Opi€H-
TYBaHHS MyyKiB BOMOKOH i 3aTBEPAIBAHHSA CMOMyYHMKA.

s PeueHTpudyro-
Coesi 6inku, HEHTP by _
WO He micTaTb ~ PO34MHHI  BaHI POSYMHEHI 3,6 0prpoBaHi
onii coeBi b6inku COE€Bi 6inkn coesi Binkm

2
HeposumnHHi peyoBuHM
ANA KOPMY TBapUH

0 4%

A

10

16

ol

15

Cm,u,m HEPO3YMHEHUX PO3UYMHEH] Cnign
pevyoBuH Biaxoau HEPO34YMHEHUX
peyoBuH

18

20

2 ApomaTtuuHi
Ta 404ATKOBI
30 pevyoBuHU
240 250 Mogaya Mopava wupy |
pO}WIKM soan [ogaya cnonquMKa

MNpucTpint ana
NpoAaBNOBAHHA

«KaHat» 3
BUTAHYTOIO
BOJIOKHa

BianpauboBaHa

BoAa

Puc. 1. Cxema TeXHOMOri4yHOI fiHii 3 BUPOOHMLTBA BiNKOBUX HUTOK i3 COi Ta BUrOTOBNEHHS 3 HUX aHanoriB M’Aca:

1,4,7,10, 13, 14, 21, 22, 23, 26, 27, 28, 29 — BaHHa Migny>XyBaHHs,

BUTPUMYBAHHS, MiAKUCIIEHHS, MOBTOPHOTO PO3PiMKeHHS, 6inkoBoro

TicTa, Nyry, COnboBa, 3 KUCMOTHOK BOAOD, XUPOBOTO NOCTaYaHHS, Koarynsuii, N(pOMUBaHHS!, 38’s13yBaHHs! Ta XWPOBOTO MOKPUTTS,
BignoBigHo; 2, 5, 8 Ta 11 — Hacocy; 3, 6, 9, 12 — ueHTpudyru; 15, 18, 20 — gosysanbHi Hacocu; 16 — ABuryH; 17 — HacoOC rBUHTOBOIO

Tvny; 19 — obinktp; 24, 25, 30 — BUMIpOBanbHi Npunaay;
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ABTOMaTM30BaHWUI i MexaHi3oBaHuMii npouec nepepob-
NEHHS € NOBHICTIO 6e3nepepBHMUM BKIHOYaoUM nogady cupo-
BUHW 3i cknagy. lNpouec NOYMHAETLCA 3 BOAHOI eKCTpakLil
NyXHOro posynHy binka 3 BopolHa coesux 606is. Hepos-
YWHHI PEYOBMHM BMAANSTLCA LEHTPUYryBaHHaM. [oTim
y pesynsrati 06pobrneHHs eKCTpakTy CipyucTUM rasom
3HUXKYETbCA pH eKkcTpakTy, Lo [03BONsSE BUAINUTM Binok
y Burnagi ocagy. OtpumaHe B pesynsraTti «MOMOKO, Lo 3Ci-
nocs» NiaaaeTbes LeHTpUdyryBaHH0 Ans 3rylueHHs Binka.

HebaxxaHi 4OMILLKKM, «Crign» PO3YMHHUX PEYOBUH, BUaa-
NSATLCS BHACNIOK NOBTOPHOIO NEPeBEAEHHS KOHLEHTpaTy
B CTaH pigKoi CycneHsii 3 noganbLUmMM NOBTOPHUM LiEHTpU-
(byryBaHHAM. 3HOBY OTPUMaHWUI 3ryLueHWid Binok-ekcTpakT
nepeBoanTLCS NOTIM Y CTaH cycneHsii abo nacTu Wnsxom
YBELEHHS MY>KHOTO PO3UYMHY.

[ani nacta crabinisyetbcs fo pH, Wo AOpiBHIOE npu-
6nmsHo 12, inbTPYETLCS | NPONYCKAETLCA Yepes NpUcTpin
Ans npogaentoBaHHA HUTOK. [MoTiM Binok npoxoaute Yepes
MiZKUCIIEHY COMOHY BaHHY, NpusHadyeHy ans koarynauii. Cinb
3anobirae NOBTOPHOMY po3unMHeHHIO bGinka. Cepia BigBiaHMX
pOnuKiB, L0 06epTaloTLCS 3i 3pOCTaOHOI0 LWBMAKICTIO, 3a6e3-
neyvye po3TAryBaHHS KOXHOI HUTKW BOSOKHA i BTATYBaHHS il
yepes Opyry BaHHy TepMiyHoro 0bpobneHHs. CTyniHb xop-
CTKOCTi abo M'AIKOCTi MPOAYKTY PErymnioeTbCca HATAroM, npu-
KnaZeHWM [0 BOMOKHA Ha NMoYaTKoBUX eTanax popMyBaHHS.
HapeLuTi HUTKM nigaaloTbes NPOMUMBAHHIO | NPOXOAATL Yepes
POMNKVKH, LLIO BKUMAIOTb HAASMLLKOBY BOZY.

Moganblue 06pobRneHHs NPOMUTUX HUTOK BU3HAYAETHCS
TUNOM BUPOBNEHOrO NpoayKTy. [poCoYEeHi HUTKM PO3pi3atoThb,
BUCYLLYIOTBCS | NOKpUBatoTL onieto. LLnpoko 3acTtocoByeTbCA
[Ns NPUroTyBaHHS! LLITYYHUX M’SICHAX NPOJYKTIB Takox 6aBoB-
HsIHE HaCiHHS, WO, K | COeBi 606K, € CMPOBMHOIO ANS NPUro-
TyBaHHS BOPOLLHA 3 KOHLIEHTPATIB i eKCTPaKTIB.

BucHoBKu. OyHKLiOHaMNbHI XxapyoBi NpoayKTu — Le npo-
aykTu, 6arati Ha NOBHOLHHWIA BINOK, ofepKyBaHi Ha OCHOBI

HaTypanbHUX XapyoBWUX PEYOBUH LUSIIXOM MNPUrOTYBaHHS
CyMiLLi po34mHiB abo aucnepcin LmMx peyoBuH 3 XapyoBUMK
CTyOHeyTBOpOBa4YaMU Ta HagaHHS iM MEBHOI CTPYKTYpW
Ta (POPMU KOHKPETHUX XapyoBKX MPOAYKTIB. B 0CHOBHOMY
AN BUPOOHMLTBA (hYHKLLIOHANBbHUX Xap4yoBWX MPOAYKTIB
BUKOPUCTOBYIOTLCS Binku 3 ABOX OCHOBHUX [xepen: Binku,
O BUAINAOTLCA 3 HETPAAULINHOI HaTypanbHOI Xap4yoBol
CUPOBWHK (POCIMHHOT Ta TBAPWHHOI), 3anacu KOI y CBITi
[0CUTb 3HaYHi; Binku, LLIO CUHTE3YITLCS MIKpoopraHiamamum,
30KpEMa Pi3HMU BUOaMU OPiKIXIB.

®yHKUioHaNbHI XapyoBi NPOAYKTU OTPUMYHOTb Y BUTMSAA;
renis, BOMOKOH, CYCNEH3ii 1 eMynbCii. [N HadaHHS CMaky,
3anaxy, Kornbopy A04alTb XapqoBi GapBHWKW, CMaKOBI Ta
apoMaTuyHi pevyoBuHW. [OTOBWI NPOAYKT MOBWHEH BiANO-
BidaTh 3ajaHUM OpraHONeNTUYHUM BNACTUBOCTAM Ta MaTy
BionorivHy LiHHICTb 1 NpUTaMaHHi HaTypansHOMY NPOAYKTY
TEXHOMNOrYHI  BNacTUBOCTI (NpWAATHICT A0 TEPMIYHOro
00pobneHHsl, MOXNUBICTb AOBroTpMBanoro 3bepiraHHs Ta
TPaHCNOPTYBaHHS).

PaLjioHanbHe BMKOPWUCTAHHS CUMPOBUMHHUX PECYPCIB,
30KpemMa M’CHOI Ta MOMNOYHOI CUMPOBWHWU, HEPO3PUBHO
MoB’si3aHe 3 BUKOPUCTaHHAM BinNkOBO-XMPOBUX eMYMbCild,
Ginkosux 36aravyBaviB POCAMHHOTO MOXOMKEHHS, iHLLKMX
pocnunHHKUX f0BaBOK, MoaudiKkaLlin icHyloumnx TexHonorin. Lle
[a€ He TiNbKN eKOHOMIit0 TBaPUHHOI CUPOBWHW, a 1 4O3BONSIE
oTpuUMaTh (hyHKLLIOHanNbHI XapyoBi NPOAYKTH 3 LiNbOBUMM
AIETUYHMMKM Ta NpodinakTUYHUMK BnacTMBocTsMU. OgHUM
i3 OCHOBHMX HanpsIMKiB KOPUryBaHHA CKMagy MOMOYHMX Ta
M'SICHUX NPOAYKTIB € KOMBIHYBaHHS X i3 CUPOBMHOIO POC-
MMHHOTO MOXOMKEHHS], 30Kpema i3 3epHOBUMM KyNbTypamMu.
BeeneHHs go ix cknagy pisHux gobasok Ta GionorivyHo
aKTUBHUX KOMMOHEHTIB Yy BWUIMSAAI NacT, eMynbCin cnpusie
MiABULLEHHIO SIKOCTI, MOKPALLEHHIO CMaKOBMX XapaKTepuc-
TUK, @ TaKOX PO3LUMPEHHIO aCOPTUMEHTY 3 ypaxyBaHHAM
HaLlioHanbHUX 0COBNMBOCTEN HACENEHHS KpaiHW.
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Application of innovative technology for obtaining functional food products based on vegetable raw materials

An urgent problem in the food industry is the replacement of protein isolates derived from genetically modified sources
of raw materials. Active searches for new sources of vegetable protein from genetically unmodified crops are underway.

The article considers the issue of functional of artificial food products based on plant raw materials, i.e. food production
in a fundamentally new way. The systematization and generalization of developments on the technique and technology of
obtaining protein isolates from plant raw materials, as well as the analysis of prospects for the development of technological
solutions, the creation of resource-saving technologies and environmentally friendly production of artificial food.

The results of scientific research obtained so far provide convincing evidence of the possibility of food production using
fundamentally new methods. The term "functional foods" refers to products that are made using proteins and other nutrients
of natural origin, but their composition, structure, appearance and set of properties are artificially formed.

Today, functional food products with high biological value and exquisite taste are of particular interest. These products
are distinguished not only by their usefulness for health, but also contribute to satisfying the gastronomic preferences of
consumers. They open the way to new possibilities in the field of nutrition, allowing people to get not only the necessary
nutrients, but also to enjoy food with new, unexpected characteristics.

Works in this direction, aimed at obtaining functional food products, have a double purpose. First, they create products
that imitate traditional mincemeat products. This technology is relatively simple, and the resulting products are relatively
cheap and easy to use. Secondly, work in this direction is aimed at creating products with a non-crushed fibrous structure,
especially in meat products, which is one of the most valuable forms of nutrition. This approach opens the way to new
opportunities for people who want to maintain a healthy lifestyle or choose a vegetarian diet. Functional foods that reproduce
the texture of traditional foods and at the same time are enriched with useful components can become an important element
in a balanced diet, helping to meet nutritional needs without the need to use animal products.

The importance of artificial food in the creation of functional food allows: to reduce the cost and increase food production
in the existing village economic base due to reduced losses and the use of non-food raw materials; to achieve the required
level of food security, to solve the problem of child and medical nutrition, nutrition in unusual conditions.

Key words: proteins, functional foods, fiber, wet spinning, analogue, diluents.
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PO3POBKA KOHCTPYKL|II MEXAHI3MY ABTOMATU30BAHOIO BIABOPY | MOAAUI XUBL|IB
Y CADXKANKAX EHEPTETUYHUX KYNIBTYP

€pmakoB Cepriit Bonogummuposuy

3aBiyBay HaB4anbHO-HaykoBoi nabopatopii «DAK GPS»
3aknag BuLLOT OCBITW «[10AINbLCHKUIA AEPXKABHWIA YHIBEPCUTETY,
M. Kam’sHeub-Moginbcbknia, YkpaiHa
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ermkov@gmail.com

OOHUM i3 MepcrnekmueBHUX HarnpsMie Po3sUMKY bioeHep2emuUKU € 8UPOLLYBaHHST EHEP2EMUYHOI CUPOBUHU Ha niaHmaujisix
weudkopocriux OepesHux nopid, 3o0kpema, 8epb, mornosib ma iHWuUX Kynbmyp, 30amHux 00 /162K020 8iOHOBMEHHST Ha03eMHOI
yacmuHu niicnisi i 3pisaHHs. Y cmammi npoaHarnizoeaHo cyvacHi meHOeHUil UpIlUEeHHS Npobnemu WeudKo2o Hapouly8aHHsI
nrow Haca0xeHb eHepaemMuYHoi 8epbu i 8USBIEHO, WO OOHUM 3 YUHHUKI8, WO 2abMyrmb Mpouec € HedocmamHe onpauo-
8aHHS asmomamus3auii mexHoMo2iHHUX rpouecie. 3okpema, 3pocmaHHs MPodyKmueHocmi azpeaamie Ons caliHHs 2anbMmye
rnompeba 8 binbwocmi mexHiYHUX pilieHb 8UKOPUCMaHHS npaui cadxarbHuka. B pobomi 6cmaHo8neHo eMmnipu4He 3a80aHHS
po3pobumu asmomamusogaHy cadxarsky 0711 POC/IUH, WO sucadxyrmbcs 30epes’saHinumu xususamu. [ns po3pobku mexa-
Hismy, wo 3abesneyums besnepebiliHe i pisHOMIPHE HaOX0dxeHHS X)usujie 00 COWHUKa cadxarku, byno nposedeHo aHanis
ICHyto4UX MeXHIYHUX piteHb. OKkpemi napamempu 3Haxo0unuCh eKcrepuMeHmanbHUM WIISXOM, 8 pe3ynbmami 4oeo 6yno
8USIBMIEHO ONMUMASBbHI Kymu Haxury CMIHOK WinuHHO20 byHKepa, pauioHanbHy WUPUHY 8USaHMaXyeanbHo20 8ikHa, Wo
3abesnedysamume rosHe i be3yrnuHHe augaHMaxeHHs1 xusuje rnpu eidcymHocmi dii Ha HUX CMOPOHHIX cus (KonueaHHs, eibpa-
yii, mowo) i 3 Humu. Ha ocHosi npogedeHux nonepedHix docnioxeHb By0 cuHmMe308aHo pPsd pilueHs, ki bynu sukopucmai
npu po3pobui HO8oI KOHCMPYKUIT MexaHi3My sugaHmMaeHHs1 xuauje. Po3pobrieHa KOHCMPYKUis MexaHi3aMy asmomMamu308aHoi
rodavi xueuie y mawuHi Orisi cadiHHA eHepeemuyHoi 8epbu 3axulieHa nameHmom i emineHa y 00HOPAOHIU cekuii, poboma
sKoi Byria anpobosaHa 6 nonbosux yMosax. Takul MexaHism 003680115€ 386ecmu pPyYHy rpauto cadxarbHUKa 00 3a8aHMaXeHHs!
WinuHHo20 byHKepa nonepedHbo opieHMosaHUMU 8 0OUH BiK XuUsMU, WO, 3a51exHO 8i0 06°eMy WinuHHO20 byHKepa, MOXHa
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BeTyn. |HTEHCMBHWUIA PO3BUTOK CBITOBOI E€HEPreTUKM
CTBOPIOE MonuUT Ha Aepani Ginbwi obcsrn BMpoOHMUTBA
eHeprii, a 3 ornagy Ha cyyacHi peanii eKonoriyHocCTi Ta
NparHeHHs KpaiH 40 eHeproHe3anexHocTi, Aegani binbLue
yBaru NpuaINseTbcs po3BUTKY anbTepPHATUBHUX [HKepen
eHeprii. 3a pisHumu ouiHkamu go 2050 poky manxe 40%
eHepreTuyHux notpeb 6yae NOKpMBATUCH 3a paxyHoOK Bid-
HOBMIOBANbHMX xepen eHeprii, 3okpema 6nun3sko 30% —
3a paxyHok 6ioeHepreTukm (Sinchenko et al., 2015). lonos-
HUM npiopuTeTOM PO3BUTKY BioeHepreTukn ans GaraTbox
KpaiH € BUKOPUCTAHHSA Pi3HUX BUCOKOMPOOYKTUBHUX Bioe-
HEpreTU4HMX KynsTyp. OQHUM i3 NEPCNEKTUBHMX HaNpsMiB
€ BUPOLLYBaHHSA €HepreTMyHoi CMPOBMHM Ha NnaHTauisx
LWBMOKOPOCIMX AEPEBHMX Mopid, 3okpema, Bepb, Tononb
Ta iHWKX KynbTyp, 34aTHWX 0O JIerkoro BigHOBMEHHS Hag-
3eMHOi YacTvHK nicns i 3pisaHHs. [lepedoBuin AocCBig
3 LUMX MMTaHb AEMOHCTPYIOTb €BPOMENCHKI KpaiHW, SKi
novanu akTMBHO BMPOBaKyBaTU BUPOLLYBAHHSA €Hep-
FeTUYHOI CUPOBMHW MMAHTaLiMHUMU MeTodaMu Lie Ha
noyatky 18 cT. [ToWTOBXOM [0 PO3BUTKY LbOr0 HanpsmMy
CTarno 3aroCTPEHHs CBITOBOI eHepreTuyHoi kpusu (Kucher
et al., 2023).

B YkpaiHi B oCTaHHi poku LSl TeHOeHUis Habyna ocob-
NYBOTO MOLLMPEHHS!, TOMY akTyaslbHUM CTano MuTaHHS
LUBMIKOIO 3BEAEHHS Y MPOMUCIIOBMX MacLuTabax nnaHTauin
€HepreTUYHNX POCIMH, 0COONMBO Pi3HUX COpTiB BepO.

[Ans BupoLLyBaHHA BepOM Ha BENWKMX MaHTaLuisx pos-
pobneHo HM3Ky crneuianbHUX MalWMH AN BUPOLLYBaHHS
i 30upaHHs eHepreTuyHoi Bepbu (Mudryk et al., 2017; Hutsol
et al., 2021). TexHororis po60TK 3 Lji€t0 KynbTYpOolo Mae psg
CBOiX 0COBMBOCTEN, TOMY He piaKo AesiKi acnekTh 3anvia-
I0TbCS HE [OCTaTHbO BUBYEHMMM. 30Kpema, NpobrnemHuMm
3anULIaETbCs NUTaHHS aBTOMATM30BaHOMO CafiHHSA eHepre-
TUYHOI BEPOU, apgke PO3MHOXEHHS BifOyBaETbCS XKMBLAMMU,
AKi 3a3BMYal 3aKknagalTbCA BPYYHY CafkamnbHMKaMu, Lo
He nuwe obmexye NPOAYKTMBHICTb arperaty, a 1 He Moxe
rapaHTyBaTh BWCOKOI $IKOCTi BMKOHaHHA poOoTW. [leski
cnpobu aBTOMaTM3aLlii npouecy Oynu BTiNEHi yepe3 CTBO-
PEHHsi arperaTy, CUPOBWHOW ANS CafiHHA SKOro € [OBri
npyTW. 3aknagaHHa npyTa B HUX | Hagani 34iNCHIETbCS
BPYYHY, NpOTe Aarni Taka MaluMHa po3pisae BepOoBuMIA NpyT
Ha XuBUi Ge3nocepenHbO Mifg Yac cadiHHA i 3apobnsie ix
Y I'PYHT 3 YLLiNIbHEHHSIM AOT0 HABKOJIO XMBLS, Lo 3abe3ne-
yye BMCOKMIA BigcoTok npwxmeaHHs (Manzone et al., 2014;
Talagai et al., 2020). lNpuknagom Takoi MalMHK € cagunbHa
malumHa Energy Planter gatcbkol komnaii Egedal. MepeBa-
ramm Takol TEXHOSOTIT € Te, WO 3HAaYHO 3MEHLUYETLCS MH0A-
CbKWI haKTop, MOKPaLLYETLCA SKICTb CagMBHOIO matepiany
(pixeTbcs GeanocepenHbO Mepen CafiHHAM), 3'SBNAETbCS
MOXINMBICTb NapanensHOro BoAiHHA Npu gornsgi i 36upanHi
BpOXato Ta, BignoBiAHO, MEHLLE MOLIKOMKEHHS BKOPIHEHUX
capkaHuis npu upomy (Kravchuk et al., 2013; Roik et al.,
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2015). OgHak Taka MaluMHa € 40CUTb JOPOroK ANs yKpaiH-
CbKOTO CMnoXmBadva i He [Jae MOXMIMBOCTI MOBHICTIO 06iii-
Tuca 6e3 cagkanbHUKa i BUMarae peTenbHo NiaroToBeHNX
LOBIMX NPSIMUX NPYTIB.

B 6inbliocTi X BuNagkiB 3aCTOCOBYHOTLCA MPOCTILL
MalUWHK, e CaAMBHUM MaTepianom € XWBLi eHepreTUyHoI
Bepbu 3aBpoBxkn 20...25 cm Ta giameTtpom 0,7...1,4 cm
(Fraczek et al., 2005; Roik et al., 2015). 3asBuyan 3akna-
[aHHS MaTepiany B TaKUX MalUMHaX € PyYHWUM, TO X 3aBaaH-
HAM HaLoro AocCnigkeHHs € po3pobka Takoro aBToMara,
AKuiA 61 3abesneuns He3nepebinHy, NOLITYYHY BUOAYY XKUB-
LiB 3 4esKOro MacuBy i TUM caMuM 3BinbHMB 61 Micle caa-
XanbHuKa.

Ha cborogHi pobota Hap yOoocKOHaneHHs npouecy
CafliHHA pOCNUH NPOJOBXYETLCS. IcHye 6arato npaub, WO
aHanisylTb SK TEOPETWYHi acnekTu asTomarumsauii (Bart-
enev, 2012, Miwa et al., 1991; Galle et al., 2012 i T.n.), TaK
i aBTOMaTK3aLlito KOHKpeTHoro Buay pocnuH (Usenko, 2010;
Asmolovskyi et al., 2004, Ta iH.) i HaBiTb 4O BNPOBAAXEHHS
poboToTexHiku B npouec cagiHHg (Kutz et al., 1994; Mao
et al., 2014; Liu et al., 2019 i .4.). [poTe KOXEH KOHKPET-
HUI BUA pocnuH notpebye KOHKpeTHoro niaxony. 3okpema,
eHepreTuyHa Bepba notpebye BpaxyBaHHS ocobnmeocTen
3[epeB’SHINNX XMBLIB SIK CAAMBHOTO Matepiany .

OCHOBHOIO MEPeLKoaoo Y nodanbloMy MiABULEHHI
NPOAYKTUBHOCTI Caaxanok € OBMeXeHICTb MOXIMBOCTEN
nogvHn y nofadi xueuis — 40-60 wT./xB, WO Bignosigae
LUBUAKOCTI mocTynanbHoro pyxy mawuum 0,8...2,1 km/rog.
B umx ymoBax BaxnunBO 3aMiHWTM MpaLilo onepaTopa 3aco-
H6amu aBTOMaTU3aLil, TOMy akTyalbHUM € MOLUYK nepcnek-
TUBHUX TEXHOMOTMYHUX MPOLIECIB Ta KOHCTPYKLi poboymx
OpraHiB Aons aBTOMaTU30BaHOI Mogadi XMBLIB B MalUMHAX
ANs cafiHHA eHepreTUYHUX OEePEeBHUX KyMbTyp, LU0 CTPYK-
TYPHO MOXHa Bigobpa3utn cxemoro puc. 1 (Zyma et al.,
2006; Yermakov et al., 2021).

Ha puc. 1 3HakoMm nuTaHHS BUAINEHa nosuuis, Lo Bia-
MoBiAAae 3a Noaavy XWBLIB Bif EMKOCTEN 3 po3cadol [0
Micus cafiHHA. B cyyacHux MalumHax Ans cagiHHa eHepre-
TUYHOT BEPOU LIEN NPOLIEC BUKOHYETLCSA BUHATKOBO BPYYHY
(Yermakov, 2017; Hutsol et al., 2018).

lNpoaHanidyBaBLUW Pi3HOMAHITHI KOHCTPYKLiT, MU AiALWAK
BUCHOBKIB, LLO AN NiABULLEHHS NPOAYKTUBHOCTI CafKanok
HeobXigHO yOOCKOHAnWUTW NpoLec noaavi XuBLIB Big EMKO-
CTeW 4O CaaunbHOro anapary. Takox HeobXigHO BUKOPUCTO-
ByBaTW NPOMiXXHi HaKONMU4yBaui XMBLiB, LLO cTBOPIOE Bydbep,
SIKUA KOMMNEHCYE HEBIAMNOBIAHICTL NPOAYKTUBHOCTI Caaunb-
HOro anapary i MOXnM1BOCTeW nioAgnHU. Ane e nule YyacT-
KOBO BMPILLYE NUTaHHS NiABULLEHHS NPOAYKTUBHOCTI | 3MEH-
LLEHHS YaCTKX PY4HOI npaLli.

CTBOpEHHsI MexaHi3MiB a1 aBTOMaTM30BaHOI nogavi
XUBLIB Y CaaunbHWiA anapat yu 6e3nocepeHbO 4O Micus
noCafku € BaxXNMBUM HayKOBUM 3aBAAHHAM Ha LUMsXY
30inbLUEHHS NPOAYKTUBHOCTI CaaWIIbHUX MALLVH.

Matepianu i meToau gocnigxeHb. B poboti BCTaHOB-
NEHO emnipuyHe 3aBAaHHS po3pobuTM aBTOMAaTU30BaHY
capKarnky Ans pocruH, Lo BUCAMXYOTbCS 30epeB aHINUMu
xuBuamu. [Ins po3pobku MexaHiamy, Lo 3abesneduntb 6e3-
nepebiiHe i piBHOMIPHE HaXOMKEHHS! XUBLB A0 COLLUHMKA
campkanku 6yno po3pobneHo nnaH Aiu, Wo BKMYaE:

— [lonepeaHbLO0 NpoBeAEeHO aHani3 icHytouMx 3acobis
aBTOMaTu3aLii caginHs xmBuiB (Yermakov, 2017a; Hutsol et
al., 2018). Ha paHomy eTani, Kpim pilleHb, 6eanocepeaHsLo
NOB’sI3aHMX 3 CafiHHAM eHepreTuyHoi Bepbu i Tononi, ge
nepeBaXHO 3aCTOCOBYETLCA NpaLs cabalibHMKa A NoL-
TYYHOrO 3aknagaHHsa *uBLiB, Byno Takox npoaHanizoBaHo
TEXHIYHKX pilleHb NO BUPILLEHHIO AaHOi Npobnemu y posca-
pocapiHHi i nicisHuuTBI (Yermakov et al., 2021; Yermakov
etal.,, 2018).

— Po3pobneHo MmatemaTyHy Mogenb ABOXCKaTHOro ByH-
Kepa 3 perynboBaHUM BUBaHTaXyBaslbHUM BIKHOM i KyTamu
Haxuny CTIHOK, Ta BMBEAEHO hOpMYNY PyXy MacuBy XUBLB
BIANOBIAHO A0 Uiei maTematuyHoi Mogeni (Yermakov, 2019;
Ivanyshyn et al., 2020; Yermakov et al., 2021).

— PospobneHo nabopatopHuin cteHs (puc. 2) i npose-
[AEHO OOCNIMKEHHS NO BUSIBNEHHIO 3aKOHOMIPHOCTEN BMUBaH-
TaxeHHs xumBUiB (Yermakov et al., 2018; Yermakov et al.,
2022) Ta oesikux Moro napameTpis.

EMnipuyHi gocnigXeHHs NpoBOAMNMCHE 3a MaTpuUsMM
[BOX(paKTOPHOrO €eKCrnepuMeHTy B pesynbraTi 4oro 6yno
BUSIBMEHO ONTWUMAsbHi KyTU Haxuny CTIHOK  LUIMWMHHOIO

Puc. 1. CTpyKTypHO-fnoriyHa cxeMa BUKOHaHHA onepauii npoLecy cagiHHA XUBLiB eHepreTUYHOi Bepou:
1 — MICTKOCTI 3 po3cafoto; 2 — cagunbHi anapatu; 3 — COLWHMKM Y BOPO3HOYTBOPHOKOYE 0bnagHaHHs;
4 — Hakonu4yBadi CaaMBHOrO Matepiany; 5 — MexaHiam nofgavi Xueuis
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Puc. 2. llabopaTtopHui cTeHA AnA AOCNiAXEHHA
napameTpiB LWinuHHOro 6yHkepa

OyHKepa, pauioHanbHy WMPKUHY BUBAHTaXYBambHOMO BikHa,
wo 3abe3sneyyBaTuMe MNOBHe i BE3yMMHHE BMBAHTaXEHHS
XWBLIB MPU BIACYTHOCTI Aii HA HWX CTOPOHHIX cun (Konwu-
BaHHs, Bibpauii, TOLO) i 3 HUMMK.

Ha ocHoBi npoBefeHux monepegHix JocnimkeHb Oyno
CVMHTE30BaHO psf pilleHb, ski Oynu BUKOpPWUCTaHi Npy pos-
pobLi HOBOI KOHCTPYKLIii MEXaHi3My BMBAHTaXEHHS XVBLIIB.

Pesynbratn. Ha nigctasi nabopaTtoHux AocnigXeHb
6yno BusBneHo, WO nigbupaioun pavioHarnbHi napameTpu
LWinMHHOrO ByHKepa MOXHA AOCArTM MOBHOTO BUCMMAHHS
3 HbOTO CTEPXKHeNoaibHMX mMaTepianie 3 HeigeanbHo dop-
moto (xuBuiB). Lli napameTpu Byno 3aknageHo B MexaHisMmi
aBTOMaTM30BaHOro Biabopy i nogadi XuBLIB 3 LLISIMHHOIO
6yHkepa (Ivanyshyn et al., 2023).

B ocHoBy po3pobku Byno noctaeneHo 3agjady nigsu-
LUEHHS HaOiHOCTI Ta 3HWXEHHs 3aTpar npaui Ha npouec
CafjiHHS XMBLIB, 3@ paxyHOK po3pobku aBTOMaTy A1 nogadi
iX B COLUHUK, SKWiA 3abe3neyvye MOXMMUBICTb OTPUMAHHS pis-
HOMIpHOro po3BaHTaXeHHs byHkepa Ta 6e3nepebinHoi noLw-
TYYHOI BUAaYi CaaMBHOIO Matepiany A0 Micus CagiHHS.

[ns BupileHHs noCTaBrneHoi 3afadvi NPOMOHYETHCA
KOHCTPYKLis aBTOMata Ans nofjadi XusLiB B COLUHUK, B AKil
HaKOMWYyBasibHO EMHICTIO € LLiNUHHWIA ByHKep, Lo YTBO-
PEHWA 3a JOMNOMOrol0 ABOX MOXMIMX CTiHOK. CTiHKM ByH-
Kepa CTBOPIOKOTb 3BYXXEHHS, YTBOPIOOYM BHU3Y BUBAHTAXY-
BanbHe BIKHO (puc. 3). ByHKep BMKOHaAHO Tak, LL06 XuBL
pO3TaLLIOBYBaNUCb Y HbOMY MiX [BOMa BepPTUKaIbHUMM
napanenbHUMK CTiHKamu, BIOCTaHb MiX SKAMW BiANOBI-
[ae po3MILLEHHIO XMBLB Bronepek 3 3a3opoM. Pobounmu
enemeHTamm aBTomata € 6apabaH 3 koMipkamu, ynop Ta
Hanpasnsoya ninka (puc. 3).

LinuHHWI ByHKep 3aNOBHIOETHCS LLAPOM
XWBLIB, SKi nig Aieto rpasiTauii nparHyTb
NPOCyBaTUChb 40 BUMBAHTaXyBanbHOrO BikHa.
3BYXEHHS Wapy XvBLiB nepeq X NowTyy-
HUM BiAOOPOM 3AINCHIOETLCS  3BYXEHHSIM
ByHKepa y HWXHIN YacTuHi, ax Jo opmy-
BaHHS KpasiMu CTIHOK PO3BaHTaXyBamnbHOro

BikHa. LLupnHa GyHkepa Bignosigae po3mi-

Puc. 3. KoHCTpyKTMBHa cxema aBTOMaTa AnA nofavi XuBLiB
B COLUHMK: @ — BUIMSA Ha aBTOMaT cagiHHsA 360Ky (3 4aCTKOBMMM
po3pisamu); 6 — nonepeyHUin nepepis mawmHm no A-A;
B — cxeMa poboTu BigoKkpemnoBaYa XmBLiB; 1 — WinmHHMA ByHkep,
2 — bapabaH i3 komipkamu, 3 — ynop; 4 — Hanpaens4a Ninka; 5 — COLHWK;
6 — rHyuka nepegava (naHuoroea); 7 — YMCTUK

LUEHHIO XWBLIB Bnornepek 3 3a3opoMm As
BIfIbHOrO iX nepemilLeHHs. KyT Haxuny noxu-
NUX CTiHOK ByHKepa a i B NOBUHEH ByTU He
meHLle 40°, wo 3abe3neunTb BiNbHWUIA CXia
XKUBUIB Mig gieto rpasiTauiviHux cun. [ns
YHUKHEHHSI MOXIIMBOCTEN CKNENOYTBOPEHb,
LUIMPUHA PO3BaHTaXyBasIbHOTO BikHA OyH-
kepa B, ons xusuis giametpom 10...18 Mm
NOBWHHA CTaHOBUTU He MeHLLEe 8 cM.
BapabaH BMKkOHaHO B BUMMAAi ABOX OUCKIB
3 KoMipkamu. [MCkM po3MmilleHO Ha BiacTaHi
0,3...0,5 DOBXMHM caguBHOMO Martepiany, Lo
[03BONSIE NPUAMATK XMBLI HaBiTb 3 Aedhek-
Tamu hopmut. KOMIpKM BUKOHAHO Takumm, LLo6
3a06e3ne4nTI 3aTPUMaHHS! B HUX OQHOTO XKMBLS
i BinbHOro cxogy iHWMX (puc. 3B). Ix wWupnHa
i mMmbuHa noBuHHI ctaHoBuTK 1,3...1,8 niame-
TpiB XMBLiB, a chopma 3abe3neyyBatu nnae-
HUIA BUXia. [ns BINbHOMO CX04y HaASMLLIKOBUX
XMBLIB Ha nepepHin cTiHUi OyHkepa BCTa-
HOBMEHO MiANPYXMHEHUA uncTuK. [iametp
UMCTVKA MOBMHEH BIONOBIAATW CepeaHbOMY
JiaMeTpy KMBUIB i MaTu [OCTaTHIO amnni-
Tyay, Wwob 3axogutu B komipku BapabaHa He
meHLe 1/3 rmmbuHn. Y micui cnagaHHs cagve-
HOro marepiany 3 kKoMipok 6apabaHa 3 ogHOro
GoKy BCTaHOBMEHO Yynop, Lo 3abesnevye
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3MiHy TrOPWU3OHTaNbLHOMO MOSIOXKEHHS B OHOMY
HanpsiMky. i ynopom BCTaHOBMNEHA Hanpaens-
tova niika, sika 0CTaTOuHO OPIEHTYE XUBLIi B BEp-
TUKarnbHe NONoXeHHs. Jlifka BHU3Y 3aKiHYyETbCS
caguBHOK TpyGoK 3 SIKOI CaauBHUA MaTepian
BXOOWTb B LUINWHY MiAFOTOBMNEHY COLLHUKOM.

MNepen noyatkom poboTM MaLMHK obnaj-
HaHOI JaHMM aBTOMAaTOM Ans Modavi XuBLiB
B COLUHUK B LWiNUHHWIA ByHKEp 3aBaHTaxyloTb
CaaMBHWIA maTtepian TaKk, Wwob BepxHi Woro
yacTuHu 6ynu 3 Goky ynopa. XusLi B 6yHKepi
NPOLOBXYIOTb 36epiraTu CBOE OpPIEHTYBaHHS,
MOCTYNOBO pyXalyuCb [0 BUBaHTaXyBalb-
HOro BikHa OyHKepa nig Aieto rpasiTauinHNX
cvn. Mpu pyci arperaTy 3a AONOMOTO FHY4YKOT
(naHutoroBoi) nepegadi NpUBOAMTLCA B Ait0
HapabaH 3 komipkamu. XKuBLi, ski noTpanns-
t0Tb Ha AHO KOMIPKM (DIKCYIOTbCA TaMm, a iHLLi
BUOANSAOTLCA 3@ paxyHOK hopMU 3agHbOI
CTIHKM KOMIpKM Ta NiANpYXUHEHOro 4UCTUKA.
Mpu obeptaHHi GapabaHa, *uBLi, Sk noTpa-
MUY B OO KOMIpKK, BMBOAATLCA 3-Nig GyH-
kepa i B [OesKOMY MOMOXEHHI BuNagalTb
3 KOMipKu, 3yCTpivaluMCb BEPXHLOK 4YacTu-
HOK 3 YNOpPOM, 3aBOSIKM YOMY iX MOMOXEHHS
3MIHIOETBCA 3 TOPU3OHTaNbHOrO Ha noxune
nvie B BU3HAYEHOMY HanpsIMKY | XuBelb
NPOLOBXYE PYXaTUCb HWXHBOK YaCTUHOK
Bneped. B Hanpsmnswodin ninui  cagmBHMiA
maTepian octatoyHO HabyBae BepTUKanbHOro
NOMNOXEHHS | HAAXoOWTb Y COLUHMWK, Y BUKO-
HaHY HWM LLINKUHY, NICAS YOro NOro NOMOXEHHS
(hiKCYETbCSA 3aropTalouMMy UM NPUKOYYHHUMU 3acobamu.
BenunynHa KpoKy cafjiHHA KMBLIB MOXeE perynioBaTuch 3mi-
HOK MepefaBanbHOro BiHOLWIEHHS! THY4YKoi nepegadi npu-
BoAy abo KinbKicTio KOMipok Ha GapabaHi.

OOroBopeHHsl. 3anpornoHOBaHUN MeXaHi3aM BMiLLye
y cobi aesiki pilleHHS | NPUHLMNK, SKi 3aCTOCOBYHOTHCS ANs
nogibHMX NPUCTOCYBaHb A0 PO3Caf0CaAUNMbHUX MaLUWH,
a TaKoX Ans CapKkarok, L0 BUKOPUCTOBYHKOTHCA Y MiciB-
HUUTBI (Zyma et al., 2006; Voitiuk et al., 2008). 3okpema,
noctae HeobXiOHICTb NONepesHbLOr0 OPIEHTYBAaHHSA i Miaro-
TOBKM CafMBHOrO Matepiany, ik y KaCeTHNX MexaHi3miB po3-
Cafo cafiHHs.

BogHovac pilleHHs no rpaBiTalinHOMYy BUBAHTaXEHHHO
CafMBHOro Matepiany He MOXyTb B MOBHIN Mipi BignosigaTy
BinbLIOCTi BUKOHAHb Yy PO3cagocagunbHUX NicocagunbHUX
aBTOMaTu3oBaHux MawwuHax (Hutsol et al., 2018; Mudryk et
al., 2017). Lle nos’sa3aHo 3 cneumdikoro XMBLIB, siKi 4O3BO-
NSATb NpUNycKaTh iX pyx, 9K pyx CTepxHenomibHux mare-
pianis. HaToMicTb rpasiTauiiHe BUBAHTAXEHHSA LMNIHAPWY-
HUX geTanen 3 ByHkepiB, B TOMY YMCIi LWIMIMHHKX, LUMPOKO
noLIMpeHe B AesKUX ranyssx NpOMWUCIIOBOCTI Ta BepcTaTo-
BynyBaHHS.

Po3pobrneHa KOHCTPYKLiS MexaHi3My aBTOMAaTW30BaHOI
nodavi XuBLIB Y MaLUHI ANa CafiHHA eHepreTUYHOI Bepou
3axuweHa natentom (lvanyshyn et al., 2023) i BrinenHa
y OOHOPAZHIN cekLii, poboTa sKkoi byna anpobosaHa B Nonko-
BUX YMOBaXx. Takuin MexaHiam J03BONSIE 3BECTU PyYHY NnpaLito
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Puc. 4. 3aranbHuin BUrnAg nonboBOi YyCTaHOBKW, 06nagHaHoI
aBTOMAaTOM ANS noAadi XXMBLiB Yy COLUHUK

cappkarnibHuKa 00 3aBaHTaXEHHS LWiNUMHHOMO GyHKepa none-
PeaHbO OPIEHTOBAHMMM B OAMH BiK XUBLSIMM, LLO, 3aNeXHO
BiJ BEMUYMHM LLiNMHHOTO OyHKepa, MOXHa 3AiMCHIOBaTK Ha
KIHLSIX TOHY. A, OTXe, 3aady 3BiNbHEHHS NpoLecy cafiHHS
BiO NpaLi cagkanbHuKa i, TMM camum, aBTomaTiaallii poboTu
capKanku MoXHa BBaXaTu BUKOHAHOL.

BucHoBkK. B ymoBax 3pocTarouoi notpebu wsmuakoro
HapoLLyBaHHSA MIIOW, HacagXeHb EHEepreTUYHUX KyneTyp
BUHMKa€e npobrnema 3 HasiBHAM TEXHIYHUM NapKoM Ans Lux
uinen. 3okpema, nNiABWLLEHHS NPOAYKTUBHOCTI CafKanok
ranbMye BUKOPUCTaHHS Npaui cafpKanbHWKIB Ons 3akna-
[aHHs cagmBHoro Matepiany. Po3apobka mexaHiamy nowTyy-
Horo Biabopy i nogavi XuBLIB eHepreTV4HOI Bepbu 4o coLu-
HUKa [O3BOMUTL CYTTEBO 30iNbLUMTU ePEKTUBHICTL CadiHHA
SIK B NNaHi IKOCTi BUKOHaHHS pobiT, Tak i B NnaHi 30iNbLIeHHs
NpOAYKTUBHOCTI arperary.

Po3pobneHa KOHCTpyKUis aBToMaTy nogadvi XuBLIB
€HepreTMyHoI Bepbu y COLIHUK [O3BONSE 3AjiiCHIOBaTY Oe3-
nepebifiHWiA NOLWTYYHUI BigOip nonepegHbO OpiEHTOBAHMX
XVBLIB eHepreTuyHoI Bepbu 3 LwinuHHoro 6yHkepa i nogady
iX y cowHuk. Lle no3Bonsie aBTomaTtudyBaTy npouec nig vyac
PyXy arperaty B3[0BX OHY, @ BignoBigHO i 3HMKae notpeba
y CafpKanbHKKY, SkuiA 61 CynpoBOKYBaB CapKarnKy yBeCh
Yyac BUKOHaHHS TEXHOMOrYHOro NpoLecy.

OTpumaHi y poboTi pesynsrati MoXyTb y noganbomy
Cnyrysatu ANns YTOYHEHHS W BAOCKOHANEHHs MaLlWH, Lo
MpauolTb 3 MOLTYYHUM BigOOpPOM  CTepXXHENomiOHMX
matepianis.
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Yermakov S. V., head of the educational and scientific laboratory "DAK GPS", Higher educational institution «Podlillia
State University», Kamianets-Podilskyi, Ukraine

Development of the design of the mechanism for automated cuttings selection and feeding in energy cultures
planters

One of the promising directions of the development of bioenergy is the cultivation of energy raw materials on plantations
of fast-growing tree species, in particular, willows, poplars and other crops capable of easy restoration of the above-ground
part after its cutting. The article analyzes modern trends in solving the problem of rapid expansion of the area of energy willow
plantations, and it is found that one of the factors slowing down the process is insufficient development of the automation
of technological processes. In particular, the growth of the productivity of planting units is hampered by the need for most
technical solutions for the use of the planter’s labor. The paper sets an empirical task of developing an automated planter for
plants planted with lignified cuttings. An analysis of existing technical solutions was carried out to develop a mechanism that
would ensure uninterrupted and uniform supply of cuttings to the opener of the planter. Individual parameters were found
experimentally, as a result of which the optimal angles of inclination of the walls of the slotted hopper, the rational width of the
unloading window, which will ensure full and continuous unloading of cuttings in the absence of external forces (oscillations,
vibrations, etc.) and with them, were found.
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On the basis of previous studies, a number of solutions were synthesized, which were used in the development of a new
design of the cuttings unloading mechanism. The developed design of the mechanism for the automated supply of cuttings
in the machine for planting energy willow is protected by a patent and embodied in a single-row section, the operation of
which was tested in field conditions. This mechanism allows you to reduce the manual work of the planter to loading the
slotted hopper with cuttings previously oriented in one direction, which, depending on the size of the slotted hopper, can be
carried out at the ends of the furrow. The results obtained in the work can further serve to clarify and improve the machines
that work with piece-by-piece selection of rod-like materials.

Key words: energy crops, energy willow, planter, feeding machine, planting machine, cuttings.

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

28

Cepist «MexaHisaLjis Ta aBTomaTi3aL|is BUpobHU4YMX Npoviecisy, Bunyck 4 (54), 2023



YK 631.331

OBI'PYHTYBAHHS BUBOPY KOH®IIYPALII BIBLUEHTPOBOIO PALIANIBHOIO BEHTUIATOPA
3 BUKOPUCTAHHAM NMPOrPAMHUX KOMITEKCIB SOLIDWORKS TA ANSYS CFX

MenbHuk Biktop IBaHOBUY

[OKTOp TEXHIYHMX HayK, npodecop

JepxaBHuUI BIOTEXHONOrYHUI YHIBEPCUTET, M. XapkiB, YkpaiHa
ORCID: 0000-0002-1176-2831

victor_melnik@ukr.net

3eneHcbkuit AHgpin MetpoBuy

acnipaHT

JepxaBHuUI BIOTEXHONOrYHUI YHIBEPCUTET, M. XapkiB, YkpaiHa
ORCID: 0000-0002-0364-5571

alexey2009mkh@gmail.com

3eneHcbkuit Onekcin MeTpoBuy

acnipaHT

JepxaBHuUI BIOTEXHONOrYHUI YHIBEPCUTET, M. XapkiB, YkpaiHa
ORCID: 0000-0001-9819-9086

alexey2009mkh@gmail.com

3 possumKomM KOMITIOMEPHUX ma po3paxyHKosux cucmem bibwo20 ma egeKmueHo20 3acmocysaHHs ompumanu
Computational Fluid Dynamics modeling (CFD-modestogaHHs), wjo 6asyembcsi Ha po3paxyHKy CUCMEM PIGHSIHHSI 36€pEXEHHS
Macu ma eHepeii ma pieHsHb, sKi OMUCYOMb PyX meyill 8 1onamoYHUX MawuHax. Bee ye 0ae Moxrugicmb Cymmeesoi eko-
HOMIT Yacy ma mamepianbHUX pecypcie y MopigHsHHI 3 MposedeHHsIM exkcriepuMeHmarnsHUX AoCidKeHb, a Makox nposecmu
ornmumaribHy IHmepnpemauito (isudHUX, 2e0MEMPUYHUX rnapamempie ma epaHU4HUX yMo8 00CniOxysaHo20 06’ekma. Y QaHili
cmammi po3aisHymo MOXJIUeiCMb 3acmocysaHHsI poepamHozo Komrnekcy ANSYS 19.0 CFX 0nist mpusuMipHO20 YUCesibHO20
ModeriroeaHHs 2a300UHaMIYHUX MPOUECi8, sKi 8idbysarombcs y BidueHmposomy PadianbHomy BeHmunamopi (BPB). Ha nidcmasi
po3paxyHkie bynu nobydosari aepoduHamiyHi xapakmepucmuku BPB, aHaris skux 0as MOXIugicmbs ompumMamu ysiefieHHs, rpo
npouecu, siKi 8i0by8arombCs 8 MPOMOYHIL YacmUHi 8eHMUIAMOopa npu Pi3HUX KOHCMPYKMUBHUX gukoHaHHsX: Ne 1, Ne 2 ma Ne 3
pu Pi3HUX 3Ha4eHHsIX sumpamu rnosimps G,,. [NpoepamHuti komnnexc ANSYS 19.0 CFX 0ae moxnusicmb ompumamu 4YucesibHi
3Ha4YeHHs Napamempie, a makox npoeecmu eisyanisauil noeediHKu napaMempis, 8 MPOMOYHIL YaCmUHi 6eHMUSMopa.

lpoepama ANSYS 0dossonisie subpamu BPB gidnosidHoi koHbieypauii ma 30ilicHumu po3paxyHKu rpu 3adaHux po3-
paxyHKosux MoOesisix MOMoKy rnogimps: ideanbHa YU 8’si3ka piduHa (8 sikocmi ModenibHO20 cepedosulya), namiHapHUU HYu
mypbyneHmHul nomik noeimpsi, po3pioxeHe Yu cmucHeHe cepedosuue, OBOMIPHE YU MPUBUMIPHe 3a80aHHS.

Y yiti cmammi docnidxyembcs poboma BPB, 30kpema nipoyecu npoxo0xXeHHs ideanbHO20, He Cmucugoao mModesib-
Hoeo cepedosulya Yepe3s Lio2o MPoMmoYHy YacmuHy 8 mpusumipHomy cepedosulyi. lNpuliHama Modennb mypbyneHmHocmi
0nsa mpusumipHoi meyii Menter’s Shear Stress Transport (SST-Modenb nepeHeceHHs 3Cy8HUX Harpye), Wo € 2i6pudHo0
mModenmo Mix ma k — w modensimu mypbyneHmHocmi. Takum quHom, SST-mo0esnb NoedHye 8 cobi cmilikicmb ma moyHicmb
cmaHO0apmHoi k — w modeni 8 npucmiHkogux obnacmsix i k — € modeni Ha gidcmani 6i0 cmiHok. Ompumanu Moxusicms
nobayumu kapmuHy po3nodiny mucky 83008X NPOMOYHOI YaCmuHU, rosisi eKmopie weudkocmel ma pyxy rnoeimpsiHo2o
nomoky 0r151 06rpyHmMyeaHHs ma aHanisy pesynbmamis.

Knroyoei criosa: Modenib mypbyneHmHocmi, nosHUt muck, cmamuyHul muck, nosHull KK eeHmunsmopa, cmamuy-
Hul KK eeHmunsimopa, Kym 8xody nomoky, Kym auxody nomoxy.

DOI https://doi.org/10.32782/msnau.2023.4.5

MocTtaHoBKa npobnemu. Y NHEBMATUYHIA CUCTEMI
CiBanku BaXnMBUM BY3NOM € BeHTUNSTop. Big Toro, skui
MOBHWI TWUCK BiH BMAAE 3aNexuTb YCMilWHICTb poboTH BCiET
nHeBMaTWYHOI cucTemun. [ocnigKeHHs npouecy CTBO-
PEHHS1 MOBHOMO TUCKY P, BEHTUNATOPOM B MHEBMATUYHIN
CUCTeMi ciBamnku, Ans BU3HAYEHHS ONTUManbHUX napame-
TpiB i pexumiB poboTU NHEBMOCUCTEMU, € METOK POBOTU.
Mporpamoto gocnigxeHHs nepeabadaeTscs po3pobka ekc-
nepuMeHTasnbHOi AOCNIAHOT YCTAHOBKU Ta AOCHIMKEHHS il
poboTu.

Martepianu i meTogun gocnigxeHHsA. TUCK PO3pimKEeHHS,
CTBOPIOBAHUN BEHTUMSATOPOM, BUKNMKAETLCS Nepedaveto
NoBiTPi eHeprii Big, poboyoro koneca, wo obepraeTbes (PK).

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

TeopeTuyHWi NOBHWI TUCK P,, WO PO3BMBAETHLCA BEHTUNS-
TOPOM (3a BiiCYTHOCTi BTPAT), BU3HAYAETHLCS 32 PIBHAHHAM
Evinepa, Lo NexuTb B OCHOBI pO3paxyHKy BCiX BUAIB nonat-
KOBWX MaLUmH, Wwo obepratotbes (1) (Anderson et al., 2020;
Anderson, 1995):

Pv = p(uzczu _ulclu) (1)

[e p — LWiNbHICTb NOBITPS! (rasy), Kr/M3, 1, — OKPYXXHa LBWA-
KiCTb Ha BXogi y poboye Koneco, M/C, u, — OKpYXHa LUBWA-
KicTb Ha Buxogi 3 poboyoro komeca, Mm/C, ¢, — MPOEKLis
abCONIOTHOI LWBMAKOCTI HA OKPYXXHWIA HANPsMOK MpW BXOL|
B poboue Koneco, M/c, ¢,, —NpoeKwis abCoNOTHOI LIBMAKOCTI
Ha OKPY>XHWIA HAaNPSIMOK NPy BUXOZi Ha poboye Koneco, M/c.
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WemnakocTi ¢, Ta ¢,, ABNSOTL COBOH WBMAKICTb 3aKpy-
YyBaHHs! MOTOKY.

PiBHsHHS (1) nokasye, WO TEOPETUYHUIA TUCK BEHTUIS-
TOpa 3anexuTb TiflbKW Bif WiNbHOCTI CepeaoBuLLa, OKPYX-
HOI LWBMAOKOCTI i LUBMAKOCTI 3akpydyBaHHA noTOKy. [ns
30iMbLUEHHS BENMYMHU TEOPETUYHOTO MOBHOMO TUCKY P,
BEHTUNATOpa HeobxigHo, BUXodsuM 3 piBHAHHA (1), Wob
APYrUi YneH « —u,c,, » CTas MO3UTUBHUM Ta apudmeTnyHe
3HauveHHs ¢, 3binbluysanocs. Lle moxHa gocart BCTa-
HOBIEHHSAM BXigQHOro Hanpasnsodoro anaparty (BHA), skun
3aKpyyyBaTMMe MOBITPSIHUI MOTiK Ha3ycTpiy obepTtaHHio PK.
LLlo cTocyeTbCs NepLUOro YneHa piBHAHHS (1), TO NPy PiBHUX
Aiametpax Konic i Npy OfHaKOBIN OKPYXHIW LUBUAOKOCTI u,
LIBUAKICTb 3aKpYy4yBaHHA c,, Y BEHTUNATOPA 3 nonatkamu,
3arHyTumu Bnepeg (PK 3 nonatkamm sarHytumm y 6ik obep-
TaHHs), 3aBxan Oyae Ginblue 3a BENMUMHOW, HIK Y BEHTU-
ngTopa 3 nonatkamu, 3arHyTuMu Hasag. Y LibOMYy NepekoHy-
€MOCb NobyayBaBLUM TPUKYTHUKW LUBUAKOCTEN MOBITPSIHOTO
notoky Ha Buxogi 3 PK (Babu, 2021; Back, 1955). Otxe,
BEHTUNATOPM 3 nonaTtkamu, 3arHyTumu Briepeq, OyayTb
CTBOPIOBATY BiNMbLUMIA TUCK, HXK BEHTUIATOPM 3 NonaTtkamu,
3arHyTMMu Hasag. [ins 3ameHweHHs BTpat npu Bxodi B PK
HeobXiOHO 3rnaguTW NOBITPSIHUI MOTIK, @ Le [O0CAraeThbes
3aBASKM YCTAHOBL KOKINS (NpuCTpiiA, Wo 3abesneyye nnae-
HUI, HEHaronoLleHni nepexig NoBITPSIHOTO NOTOKY Y BXiAHY
yacTuHy PK). 3HaunTb CTBOpMBLUM BigLEHTPOBUI padianb-
HUIM BEHTUNSATOP 3 nonaTtkamu 3arHyTUMKU Brnepes, BXigHUM
HaNpaensYMM anapaToM Ta KOKiNeM Ha Bxogi Aactb Oiflb-
LUMA MOBHUA TUCK P, , @ BiANOBIOHO i CTAaTUYHUA TUCK P, .

Ha ocHOBi mpoBeageHOro perpeciiHoro aHanisy po6o-
yux npouecis BPB, ogepxaHo piBHAHHSA perpecii y BUrnsai
HacTynHoro noniHoma:

Y =11370,97 +1780,91x, +227,78x, +
+430,28x, +490,34x,x, —399,66x,x, +
+163,47x,x,,

(2)

ge Y — matematuyHe ouvikyBaHHS MokasHuka napametpa
onTumisauii (TobTo NoBHWA TUCK P); x,, x,, X, Ta x, —
¢hakTopm npouecy, WO BUBYAETLCS.

Tak chaktop x, BMCNOBMIOE 4actoTy obepTaHHs PK
LIPB, o6/xB.

dakTopn x, Ta X; BUpaxXatoTb 3HAYEHHS KyTa BXogy [,
Ta KyTa Buxogy [3, NOBITPSHOMO NOTOKY, @ BiAMNOBIAHO BNAW-
BalOTb Ha 3HAYeHHs ¢, i ¢,, .

A dakTop x, mokasye KinbkicTb fionatok Ha PK BeHTu-
naTopa.

Posrnsgatoum piBHSHHS perpecii, Mm 6auumo, Wwo ans
3BINbLLUEHHS ¥ HEOBXIIHO 3BINbLLIMTH x, =B, 1a x; =P,.
Tobto  piBHSHHA  (2)  NIOTBEPIKYETbCA  PIBHAHHAM
Evinepa (1).

3 uieto MeTO ANS MIATBEPMKEHHA LiEl Teopii gocni-
KyeMo poboTy BiALEHTPOBOrO padianbHOr0 BEHTMRATOPA
(LPB) gaHoro BUKOHaHHS.

Pesynsratn. CtBopmo Mogens BPB i3 Takumu reome-
TPUYHUMK NapaMeTpamu:

— BXiQHWIA KyT NOTOKy P, =50°;

— BUMXigHuWi kyT noTtoky B, =110°;

— KiNbKiCTb NMoOMNaToK z = 24 mir. ;

— piameTp BxigHoro natpybka D, = 0,135 mum ;

— piametp Ha Bxogi B PK D, =0,140 Mm ;

— Aiametp Ha Buxogi 3 PK D, = 0,400 mum ;

— po3mipy i chopma paBnMKa 3anuLLaKTbCs HE3MiH-
HUMM (BUKOHaHI 3@ pO3Mipamu 3aBOACHKOMO BUKOHAHHS);

— HasiBHiCTb BHA 3 kyTOM BMXOAYy MOBITPSHOTO MOTOKY
o, =140°:

— HasiBHICTb NPUCTPOIO KOKIflb.

YacrtoTa obeptaHHs PK y 3agaHoMy JocnigKeHHi npu-
nvae = 5000 06/xB. Mo3Haunmo Lo mogens Ne 1,

,D,ﬂﬂplzl(aO"IHOCTi i MOPIBHAHHSA PyXY Ta MOKa3HWKIB NOTOKY
MOBITPS B NPOTOYHIN YacTuHi BPB, po3rnaHynu Ta 3pobunu
po3paxyHok ABOX iHWMxX BapiaHTis BPB. Ha BiamiHy Big
OCHOBHOrO BapiaHTy BPB:

— Mogenb 6e3 HasBHocTi BHA Ta Kokins, Hassemo ii Ne 2;

— mogenb, Wwo mae BHA, ane He mae Kokinsi, Ha3Bemo
i Ne 3.

Y nporpami Solidworks nobygosaHo 3D-TBepAOTinbHY
rEOMETPUYHY PO3PaxyHKOBY Mogenb NPOTOYHOI obnacTi
[aHOro BEHTUNATOPA, a ANs NOAAbLLOro PO3paxyHKy nepe-
BeAeHo B nporpamHmii komnnekc ANSYS 19.0 CFX, gusu-
mocs puc.1A, 1B i 1C.

AHania BeHTUNATOPIB, TPbOX Pi3HUX BapiaHTiB, Mpo-
BOOMMM MOPIBHAHHAM X aepoguHamiyHuX napameTpis,
a TaKOX MOPIBHIOKYM 3HAYEHHS MapaMeTpiB MOTOKY NOBITPS,
B NPOTOYHiIN YacTuHi BPB (Mironov, et al 2008; Barlit, 1992).
3Ha4eHHsi napameTpiB NOBHOTO P, , i cTaTU4HOro TUCKY P, ,
a Takox 3HaveHHs KK[ BPB otpumyemo 3a [omomorow
nporpamm ANSYS 19.0 CFX. Matoun Taki gaHi, MOXMIUBO
nobyaysatn aepoguHamiyHy Xapaktepuctuky BPB (Chi-
chkin, 1984; Chung, 2002).

c

Puc. 1. Po3paxyHkoBa TBepAoTifibHa reomeTpuyHa 3D-moaenb:
A — BapiaHT Ne 1 3 BHA Ta kokinem y BPB; B — BapianT Ne 2 BPB; C — BapianT Ne 3 3i BHA BPB

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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3 uieto MeTo Ans BUBpaHWMX MoZenen aBTOMaTU4HO
Byayetbca citka KiHUeBuX enemeHTiB y Mmogyni ANSYS
MESH. TouHicTb po3paxyHKy 3anexuTb Bif SKOCTi eneMeH-
TiB y ciTui. Mpvknag nobyaosu CiTku NokasaHo Ha puc. 2.

KinbkicTb enemeHTiB ciTku AaHoi mogeni Ne 1 ctaHoBUTL
1 988 095 wr., a By3niB — 3 815 945 wr.

CTBOpeHa TBepAOTiNMbHA reoMmeTpuyHa po3paxyHKoBa
mogenb LIPB BsapiaHT Ne 1 ANSYS CFX (Myronov& Olek-
senko, 2016; Jeffreys, 1999) cknagaetbca 3 M'ATW YaCTMH
puc. 3:

1) nepwa YactuHa — uUe BxigHa obnacTb Mig Ha3Bow
"Trumper 01" (Hepyxoma), BMKOHaHa y cbopmi LuniHapa.
O6nactb onucye NpocTip, L0 BUKOPUCTOBYETLCS ANS pO3-
paxyHky BPB, mae BxigHy nosepxHio — «Inlet», BuxigHy
nosepxHio — «Outlet Trump0O1» i noBepxH CTiHKY —
«WallTrump01»;

2) ppyra YactuHa — ue obnactb nig Ha3eoo «Trump 02»
(Hepyxoma), BUKOHaHa Yy bopMi LMMiHOpa, B SKIA 3HAXO-
aatecs BHA Ta kokinb. Ll uyactuHa npoctopy BPB mae
BxigHy nosepxHio — "InletTrump02", BuxigHY noBepxHi0 —
"OutletTrump02", nosepxHio ctiHky — "WallTrump02"
i noBepxHlo, sKa BkModae B cebe nonatkm BHA -
"BladesTrump02";

3) TpeTs yactuHa — poboye koneco (PK) nig Ha3Boto
«Rotor03» (obnactb, Lo obepTaeTbcs), nepenae NoOToky
noBiTps eHeprito. ObnacTb noToky nosiTps B PK BPB mae
BXigHy nosepxHio — "InletRotor03", BuxigHy noBepxHio —
"OutletRotor03", nosepxHto cTiHky — "WallRotor03"
i noBepxHi, ska Bkniodae B cebe nonatkm PK -
"BladesRotor03";

4) yeTBepTa YaCTUHA € reOMETPUYHOI0 Chirypoto y BUrnsai
paenuka BPB, naemo HasBy «Cap04» (Hepyxoma obrnacTb).
Lis yactnHa mae BxiaHy noeepxHio — "InletCap04", BuxigHy
nosepxHio — "OutletCap04", noepxHio cTiHky — "WallCap04";

5) m’'Ata yacTuHa sBnse coboto BuXigHY obnacts Cap05
(Hepyxoma obnactb). Lis yacTuHa Mae BXiZHY NOBEPXHIO —
"InletCap05", BuxigHy nosepxHio — "Outlet", nosepxHto
CTiHKy — "WallCap05".

BxigHa «Inlet» i BuxigHa «Outlet» obnacTi gocnigxysa-
HOi po3paxyHKoBoi 30HW LIPB HeobxigHi Ans (hopMyBaHHS
nokasaHux Ha puc. 4 rpaHuyHux ymos (Fletcher, 1988;
Frank, 2016). Mpu BuBYeHHi pobotn BPB mogenen Ne 2
obnactb Trump 02 BukoHytoTb 6e3 HasiBHOCTI BHA Ta Kokins
i mogeni Ne 3 3 HasaBHicTio BHA. Poboue Tino B mogeni — Air
at 25 C, onuist po3paxyHky nepegavi Tenna — Total Energy,
mogenb TypbyneHtHocTi — SST. Obnactb obeptaHHs PK
obepTaeTbes i3 YacToTo n, = 5000 ob/xs.

Tun B3aemopii poTopa Ta ctatopa — Frozen rotor. Ha
BXOAi B Mofenb: rpaHuMyHa ymoa — Opening, 3 napame-
Tpamu Bxogy — Total Pressure, wo gopisHioe 101325 MNa
(aTmMocthepHuin TUCK), napameTpu Buxody — Mass Flow
Rate (Macosa Butpara Ha Buxogi G,, Kr/c). [pu pospaxyH-
Kax HEXTYEMO TEpTSM Ha BHYTPILWHIX CTiHKaxX NPOTOYHOT
YacTuHW. [N po3paxyHKy pi3HUX TOYOK XapakTepuUCTUKK
3MiHIOBanM MacoBy BMUTpaTy Ha BWXOAi BEHTMUNSATOpPa
G, kric.

3apaBWwM  rpaHWyHi  YMOBM  PO3paxyHKOBOI  0bnacrTi
mogeni BPB y moayni ANSYS CFX Setup Bupobnsietbes
po3spaxyHok BPB, ausumocs puc. 4.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Puc. 2. Po3paxyHkoBa ciTka, nodygoBaHa B ANSYS,
ansa moaeni Ne 1 3 BHA Ta kokinem y BPB

= (@ Model (A3)
&% Geometry
x @ Rotor03
x @ Cap04
x @ Cap05
x @ Trumper02
x @ Trumper01
#- & Coordinate Systems
#-f&) Connections
-, Mesh
- 8 Named Selections

A B

Puc. 3. TeepaoTinbHa reomeTp1MyHa po3paxyHKoBa
mogens BPB BapiaHT Ne 1:
A - nogin koHcTpykuii BPB Ha po3paxyHkosi obnacri;
B — nepeBo mogeni B cuctemi ANSYS CFX

T— {
Puc. 4. Mogenb po3paxyHkoBoi obnacti BPB y CFX-Pre

BBiBLUM rpaHuYHi yMOBM Ta 3afaBLU KiMbKICTb iTepaLin
Ta TOYHICTb PO3PaxyHKy 3amnyckaemo MOZYMb PO3PaxyHKy
Solution, guBumocs puc. 5.
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B nopanbliomy pospaxyHok MoBHOrO P, Ta cTatuy-

Puc. 5. I'pacpik po3paxyHky mopeni BPB

NOBHOro P, Ta CTaTUYHOTO TUCKY P, B 3anexHocTi Bif

HOrO TUCKY P, BEHTUNATOPIB NPOBOAWMO NPU Pi3HUX
3HAYeHHsX BUTpaTU NoBiTpa G, . 3HaYeHHs napameTpis

36iXXHOCTi NpuitHATO piBHUM 1075, Po3paxyHKOBi 3Ha4EHHS

3HaYeHHs1 BUTpaTU NOBITPS G, OQEPKYEMO Yy BUIMAA
rpadikis ans pisHux mogenei BPB (puc. 6).
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Puc. 6. Po3spaxoBaHui i3 BukopuctanHam cuctemu ANSYS 19.0 CFX, cTBoproBaHMit BEHTUNATOPOM
noBHui P, Ta cTaTuyHuiA Py, TUCK B 3a1eXHOCTI Bif 3Ha4YeHHA BUTPaTH NoBiTps G, AN TPbOX BapiaHTIiB
mopeneit Ne 1 (A), Ne 2 (B) Ne 3 (C)
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[lns noBHOUiHHOI poboTK BCiei NHEBMATUYHOI CUCTEMM
CiBanK1 BaXsIMBY ponb Bidirpae CTaTUYHWIA TUCK, LIO CTBO-
POETLCA P, BEHTUNATOPOM. |3 rpadpikis (puc. 6) BUAHO, Lo
y BPB mogeni Ne 1 BiH npubnusHo Ha 20 % 6inblumi Hix
y BPB mogeni Ne 2. HassHicTb koking y BPB npussoguTb
[10 3MEHLUEHHs BTpaT NOBITPSHOTO NOTOKY, @ 3Ha4YMTb 36inb-
LIeHHs cTatuyHoro Tucky P,y mogeni Ne 1 npubnuaHo
Ha 17 % nopiBHaHO 3 mogennio Ne 3. AHanidytoum rpadiku
XapaKTepUCTUK TUCKY CTBOPIOBAHOIrO BEHTUMATOPOM, BUOK-
paemo BPB notpibHoi koHgirypauii (Hirsch, 2007; Batche-
lor, 2000).

Moxrmneo Takox sigctexutn KK noBHoro tucky n, Ta
CTaTUYHOTO TUCKY T, BEHTUNATOPA NPU Pi3HUX 3HAYEHHSX
BUTpaTn NoBiTps G, (puc. 7).

Kopuctytounce nporpamHumu mMoxnusoctamu ANSYS
CFX, MOoXnu1Bo cnocTepiratv 3a NoBediHKOK NOTOKY NOBITPS
B NPOTOYHIiA YaCTUHI KaHany BeHTUNATopa. Tak oTpuMyBanu
iH(bopMmaLlito Npo PO3MNOAIN i 3HAYEHHS TWUCKY, LLUBWMAKOCTI,
TemnepaTtypu Ta psay iHLWMX NapameTpiB NOTOKY, WO Likas-
NATb, Y Pi3HMX nepepisax NPOTOYHOI YaCTWHU KaHany BeH-
TMNSTOpa, Ha MigcTaBi sKOi POGUMO BUCHOBOK Npo poboTy
BeHTUnsATOpa. PucyHok 8 [ae MOXMUBICTE PO3rMSHYTH
noBeZiHKy NOTOKY NOBITPS Npu koHTakTi 3 BHA Ta kokinem
BOY0OBaHMM y NPOTOYHY YaCTUHY BEHTUNATOPA.

HasBHicTb y NpOTOYHIN YacTuHI BeHTUnsTopa BHA Ta
KOKINsi MnaBHO 3MIHIOE HanpsIMOK PyXy MOTOKY MOBITPS,
a BIiAMOBIAHO 3MEHLUYE BTPaTW B LbOMY MiCLi NPOTOYHOI
YaCTUHM.

[ns po3ymiHHS NOBEiHKM Ta BENIMYMHW 3MiHU BiQHOCHOI
LUBUAKOCTI NOTOKY B3AOBXK MPOTOYHOI YaCTUHWU BEHTUNSA-
TOpa Npu 3aaHoMy 3HayeHHi BUTpatn nositps G, , noby-
[0BaHO KapTUHY 3MiHM LbOro napametpa B nepepisi BPB
(puc. 9A i 9B).

[ns posrnsgy noBediHkM NOTOKY MOBITPS Ha BXodi A0
BEHTUNATOPY Ta B MKMONATKOBOMY KaHani, npu 3agaHoMy
3HayeHHi BuTpaTn nositpa G, , ByayeMo [ONOMiXHY nno-
wuHy (puc. 9A). Mig Yac pyxy NOTOKY NOBITPS NPSAMONIHIN-
HUM KaHanoM «Trumper01» BigHOCHA LIBMAKICTb HE 3MiHIO-
eTbes. Konwm noTik nosiTpsa niaxoautsb o BHA «Trumper02»,
0ro LWinbHICTb 36inbLLIyeTHCS | NPy 3yCTPiYi 3 KOKiNem noTik
ranbMyeTbCs (LIBMAKICTb MOTOKY 3MEHLLYETHCS), BiH NNaBHO
3MiHI0Ee Hanpsamok pyxy i Bxogute fo PK LIPB. B nogane-
LUOMY NOTIK NOBITPS PyXaeTbCs B3AOBXK MONAToK 4O nepu-
depii. Mpu LpOMY 1Oro WBMAKICTE 36iNbLWYETLCS. [10 BUCOTI
Ta JOBXMHI NonaTky WBWAKICTb 3MIHIOETHCS HE PIBHOMIPHO.
[na HaoyHocTi pyxy noToky nosiTpst y By3nax Rotor03,
Cap04 i Cap05 Byoyemo gonomikHy nnowwmHy (puc. 9B).
Y300BXK KOPUTLS NONAaTKW LWBWAKICTL NOTOKY 36inbLUYETHCSA,
YoMy CMpUSiE Nepegaya eHeprii NOTOKY NOBITPS nonaTkamu
PK. BoanuHi Big nonatku noTik NOBITPS 34INCHIOE KPYrOBi
pyxu. 3anuwatoun nosepxHio nonatok PK, noTik nositps
noTpannse B paBnuk BeHTunsaTopa «Cap04», ae noro wena-
KicTb 3poctae. lNpu nonagaHHi noTtoky nosiTps B Cap05
LUBMUAKICTb MOTOKY NOBITPS NOCTYNOBO Najae.

Ha pucynkax 10A ta 10B npencrtaBneHa Bidyanisauis
3MiHX NoniB WBWAKOCTI Y Pi3HUX By3Nnax MPOTOYHOT YaCTUHW
KaHany BeHTunsaTopa.

Y pospaxyHkax Ta aHanisi pobotu BeHTUnATOpa
€ Takox abCcontoTHi napameTpu, siki PO3paxoByHOTh BiAHOCHO

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty
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Puc. 7. l'padpik 3anexHocTi KKl BeHTUNATOpA,
otpumadi B ANSYS 19.0 CFX ansa mogeni Ne 1
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Puc. 8. Pyx noToKy noBiTpsi B MiCLli BCTAHOBJEHHA

BHA Ta kokinss BPB
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Puc. 9. KapTtuHa 3miHu BigHOCHOI LWBMAKOCTi NOTOKY

noBiTPA NpU NPOXOAXKeHHi Takmx By3nis BPB:
A — «Trumper01», « Trumper02» Ta «Rotor03»;
B — Rotor03, Cap04 i Cap05
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Puc. 10. KapTvHa 3miHM abCcontoTHOI WWUBUAKOCTi MOTOKY
NoBITPsA NpU NpoxoaxXeHHi Takux By3nis BPB:
A— «Trumper01», «Trumper02» Ta «Rotor03y;
B — Rotor03, Cap04 i Cap05
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Puc. 11. KapTuHa 3MiHu BiGHOCHOIO TUCKY NOTOKY
noBiTPA Npy NPOXOMKEHHI Takmx By3nis BPB:
A — «Trumper01», «Trumper02» Ta «Rotor03»;

B — Rotor03, Cap04 i Cap05

HEpPYXOMOi, MOB’A3aHOI 3 KOPMNYCOM BEHTUNSATOpPa CUC-
TeMi koopauHat. KaptuHa 3miHWM abContoTHOI LUBMAOKOCTI
MOTOKY MOBITPSI B NPOTOYHI YaCTWHI BEHTUNSATOpa Hape-
aeHa Ha puc.10A ta 10B. lMNpu pyci noToky nNoBiTps npsi-
MORiHINHMM KaHanoM «Trumper01» abconioTHa LWBMAKICTb
nnaBHO 3MiHOETbCS. Konu noTik MoBITPS nigxogauTb 40
BHA «Trumper02», #oro wWinbHicTb 36inbllyeTbea i npw
3yCTpidi 3 KOKiNem noTik ranbMyeTbes (abcontoTHa LWBKA-
KICTb MOTOKY 3MEHLLYETLCS) BiH 3MIHIOE MMaBHO HaNPSIMOK
pyxy i BxoguTb o PK BPB. [MoTik NOBITPS pyXaeTbCs B3LOBX
nonartok jo nepudepii, kKapTuHa 3MiHW BenuUMHK abcontoT-
HOI LUBMAKOCTI MOTOKY NOBITPS OAHO3HayHa. 1o BWCOTI Ta
[JOBXWHI nonaTkn abCconioTHa LWBKUAKICTb 306iMNbLIYETLCA He
piBHOMipHO. [INsi HAOYHOCTI pyxy MOTOKY MOBITPS Y By3nax
Rotor03, Cap04 i Cap05 Gygyemo LOMOMDKHY MIIOLMHY
(puc. 10B). Len mantoHoK 6inblWw TOYHO nepegae nose-
AiHKY NOTOKY NOBITPS B MiKnonaTkoBoMy kaHani. Mig yac
pyXy NOTOKY MOBITPS B3OOBX kaHany paenuka «Cap04» go
kaHany «Cap05» BMxoAy NOTOKY LUBMAKICTb 3HUXKYETHCS.

3MmiHa BiOHOCHOTO TUCKY B34OBX MPOTOMHOI YaCTUHW
BPB nokasana Ha puc. 11A 1 11B.

Onsa po3rnagy KapTUHU 3MiHW TUCKY NOTOKY MOBITPS
Ha BXOdi Yy BEHTUNATOP | MiX NlonaTkoBOMY KaHanmi, npu
3alaHOMY 3HaueHHi BuTpatu nositpsa G, , Byayemo gono-
MikHy nnowmHy (puc. 11A). Mpu pyci noTtoky nosiTps
NPSMONIHINHMM KaHanom «TrumperO1» cTaTU4HUIA TUCK
nnaBHO 3MiHWETbCA. [pu nigxodi NOTOKY MNOBITPS [0
BHA «Trumper02» Ta npu 3ycTpidi 3 KoOkinem Hanps-
MOK MOTOKY MOBITPS 3MIHIOETLCA Ta MNaBHO BXOAUTb [0
PK LPB. NoTik noBiTps pyxaeTbCs B3Q0BX MONATOK [0
nepudepii, 3MiHIOYM BEMUYMHY CTaTUYHOro Tucky. o
BMCOTI Ta JOBXWHI NnonaTku CTaTUYHUNA TUCK 3MIHIOETbCS
He piBHOMIpHO. [N HAOYHOCTI 3MiHWU CTATUYHOTO TUCKY
noToky nosiTps y By3nax Rotor03, Cap04 i Cap05 6yay-
€EMO JOMOMiXHY MnowmHy (puc. 11B). Bsgosx koputus
nonaTtkn CTaTUYHUIA TUCK NOTOKY 3MiHIOETBLCS. 3MiHa CTa-
TUYHOTO TWUCKY MiKKaHanNbHUX AinsHkax BigbyBaeTbCs
HepiBHOMIpHO. 3anuwwatody noBepxHio nonatok PK, notik
NOBITPA NoTpannse B paBnuk BeHtunatopa «Cap04», ge
BEMUYMHA CTATUYHOrO TUCKY 3pocTae. [lpu nonafaHHi
notoky noBiTps B «Cap05» 3HaYeHHs CTaTUYHOrO TUCKY
MOBITPS NOCTYNOBO 3pOCTaE.

KonipHa rama, napameTpiB, LLO LiiKaBMNATb, HA MastoHKYy,
a TaKoX LUKana napameTpiB [ae MOXNUBICTb BidyanbHOro
NpeLCTaBMNEHHS NOBEAIHKM NOTOKY NOBITPS B3AOBXK NPOTOY-
HOi YacTuHu BPB.

BUCHOBKM. Y Ui CTaTTi poO3rsHYTO MOXIMBICTb 3aCTO-
CyBaHHa nporpamHoro komnnekcy ANSYS 19.0 CFX gns
06r'pyHTYBaHHA BMOOPY Oinbll  paLioHanbHOI  KOHirypa-
uii BPB. Bci pospaxyHku 6ynu npoBedeHi i3 3acTocyBaHHAM
SST mogeni TypbyneHTHOCTI. MNopiBHAHHAM aepoauHaMiYHUX
xapaktepuctk BPB, oTpumaHux 3a pesynsratamu YMcenb-
HOro [AOCNIMKEHHSs, MPOINCTPOBaHO, SIK NpoTikae pobo-
YU NpoLecC y BEHTURSATOpaAX pisHOro BukoHaHHA (Ne 1, Ne 2
i Ne 3) npu pi3HuX 3Ha4eHHsx BuTpaTu Nositps G, . OTpuMaHi
3HaYeHHs TWUCKY OaloTb 3Mory obrpyHTyBaTW BMGIp paLlio-
HanbHOI KOHCTPYKLii BeHTMnsATopa. [MporpamHWiA komnnekc
ANSYS 19.0 CFX gae MOXNMBICTb HAOYHO NPEACTaBUTU Kap-
TWHY MOBEdHKM NapameTpiB, WO ONMCYyoTb Poboui npoueck
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B MPOTOYHIN YaCTWHI | BNMMB iX Ha Pi3Hi BY3NM BEHTUNATOpA.  MOBEPXHSAX i NOWMHAX MepepisiB BeHTMNSATOpa. € MOXu-
Y poagini Expressions nporpamut ANSYS CFD — Post MoxHa ~ BicTb nobyayBaTv B Pi3HI KOMIPHIA rami 3HaYeHHs napame-
OTpMMAaTU 3HAYEHHS NapameTpIB, LLO LiKaBNsATb, Ha NOTPIOHUX  Tpa, L0 LiKaBUTb Hac, B Byab-KOMY MICLLi MPOTOYHOI YaCTUHM
BEHTUNSATOPA.
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Justification of centrifugal radial fan configuration choice using solidworks and ANSYS CFX software complexes

With the development of computer and software systems, Computational Fluid Dynamics modeling (CFD modeling) has
been eliminated, which is based on the development of systems to save mass, energy and resources, which describe the
flow of technology iti in shoveling machines. All this makes it possible to save time and material resources in comparison
with experimental research, as well as to carry out an optimal interpretation of the physical, geometric parameters and the
borderline minds of the researched object. Ekta. This article examines the possibility of using the ANSYS 19.0 CFX software
package for trivial numerical modeling of gas-dynamic processes, such as those required by the Center Radial Fan (VRV).
The aerodynamic characteristics of the air blower were analyzed on the basis of the design, analysis of which made it
possible to eliminate phenomena about the processes that occur in the flow part of the fan for different design configurations:
No. 1, No. 2 and No. 3 for different values. spend again G_m. The ANSYS 19.0 CFX software package makes it possible to
read the numerical values of parameters, as well as visualize the behavior of parameters in the flow part of the fan.

The ANSYS program allows you to select a VRV of a specific configuration and change the size of the wind flow when
specifying the size of the wind flow models: the ideal knitting is normal (in the frame of the model middle), laminar or turbulent
flow to the wind, the rarefied and compressed middle, the two-worldly and the three-worldly.

This article examines the work of the VRV during the process of passing an ideal, non-crampy model medium through
its flow part into a trivial medium. A turbulence model for trivimiral flow, Menter’s Shear Stress Transport (SST model), which
is a hybrid model between k-¢ and k-w turbulence models, has been adopted. Thus, the SST model has the same stability
and accuracy as the standard k-w model in the near-wall areas and the k-¢ model at the wall-mounted area. It was possible
fo obtain a picture of the sub-vice of the flow part, the fields of fluid vectors and the direction of the wind flow for condlitioning
and analysis of the results.

Key words: turbulence model, high pressure, static pressure, high fan efficiency, static fan efficiency, flow inlet, flow out.
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Y Kyni ma nnowuHu € cninbHi 03Haku. Y 060X 2aycoea KpusuHa € CmMaror: y NAOWUHU 80Ha pigHa Hymmo, a y Kyl 80Ha
3anexums ei0 eenuyuHu padiyca. BHacniOok ub02o cihepudHi Kpusi MOXymb Koe3amu o noeepxHi Kymi nodibHo 0o moeo,
SIK MIOCKI Kpusi MOXymb Kog3amu y niouwuHi. [lesiki enacmusocmi NiocKux Kpueux xapakmepHi i 0ns ix cchepuyHux aHa-
noeig. Skujo npoghinb 3ybus yuniHOpu4HoOI mepedadi oKpeceHul no eeonbeeHMI Kora, mo 3ybeub KOHIYHOI nepedadi mex
OKpecreHull o Kpusill, sika € cghepuYHUM aHano020M egoribeeHmu Kora. Kpim mozao, 0ea enircu Moxymb repekodysamucsi
00UH 1Mo 00Homy 6e3 Ko83aHHS, SKWO ix oci obepmaHHs po3mauwysamu y (hokycax. Te x came cmocyembCsi i CghepuyHUX
enincig, MinbKu Ha 8idMiHy 8i0 NMIOCKUX efifncie, y ssKux oci 0bepmarHs napanesbHi, y ChePUYHUX enincie 80HU nepemuHa-
tombcs y yeHmpi copepu. Taky nodibHicmb Mix MIOCKUMU KpUBUMU ma iX ChepuyHUMU aHao2amu sukopucmosytoms 011s
MPOeKMyB8aHHs CChePUYHUX MeXaHi3Mig.

Y cmammi po3ansiHymo nobydosy Kpugoi — chepudHO20 aHasio2a napaboru. 3a 0cHo8y 835iMo 8U3Ha4YeHHs napabonu,
SIK 260MEMPUYHO20 MICUST MOYOK, pieHo8id0aneHo20 8i0 (hikcosaHOI moYku — ¢hokyca napabonu i 6id npsmoi — dupek-
mpucu. 3a dupekmpucy Ha cehepi 83mo eksamop, sIK aHanoe npsMoi NiHii Ha MIoWuHI. [na 3pydHocmi aHamimuyHuUXx
8uKadok 835mo Kyrmo 00UHUYHO20 padiyca. B makomy eunadky 0oexuHu Qyz sumiptorombesi Kymamu. 3a sugedeHuUMuU
pieHsHHAMU 6y10 nobydosaHo cghepudHi napabornu, siki Ha 8iOMIHY 8i0 NIOCKUX € 3aMKHeHI. [nsi napabonu Ha NnoujuHi eci
rpomeHi, sKi U0ymb i3 ghokyca, sidbusaromscs 8i0 napabornu i ymeoptorombs Ny4oK napanenbHUX npsamux. AHanoeidHo eio-
bysaemscs i Ha cghepuyHitl napabori 3 mieto 8iOMIHHICMIO, WO aHan02oM napanenbHUX MPsSIMUX € MHOXUHa MepudiaHis, siKi
rnepemuHarombCs 8 nomoci. 3a yiero enacmusicmio cghepudHa napabona nodibHa Ao cghepUYHOR20 erinca, y SSK020 NPOMEH,
wo 8uxodsms i3 00HO20 nostoca, nicrs 8idbumms nonadarome y Apyauli nosnrc. Beruka eick eninca y Kymogomy euMmipi
Moxe Habysamu 3HadyeHb 00 180°. Mamemamuy4Ho dosedeHo, wo y sunadky, Komu eenuka eick eninca dopigHioe 90°, mo
cehepuyHull eninc 00Ho4acHo € cghepuyHoro napabosnoro. Takum YuHoM chepuyHa napaborna € Yacmkosum sunadkom cehe-
puyHoeo eninca. CkrnadeHo 8HyMpIlUHE PiBHSIHHSA cghepuyHOI mapabonu y KpugoniHiliHUX kKoopOuHamax ma ii napamempuyHi
pigHsIHHA. 3a ompuMaHUMU pieHAHHAMU 10bydosaHO napaboriu i3 pi3HUM 3Ha4yeHHsIM (hoKanbHO20 napamempa. SHalideHa
yMosea, 3a Koi cqhepuyHa napabona nepemeopoembCs y Koro.

Knrovosi cnoea: cehepa, KpusoniHiliHi KoopOuHamu, 8HympilHE pieHSIHHS, cghepuyHa napabona, cohepudHUl enirc.
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BceTtyn. [MoBepxHs Kyni Mae LUMPOKe 3aCTOCYBaHHS Y pi3-
HUX cdepax NACLKOT AianbHOCTI. Hanpuknaa, B apXiTekTypi
[N CTBOPEHHS YHiKanbHUX ¢hopm Ta CTpykTyp. Chepa moxe
ByTW BUKOpPUCTaHa AN CTBOPEHHS KyrnomiB, apoK, a TakoxX
uinux Byaisens 3 opuriHanbHUMKU hopmamm. Y disnLi BoHa
BUKOPUCTOBYETLCA AN MOAEMIOBAHHA  PisHUX  i3NYHMX
ABULL, TaKWMX SIK PO3MOAIN eneKkTpuyHoro 3apsay abo rpasi-
TauinHoro nons. B matematuui NoBepxHst Kyni € OCHOBOK
chepuyHoi  reometpii Ta TpuroHometpii  (JdaHuneBCbKui
Ta iH., 2011). Cepen cepnyHnX MexaHiamiB BifoMi chepuyHi
LUapHipK, SKi HagarTb 0bepTanbHOro PyXy B Pi3HUX HaMpsiM-
Kax, cthepuyHi peaykTopu, siki nepeaatoTb 0bepTanbHuii pyx
3 OHOrO Bany Ha Apyrui nig pisHAMK KyTamu, cpepuyHi nig-
LUMMHUKK, CPEPUYHI YOTMPUNAHKOBI MeXaHi3Mu, 30Kpema,
KapLaHHWiA MexaHism. Bce ue BuMmarae martemaTtuyHoro
OnnCy KpMBKX Ha NOBEPXHi Cepm i BUBYEHHS TX BNacTUBOC-
Tell 3a aHanoriel i3 NNockuMK KpueuMMK. KOHCTPYHOBaHHO
KpMBMX Ha cdpepi y dhyHKLUIT HaTypanbHOro napametpa npu-
ceaveHi npaui (Mununaka Ta iH., 2008; 2014). Mogento-
BaHHA CMYT PO3rOPTHUX MOBEPXOHb, AOTUYHUX [0 NOBEPXHI
Kyni po3rnsaHyTo B npaui (Mununaka Ta iH., 2018). B npaui
(Kresan et al., 2023) Ha nosepxHi ccepu nobynosaHo
HEKpYIMi Koneca, siki € 0CHOBOI A5l YTBOPEHHS aKCOiAiB, Lo
MOXYTb 0BKOUYBaTUCS OOMH HABKOMO OAHOMO, 0bepTaunch
HaBKOMNO Oce, SiKi NepeTUHaIOTLCS B LEHTPI cepn. Akcoiau,
B OCHOBI IKMX € ChepuyHi enincu, HaBeneHi B npaui (Kresan
etal., 2022). KoHcTpytoBaHHS ChepuyHMX aHanoriB LIMKNoiaw
i eBOMbBEHTH Kona po3rmsaHyTo B npaui (Nesvidomin et al.,
2023). ®opmOyTBOPEHHS ChEPUYHMX eniLmknoig npu obko-
4yBaHHi PyXOMOTO KOHYCa Mo HEPYXOMOMY 3AiNCHEHO B NpalLl
(Mununaka Ta iH., 2023). Pyx YacTuHkM no cdepuyHomy
CerMeHTy 3 BepTMKanbHUMMW pafianbHO BCTaHOBIIEHUMM
nonatkamu po3rnsaHyTo B npaui (BoniHa Ta iH., 2021). B npa-
uax (Wang et al., 2020; Guven et al., 2014; Yayli et al., 2011)
PO3rMA8aTLCS iHLWLI MUTaHHS, NOB’A3aHi i3 NOBEPXHEID KyIi.

Martepiann i metogu pocnimkeHb. Kpusi apyroro
nopsigky — napabona, eninc i rinepbona — € KOHIYHUMK nepe-
pi3amMu, OCKiNbKM KOHKpETHa KpuBa Moxe ByTn oTpumaHa npu
nepepisi OOHOIO i TOrO X KOHYCa B 3aneXHOCTI Bif NONOXKEHHS
CiYHOI nmnowmHW. BignosigHo B Matematuui icHye dhopmynio-
BaHHS1, SIKe BKa3ye Ha CninbHe NMOXOMKEHHS LIMX KPMBMX. FAKLLO
3HaWaeHO reOMETPUYHE MiCLie TOYOK, Y SKUX BiAHOLLEHHS Bif-
CTaHi [0 ofHieT (hikCOBaHOI TOUKM NMOLLMHK, SIKa HA3MBAETLCS
¢hokycom, 40 BigcTaHi 40 (ikcoBaHOI NPSIMOI, SKa HA3MBAETLCS
LAVPEKTPUCOID, € BEMUYMHA CTana, Le reoMeTpuyHe Micle
TOYOK € KOHIYHUM nepepizom. Bug uiei kpuBoi 3anexuTb Bia
BEMUYMHM BIOHOLLEHHS!, SIKe Ha3WBalOTb EKCLEHTPUCUTETOM.
AKWO eKCLEHTPUCUTET PIBHUA OOMHMLI, TO KPUBOK € napa-
6ona, MeHLwe ogmHuLi — eninc, GinbLUWA oanHULI — rinepbona.

[IMPEeKTPMCOI0 Ha NMOWMHI € npsma. |i BHYTPILLHBOK
BIaCTUBICTIO € HAKOPOTLLA BiACTaHb MK ABOMA 3ajaHUMK
TOUKaMK, Yepes siki NPoxXoauTb Lid NpsMa. 3a aHanorieto Ha
chepi Taka BNacTUBICTb NPUTaMaHHa konam BenMKoro pagi-
yca. 3a Take Kono Bi3bMEMO eKBaTop Kyni. 3anuiiemo napa-
METPUYHI PIBHAHHS Kyni OAUHWYHOrO pagiyca:

™

e €1y — wupoTa i 4oBrota — KpWBOMiHIMHI KOOPAUHATK
cdpepu, SKi BUMIPIOOTLCSA KyTaMu.

X =cosgcosy, Y =cosesiny; Z=sing,

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

MNpwu €=0 3ridHO piBHSAHBL (1) OTPUMAEMO PIBHAHHS eKkBa-
Topa. Bignik kyTa € BigbyBaeTbCa Bif ekBaTopa A0 nontca
A (pvc. 1a). Ha Hynboeomy mepugiaHi (npu y=0) BisbMemo
TOYKy F, sIKy npuiMemMo 3a okyc cdepuyHoi napabonu.
BigctaHb Big cokyca F 0o ekBaTopa BUMIPIOETLCH KyTOM
€, AIKMA € dhoKanbHUM napameTpom. Ha puc. 1a notoslue-
HOWO nNiHieto 300paxkeH0 doparmeHT cdepuyHoi napabonu,
slka NPOXOAWTb Yepes TOUKY B, a BepLunHa po3TalloBaHa Ha
HYNbOBOMY MepufiaHi nocepeauHi okansHOro napameTpa.
BigctaHb Bif avpekTpucu (eksatopa) 4o Touku B napabonu
BUMIPIOETLCS KYTOM € B3[J0BX MepuziaHa, sKuii BianoBsigae
KYTOBI y Npu BepLumnHi A ccpepmuHoro TpukytHuka ABF. Lis
BifCTaHb NO3HaYeHa ABOMa puckamu. 3 iHLLOT CTOPOHU, Taky
X camy BiACTaHb Mae Biapi3ok BF — BiacTaHb Bia dookyca F
[0 Touku B napabonu. 3Hangemo Lo BigctaHb. [na uboro
pO3rnNsHEMO cpepnyHuin TpUKyTHUK ABF (puc. 16).

6)

Puc. 1. I'pacpiuni intocTpauii
0o nobyaosu cdhepuyHoi napabonu:

a) parMeHT cdepuyHoi napabonu Ha NOBEPXHI Kyni
3 NO3Ha4YeHHAM piBHMX BigcTaHen Bia 1i TOukM B
[0 dokyca F i gupektpucu (eksatopa); 6) cchepnuHuin
TPUKYTHUK ABF, y SiKOoro cTtopoHy BF noTpibHo 3HanTu
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Y HbOTO BifOMO TPU KyTU: CTOPOHMU fi b, siKi BUMIpIOOTLCS
KyTamu f=90°-¢, b=90°-¢ i KyT y MiX UMK CTOpOHamMK. Ham
noTpiGHO 3HaNTK BigcTaHb Big ToYku B fo dokyca F, T06T0
CTOPOHY @ Y KyTOBOMY BUMipi. 3 TEOPEMM CUHYCIB A1S KOCO-
KYTHUX CPEPUYHMX TPUKYTHUKIB MOXKHA 3anucaTtu:

sinb _sina

(2)

LLo6 sHanTn KyT a 3a opmMynoto (2), NoTPiGHO 3HaTU KyT
npw BepLumHi B. Moro mu 3Hangemo 3a iHwo hopmynoto:

sin f ctghb —cos f cos A

sin A
Micna nigctaHoBkn y chopmyny (3) kyTiB =90°-¢,
b=90°-¢, i B=y, oTpumaemo:

sinB sinA

ctgB =

cos € tge, —sin €cos
ctgB = £% T

. (4)
siny
Mepengemo B (4) Bia KOTaHreHca [0 CuHyca i nigcTa-
BMMO OTpUMaHwii Bupa3 y (2). Po3s’a3aBwm (2) BigHOCHO
KyTa a, OTPUMaEMO:

sina = cosso\/sin2 y+(cosysing —cos e tge, )2 . (5)
(6)

Ane KyT a [OOPIBHIOE NMOTOYHOMY 3HAYEHHIO KyTa € (Ha
puc. 1a ayrv, WO BiANOBIgAKTb UMM KyTam, MO3HAYEHi
asoma puckamu). MNigctasumo B (5) abo (6) 3amicTb kyTa
a KyT € i po3’'BXKEMO OTPUMAHE PIBHSHHS BiHOCHO &:

COS @ = COSE, COSECOSY +SINE, SINE.

sing
€ = Arccos 0

(7)

. 2
\/smz g, +(1—cosg, cosy)

PiBHSIHHA (7) € BHYTPILIHIM PIBHAHHAM ChepUdHOI
napabonu. BoHO BCTAHOBMIOE B3aEMO3B'I30K MiX KpUBOSi-
HIMHUMK KoopauHaTamu € i y. MNigcTaBuBLLK (7) Y PIBHAHHS
chepn (1) 3aMmicTb & MU OTPUMAEMO MapameTpuyHi piB-
HSIHHS1 cdhepuyHOi napabonu.

3a3HaunMo, Lo PiBHSAHHS (6) MOXHA 3HANUTU NPOCTILLUM
wnsaxom. Ayry BF, wo signosigae kyTosi a (puc. 1), MoxHa

LuyKaTK, SIK KyT MK pagiyc-BeKTopamu, siki ayTh i3 LeHTpa
cepu go Touok B i F. KoopamHati BekTopa, WO #ae Ao
¢okyca F:

{cosg,, 0, sing, }.

(8)

KoopamHaTtu BekTopa, Lo iae A0 NOTOYHOI ToYKu B cihe-
puyHoi napabonu:

{cosecosy, cosesiny,

9)

Kyt a mix Bektopamu (8) i (9) sHaxoaMmo 3a BigoMOIo
thopmynoro i OTPUMYEMO pesynbTart, aHanorivyHui (6).

Pesynbratn pocnigxeHb. Ha puc. 2a nobypgosaHo
chepnuHi napabonu Ans pisHMX 3HadYeHb (POKaNbHOrO
napamertpa ¢,. Bci BOHM 3aMKHeHi i po3TalLoBaHi B OfHiM nis-
kyni. Konn cookanbHui napametp € = 90°, napaborna nepe-
TBOPKETLCS B KOMO. B LiboOMy BUNagky gokyc 3HaxoamTbCst
y nontoci. BigctaHb Big HbOro 4o Oyab-AKOi TOYKM Kona, siK
i Big Kona g0 ekBaTtopa, BUMIPIOETLCS B3LOBX MepuaiaHa,
€ cTanoio i piBHoto 45°. TNpoMeHi, siki BUXOASATb i3 dokyca,
nicns BiabvBaHHA B Kona noBepTaloTbCa Hasag y Ghokyc.
[ns iHwmx napabon, ki He € KONOM, NPOMeHiI BiabvBatoTLCA
BiZ napabonu i pyxaloTbCs B3AOBX MepuiiaHis, ki € aHa-
Norom napanenbHUX NPSIMUX Ha MNOLLMHI, | NepeTUHaTLCS!
y nontoci ccpepu. Akwo napabony pasom i3 GoKycom i Tou-
KOO NepeTMHyY BigdMTHX NPOMEHIB NOBEPHYTM HABKOMO OCi Y
Ha KyT € /2, TO M1 OTPUMaEMO 306paxeHHs!, NpeacTaBneHe
Ha puc. 26. Byab-skuii NPOMiHb, IO BUXOQMTB i3 TOYKM F,
nicns BigbuTTA Big Napabonu nonagae y NPOTUNEXHY TOYKY,
sIka po3TaLloBaHa Ha Takil e BifCTaHi Big Apyroi BepLUMHM
napabonu, sik Todka F Big nepLuoi.

Taka BnacTuBICTb XapakTepHa Ans eninca, Ta i cama
napabona nogibHa o eninca i3 gsoma okycamu. Llle
OAHiet0 0CcOBMMBICTIO OTPUMAHOI KPMBOI € Te, WO BiAcTaHb
MiXX MPOTUNEXHWMW BepLUMHAMK € cTanok i pisHow 90°
HesanexHo Bia hokanbHoro napameTpa.

B npaui (Kresan et al., 2022) HaBeeHO piBHSHHSA cdbe-
pu4HOro eninca, dopMa $IKOro 3anexuTb Big OBOX CTa-
NUX BENWYMH: BENWKOI OCi i BiACTaHi Mk cokycamu 6
(puc. 36). Cam eninc 6yayeTbesi, BUXOAAYM i3 TOTO, L0 cyma

sing}.

Puc. 2. CchepuyHi napabonu Ha noBepxHi Kyni:
a) cchepuyHi napabonu npu pisHUX 3Ha4YeHHsIX okanbHOro napametpa; 6) cpepuyHa napabona
nicns noBopoTy ii HaBKosO oci Y Ha KyT € /2
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BiACTaHeil y kyToBOMY BUMIpi Bid dhokyciB F i F, o Gyap-
AKOI TOYKM A eninca € BennyuHa ctana (puc. 3a). BHyTpilHe
PIBHSIHHA eninca y KpMBOMIHINHMX KoopAMHaTax Mae BUMSS
(Kresan et al., 2022):

.COSG—COS\.V j 2 (10)
siny —cosysin®

€= arctg(
PosrnsHemo wvacTkoBuin Bunagok, komm w=90°. Ha
OCHOBI MOPIBHSIHb PUCYHEKIB 36, 1a Ta 26 MOXHa 3anucaTu:
\|1=6+2%°:6+80. (11)
MNpwiimatoum oo yearu, Wwo w=90°, 3anuiuemo:
0=90"—¢,. (12)
Micns uporo BHYTpiWHE piBHAHHS eninca (10) HabyBae
BUIMSAAY:

sing
g=arctg| ———2—|. (13)
l—-cosycosg,

BHyTpiwHe piBHsaHHA (13) cknageHo ansa coepw, y SKoi
BiAJIiK KyTa € MOYMHAETLCA HE Bif €KBATOpa, a Bifg nontoca.
[Ans uboro BuNagKky napameTpuyHi PiBHSHHS Chepu MaKTb
BUMNSAA;

Y =sinesiny;

X =singcosy; Z =cosg, (14)

Mpw nigcraHoBui (13) y (14) mn oTpumaemo napame-
TPUYHI PIBHAHHS eninca i3 Benukoto Bicco w=90°

B sing, cosy )
X = s

. 2
\/smz g, +(1-cosg, cosy)

sing, siny

; (15)

V= 2
\/sinz g, +(1—cosg, cosy)

1—-cosg, cosy

z

. 2’
\/smz g, +(1—cosg, cosy)

FAKLWO MU MigCTaBUMO BHYTPILLHE PiBHAHHSA (7) y napa-
METPUYHI piBHAHHA cdhepy (1), TO MM OTPUMAEMO TOYHO TaKi
X PiBHSHHSA, SKi oTpumaHi y (15). Lle csiguutb npo Te, wWo
napameTpuYHi PiBHSAHHSA cdhepnyHoT napabonu € YacTKOBUM
BUNaJKOM PiBHSAHb CEePUYHOro eninca, Konm Moro Benuka
BiCb AopiBHI0E 90°.

O6roBopeHHs. 3a BHYTPILLHIM PiBHAHHAM (9) npw nig-
cTaHoBLi noro y (14) moxHa nobyaysat Habarato Ginblue
BapiaHTiB enincie, OCKiNbkX X (POPMOI0 MOXHa ynpasnsTy
[BOMa CTanumMu BenmunHamm 6 .

Ha puc. 4a nobygoBsaHi enincu, y SKux Benuka BiCb
6inbLwa 3a 90°. MNpu 6 = w eninc BUPOXKYETLCA Y AYTY MepU-
AiaHa Mk pokycamu. Eninc nepeTBoproeTLCS B KOO BENW-
Koro fdiameTpa npu = 180° He3anexHo Bif, 3HA4YEHHS KyTa .
Lle noka3saHo Ha Burnagi 36oky (puc. 46) npu 6 = 90°.

3 HaBegeHux nNpuKnagiB i MaremaTUyHWX BUKNA-
JOK MOXHa 3pobuTW BUCHOBOK, L0 chepnyHa napabona

0)

Puc. 3. CchepuryHi enincy Ha noBepxHi Kyni:
a) yTBOPEHHs cchepuyHOro eninca 3a yMOBM, WO cyma Ayr i3 okycie F i F, o Byab-skoi Todku A eninca € BenninHa
cTana; 6) BuxigHi gaHi 4ns yTBOpeHHs chepuyHOro eninca: BigctaHb Mix dokycamm 6 i Benwvika Bicb

05,

Puc. 4. BapiaHTtu eninciB npu @ > 90°:
a) pi3Hi kombiHauii ctanux 6 i w; 6) BiacTaHb Mix hokycamm 6 = 90° i pi3Ha BeNMYMHA BENWKOI OCi
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€ YaCTKOBVM BUMagKoM ChepuyHOro eninca, Konm y Hboro
Benuka Bicb W = 90°. Mpu UbOMY BiAcTaHb MiX pokycamm
arigHo (12) pisHa 90°- €.

[ocnimkeHHs nokasanu, Wo Ans KpuBmMX Ha cdepi — coe-
PUYHKX aHanoriB KPMBMX OPYroro nopsaKky Ha MIoWMHI — He
MOXHa 3aCTOCOBYBATW MOHSATTS eKCLEHTpUCUTETY. BHYTpILLHE
piBHSHHS (7) cchepuuHoi napabonu Byno oTprmaHo 3a ymMoBY,
L0 JOBXMHM Oyr Bif, NOTOMHOI TOYKM napabonu go ii ¢okyca
i 1O AMPEKTPMCK PiBHI Mk COBOLO, TOBTO X BiAHOLEHHS AOpPiB-
HIoE oguHuui. [Mpn NpUPIBHIOBAHHI LMX Ayr MOXHa BBECTM
koedilieHT, sk 3abe3ne4mnTh iHLLe BiAHOWEHHS, Hanpuknag,
MEHLLIE OAMHWLI, LU0 BiAnoBigae enincy Ha nnoLumHi. OgHak Ha
Kyni npy TakoMmy nigxoai oTpuMaT ccpepuyHmiA eninc He Baa-
eTbcs. OOHaK Npo CniNbHICTL NOXOMKEHHS cepuyHUX napa-
6onu i eninca CBIiAYNTL OTPUMaHUIA y CTaTTi MaTepian.

BucHoBku. [nocki kpusi apyroro nopsigky o6’ed-
HY€ Yy OZHY rpyny reomeTpuyHa dirypa — koHyc. Lli kpuBi
MOXYTb ByTW OTpUMaHi B pe3ynbTaTi NepeTuHy KOoHyca
NAOLMHOW, Yepes WO i HOCATb Ha3BY KOHIYHWMX nepepi-
3iB abo koHik. CchepuyHi aHanorn umx Kpusux ob’egHye
iHWa reomeTpuyHa girypa — cdepa. B ocHosi nobynos
BKa3aHWX KPMBUX K HA NNOLLMHI, TaK i Ha cdepi, nexaTb
CNiflbHi reoOMeTpUYHi BNacTMBOCTI LuX KpuBux. Lle nig-
TBEPOXKYETLCA pe3ynsraTtoM, oTpuMaHum y ctatTi. [lose-
[OeHo, Wo cdepnyHa napabona € 4acTKOBMM BMMNAOKOM
cchepnyHoro eninca, SKoro ikcoBaHa BENMMYMHA BENUKOT
OCi i B KYyTOBOMY BUMIpi JOPIBHIOE NPSMOMY KyTY. Takum
YUMHOM, CEepUYHWI eninc i3 BenuKOK BIiCCHO, PIBHOK
NPSIMOMY KYTY Ha NOBEPXHi cchepyn OAMHUYHOIO pagiyca,
OZHOYaCHO € chepnyHoto napabonoto.
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The connection between the parabola and the ellipse on the surface of the sphere

The sphere and the plane have common features. In both, the Gaussian curvature is constant: in a plane it is equal to
zero, and in a sphere it depends on the radius. As a result, spherical curves can slide on the surface of a sphere in the same
way that flat curves can slide in a plane. Some properties of flat curves are also characteristic of their spherical counterparts.
If the profile of a tooth of a cylindrical gear is outlined along the involute of a circle, then the tooth of a conical gear is also
outlined along a curve, which is a spherical analogue of the involute of a circle. In addition, two ellipses can roll over each
other without slipping if their axes of rotation are located at the foci. The same applies to spherical ellipses, only unlike
flat ellipses, in which the axes of rotation are parallel, in spherical ellipses they intersect at the center of the sphere. This
similarity between flat curves and their spherical counterparts is used to design spherical mechanisms.

The article considers the construction of a curve — a spherical analog of a parabola. The basis is the definition of a
parabola as a geometric location of points equidistant from a fixed point — the focus of the parabola and from a straight
line — the directrix. The equator is taken as the directrix on the sphere, as an analogue of a straight line on a plane. For the
convenience of analytical calculations, a sphere of unit radius is taken. In this case, the lengths of the arcs are measured by
angles. According to the derived equations, spherical parabolas were constructed, which, unlike flat ones, are closed. For a
parabola on a plane, all rays coming from the focus are reflected from the parabola and form a bundle of parallel lines. The
same thing happens on a spherical parabola, with the difference that the analog of parallel lines is a set of meridians that
intersect at the pole. According to this property, a spherical parabola is similar to a spherical ellipse, in which rays emanating
from one pole, after reflection, enter the other pole. The major axis of the ellipse in the angular dimension can take values
up to 180°. It is mathematically proven that in the case when the major axis of the ellipse is equal to 90°, then the spherical
ellipse is simultaneously a spherical parabola. Thus, a spherical parabola is a partial case of a spherical ellipse. The internal
equation of a spherical parabola in curvilinear coordinates and its parametric equations have been compiled. Based on the
obtained equations, parabolas with different values of the focal parameter were constructed. The condition under which a
spherical parabola turns into a circle has been found.

Key words: sphere, curvilinear coordinates, internal equation, spherical parabola, spherical ellipse.
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Woaypm — HatinonynspHituut KUCIOMOIOYHUL podyKm Ha CrIoXUEYOMY PUHKY. BiH Hopmanisye pobomy KuLeyHUKa, 3HaYHO
MoKpawye mpasrneHHs i rnofieauye 3aC80€HHS MOXUBHUX PEYOBUH. BUKOpUCMaHHS POCIUHHUX MOpOWKie ma ekcmpakmie
0r1s1 36azadyeHHs Liocypmy eimamiHamu, MiHeparnamu ma ¢heHonbHUMU CrioflyKamu, siKi MOCUoMb (i020 (hyHKUIOHabHI ma
aHmuokcudaHmHI enacmugocmi, cmae ece birbl akmyasibHUM. BUkopucmaHHs KOMMOo3uyiti POCITUHHO20 MNOX00XeHHSI Mae
romeHujian 0ns 36inbweHHs ma 36aza4eHHs1 acopMuUMeHmMYy KUCITOMOTOYHUX npodykmig 3 aHmuoKcuGaHMHUMU 81iacmueoc-
msmu. Memoto pobomu € 8u3Ha4yeHHs 8rusy npe Kponuau-sbriyka Ha SIKICHI MoKasHUKU toaypmy. Lle dacmb Moxrnugicmb
pO3pobUMU mexHonozit tocypmy ma po3wupumu acopmumMeHm KUCIOMOIOYHUX npodykmig 3 nideuuieHo bionoaiyHor
UiHHicmio. B sikocmi 0OCHOBHOI CUPOBUHU BUKOPUCMOBY8ariu MOJIOKO Kopos’sde, wo eidnosidae sumozam [CTY 3662:2018.
Sk HarosHIoead 3acmocosysaru nacmepusosaHe frope i3 kponusu i 56yk y cniggiOHowerHi 1:3, 1:5, 1:15. Bmicm Haros-
Hioga4a (nrope Kporusu-s6bryka) eapitoganu e peuenmypi tozypmig 6id 16 % Ao 20 %. [ns ecmaHO8NEHHST onmumaribHOI
KilbKOCmi HarogHroga4ya 8UKOHaHO OOCITIOXEHHS SIKICHUX roKasHukKie AocridxysaHux 3pa3kie. B pobomi sukopucmosysanu
cmand@apmHi MemoOdu docridxeHHs. B pesynibmami opaaHonenmuyHoi OUiHKU 8U3HaYeHo, Wo Halbinbw npusabnusum i eap-
MOHiItiHUM € 3pa3ok Ne 2 i3 emicmom nrope kponusu-s6myka 18 %. lNpu ybomy tioeypm xapakmepu3yembCsi KDEMOBO-3E/IEHUM
KOMbOpOM 3 YacmkaMu 8HECEeH020 HarosHiogaya, 3 fleekuM apoMamomM ma fMPUEMHUM NPUCMaKoM Kporueu ma Homkamu
s6nyka. Pesynbmamu ¢bi3uko-xiMiyHUX ma MikpobionoaidHuUX 00CridxXeHb MoKasyrmb, WO 8u20moereHi 3pasku tioaypmie
He repesulytoms 0onycmumux 3HaqyeHb 8idnogidHo Hopm LCTY 4343:2004. Pesynsmamu 3MiHU KUCIIOMHOCMI i KiflbKo-
cmi MikpoopaaHi3mie e liocypmax 8 rpoueci 3bepieaHHS nokasasnu, Wo 6Ci 3pasku Matomp riasHy meHOeHUio 00 3HUKEHHS
OKa3HUKi8, 0OHaK 8 Mexax Hopmu npomsi2om 33 dHig 36epieaHHs. B pesynbmamie npogedeHux OoClidxeHb peKoMeHAO08aHO
criggiOHOWeHHs rope kponusu-s6nyka sk 1:5, a Kinbkicms HanoeHoea4Ya 6 peuenmypi toaypmy — 18 %.

Knroyoei cnoea: monoyHi npodykmu, toeypm, poCiUHHa CUPOBUHA, Kporuea, KIlimkosuHa, biomozidHa uiHHicmb.

DOI https://doi.org/10.32782/msnau.2023.4.7
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Betyn. KucnomonouHi npogykti ctaHoBnsTb 15 % Big
3aranbHoi KinbKOCTi BCIET MOMNOYHOT NpoayKLii, sika BUpo6-
NSETbCA Ha nignpuemMcTBax B YkpaiHi. [onut cnoxusadis Ha
(hyHKLiOHaNbHI Ta HaTyparbHi MOMOYHI NPOAYKTU 3pOCTaE.
3okpema nonuT 3piC Ha KMCMOMOMOYHI Hamoi 3 AoaaBaH-
HSM POCAMHHOI CUPOBMHU, fKa Yy CBOEMY CKNMadi MICTUTb
BiTaMiHW, @HTWOKCMOAHTMW, XapyoBi BOMOKHA ¥ MiHepanu
(Samilyk et al., 2022).

MorypT — HaiinonynApHiLLMi KMCRIOMONOYHMI NPOAYKT
Ha CMoXuBYOMY PUHKY. OCKiNbkM BOHW 3OaTHi HOpManisy-
BaTW POBOTY KMLLIEYHMKA, 3HAYHO MOKPALLYOTb TPaBMEHHS,
NO3UTMBHO BMNMUBaKOTb HA 3aCBOEHHS MOXUBHWUX PEYOBMH
(Goyko et al., 2022). Tomy noOLLYK HOBUX HanOBHIOBaYiB Ha
HaTyparnbHii OCHOBI 3 BWCOKUM BMICTOM 6i0OnoriYHO akTuB-
HUX CMONYK € aKTyanbHUM 3aBAaHHAM.

AkTyanbHocTi HabyBae BWMKOPUCTAHHA MOPOLLKIB Ta
€KCTPaKTiB 3 POCMMHHOI CUPOBMHM 3 METOK 3baravyeHHs
rorypTis BiTamiHamu, MiHepansHUMKU Ta (PEHONBHUMM CMo-
nykamu, ki 30inbLUyoTb (PYHKLUIOHAMNbHI Ta aHTUOKCUAAHTHI
BIaCTUBOCTI rOTOBOI NPOAyKLii. BUKOPUCTaHHA POCIUHHMX
KOMMO3ULiii Mae nepcnekTuBy Ans 3barayeHHs Ta po3Lu-
PEHHS1 aCOPTUMEHTY KUCIIOMOMOYHUX NPOLYKTIB 3 aHTUOKCU-
[aHTHOIO fi€t0.

Y pobori (Najgebauer-Lejko et al., 2021) npeacras-
NEHO pesynbTaTi AOCNIIKEHHS BUKOPUCTAHHS B TEXHONOTT
BUPOOHULITBA MOrypTiB OY3MHOBUX MOPOLLKIB, OTPUMaHMX
npy OCMOTWUYHIN AerigpaTtauii nnogis 6y3uHW 3 HaCTYNMHUM
BUCYLLYBaHHAM Ta noapibHeHHaM. [NokasaHo, Lo roToBui
NpoayKT Mae npuBabnuBuiA CEHCOPHUW Npodinb — CBIT-
no-By3KoBuiA KOMIp, NPUEMHUIN KUCNO-CONOLKMIA CMak 3 Npu-
cMakoM i apomaTom 6y3nHu. [JogaBaHHa nopoLKy By3uHu
A0 NOrypTy NigBuLLye 3araribHy KWCMOTHICTb Ta B’A3KICTb.
Takox 36inbLIyeTbCS BMICT CyXux pevoBuH. MNpoTe B gocni-
[DKEeHHi He JoBedeHo BnnuB By3MHOBMX MOPOLLKIB Ha Tep-
MiH 36epiraHHs norypTie. Lle nuTaHHs po3kpuTo B HacTyn-
Hil po6oTi.

Pesynstatn pobotn (Abdel-Hamid et al., 2020) noka-
3y10Tb BUKOPUCTaHHSA J06aBKM ekCTpakTy 3 nnogis Siraitia
grosvenorii ans 36arayeHHs npobioTuaHoro morypty. MNoka-
3aHo, WO nicns godaBaHHS eKcTpakTy Bigbynocs nokpa-
LUEHHS XIMIYHMX Ta i3nNKO-XiMIYHMX MOKa3HWKIB. [OTOBMIA
AOCNIMKYBaHUA 3pa3ok 3 2 % eKCTpakTy MaB HanBuLly
AHTMOKCUAAHTHY Ta aHTubaKTepianbHy akTUBHICTb, a 3pa-
30K 3 1 % eKkcTpakTy oTpuMaB HavBuLli 6anu 3a ceHcop-
HUMK NOKa3HUKaMU.

Y pobori (Abdullah et al., 2023) gocnigxeHo 3baraqyeHHs!
voryptisB  Cinnamomum verum, Elettaria cardamomum,
Beta vulgaris Ta Brassica oleracea. [poBeaeHo skicHW Ta
KINbKICHUIA (DITOXIMIYHUIA aHani3 BULLEBKa3aHWX POCAWH-
HUX EKCTPaKTiB nepen BWKOPUCTAHHSAM IX Yy MPUrOTYBaHHI
(yHKUiOHanbHi norypTu. Pesynbtati nokasanu 36inbweHHs
BMICTY 30N, BOLOYTPUMYIOUOI 30aTHOCTI, TUTPOBAHOI KMC-
MOTHOCTI, 3aranbHOi KiflbKOCTi PO3YMHHUX CYXMX PEYOBUH,
deHonie Ta dnasoHoigiB. Ha gogatok Ao uboro, 3darayeHi
vorypTv nokasanu Binblly aHTMOKCUAAHTHY Ta aHTubakTe-
pianbHy aKTUBHICTB.

Y poborti (Dabija et al., 2018) pocnimkeHo acopTu-
MEHT MOMOYHUX | WOTypTOBMX NPOZYKTIB, iX [OMOBHEHHS
€KCTpaKTaMu TpaB, KMITKOBMHOK 3 MOBIYHUX MNPOAYKTIB
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nnogonepepobHOi NPOMUCIIOBOCTI, a TAKOX CBIXMMM CrieLi-
amu. [locnimkeHo BNMB BOAHWUX EKCTPAKTIB Ha SIKICHI Xapak-
TEPUCTUKM MOTYPTY, NPUrOTOBAHUX 3 YOTUPLOX TPaB: PO3TO-
ponwi (Silybum marianum L.), rnopy (Crataegus monogyna),
wasnii  (Salvia officinalis L.) i manopany (Origanum
vulgare L.). OcTaTouHi pesynbrati CBigyaTb, WO i3uko-
XiMiYHi Ta peonorivyHi BNacTUBOCTI MOrypTy 3 AOAaBaHHAM
€KCTpakTiB TpaB Oynu noKpalleHi MOpiBHSHO 3 KOHTPOMb-
HUM 3pa3kom nicns 28 gHiB 3bepiraHHs. 3rigHO 3 OTpuMa-
HUMKU JaHUMK, HAMKPaLLOto SKICTIO 3a i3MKO-XiMiYHUMK Ta
peonoriyHumn BnacTMBoCcTsMU ByB 3pasok 3 LoAaBaHHAM
0,5 % ekcTpakty postoponuwli (Silybum marianum L.), Togj
SIK 3 TOYKM 30pY XapyoBOi LiHHOCTI HaiKpaLlow SKicTio byB
3pa3sok 3 1 % ekctpakTtom maiopany (Origanum vulgare L.).

Y pobori (Kulaitiené et al., 2021) npeacraeneHo pesynb-
TaTn 36arayeHHs1 rpeLbkoro MOrypTy 3 eKCTPaKTOM NUCTS
KPOMMBM | LIOBKOBUL Ta MOPOLUKY LwmnwmHK. [MokasaHo,
O BBEOEHHSI POCMMHHOI CUPOBMHU B NOTYpT LO3BOMMIIO
3HaYHO 36iNbWUTK KINbKICTb YCIX AOCNIMKYBaHUX MiHe-
panbHWX Pe4yoBWH i 3aranbHU BMICT peHoniB. BmicT Binka
y AocnimKyBaHuX 3paskax cknagae B gianasoHi 12,9-14,3 1,
KiNbKiCTb caxapo3u konusaetbcs Big 19,25 go 21,29 r,
a KinbkicTb ¢eHonis 3pocna y 1,86-3,54 pa3u nopiBHSHO
i3 KOHTPONbHMUM 3paskom 6e3 gobasok. Heponikom gaHux
JocCnigKeHb € BUKOPUCTaHHAM KPOMUBY NULLE SIK EKCTPaKTY
3 MeToK 36inblUeHHs PEHOMNBHNUX PEYOBUH FOTOBOTO MPO-
AykTy. OgHak iHLWi KOPUCHI BNAcTMBOCTI KPOMUBM, 30KpeMa
y chopMi NOpoLLKy, He BepyTbCs A0 yBaru.

Pesynsratu pobotu (Bajaj-Zhezherun et al., 2022) noka-
3y10Th, Lo KponuBa (Urtica dioica) € LiHHUM JxepenoM Makpo-
HYTpi€eHTIB i BiTaMiHiB. BMiCT ackopBiHOBOI KUCMOTU Y CBIXOMY
nucTi kponuewm cknagae 64,8 Mr, KinbkicTb BiTamiHy E y cBixii
Kponuei Ta nopoLuky ctaHosuTs 1,02 Ta 9,52 mr BianosigHo,
B-kapotuHy — 19,5 i 138 mr Ha 100 r npogykTy. Y cknagi
KponuBm € BiONOriYHO akTMBHI CONYKK, Taki SK (onaBoHOIAM
Ta peHonbHi kucnoTtn. KopiHb Kponuem ABOLOMHOI MiCTUTb
6nun3bko 2 % OyOUnNbHUX PEYOBUH, @ B MUCTSAX — BiTaMiHu
(E, B, K, C), 3ani3o, xnopodin, kKapoTMHOIAM Ta KyMapuHu.

3 BULLEHABEOEHMX JaHWX € OYEBUOHUM TOW (hakT, Lo
BUKOPUCTaHHS MOPOLUKIB Ta €KCTPAKTIB 3 POCAMHHOI CUPO-
BWHM 36aradye KMCOMOMOYHI MPOAYKTU BiTaMiHaMu, MiHe-
panbHUMK Ta (PEHOMbHUMMK cnonykamu, siki 36inblUyOTh
yHKLiOHanNbHI Ta aHTMOKCMAAHTHI BRNACTMBOCTI TOTOBOI
npoaykuii. BUkopucTaHHS pOCAUHHUX KOMMNO3UL Mae nep-
CNeKTMBY Ans 36arayeHHs Ta PO3LUMPEHHS aCOPTUMEHTY
KMCMOMOMNOYHUX NPOAYKTIB 3 aHTUOKCMAAHTHO Ji€l0.

Meta po6oTu: BU3HAYEHHS BMNMBY MHOPE KpPONWBU-
A6nyka Ha SKiCHI nokasHuku norypTy. Lie facTe MOXIMBICTb
pO3pOBUTH TEXHOMONiD NOTYPTY Ta PO3LLMPUTU aCOPTUMEHT
KMCMOMOMOYHUX NPOAYKTIB 3 NiABMLLEHO BiONOrivYHO LiH-
HiCTIO.

Marepianu i meTogu pgocnigxeHb. B AKOCTi OCHOBHOI
CUPOBUHU BUKOPUCTOBYBANM MOMOKO KOPOB’AYe, LLUO Bigno-
Bigae sumoram JCTY 3662:2018.

£k HanoBHIOBaY 3aCTOCOBYBanu NacTepusoBaHe mope
i3 Kponuew i 96nyk y cnisBigHoweHHi 1:3, 1:5, 1:15. Bmict
HanoBHOBaya (mope kponueu-sabyka) BapitoBanu B peLen-
Typi noryptiB Bia 16 % po 20 %. PeuenTypy aocnigHux
3pa3kiB MorypTiB nNpeacTaBneHo B Tabn. 1.
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Tabnuugs 1
PeuenTtypa gocnigHux 3pa3skiB norypris
Bmict (r Ha 100 r)
3pa3ok MNiope Morypr
kponuen | sényuse | 1,5 % kupHocTi
KoHTponbHui - - 100
1 5 15 80
2 3 15 82
3 1 15 84

Ina 3aksallyBaHHA BWKOpWCTOBYBanu OakTepianbHy
3aKBacKy MPSIMOTO BHECEHHSI, fiKa CKMafaeTbCs i3 LWTamiB
Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus
acidophilus,  Bifidobacterium  lactis,  Streptococcus
thermophiles. VlorypT BUTOTOBNATI 3a KNACUYHOK TEXHOIO-
ricto pesepByapHUM cnocobom.

[na BCTAHOBNEHHA ONTUMAanbHOI KiMbKOCTI HAMOBHHO-
Baya BMKOHAHO [AOCNIMKEHHSA SKICHWX MOKa3HWKIB OOCHi-
IDKyBaHMX 3paskiB. B poboTi BUkopMCTOBYBanu CTaH4apTHI
METOAN [OCNIMKEHHSA: MacoBa YacTka BOMOrM METOAOM
BucyBaHHs 3rigHo [CTY 8552:2015; akTMBHY KWCMOTHICTb
noTeHuiomeTpuyHnM MeTofom 3rigHo [CTY 8550:2015.

YMOBHY B'S13KiCTb BU3Ha4asnim METOAOM BU3HAYEHHS Yacy
(cexyHp) HeobxigHoro ans 100 mn NpoaykTy 3 NineTku gia-
METpOM BHXigHoro oteopy 5,0 mm npu Temnepartypi 20 °C.

MikpobGionoriyHi  NOKasHUKM BWU3HAYanu  BiQMNOBIAHO
OCTY 7357:2013, OCTY 7999:2015, OCTY 8446:2015,
OCTY 8447:2015.

OpraHonenTnyHi NOKa3HUKM 3pasKiB MOrypTiB BU3HAYanm
srigpHo [CTY 4343:2004, 3 pekoMeHAaUisIMU ONMCaHUMM
B MixHapogHoMmy cTaHgapTi 1ISO 22935-2:2023. CeHcop-
HO-NPOiINbHAM METOAOM 3a OLHIOBaNM 30BHILLHIN BUMMAA,
KOHCUCTEHL0, CMaK, 3anax, Konip.

BionoriyHy UiHHICTb NPOAYKTIB Bigobpaxanu po3paxyH-
KOM BMICTY BiTaMmiHiB, MaKpo- i MikpoeneMeHTiB.

MatemaTnyHo-cTaTMcTMYHa 0bpobka opepxaHnx pesynb-
TaTiB 3pjicHeHa Ha EOM 3 BMKOPMCTaHHSIM MPOrpamHoro
3abe3neyeHHss MS Excel 2016. BusHayeHa BenuymHa gocto-
BipHOCTI BigxuneHHs (p) He nepeuwye 0,05, Lo CBiAYMTL NpO
3HaYEHHs NokasHuka TouHocTi (P) pesynbraris GinbLe 0,95.

Pesynstati gocnigkeHb. Ha nepwomMy etani BusHa-
Yanu BMMMB HarMoBHIOBa4Ya Ha OPraHOMEnTUYHI MOKa3HMKM
ZOCnigHUX 3paskiB NOrypTiB. 30BHILWHIN BUMMSAL CBiXe-Npu-
FOTOBMEHUX 3pa3KiB MOrypTiB Ta pe3ynbrati CEHCOPHO-MPO-
(hinbHOro aHani3y npefcraBneHo Ha puc. 11 2.

Y3aranbHeHi pesynbratu CEeHCOPHO-NPOWMINbHOTO aHa-
ni3y 3paskiB Noka3sytTb, WO BCi AOCMIAHI 3pasku WorypTis
BignoBigalTb BUMOram cTtaHgapTy. B pgocnigHux 3paskax
CMakK, 3anax i Konip NorypTy 3anexutb Bif KinbkocTi goda-
HOrO HamoBHIOBa4Ya — Npu 30iMblUEHHI BigNOBIAHO CTae
GinbL iHTEHCMBHMM. Hanbinbll npvBabnunBuM i rapmMoHin-
HUM Ons eKcnepTHOI KOMICIT € 3pasok Ne 2 i3 BmicTom niope
kponmeu-abnyka 18 %. Mpn UbOMY WOrypT XxapakTepuay-
€TbCSl KPEMOBO-3€MEHUM KONbOPOM 3 YacTKaMu BHECEHOIO
HanoBHIOBaYa, 3 NErkM apomMaTtoM Ta MPUMEMHUM MpucMa-
KOM KpOMWBM Ta HOTKamm s6nyka.

Ha gpyromy etani Bu3Ha4yeHO BM/MB HaMoOBHIOBaYa Ha
OCHOBHi (hi3VKO-XiMiYHi (B'SI3KICTb, BMICT CyXMX PEYOBUH,

Puc. 1. 30BHiwWHi BUrNsAg gocnigHUX 3pas3kiB MOrypriB:
a — KOHTPOIbHWIA 3pa3ok; 6 — 3pa3ok Ne 1; 8 — 3pasok Ne 2;
2—3pa3ok Ne 3

30BHIMIHI
BHIJIST

Komnip Koucucrenmist

KOHTPOJIBbHUM
3pa3ok Nel

——3pa3ok Ne2

=—3pa30k Ne3

Cwmak

Bamax

Puc. 2. CeHcopHui npodinb
JocnigHuUX 3paskiB Norypris

KUCINOTHICTb) Ta MiIKpoBionoriYHi NOKasHWKM MOrypTiB i3
[oaaBaHHsAM Ntope Kponueu-a6nyka. Pesynstatv npeacrae-
neHo B Tabn. 2.

Tabnmus 2
FAKicHi noKa3HMKM AOCNigHMUX 3pa3kKiB KOrypTiB
3HauyeHHs
Moka3Huk KonTponkHui | 3pa3ok | 3pa3ok | 3pasok
3pasokK Ne 1 Ne 2 Ne 3
®i3nko-XiMiYHi NOKa3HMKK
KucnotHicTs, og. pH 4,27 4,77 4,62 4,29
YMOBHa B'A3KiCTb, C 17,0 39,0 31,0 30,6
BmicT cyxux
DEuOBIUH, % 10,78 12,76 | 12,48 | 12,44
Mikpo6ionoriyHi nokasHuku
Kinbkictb . ) .
MIKpOOpraHiauie, CRER [ A A
KYOlem?®
%%71 o HE BUSIBMEHO
Opixmxi Ta
nnicHsea, KYO/cm® 0 <30 <28 <15
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Pesynbratn  isuko-xiMiyHMX Ta  MikpoBionoriyHmx
LOCnigKeHb MOKasyloTb, WO BUrOTOBMEH 3pa3ku WOrypTis
He NepeBULLYITb JOMYCTUMUX 3HAYEHb BIQMNOBIAHO HOPM
OCTY 4343:2004.

Ha sakniouHOMy eTani JOCnimKeHHS JOCMIMKEHO 3MiHM
AKICHUX MOKAa3HWKIB (OpraHoNenTUYHi MOKas3HWKW, KUCMOT-
HiCTb, MikpobGionoriyHi nokasHukM) B npoLeci 36epiraHHs
(33 pobn).

CeHcopHuM aHanisoM 6yno BCTaHOBMEHO, LLO B NPOLEC
30epiraHHs BCi 3pasku MOrypTiB Manu cTabinbHi opraHonen-
TUYHI NOKasHUKK npoTaroM 15 AHiB 36epiraHHs. MNounHaoun
3 18 nobwu BizyansHO NOMITHO CTano BiAOKPEMNEHHS CUPO-
BaTKW Ha NOBEPXHI, IO € AONYCTUMM BIiANOBIQHO CTaHaap-
TiB. 3 21 gobu 36epiraHHa B geckpunTopax CMaky i 3anaxy
noyanu nepeBaxartyt KUCIOMOMOYHI HOTU Ha 3aMiH conog-
Kux 56rny4Ho-TpaB’aHUX.

[lmHamika 3MiHM KMCMOTHOCTI Ta KiflbKOCTi MOMO4YHOKWC-
X MikpoopraHiamiB B npoLeci 36epiraHHs npeacTaBneHo
Ha puc. 3-4.

Pesynbratv 3MmiHM KMCROTHOCTI i KiflbKOCTi Mikpoopra-
Hi3mMiB B 1oryptax B npoueci 3bepiraHHa nokasanu, Lo BCi
3pasku MaKTb NMaBHY TEHOEHLi0 A0 3HWXKEHHS MOKa3HWKIB,
O1HaK B Mexax Hopmu npoTsaroM 33 AHiB 36epiraHHs.

O6roBopeHHs. B poboTi po3rnsHyTo BANMB Nope Kpo-
nuBm-a6nyka Ha sKiCHIi nokasHuku WorypTy. PesynbraTu

OpraHonenTUYHOro aHaniay (puc. 2) nokasanu, Lo KinbKicTb
BHECEHOro HaroBHIOBa4Ya CYTTEBO BMMBAE Ha 3aranbHy
OLLiHKY eKCrepTHOI KoMicii. Tak Npy MakcuManbHin KinbKOCTi
HanoBsHtoBaya 20 % (B skin YacTka kponueu cknagae 5 %)
MOrypT XapakTepu3yeTbCs AeLl0 HEOAHOPIOHOK KOHCUCTEH-
uielo 3 BUOUMUM BHECEHWM HAmNOBHIOBAYEM 3efeHOro
KOMbOpY, CMakK i apoMaT SICKpaBO BUpaxeHuin kponueu. Mpu
3MEHLUEHHi 1031 BHECEHHS KPOMMWBY BifNOBIAHO BUPAXEHWIA
CMaK i apomMar 3HuKae, cTae BifbLL rapMOHIRHUM SK | KOMip.
PesynkraTtv opraHonenTUYHOro aHanidy oTpumaHunx 3pas-
KiB MOrypTiB Y3romkyloTbC 3 daHumMu HaykosuiB (Herrera
et al., 2023), ski 00BOAATb, LU0 BiACOTOK BHECEHOrO HanoB-
HIOBa4a B peLenTypy MOrypTy ik NO3UTUBHO Tak i HEraTMBHO
BMNMBAE Ha CNOXMBYi BNACTUBOCTI FOTOBOTO NPOAYKTY.
BHeceHHsi HanoBHIOBa4a Mope KpomnuBu-abnyko mae
MOMITHUIA BNNMB Ha (Di3VKO-XIMIYHI MOKa3HUKKM, 30KpeEMa Ha
BMICT CyXMX PEYOBMH, LLO MOSCHIOETLCS i3 BinbLumM BMiC-
TOM CyXMX PEYOBWH B HaMoOBHIOBaYi. TakoX MOMITHA PisHMLS
B NOKa3HMKaxX aKTUBHOI KUCINOTHOCTI, LLIO NOSICHIOETLCS aKTUB-
HICTIO PO3MHOXEHHSI MOMOYHOKMCIIOI MIKpOhrnopu B KOH-
TPOMNbHOMY 3pa3Ky i 3paskax i3 MEHLLMM BMICTOM HaroBHO-
Bava. lMope kponusu-abnyka NpurHidye pict Mikpodpriopw, LWo
NiATBEPOKYIOTE PE3YnbTaTy BU3HAYEHHS 3aranbHOi KiflbKOCTi
MOMOYHOKMUCINX MiKpoopraHiamis. Lli pesynsratu nigreep-
[KyloTbCs pesynbratamu HaykosLiB (Ratsuk et al., 2023),

= 4,8
2,
4,6
\ KOHTPOJIbHHN
4,4
\ 3pa3ok Nel
— Ne2
42 — 3pa3ok
——3pa3ok Ne3
4
0 3 6 9 12 15 18 21 24 27 30 33
Tpusaunicts 30epiranus, 1io

Puc. 3. AnHamika 3MiHM KUCNIOTHOCTi B 3pa3Kax MOrypTiB y npoueci 36epiraHHA

-}
& S 8E-08
S .
£ g 7TE-08
g S
% = 6E-08
S
E E SE-08 KOHTPOJIbHUH
Re 4E- ——— o
E S 08 —_ 3pazok Nel
g * 3E-08 ——3pa30k Ne2
———

E 2E-08 ———  —3pa3ok Ne3
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B 0
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0 3 6 9 12 15 18 21 24 27 30 33

Tpusaiicts 30epiranusi, ai06

Puc. 4. nHamika 3MiHM KiNbKOCTi MONMOYHOKUCIIMX MIKpOOpPraHi3MiB y 3pa3kax MOrypTiB y npoueci 36epiraHHs
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SAKAMU OBrpYHTOBAHO, WO 36iMbLUEHHS KiNbKOCTi BBEAEHMX
[0 cKnagy WorypTy CMako-apoOMaTUYHKUX PEYOBUH HEraTUBHO
BiIOVBAETLCS Ha KINbKOCTI «XMBOI» Mikpodhnopu.

MpoBeneHi AoCniMKEHHS MOKa3yloTb, WO NiArOTOBMEH
3pas3ku NOrypTiB BOMOAIOTb BiAMIHHUMU CEHCOPHUMMU, (i3n-
KO-XiMi4HMMM Ta MiKpOOBIONOriYHMMM NOKaA3HUKaMW., SIKi 3anu-
LatoTbesa cTabinbHUMK npu 36epiraHHi npotarom 21 fobw.

BucHoBKu. 3rigHo pesynbratiB AOCNiMKeHb BU3HAYEHO
BMJSIMB MOPe KPOonmBKM-a6nyka Ha SKICHI NOKa3HWKK HorypTy.

B pesynbraTiB npoBefeHWX [OOCHIMKEHb PEKOMEH-
[JOBaHO  CRIiBBIOHOLWEHHA nNope  Kponueu-sbrnyka sk
1:5, a KinbKiCTb HamoBHIOBa4Ya B peuenTypi Worypty —
18 %. Tlpu UbOMY WOrypT XapaKTepusyeTbCHd KPemOoBO-
3eM1eHNM KOMbOPOM 3 YacTKaMu BHECEHOr0 HamoBHIOBAYA,
3 flerkuM apoMaToM Ta NPUEMHUM NPUCMAKOM KPOMWBYK Ta
HoTkaMu sbnyka. JocnigHui 3pasok Mae BigMiHHI ¢i3nko-
XiMiuHi Ta MikpoBionoriyHi NOKasHUKK, SKi 3anuLlaloTbCs
cTabinsHUMK Npu 36epiraHHi.
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Determination of the influence of nettle-apple pure on quality indicators of yogurt

Yogurt is the most popular fermented milk product on the consumer market. It normalizes the work of the intestines,
significantly improves digestion and facilitates the assimilation of nutrients. The use of plant powders and extracts to enrich
yogurt with vitamins, minerals and phenolic compounds, which enhance its functional and antioxidant properties, is becoming
more and more relevant. The use of compositions of plant origin has the potential to increase and enrich the assortment of
fermented milk products with antioxidant properties. The aim of the work is to determine the influence of nettle-apple puree
on the quality indicators of yogurt. This will make it possible to develop yogurt technology and expand the range of fermented
milk products with increased biological value. Cow’s milk was used as the main raw material, which meets the requirements
of DSTU 3662:2018. Pasteurized nettle and apple puree was used as a filler in a ratio of 1:3, 1:5, and 1:15. The filler content
(nettle-apple puree) was varied in the recipe of yogurts from 16 % to 20 %. In order to determine the optimal amount of filler, a
study of the quality indicators of the studied samples was performed. Standard research methods were used in the work. As a
result of the organoleptic evaluation, it was determined that the most attractive and harmonious is sample No. 2 with a nettle-
apple puree content of 18 %. At the same time, the yogurt is characterized by a creamy-green color with particles of added
filler, with a light aroma and a pleasant taste of nettle and hints of apple. The results of physico-chemical and microbiological
studies show that the manufactured yogurt samples do not exceed the permissible values according to the standards
of DSTU 4343:2004. The results of changes in acidity and the number of microorganisms in yogurts during storage showed that
all samples have a smooth tendency to decrease indicators, but within the normal range during 33 days of storage. As a result of
the research, the nettle-apple puree ratio is recommended as 1:5, and the amount of filler in the yogurt recipe is 18 %.

Key words: dairy products, yogurt, vegetable raw materials, nettle, fiber, biological value.

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

46

Cepist «MexaHisaLjis Ta aBTomaTi3aL|is BUpobHU4YMX Npoviecisy, Bunyck 4 (54), 2023



YK 621.9.048

NPOBJIEMU | NEPCMNEKTUBW BUPIWEHHA NUTAHBb NIABULEHHA JOBrOBIYHOCTI AETANENA MALLUWH,
AKI NPALIOIOTb B YMOBAX rNAPOABPA3NBHOIO 3HOLLYBAHHA

TapenbHuk Hatanis B’ayecnaBiBHa

KaHOmOaT eKOHOMIYHMX HayK, JOUEHT

CyMcbKuMiA HaLioHanbHWiA arpapHui yHiBepeutert, M. Cymu, YkpaiHa
ORCID: 0000-0002-6304-6925

natasha-tarelnik@ukr.net

lFanoHoBa OkcaHa lNeTpiBHa

[OKTOpP TEXHIYHMX HayK, npodecop

Cymcbkuia oepxaBHuin yHiBepeutet, M. Cymu, YkpaiHa
ORCID: 0000-0002-4866-0599
gaponova@pmtkm.sumdu.edu.ua

Maiicdat Mukona MukonaiioBuy

PhD ctyneHT

CyMcbKuMiA HaLioHanbHWA arpapHui yHiBepeutert, M. Cymu, YkpaiHa
ORCID: 0009-0004-0563-929X

mayfat_snau@ukr.net

Bacunenko Makcum KOpiitosuy

PhD ctygeHT

CyMCbKMIA HaLioHanbHWIA arpapHui yHiBepeutert, M. Cymu, YkpaiHa
ORCID: 0009-0000-3115-2072

Vasylenkomaksymnl@gmail.com

leviko Tapac OnekcaHgpoBuy

CTYOEHT

CyMcbKuMiA HaLioHanbHWA arpapHui yHiBepeutert, M. Cymu, YkpaiHa
ORCID: 0009-0009-7268-5823

taras.garndga@gmail.com

B cmammi 30cepedeHo yeaey Ha 8e/IuKili KilbKocmi MallUuH WO rpauormb 8 Pi3HUX 2arty3sx (2a3o-Haghmosil, 2ipHu40006ys-
Hill, XiMiYHiIU, CirbCbKo20CrodapchKill, mpaHCMopmHiIlt mowo) npomucsiogocmi Ykpaiu i iHuwiux 20crnodapcme, siki nidnsearme Heaa-
musHoMy errusy 2idpoabpa3sugHoeo 3HowlysaHHs (I'3). Le aidpaeniyHi mawuHu (M), ceped sikux Halibinbuw po3noscrodxeHUMU
€ Hacocu i 2idpodauayHu, a makox ueHmpuagyau, A1s1 O4ULEHHSI CMIYHUX 800, cenapamopu, apMamypa mowo. Bi0 HezamugHo20
ennusy I3 3anexums 6e3rneka, MPodyKmueHiCMb, MOBINbHICMb Ma eghekmueHicmb Bypo8UX yCMaHOB0K, KOHCMPYKMUBHUX efle-
MeHmig bypuribHUX KOJTOH, 3aCmOocy8aHHs 2pasiliHux ¢hinbmpie 0nsi 3arobizaHHs1 HAOXOOXKEHHIO TiCKy i3 rnacma 6 ceepdrosuHy,
BUHUKHEHHsT agapiliHuXx cumyauiti noe’sisaHux 3 pyUHySaHHSM noeepxHesux wapie Oemarnel i 8yanie. [emarni MawuH, NoGepxHi
SIKUX KOHMaKMyromb 3 MOmMoKamu PiOUHU | Mpauormb 8 8aXKUX yMO8ax OmoHyroHUX cepedosull, Midrnsearoms 3HOWEHHH, siKe
3anexams 6i0: Uy mepmsi, MexaHiqHUX | ¢hisUKo-XiMidHUX &racmugocmeli Mamepiany, WeUOKocmi 8iOHOCHO20 NMEPEMILUEHHST
KOHMAaKMYH04UX M08EPXOHb, BEMUYUHO | XapaKmepoM HasaHMaxeHHs1, BUOOM i SIKICMI0 Macmusl, yMosamu eKcriyamauil mowo.
Po3pisHsitomb Oekirbka 8udig 3HOLLYBaHHS; KOPO3isi, €p03isi, 2i0poabpa3sueHe 3HOWEHHS, Kagimaujs, bioroeidHe NOWKOGKEHHS.

[nsa 3axucmy noeepxoHb cmarsbHUX i YagyHHUX demaneli 8i0 3HOCY, KpiM 3MIUHEHHS Mo8epxXHeauX wapis, ceped sKuX
ocobruge Micuye 3alimae Ximiko-mepmiyHa 06pobka, 8UKOPLUCMOBYOMb MEXHOI02il HAHECEHHS 3aXUCHUX MOKpUMMIg: Harnu-
T1108aHHS i HarnaeneHHs meepOuMuU 3HOCOCMIUKUMU Mamepianamu, 1a3epHy 06pobKy WiiikepHUX MOKpUmMmie, 2anbeaHiKy,
AKi € wWkidnugumu 0115 300po8’s ModuHU | HebeaneyHumu Arisi omoyyo4o20 cepedosuwya. Ceped echekmusHUX, eHep2oo-
wadHux i ekonoaiyHo 6e3neqyHUX MexHooeill HAHECEHHS 3aXUCHUX MOKpUmmie, ocobnuge micue 3alimae e1iekmpoicKkpose
neaysaHHs (EIf1), sike e kombiHauii 3 mogepxHesum nnacmuyHum degpopmysanHsam (ML) i HaHeceHHsaM Memanonnacmuy-
Hux mamepianie (MIM), apmosaHux nopowkamu meepdux 3Hococmilikux Mamepianig (kapbid sonbghpamy i HiMpud YupKo-
Hito) Moxe 3abe3ne4yumu 3axucm Oemarel 8id eidpoabpa3susHozo i IHWUX 8udie 3HOCY.

Knrovoei cnoea: enekmpoickpose rie2yeaHHsl, 8UCOKOMIUHUU 4asyH, cmanb, Oemarb, eidpoabpa3usHuli 3HOC,
MoKpUMMSI, MogepxHese nnacmu4He AechopmysaHHs, MemarsononiMepHUli Mamepiarn.

DOl https://doi.org/10.32782/msnau.2023.4.8

Beryn. Cepen ycix MawwvH i NpUCTPOIB, WO NpauolTe  YKpaiHW i iHWKMX rocnogapcTs, AyXe Benuka KinbKiCTb nia-
B Pi3HMX rany3ssx (ra3o-HadoToBii, ripHn4opo0yBHi, XiMiYHIA,  NSrae HeraTMBHOMY BMIMBY FapoabpasvMBHOTO 3HOLLYBAHHS
CinbCbKorocnogapcbkin, TpaHCMopTHil Towo) npomucnosocti  (3). Lle, B nepluy yepry riapaenivHi mawmHn (TM), cepen
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SKMX HaNBINbLL PO3MNOBCIOMKEHUMU € HACOCK | TiAPOABUTYHMU,
a TaKoX LeHTpudpyrv, Ans OYULLEHHS CTIYHUX BOA, cenapa-
TOpW, apmartypa i Take iHLe.

Bin HeratueHoro Bnnuey '3 3anexutb Gesneka, npo-
OYKTUBHICTb, MOBINbHICTL Ta edheKTUBHICTL BypoBMX yCTa-
Hoeok (Mironov Yu. V. Et al., 2014), pyiHyBaHHS KOHCTPYK-
TUBHUX enemeHTiB BypunbHux konoH (Lyskanych M. V.
et al., 2012), HanexHe 3acTOCyBaHHS rpaBiiHUX iNbTpIB
Ans 3anobiraHHs HagXOMKeHHHO nicky i3 nnacrta B cBepano-
BuHy (Kondrat R. M. & Dremliukh N. S., 2016), BUHUKHEHHS
aBapifiHUX CUTyaUiln NOB'A3aHMX 3 PyWHYBaHHSM 3aMKOBUX
pisbboBux 3’eaHaHb (Mirnenko V. I. et al., 2017).

CnpautoBaHHs [JeTanei Bulle O3HavyeHoro obnag-
HaHHS, 5K npaBuno, BiAOyBa€eTbCs B HaCnigoOK MiKpoy-
[JapHOro HaBaHTaXeHHS Ha iX NoBepxHeBi Wwapu. Hepigko
MiKpOyZapHWI BMNAWB TBEpPAMX 4acOK B MOTOLi MOcwmio-
€TbCS NPUCYTHICTIO XiMIYHO aKTMBHOI piauHU. 3a Takux
YMOB TpagMLiiHi KOHCTPYKLiNHI MaTepianM He 3aBxau
3a710BOSIbHSATL NOTPIGHMM BUMOraMm LLOAO HaZiNHOCTI Ta
[OBrOBIYHOCTI.

OcTaHHiM Yacom Bce binbLiy yBary chaxisuiB npueep-
Tae [OCMIIKEHHS Ta BUKOPUCTAHHS HOBMX 3HOCOCTIMKMX
matepianis (NoniMepHUX, KOHCTPYKLIAHMX, KOMMO3ULIAHMX)
Towo (Lytvynenko O.A. et al., 2010). Pobotn HanpasneHi
Ha NiaBULLEHHSA HAAIMHOCTI | IOBrOBIYHOCTI AETanen MaLluH,
npaLiooymMx B yMoBax rigpoabpasvsHOro i iHLWKX BUAiB 3HO-
LUYBAHHA aKTyarbHi i CBOEYaCHI.

AHani3 cyyacHMX 3aKOpAOHHUX i BITYN3HAHUX AoChi-
DXeHb i nybnikauin. Ak 6yno nokasaHo Buwe, aetani MM,
HACcOCIB i riapoABUryHIB, a TakoX LEHTpudyr, cenaparopis,
apmatypv TOLO MpaLoloTb B YyMOBaX KaBiTalilHO-epo3in-
HOrO Ta riapoabpasnBHOro 3HOLLYBaHHS, @ HaZINHICTb | fOB-
FOBIYHICTb X POBOTW BU3HAYAETLCA MOXIUBICTHO YNHWUTM OMip
cnpavoBaHH. CrnpalyoBaHHS NOBEPXHEBMX LUAPIB AeTanen
B HACcNiaKy Ajii TBEPAMX YacToK, L0 3HAXOAATbCS B NOTOKOBI
piouHW HasmBatoTb '3, a B pesynbTarti 3HOLLYBaHHS NMOBEPXHI
Tina nig Aieto NoToKy PiAvHM — rigpoepo3inHmuMm.

Ak nokasyloTb cTaTUCTUYHI JocnimkeHHs, ¥y 85-90 %
BUNAZKIB NPUYMHOK BUXOdY 3 Mafy rigpoarperatiB € 3HOC
By3MniB Ta [eTanew; Ha NodoNaHHs TepTs BUTPaYaeTbCs
6nmsbko 30-40 % BupobneHoi eHeprii (Shymchuk S.P.,
2008). B (Mozghovyi O. et al., 2019) ctBepaxyeTbes, WO
OCHOBHOI MPUYMHOIO 3HWXKEHHS eKcnnyaTauiiHnX Xapak-
TEPUCTUK i pecypcy LUECTEPEHHUX HACOCIB € 3HOLLYBAHHS
ioro getanen, a BiAMOBM HacociB cknagawtb 67-75 %
(Posviatenko E K. et al., 2017).

CniBpobiTHWk1 nabopatopii  ekcnnyaTauii  HAaCOCHWUX
CTaHUiN AHOWKAHCHKOrO IHCTUTYTY CinbCbKOro rocnogap-
cTBa Ta ArpoTexHomnorii Ans BUpieHHs npobnemu niasu-
weHHA KK] BigUeHTpOoBMX i OCbOBUX HAcOCIB Npu nepeka-
YyBaHHiI BOAM 3 BMCOKUM BMICTOM OcCafy, 3anpornoHyBanu
Cnocib HaHeCeHHs MOMIMEPHOro MOKPUTTS Ha MeETanesi
MOBEPXHi nonaTten, LUNSXOM HaHECEHHs1 Ha iX MOBEPXHIO
enokcuaHoi cmonu EJ1-6 3 pisHumu HanosHioBavamu. byno
BCTAHOBMEHO, LIO HaWKpalle 34ennieHHsl MoniMepHoro
MOKPUTTA [oCAraeTbCs npu Temnepatypi metany 21 °C
(Ulugojaev K. Kh., 1989).

HalBuiy 3HOCOCTIMKICTb MatoTb NOMNiMepHi MaTtepianu
Ha OCHOBI €enokcuAHoi cMonu 3 KapbigoM KpemHito, npu

LUbOMY CUIyMiH (MaTepian Hacocy) OEeMOHCTPYE HU3bKy
3HOCOCTINKICTb. pu  BUNpOBYBaHHI I'PYHTOBUX HacoCiB
BUSIBUINOCS, LLO AeTani, BUrOTOBMEHI 3 eneKTPoKOpyHaY Ha
€noKCUAHO-heHoN-popManbaeriaHi 38’a3Ui B NOPIBHSAHHI
3 fetansmy i3 3HOCOCTIMKOrO YaByHy 36iMblUye TepMiH
cnyx6u HacociB y 3-8 pasis (Leonidov L. D. J., 1987).

Cnig BigMITUTK, IO BUKOPWUCTAHHS 3HOCOCTIMKUX MOMi-
MEepHUX MaTepianis Ans BUrOTOBIEHHS Ta NOKPUTTS AeTanen
HaCOCIB HE 3HAMLLMO LUMPOKOrO 3aCTOCYBaHHS B MpaKTUL
3 Takux npuuanH (Mamazhonov M. et al., 2022): 1) noniMepHi
KoMNo3uLiii He 3abe3neYyioTb 3a10BINbHOI 3HOCOCTIMKOCTI NpK
BUCOKUX BUTpATaX; 2) LLOPCTKA NOBEPXHS NOMIMEPHUX MOKPUT-
TiB CTBOPIOE JOAATKOBI riapaBniyHi onopw i noripLuye rigpaeniy-
Hun KK, 3) sKicTb noniMepHUX NOKPUTTIB CUMBbHO 3aneXuTb
Bif YITKOTO JOTPUMAHHS YMOB 3aCTOCYBaHHS TEXHOMOTl.

Y (Nita A. et al., 2023) aBTopK BCTaHOBMIOBANK KOpens-
Lito MiX XiMIYHMM CKNagoM MaTtepianis nonaTten amillysavis
L0 BMKOPWUCTOBYHOTLCS Y BUPOOHULTBI LIEMEHTHOrO BETOHY
i IpaLio0Th B 0COBNMBUX YMOBAX, TaKUX SK MEXaHi4Hi HaBaH-
TaXeHHs, aBuLa abpas3nBHO-epO3iiHOMO TEPTS, KOPO3inHe
poboue cepenoBuLle Ta iX MOBEAIHKOK B NPOLECi 3HOLLY-
BaHHS. HOBM3Ha JOCRigKEHHS nonsrae B eKCnepuMeHTasb-
HiN Nporpami 3 BUKOPUCTAHHAM HaNMOLUMPEHILLUMX YaBYHIB,
LU0 BMKOPUCTOBYIOTBCS B NPOMMUCNOBOCTI. ABTOPM NPOBO-
OUNN NPUCKOPEHi BUNpobyBaHHSA B nabopaTopHMX yMoBax
3 METOK [OCMIIKEHHS IHTEHCMBHOCTI SIBULLA 3HOLLYBAHHS
3MiLllyBanbHUX fnonaTei B abpasnBHOMY/epo3inHOMYy cepe-
foBuLi. [Ing npoMMCnoBMX 3aCTOCyBaHb, cneuundivHmux ans
BUPOGHMLTBA LIEMEHTHOrO GETOHY, peKoMeHO0BaHO BUKO-
pucTaHHs YaByHy 3 25 % Cr abo 4 % Cr. Bubip npomixHoro
knacy (9 % Cr) He € BUNpaBAaHUM, OCKIfNbKW BiH Mae BULLY
LiHY Ta HWXYY NPOZYKTMBHICTB, HiX knac 4 % Cr.

AbpasnBHe 3HOLLYBaHHS CTBOPHKOE 3HAYHI Npobnemu Ans
NPOMMCNOBOCTI BETOHOMILLIANOK, OCKINbKW BiAOYBaeTLCH SK
Y CyXuX, Tak i Bonorux ymoax. EnemeHty, o obepratotbes,
3a3BMYal BUTOTOBASIOTLCS 3i CTani, a CTIKICTb 40 CTUPaHHS
CTani Bu3Ha4ae TepMiH cnyx6u Ta macy 6apabaHa. Y poborTi
(Jungedal M., 2012) aBTopom po3pobneHo excnepumeHTarnb-
HUN CTeHO AN NepeBipky BiOHOCHOI 3HOCOCTIMKOCTI Pi3HMX
BUAIB CTani B yMOBax, LU0 iMiTytoTb 6eTOHO3MiLLYBadi. Bunpo-
ByBaHHA BUKOPWUCTOBYBANM MOAPIOHEHWIA rPaHIT TOBLLMHOW
16-25 MM i 30cepemXyBanuCb Ha 3HOCI Bi KOB3aHHS Ta
yoapHomy 3Hoci ansa 30 pisHux TvniB cTani. Yci mapku cTtani
6ynu npoaHanizoBaHi Wo0 Npodinto TBEPAOCTI, MIKPOCTPYK-
Typu Ta XiMiYHOrO cknagy nepeq BunpobysBaHHaM. Brpatu
BiJ 3HOCY JOCNIIKyBanu LUMSXOM 3BaXyBaHHS [0, Mig Yac
i nicns BunNpobysaHb. BcTaHOBNEHO 3anexHiCTb MiX TBeppi-
CTIO Ta 3HOCOCTINKICTIO Ha NEBHOMY piBHI TBepaocTi. Buia
TBepOiCTb Nokasye kpally 3HOCOCTIWKICTb ANs UbOro Tuny
3acTocyBaHHs. byno BusiBneHo, LWo ¢opma Ta gerpagavis
abpasusiB BNMBAIOTb Ha LUBWAKICTb 3HOLLYBaHHSI.

Takum yMHOM, AeTani MalUKH, NOBEPXHI SKUX KOHTAKTY-
l0Tb 3 MOTOKAMW PiOWHM | NPALOIOTL B BaXKUX YMOBax OTO-
YyloumMx cepenoBuLL NiANsAraloTb 3HOLEHHIO, sike 3anexartb
BiO: BUOY TEPTH, MEXaHIYHMX i di3nNKO-XiMIYHUX BNAcTUBOC-
Tel marepiany, LWBWAKOCTI BIZHOCHOTO NEpPEMILLEHHS KOH-
TaKTYOUMX MOBEPXOHb, BESIMUMHOK | XapakTepoM HaBaH-
TaXeHHs, BUOOM i AKICTIO MacTwi, ymoBaMu ekcnnyatauii
Towo. Po3pi3HAOTL Aekinbka BUAIB 3HOLLYBaHHS: KOPO3id,

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

48

Cepist «MexaHisaLjis Ta aBTomaTi3aL|is BUpobHU4YMX Npoviecisy, Bunyck 4 (54), 2023



epoasis, 2idpoabpasusHe 3HOWEHHS, Kasimauis, bionoaiyHe
nowkoOxeHHs. [Ins BUroTOBNEHHN AeTanew, CTiINKMX NpoTu
rinpoabpa3vBHOro i iHLWIMX BUAIB 3HOLLYBAHHS B 3anexHO-
CTi Bif OTOYYHOHOrO CepeoBuLLa BUKOPUCTOBYHOTb KOPO3il-
HOCTINKi CTani, BUCOKOMILHI i XPOMUCTi YaByHMW.

B 3anexHocTi Big 0cobnueocTel B SKMX NPOTiKae npo-
Llec TepTs PO3pPi3HATL AekKinbka BUAIB 3HOLYBaHHS. Lle:
Kopoa3isi, eposisi, Kasimauisi, 6ionogiyHe MOWKOOKEHHS
(puc. 1) (Herman V.F., 2014).

B uei yac Ons KOHCTPYKTOPIB i TEXHOMOrB € Benvka
KINbKICTb TEXHOMOTi, NPU3HaAYeHX ONs HagaHHs MoBepx-
HEBOMY LLapy Aetani HeobXigHUX i3UYHMX, XIMIYHUX, TpU-
BonoriyHnx Ta ekcnnyartauiiHux BRacTUBOCTeW. Tak Ans
3aXuUCTy NOBEPXOHb [eTaneu Bif Pi3HUX BUAiIB 3HOLLYBAHHS
Ta HEraTMBHOrO BMNMBY HAaBKOMULLIHBLOTO CepefoBuLLa
iX nmigoawTb 3MiuHeHHo. Lle: pisHi cnocobu HanuneHHs
meTanokepamiyHux nokputTie (Shatskyi I.P. et al., 2020;
Storozhenko M.S., 2017; Umanskyi O. et al., 2020), Hannas-
NeHi NOKpUTTS 3 KOMNO3WLINHKMX MaTepianis (Bembenek M.
et al., 2022; Trembach B.O. et al., 2022), BigueHTpoBe
apMyBaHHS! NOBEPXHEBUX LLAPIB CTanu YacTMHKamm kapbigy
Bonbpamy (Ropyak L., et al., 2016), nokpuTTa 3 LWapamu
okcuay antomiHito (lvasenko |. et al., 2020; Bembenek M. et
al., 2022; Student M.M. et al., 2017). Ocobnuee micue cepes
TEXHOMNOTIW, WO MigBULLYIOTb NMOKA3HUKM SKOCTi NMOBEPXOHb
fdeTanen, sanmae Ximiko-TepmiyHa obpobka (XTO), ska
noeaHye B cobi LieMeHTaLilo, a3oTyBaHHS, HiTpoLemMeHTa-
uito Ta pag iHwwux metopis (F.A. P. Fernandes et al., 2010;
Shu-Hung Yeh et al., 2011; S. Ben Slima, 2012).

BucBiTneHHA HeBUpiWeHMX paHille YacTuH 3aranb-
Hoi nmpobnemu. Cnig BigMiTUTW, WO nepeBaxHa OGinb-
LWICTb MeToaiB 3MiLLHEHHS i BiAHOBMIOBAHHS NOBEPXHEBUX
Lwapis, SKi nig Yac poboTu NiafaTbCA 3HOLLYBAHHIO Bid-
ByBaloTbCA HEraTUBHUMM EKOMNOTiYHO HeBGEe3neYHMMU MeTO-
Jamu, LWKIANUBUMK, SIK ANA NoAen, Tak i ANsS 0TOYYHYOro
cepegosua. Lle pisHi cnocobn HannaeneHHs, HaBapto-
BaHHS, HaMUIEHHs, ranbBaHika Takox geski metogn XTO
i TepmivHOT 06pobku. 3rigHo (Sarzhanov B. O., 2021) Tep-
mivyHa i XTO pgetanei BigHOCATLCA 40 HaWbinbL nowumpe-
HUX (haKTOPIB PUBUKY.

Cepen po3rnsiHyTUX METOAIB 3MILHEHHS | BiQHOBMNEHHS
[eTanein BEnuKoi yBaru 3acnyroBye eneKkTpoickpose nery-
BaHHs (El1), ske € ekonoriyHO 6e3nevyHMM N OCTaHHIM
4acoM BCe YacTille BUKOPUCTOBYHOTb, SIK MPWU BUrOTOBMEHHI
feTanen, Tak i B peMOHTHOMY BUpobHuUTBI (Tarelnik, V.B.
et al., 2017). Metog ENIT mae pag cneundiyHmnx

ocobnuBocTen: MaTepian aHoga (Nneryr4qoro enektpoaa)
MOXe YTBOpIOBATM Ha MNOBEpXHi katoga (getani) wap
NOKPUTTS, HAA3BMYAWHO MILHO 34enneHuid 3 MOBEPXHER.
Y ubOMy BMNAgKy He TiNbKU BiACYTHA Mexa noginy Mmix
HaHeCeHWM matepiarniom i MeTanom OcHoBW, ane 1 Bigby-
BaETbCs Andysia enemenTiB aHoga B katog (Tarelnyk V.B.
et al., 2022); neryBaHHa MOXHa 3AiACHIOBATU Y 3a3HaYeHUX
MicLiAX, HE 3axuLLaloum Npy LbOMY peLuTy NoBepxHi AeTani;
TexHonoris EIfT metaneBux noBepxoHb [Adyxe npocTa,
a HeobxigHa anapatypa KoOMMNakTHa i TpaHcnopTabensHa.

B (Tarelnyk V.B. et al., 2021) npencrtaBneHi pesynsratu
NOPIBHANBHWUX JOCAIMKEHb BMNMBY 3BaptoBanbHUX POBIT
i metony EINT Ha 3miHm B cknagi noBiTpsl, Ski nokasanu, Wwo
B 30Hi NPOBeAEHHs HannaeneHHi Ha ctanb 12X18H10T 3Ho-
COCTiNKOro NoKkpuTTs enekTpogomM mapku OK61.30 @2,5 mm
3'ABNSAETLCSA BENuKa KinbkicTb Byrnekucoro rasy CO, i yTBo-
ptotoTbea HecTabinbHi ioHn NO, TO6TO BUHMKAOTL rasu, ski
€ OTPYVMHUMM HaBiTb B Manux koHueHTpauisx. Cnigis 030Hy
O, 3a JONOMOroK Mac-CNeKTPOMETPA He BUSIBIIEHO.

Mpu gocnimkeHHi XiMiYHOrO cknagy rasoBOro cepeno-
BULLA B 30Hi NpoBeaeHHs! pobitT npu EIT ctani 12X18H10T
enekTpofom-iHcTpymeHtom (EI) 3 TBepporo crnnasy T15K6
3 eHeprieto po3psagy 3,4 [k BCTaHOBMEHO, L0 Mac-CnekTp
ra3oBOro CepefioBuLLa NPaAKTUYHO iQEHTUYHWIA Mac-CrnekTpy
YyMCTOro NOBITPS. HesHayHi BiAMIHHOCTI crocTepiralThes
TiNbKY B KiNbKOCTi BOASHOI Napw, L0 NOB’A3aHo, LWBKALLE 3a
BCe, 3 Pi3HO0 BOMOrCTIO NOBITPS.

Takum 4uHOM, ONa 3axXUCTy AeTanen Bif IHTEHCUBHOMO
3HOWYBaHHS GaxaHo BuUKOpucTOBYyBaTU TexHonorito ElS,
ska Bonogie GiNbLUICTIO nNepesar iCHyluYMX METOZAIB, a no
Haratbom (ekonoriyHa 6Gesneka, NOKaNbHICTb 3MILHEHHS,
HaHEeCEeHHs NOKpUTTS 3 N6Oro CTPyMONpPoBIAHOMO MaTepi-
any, MiLHWI 3B’A30K 3 OCHOBOIO TOLLO) NEpeBULLIYE iX.

Metoto pobotu € 3abesneyeHHs 3axucTy petanen
MaLlUWH Big rigpoabpasnBHOrO i iHLWWX BMAIB 3HOLUYBAHHS,
LINSXOM aHanisy iCHYK4Oro HaKkonmu4eHoro onuty B LK
ranysi i Ha noro nigcrasi po3pobku edPeKTUBHOI, eHEProo-
LLIAAHOI | ekonoriYyHo 6e3neyHol TeXHONOTIi.

BucsitneHHA OCHOBHOro Matepiany [OCRiOXeHHS.
Ha cborofHi, B pi3HUX ranyssix BWUrOTOBMSETHCS, BiJHOB-
NMIETBCA | 3MILHIOETLCA AyXe Benuka KifnbKiCTb aetanen
3 YaByHiB. B NOPIBHAHHI 3i CTanNsAMK y YaBYHIB HIDKYiI Mexa-
HiYHi BNAcTUBOCTI, ane CyTTEBO KpaLli TEXHOMONiYHI: 3HOCO-
CTIMKICTb, aHTUPUKLIAHICTL, 0BpPOBNIOBaHICTL pi3aHHAM,
Towo. Cepen 4aByHiB, 0COGMUBY Hilly 3alMMalTb BUCO-
KOMILHi YaByHW (BY) 3 kynsctum rpaditom, ki 3aBOsKu

Puc. 1. KoposiitHe pyiiHyBaHHSI NOoBepXHi po6o4yoro Koneca Typ6iHu (a), KaBiTaLiiHe 3HULIEHHA HaNPAMHOro
anapaty Hacoca (6), nnicHsiBa Ha MoTOpi-peAyKTOpi OUMCHUKA dap aBTOMOGINSA (B) Aii MOMIOCKIB Ha 3aHypeHi
y Boay getani mawwuH (r) (Herman V. F., 2014)
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ONTUMAanNbHOMY MOEAHAHHIO NMBAPHUX, (i3NKO-MeXaHiY-
HUX | ekcnnyaTtauiiHMX BMacTMBOCTENW Ta E€KOHOMIYHOCTI
iX BMPOBHWLTBA, LUMPOKO 3aCTOCOBYIOTLCA B CyvacHOMY
malumHobyayeaHHi (DSTU 3925-99, 2000). 3aBaosku ix
MEXaHiYHUM  XapakTepucTukam  (0,,=370...700 MIMa,
0 =2...7 %, TBEpAICTb 3a wkanoto bpiHennsa 153...360 HB)
BY BMKOpUCTOBYIOTL 3aMiCTb CTani, Ciporo i KOBKOTO YaByHIB
Ta feskux Konboposux crnasis (Movchan V.P. & Berezhnyi
M.M., 2001). 3 BY Ha nepniTHii ocHoBi, mapok BY 500,
BY 600, BY 700, BY 800, B41000, BrotoBNSOTH NOPLLHEBI
KinbLUs, rinb3u, WeCcTepHi, AeTani ABUryHIB, HAcoCiB, BUNUB-
HULi, npokaTHi Banku, Towo (Ukrainska..., 1985).

AHanis nitepaTtypHWX i NaTEHTHUX [KXepen nokasye, Lo
iCHY€e Benwuka KifnbKicTb pobiT, HanpaBNeHKX Ha NOKPaLLEeHHs
napameTpiB IKOCTi NOBEPXHEBUX LLAPIB AeTanei 3 YaByHiB.
Mpu ubOMY JoCRigHUKaMWU BUKOPUCTOBYHOTLCS Pi3Hi TEXHO-
norii: nnasmoBe NoBepxHeBe MoaugikyBaHHsa (Samotugina
Yu.S. et al.,, 2021), HaHeCeHHs y BUMMALI LUMikepa CyMillen
pi3HOro cknagy 3 NoJanbLUM BUCYLLYBAHHSAM | HAarpiBaHHSM
nnasmotpoHoM (Shylina O.P., 2017) dpukuinHo 06pob-
koto (Hurei T.A., 2016), BBeAeHHAM AOMILLOK MoguMdikaTopis
(Skoblo T.S. et al., 2019), nigirpiBaHHAM nepes 3an1BaHHAM
¢opmu (Sposib..., 2016) ToLo.

B (Ivankova O.V. et al., 2020) asTopamu 6yB npoBeaeHUI
aHania TexHornorin, 3a JONOMOroK SKUX MOXIIMBO BifHOB-
MIOBATW 3HOLUEHi NMOBEPXHi CTanNbHUX i YaBYHHUX OeTanen.
lNpu uboMy NepeBara BiggaBanacb Metogam, siki 6asyoTbes
Ha TeXHomMorisx, Wo 6a3yrTbCa Ha BUKOPUCTaHHIi BUCOKO-
KOHLIEHTPOBaHMWX JKepern eHeprii: enekTponiTyHuin metop
(Karakurkchi A.V., 2015; Yar-Mukhamedova G.S. et al.,
2017), razotepmiyHe HanuneHHs (Student M.M. et al., 2017;
Gvozdecki V.M., 2018), nasepHoi 06pobku (Lyashenko B.A.
et al., 2010; Skoblo T.S. et al., 2019; Carcel B. et al., 2011;
Guzanova A. et al., 2020) Ta EIJ1. B pesynerati aHanisy pos-
rMAHYTUX TexHonorii nepesara 6yna sipaaHa metogy EIN,
0COBNMBOCTAMMU SIKOTO €: MOXITUBICTb BUKOPUCTAHHS B SKOCTI
martepiany, Lo HaHOCUTLCH, YUCTUX MeTaniB, Crnasis, cTa-
nen pi3HOro CTyMeHto NeryBaHHs, MeTanokepamiyHnx mare-
pianis, rpacdiTy TOLLO, MILHWIA 3B’I30K HAHECEHOTO MeTany
3 OCHOBOHK, JOKamnbHICTb NPOLECY, HU3bKa €HEProEMHICTb
Ta ekonoriyHa 6e3neka Towo (Tarelnyk V.B. et al., 2021).
IMpu 3acTocyBanHi MmeTogy ElN, aBTopm (Ivankova O.V. et al.,
2020) pekomeHay0Tb BUKOPUCTOBYBATU B sikOCTi El npyTku
3 Hixpomy X20H80.

Kpim 3HayHux nepesar, metog EINl1 mae i Hemoniku:
0BMeXEeHHS! TOBLUMHU | HEPIBHOMIPHICTb HAHECEHOrO Lapy,
MiABULLEHHS LLIOPCTKOCTI MOBEPXHI, 3HWKEHHS YTOMHOI Mill-
HocTi (Tarelnyk V.B. et al., 2021). Heponiku EINT ycyBatoTbes
3a paxyHoK 06’efHaHHS 3 iHLIMMMW eKONoriYHO Be3nevHnumMu,
Mano 3atpaTHUMU i e(PEeKTUBHUMU TEXHOMOTISMU: NOBEPX-
HEBUM nnacTnyHuM gecopmysanHam (ML), B SkocTi akoro
OCTaHHiM Yacom Bce binblle BUKOPUCTOBYIOTb MeTof besa-
HpasunBHoi hiHiwHOiI 06pobku (BYPO) (Tarelnyk V.B. et al.,
2019) i HaHeceHHs meTanononiMepHux matepianis (MIM)
(Tarelnyk V.B. et al., 2021; Tarelnyk V.B. et al., 2020).

[ns 3axucty npotu rigpoabpasnBHOroO 3HOCY, SIK YaByH-
HUX, TaK | CTanbHWUX AeTanen, NepcnekTUBHUMMU MOXYTb ByTH
NOKpUTTS HaHeceHi meTogoM ElJ1konu B sikocTi El BUkopucTo-
BYIOTb MaTepianu, L0 CKNagarTbCs 3 TOHKOQWUCMEPCHOI

cymiwi 1M (70 % Ni, 20 % Cr, 5% Si, 5 % B) ta BK6. Ll
matepianu paHille HaHOCWMNM Ha MOBEPXHi AeTanei Lwni-
KEPHUM METOAOM 3 HacTynHWUM Bignanom y Bakyymi (Tarel-
nyk V.B. et al., 2023). Mokputta cknagy 90 % BK6 + 10 %
1M HaHeceHi enekTpogamu-iHCTpyMeHTaMu, BUroToBMe-
HUMK MeToaoM nopoLukoBoi MeTanyprii (M), fo3BonsAT
chopmyBaT MOBEPXHEBWIA LUap Ha CTaneBUX MOBEPXHSIX
3 MikpoTBepaicTio go 14200 MMa (Tarel'nik V.B. et al., 2017;
Tarelnyk V.B. et al., 2019).

Hessaxatounm Ha Te, wo TexHonoria EIJl, 3 Bukopuc-
TaHHaM El 3 matepianis cknagy 1M i 90 % BK6 + 10%1M,
3@ paxyHOK Kpalloro LUEenneHHs HaHeCeHoro marepiany
3 OCHOBOI, 3HAYHO Kpalla Bif, HAHECEHHS iX LUMiKepHUM
MeTofoM, ane npoueaypa ix BUroToBneHHs metogom M
JyXe cknafjHa, eHeproeMHa, AOBroTpMBana i oocuTb Bap-
TicHa.

B ocTaHHi aekinbka pokiB cTanu 3'(BNSTUCS CTaTTi,
B SKMX 3 METOW yaockoHaneHHs metogy EIT popartkose
neryBaHHs NOBEPXHEBOMO LUAPY KOPUCHUMWU eneMeHTamu
BiaOyBaETLCA 3a paxyHOK crieLianbHUX TEXHOMOMYHKUX HAacK-
yytounx cepegosuwy (CTHC), ki nonepeaHb0 HaHOCATLCS
Ha NOBEPXHIO, L0 NEryeTbes, Y BUMMSAAI NacT YM CyCneHsin
(Tarelnyk V. et al. New method for..., 2017; Tarelnyk V. et
al. New sulphiding ..., 2017). Ha Haw nornag, TexHonorito
HaHeCeHHs1 3HOCOCTINKMX nokpuTTiB metogom EIf1, 3 Buko-
puctaHHam El cknagy 1M i 90 % BK6+10 % 1M, wo Buro-
TOBNATL WNsXoM M, MOXHa yOOCKOHanNWTW 3a paxyHoK
BukopuctaHHs CTHC.

[ns nokpalleHHs skocTi cchopmoBaHux metogom ElST
MOKPUTTIB (3HWXKEHHS LUOPCTKOCTI i NiABULLEHHSA CyLinb-
HOCTI) Ha iX MOBEPXHI0, pETENBLHO BTUpatoum HaHocaTb MM,
AKi 3 METOI0 NiABMULLEHHS MIKpOTBEPAOCTI MOXHa apMmyBaT
nopoLukamu kapbigy Bonbgpamy, HITpMay LMPKOHito abo ix
CYMILLLLIO, SIKi XapaKTepusylTbCsl BUCOKOK TBEPAICTIO Ta
MiLHiCTIO. KpiM LbOro HITpMA LMPKOHI0 BUKOPUCTOBYHOTH
NS 3aXMCHUX 3HOCOCTINKMX NMOKPUTTIB BUPOGIB, ki mpaLito-
l0Tb B arpeCcMBHUX cepenoBuLLiax. TakoxX HITPMA LIMPKOHIIO,
cepes iHLWMX MOHOHITPUAIB NepexigHuX MeTanis Mae Hau-
KpaLy koposiiiHy cTinkicTb (Koutsokeras L.E. & Abadias G.,
2012; Chiou S. Y. & Bing H., 1998; Beniaa H.M. et al., 2003).

Hanbnmxkyum aHanorom npOMNOHOBaHOI  TEXHOMOTil,
€ cnocib hopMyBaHHS MOKPUTTS Ha MOBEPXHAX CTanb-
HUX JeTanen, SKUA BUMKOHYIOTb HACTynHUM YuHoMm. [epeq
HaHeCeHHSIM KOMOIHOBAHOrO €eneKkTPOICKPOBOMO MOKPUTTS
noBepxHi0 AeTani wnigytb Ao Ra = 0,5 mkm. MoTim npo-
BOASATH LEMEHTAUIO LWnidhoBaHOI NOBEPXHI AeTani MeToaoM
EIT (LIEI). Nicns BUKOHYIOTL aniTyBaHHs LLEMEHTOBaHOro
Lapy antoMiHiesum El 3 noganbLunM HaHECEHHSIM Ha HbOTO
enekTpoickposoro nokputts El 3 TBepgoro cnnasy T15K6.
[lani nosepxHto cpopmoaroro KEM nigaatote MMO meto-
aom obkatku kynbkoto. licna nonimepu3sadii MMM, apmo-
BaHOro0 MOPOLLKOM TBepaocnnaBHoi cymiwi BK6, yacTuHy
Wapy MeTanononiMepHoro marepiany BuaanswTb [0
BUCTYNIB LUOPCTKOCTI MOKpWUTTS 3 TBepgoro cnnasy T15K6
(Tarelnyk V. et al., 2020).

Henonikamm gaHoro cnocoby €: fyxe cknagHa TexHomno-
ris (popMyBaHHS NMOKPUTTS; BUCOKA BapPTICTb BUKOPUCTAHHS
TEXHONOril; Cnocib npuaaTHWUN TiNbkK ana getaneu Tin obep-
TaHHS; HeLLOCTaTHIN 3aXUCT CTaneBMX NOBEPXOHb Bif 3.
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OTxe, BUHMKAE SIK HAYKOBWUM, TaK i MPaKTUYHUA iHTe-
pec MNpoBeCTU MOPIBHSAMbHI OOCNIOKEHHS 3HOCOCTIMKOCTI
nokputTiB, cknagy (90 %BK6+10%1M), ccopmoBaHux Ha
CTanbHWX i YaBYHHUX MOBEPXHSX, SK €NeKTpoaaMu-iHCTpy-
MEHTaMW, BUrOTOBIEHMMM METOAOM MOPOLLKOBOI MeTa-
nypril, Tak i HaHeceHuMmn metogom EIJ1 3 BuKopuCTaHHAM
CTHC. Mpu upoOMy Ha NOBEPXHEBWIA LLAP NOKPUTTIB, HaHe-
CEHUX Pi3HUMU cnocobamu, 3 METOH 3HKEHHS! LLOPCTKOCTI
NOBEPXHi i NiABULLIEHHS X CYLiNbHOCTI, NOTPIGHO HAHOCUTW
MMM, apmoBaHi nopowkamu WC, ZnN abo ix cymiwuio.
Ha Haw nornsg, uew cnocié mir 6u nigBuWUTL 30aTHICTb
MOBEPXHEBOrO LUApy AeTanen YMHWTM Onip 3HOLLYBAHHIO,
rapaHTyBaB 61 HafiNHICTb i 4OBrOBIYHICTb X poboTy B arpe-
CUBHUX cepegoBsuLLax, bys 6u ekonoriyHo 6e3nevHuM i cko-
POTMB BUTPATH Ha OrO 3AiNCHEHHS.

BucHoBku:

1. [etani MawwWH, NOBEPXHi SKUX  KOHTAKTYlOTb
3 NOTOKaMM PiAvHM | NPALIO0TL B BAXKKWUX YMOBAX OTOUYHOUMUX
cepenoBULL, NiansAraoTb 3HOLLEHHIO, ke 3anexartb Big: Buay
TepTs, MeXaHiYHMX i (i3nKo-XiMiYHWUX BnacTUBOCTEN MaTe-
piany, LWBWAKOCTI BiHOCHOIO MEPEMILLEHHSI KOHTaKTYHOUMX
NOBEPXOHb, BEMNYMHOM) | XapaKkTEPOM HaBaHTaXEHHS], BUAOM
i AKICTIO MacTun, ymoBamm ekcrinyartavii Towo. Po3pisHaoTb
[eKinbka BMAIB 3HOLLYBAHHS: KOpO3isl, eposis, rigpoabpa-
31BHE 3HOLLEHHS, KaBiTauisi, 6ionoriyHe MOLLKOMKEHHS.

2. [ins BUrOTOBNEHHs AeTanemn, CTiIMKMX NpoTW Figpo-
abpasuvBHOTO i iHLWIMX BUAIB 3HOLLYBaHHS B 3aNEXHOCTI Bij
OTOUYHOYOro CepenoBuLLLa BUKOPUCTOBYIOTL ByrneLeBi cTani,
HepKaBitoui KOPO3iNHOCTINKI CTani, BUCOKOMILHI i XpOMMCTI
YaByHU.

3. Ina 3axucTy NOBEpXOHb AeTanen Bif 3HOCY, KpiMm
3MiLLHEHHSI MOBEPXHEBWX LUApiB, cepeq SKux ocobnvee
micue 3anmae XTO, BUKOPUCTOBYIOTb HAHECEHHS 3aXMCHUX
MOKPUTTIB: HaNWMIOBaHHA | HanMnaBneHHs TBEPAWMU 3HO-
COCTiiKUMK MaTepianamu, nasepHy 0O6pobGKy LURNiKepHUX
MOKPUTTIB, AIKi € LKIANNBUMW ANS 300POB’A NIOANHY i Hebes-
NEYHUMM A5 OTOUYIOYOro CepeoBuLLa.

4. Cepen eEKTMBHMX, EHEProowagHUX i eKOnoriyHo
6e3neyHnx TEXHOMNOriN HAHECEHHS1 3aXMCHWUX MNOKPUTTIB,
ocobnuee micue 3anvmae ElJl, ake B kombiHauii 3 MMNMQ
i HaHeceHHsM MIM, apmoBaHMX NopoLUKamu TBepamX 3HO-
COCTIlikMX MaTepianis (kapbia Bonbdpamy i HITpMA LUpPKO-
Hil0) MOXe 3abe3neunTun 3axucT aetanen Big rigpoabpasms-
HOrO i iHLUKX BMAIB 3HOCY.

5. AnbTepHaTUBOIO TEXHOMNOTrIT HaHeceHHs MeTogom ElJl
3aXVUCHUX MOKPUTTIB eNeKTpoaamm-iHCTpyMeHTaMu ckrnagy
90 %BK6+10%1M, BMroTOBNEHUMU METOAOM MOPOLLKOBOI
metanyprii, Moxe 6yTu GifnbLL TexHoMNoriYHa i AeLleBLua Tex-
Honoris BUKopucTaHHa ElJ1 3 3acTocyBaHHSAM cneLianibHuUX
TEXHOSMOTMYHNX HACUYYHOUUX CEPEeLOBULY,.
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Problems and prospects for solving the issues of increasing the durability of machine parts operating under
conditions of hydroabrasive wear

The article focuses on a large number of machines operating in various branches (gas-oil, mining, chemical, agricultural,
transport ones, etc.) of industry and other fields in Ukraine that are subject to the negative impact of hydro abrasive wear
(HW). These are hydraulic machines (HM), among which the most common are pumps and hydraulic engines, as well
as centrifuges for wastewater treatment, separators, fitting, etc. The safety, productivity, mobility and efficiency of drilling
rigs, structural elements of drill strings, the use of gravel filters to prevent the inflow of sand from the bed into the well,
and the occurrence of emergencies associated with the destruction of the surface layers of the component parts and
assemblies depend on the HW negative impact. The machine parts, the surfaces of which are in contact with fluid flows
and operate in harsh environmental conditions, are subject to wear. The wear depends on the type of friction, mechanical
and physicochemical properties of the material, the speed of relative movement of the contacting surfaces, the magnitude
and nature of the load, the type and quality of lubricating oils, operating conditions, etc. There are several types of wear:
corrosion, erosion, hydro abrasive wear, cavitation, biological damage.

To protect the surfaces of steel and cast iron parts from wear, in addition to strengthening the surface layers, among
which the thermochemical treatment (TCT) occupies a special place, there are used protective coating technologies.
Those are such ones as depositing and surfacing with hard wear resistant materials, laser processing of slip coatings,
and electroplating, which are harmful to human health and hazardous to the environment. Among the effective, energy-
saving, and environmentally friendly technologies for applying protective coatings, the electric spark alloying (ESA) process
occupies a special place. As combined with surface plastic deformation (SPD) and application of metal-plastic materials
(MPM) reinforced with powders of hard wear resistant materials (tungsten carbide and zirconium nitride), the ESA process
can provide protection of parts from hydro abrasive and other types of wear.

Key words: electric spark alloying, high-strength cast iron, steel, part, hydro abrasive wear, coating, surface plastic
deformation, metal-polymer material.
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BMNUB PO3MNOAINY BAMM HA BICI MIHITPAKTOPA HA AOTO TATOBI MOKA3HUKK
3A IMITALIAHAMM LUKNAMU POWERMIX
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HauioHanbHWiA TEXHIYHWUIA YHIBEPCUTET «XapKiBCbKUIA NOMITEXHIYHUIA IHCTUTYTY, M. XapkiB, YkpaiHa
ORCID: 0000-0002-4725-5911

Andreykozhushko7@gmail.com

B ymoeax noeipweHHs1 HagKOMUWHBb020 cepedosuwia 8UKUOaMU ma 3MEHLWEHHSIM 3aracieé 8UKOMHO20 nanuea 8 pi3-
HUX NPOMUCIIOBUX 2arly3sX MepcreKmueHUM WiisixoM € nepesedeHHs 3acobie Ha anbmepHamueHy yucmy eHepeito. Takul
p038UMOK croHykae 0o MOOepHI3auii He mifibku aemoMOobInbHOI, a U IHWOI crieyianisoeaHoi MexHIKU, 30Kpema, KOmiCHUX
mpakmopig. B cinbcbkoMy 20crnodapcmei UKOPUCMOBYIOMbCS MPaKmMopu Pi3HUX MSA208UX Kracig 011 BUKOHaHHS msi2o-
8UX i mpaHcrnopmHux pobim. AKmyanbHUM Ha CbO200HIWHIU OeHb € 8nposadKeHHs errekmponpueody Ha mpakmopu Manux
ms208ux Knacie, sKi npusHadeHi 0nsi MixpsaoHoi 06pobKU rpocanHux Kymbmyp, OpaHKU fle2kux rpyHmig 8 cadax i mennu-
usix, 0rs pobomu 3 KOCapKoro, a makox Onsi OpibHUX mpaHcrmopmHux pobim. Take erposadxeHHs pearizyembcs 3ami-
Hot 0su2yHa 8HymMpIlIHb020 320PSIHHS Ha enleKmpuYyHUl rpusid, y 36’a3Ky 3 UUM 8UHUKae 3a0aya 00MpUMaHHsS Ms208UX
enacmugocmell mpakmopa. Tomy mamepian daHoi cmami Mae 3a Memy yucenbHUU aHanis ennusy po3snodiny eazu MiHim-
pakmopa Ha li020 msi2080-eHepaemuYHi MoKasHUKU. Peanisayisi okpecneHoi Memu 8i0bysaembCs 3a paxyHOK iMimauyitiHo2o
YuCenbHO20 eKCrepUMEHMy ms208ux 8unpobysarnbHux yukiie. llpu eupiweHHi mocmaesneHoi Memu 8uKopPUCMOo8yemMbCs
mMemoduka OuHamidHUX eurnpobysaHb Himeybkoeo cinbcbkoeocrnodapcekoeo mosapucmea DLG-PowerMix, sika Hanivye
12 emanie 8unpobysaHb CirlbCbK020CN00apChKO20 Mpakmopa Ha Mnofbo8uUX onepauisix rnpu eapitioeaHoOMy 308HIUHBEOMY
HagaHmaxeHHi. Pesynbmamom € obrpyHmosaruti nidbip ymogHo20 po3nodiny 3azanbHoi 8azu MiHimpakmopa 3 dompu-
MaHHSIM MakcuMaribHUX cepelHix 3HavyeHb weudkocmi pyxy i KK mpakmopa, a makox MiHiMarbHO20 cepedHbo20 3Ha-
YeHHs1 ByKcysaHHS, Sk mux Wo 0oyinbHO ernposadxysamu e enekmpompakmop. [lpakmuyHa 3Ha4yumMicms pobomu nosnsizae
y HadaHHI KOHKpemHUx 3HadeHb po3nodifnly eazu Ha 8ici MiHimpakmopa npu aspeaamyeaHHs MiyeoM, Kybmueamopom,
POMOPHOI0 (hpe30t ma CiHOKOCapKOI0, @ MaKoxX 3 ypaxys8aHHsIM pobomu MawuHu Ons po3KUOaHHSI 2HOK ma MawuHU 07151
MIOKy8aHHS ciHa. Hayko8ot HOBU3HOK pobomu € 8CMAaHOBMEHHS 83aEMO38 3Ky MiXX KOHCMPYKMUBHUMU napamempamu
MiHimpakmopa ma 3MiHOK Msi2080-eHEP2eMUYHUX MOKa3HUKIe 8 X00i 8UKOHaHHSI MEXHOMo2iyHul pobim, a came Mix pos-
nodinom eaeu mpakmopa ma weudkicmio, KK mpakmopa ma 6ykcysaHHsIM Koflic.

Knrovoei croea: mpakmop, msi2080-eHep2emuyYHi NMoKa3HUKU, rorboea onepauis, po3nodin eaau, eunpobysarbHi
uuknu, PowerMix, imimauitiHe MoOento8aHHsI.

DOI https://doi.org/10.32782/msnau.2023.4.9

Betyn. YnpogoBx OCTaHHbOrO AECATUNITTA Yy CBITi
BEMUKOr0 PO3MNOBCIOAXEHHA Habyna enekTpudikauis
TpaHcnopTHUX 3acobiB, Sk aBTOMOLINIB, Tak i TpaKToOpIB.
Lle, nepenyciM, noknuMkaHo BupiwMTK Npobrnemu norip-
LUEHHS HaBKOMULUHLOTO CepefoBuLLa 3abpyaHIOYUMK
BMKMOAMK Ta 3MEHLUEHHAM 3anaciB BWKOMHOMO nanuea.
3 aHanizy cyyacHoro CTaHy BMpOBa[XEHHS enekTpuy-
HUX CUIOBMX YCTAHOBOK Ha TPaKTOpW i CinbCbKOrocno-
fapcbki mawmHu (Moreda et al., 2016) poseaeHo, Lo
BMKOPUCTaHHS €nekTpUYHUX NPUBOAIB NpU3BOAUTb [0
NiABULLEHHS eHeproedeKkTUBHOCTI, a Takox 3abesne-
YEHHSIM YHiBepCanbHOCTI CiNbCbKOrocnoaapchbkoi Aissb-
HoCTi. BinbLwicTb BMPOBHUKIB TPaKTOPIB CiNbCbKOrocno-
[apCbKOro nNpu3HavyeHHs npeacTaBuiM CBOI KOHLENTH
Ha BUKMIOYHO eneKTpuYHin Ta/abo ribpuaHin cunosin
yctaHoBLi (Kozhushko et al., 2022): Fendt e100 Vario;
John Deere Joker; Kramer 5055e; Escorts Farmtrac 26E;
Case ProHybrid EECVT, JCB 525-60e; Multi Tool Trac;
XT3-2511E; Kolos-244, Towlo.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

BinbLwicTb 3 BUPOBHMKIB TPaKTOpHOI TexHiku (Danylenko
et al., 2023) BnpoBagXyloTb €NEKTPUYHUIA NPUBOA Ha Marno-
NOTYXHi MIHITpaKkTOpK, WO, Ha X AYMKY, NOBUHHO HagaTu
CTPIMKOrO pO3BUTKY (hepmepcbkoro rocnogapcrea. Buko-
PUCTaHHS ManonoTYXXHWUX MiHITPaKTOpiB 0BYMOBMEHO iX YHi-
BepcanbHicTio (Danylenko et al., 2023), agxe BuKopucToBy-
0TbCS Y KOMMMEKC 3i 3MiHHUMW HaBICHUMK, HaNIBHABICHUMM
Ta MNpUYINHAMK  CiNbCbKOrOCMNOAApCbKUMKU  arperatamu
(puc. 1), TOMY KOHCTPYKLiSt eNeKTpoTpakTopa noBunHHa Bpa-
xoByBaTu poboTy Bany Bigbopy NoTyxHOCTi. Taka yHiBep-
CanbHiCTb MiHITpaKTOpiB NOBMHHA 3abe3nedyBaTy peanisa-
Lito TArOBKX Ta EHEePreTUYHMX NMOKa3HUKIB.

3 poboTn (Gade & Wahab, 2023) Bigomo, Wwo Hamn-
GinbLl NPOCTOI0 Ta PO3MNOBCIOAXEHOK € KOHCTPYKUIHA
CXema CUII0BOI YCTaHOBKM efieKTpoTpakTopa, sika nepea-
6ayae 3aMiHy OBUryHa BHYTPILIHBLOrO 3rOpsiHHS Ha enek-
TpuyHui Npusia. Taka cxema, Ha gymky (Liu et al., 2016),
He BuMarae nornMbneHnx KOHCTPYKUIMHMX pilleHb, ane
€KBiBaNieHTHO 3aMiHWTW MacoBy CKNagoBy [BUryHa
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Mam s s 3aCTOCY BANNS
XiMiunnx 3acobiB 3axXuCTy pocanu

Tpancuoprui 1a panraxuo-
POIBAHTAXYBAALHI 3acobn

Mamuen 115 BHCCCHHSA
Aobpun

Mamunn 138 nocisy 1a i0npanus
POCAMMIKX KNALTYD =

3uapsas 1as odpobRu rpynTy
T4 0FARAY 30 nocinamu

Puc. 1. Po6otu cinbcbkorocnoaapcbKkoro Npu3HayveHHs, AKi peanizoBye MiHiTpakTop XT3-2511

BHYTPILUHBLOrO 3ropsiHHA — CKNafHo, WO BMMarae aHanisy
po3nogifly Barv no ocsAx MiHITpakTopa Ha TAroBOro-eHep-
reTMYHi  nNokasHukW. [poBegeHHs KOMMMEKCHOI  OLiHKM
TATOBOrO-eHEPreTUYHUX MOKa3HWKIB TpakTopa AOUiNbHO
NPOBOAMTU Y CKMafi TArOBUX Ta TArOBO-NPUBIAHNX MALLUH-
HO-TpakTopHux arperartiB (Lebedev et al., 2004). Taky x
KOHLIENLiI0 NPOMOHYTL 3aKOPAOHOM, A€ 3anpOnoHOBaHO
MEeTOAMKY TAroBO-AMHaMiYHMX BunpobysaHb Himeubkoro
cinbcbkorocnogapcbkoro ToBapuctea (DLG, Deutsche
Landwirtschafts-Gesellschaft), akenybnikyepesynsratusunpo-
OyBaHb TpakTopiB 3a npoueaypoto PowerMix (DLG, 2023;
Rebrov et al., 2020).

Buxogsum 3 BWLLEBMKNALEHOrO, METOK AaHOro Aochi-
[DKEHHS € OLiHKa BNNMBY PO3MOginy Bary MiHiTpakTopa (Tvny
XT3-2511) Ha TArOBO-eHepreTUYHi NOKa3HMKY 3a paxyHOK BUKO-
PUCTaHHS iMiTaLiH1X BUNpoByBanbHux uvknie PowerMix.

Marepianu i MeToau pocnimkeHb. BuaHayeHHs Taro-
BO-€HEpreTMYHWX MOKa3HUKIB TpakTopa (po3paxyHkoBa
CXeMa SIKOro HaBefeHa Ha puC. 2) IPYHTYETbCA Ha 0bumc-
neHHi cuctemmn andepeHLinHux pisHsHb (Kalchenko et al.,
2021).

m-X+P, =2(P,+P,);

ol
m'(Z+g)+Pkrz =2(G, + Gy )s
2

(1)

+Gy (X, - X)+G, (X, - X)=

=P (X X) =By (2, 2) B (2, -2) + e (2,,-2),
Ae X, Z, ¢ - ysaranbHeHi koopauHatu; P_, P, — cunu, Wwo
LUTOBXaloTb OCTOB TpakTopa Brepea; G,,, G,, — papianbHi
HaBaHTarv Ha WuHu; P,, P, — ropusoHTanbHa Ta Beptu-
KanbHa CKNagoBi CUNN TATV Ha raKy; X, X ,, X 4, 2,11 Z,,0 Z5—
rOPU3OHTanbHi i BEpTMKaNbHi KOOpAMHATM TOYOK OCTOBA
TpakTopa y obpaHin cuctemi Bigiky.

Ona peanisauii cuctemn AndepeHuinHuX piBHaHb (1)
HeobXigHO BCTaHOBWTM B3aEMO3B’A3KM MK KOOpAMHATamu
TOYOK OCTOBa TpakToOpa Ta y3aranbHEHUMU KoOpAMHaTaMm

X, =X—-p-cos(p, +A,,); 2
Z,=Z+p-sin(¢,+1,),

ne p,» AO!V_ pap,lng-BeKTole I KYTU TOYOK OCTO.Ba TpakTopa
Y NONAPHIN CUCTEMI KOOPAWHAT 3 LEHTPOM B TOYLI 0.
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Puc. 2. Po3paxyHKkoBa cxema TpakTopa
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TakuM YnHOM pa,qiaanMM MPOrMH LWKWH BM3HA4Ya€TbCA
HaCTYNMHUM YUHOM!

J(\'h] :D1/2+ZGI -Z

K ol?

fvhz :D2/2+Z(72 ~-Z,,

)

fe D,, D, — 30BHiLUHil AiameTp WwuH; Z,,, Z.,, — BEpTUKarbHi
KoopauHaTV PiBHS I'PYHTY, SKi Y 3aranbHOMY BUNagKy € Bunag-
KOBUMU OYHKLISIMM NPOMAEHOTO LUMSXY. BUSHAYEHHS NpyxHMX
xapaktepuctuk WwuH Tpaktopa XT3-2511 3 Tunopo3mipamu
7,5R16 Ta 9,5R32 6asysanucb Ha poboTi (Rebrov, 2015).

[Ans Bu3Ha4YeHHs cun P, WO LWTOBXalTb OCTOB TpaK-
TOpa Briepea HeoOXiAHO 3HaTW LOTWYHI curu Tarn P, Ta
CHUI OMOpY KOYEHHIO P, Ha KOXHOMY KOIeCi:

by =F, =P, 4)

Cuna onopy Ko4YeHHI0 P, BU3Ha4aeTbCs, y TOMY HICH, 38
BEMWYMHOKO NPECYBAHHS I'PYHTY hgi abo rmmbuHm Konii nicns
N-ro npoxogy Koneca:

Y[ 0,81k, -k
Pﬁ:Z , byl |
i=1 100- ak~bk

ne k,, k,, — koedilieHT 06'EMHOT0 3MUHaHHA rpyHTy (Panov
& Vetokhyn, 2008) Ta koedillieHT, Lo BpaxoBye 3MiHy qisvko-
MEXaHi4YHWX BNIaCTUBOCTEN I'PYHTY, KU AN NEPLUMX YOTMPLOX
npoxoais N MOXHa BU3HaunTK 3 OOCTOBIpHiCTO R? = 0,999;
a,, b,,— NOBXMHA i LWMPVHA NNAMM KOHTAKTY /-TOT LUMHM 3 IPYH-
TOM; h_— nedopmaLyii rpyHTy (Rebrov, 2021) nig KOXHUM i-TUM
KONecoM TpaKTopa BU3Ha4vaeTbCs 3a hopMyrolo:
2
h, = l G . (6)

Ti 2
; ﬂ b:.D. - ]+f“”
100-\/a, - b, ’ h,

Bn3HaveHHs pagianbHuX HaBaHTaXeHb Ha Kofeca Tpak-
Topa BigbyBaETbCA HACTYMHUM YNHOM

l l
Gy :Gi_(Pkl _szzj

()

“ (7

(8)

Ae L — nosposxHsa 6asa TpakTopa; /, Ta I, — BiacTaHb BiA
LieHTpa TSKIHHA 4O OCell NepeaHboro Ta 3aAHbOro MOCTIB;

/ [\ h
Gy, :Gi_(ﬂz_G'f'zlj'i

f — KoediLieHT onopy KOYeHHs Konic; h, — BMCOTa TOUKM Al
CUMW TAM Ha raky Big ONOPHOT NOBEPXHI.

€OMHOK HEeBIOMOIO BENUYMHOK € BYKCyBaHHS Komic
TPaKToOpa, SiKe BU3HAYaETbCH BiJOMOK 3aNEXHICTIO AiNCHOI
Ta TEOPETUYHOLO LWBMAKOCTER. [igcyMOByoUM BULLIE 3a3Ha-
YyeHe Ta BpaxyBaHHs 3MiHW KoediLlieHTiB ByKCyBaHHS cTae
MOXMUBUM BU3HAYEHHS JOTUYHOI CUNU TAMM NepenHboro
koneca P,, Ta 3aaHbOro Beay4oro P,,.

By =(C.-F,+G-tgg,); ©)

k(' (1—62 ) . l_eikc?l;séz) ’ (10)
a, -9,

Ae C_—Hanpyra 3cyBy B I'PYHTI; ¢ — KyT BHYTPILLHLOrO TEPTS
B I'PYHTI; k_— KoedpiLlieHT aecpopmallii B rpyHTy.

Mpouepypa BunpobyBanbHuUx umknie  PowerMix
cknagaetbca 3 12 eTaniB BMNpoOyBaHb CinbCbKOrocno-
[apCcbKOro TpakTopa Ha MOoNbOBKX onepawisix npu Bapi-
MOBaHOMY 30BHilLHbOMY HaBaHTaXEHHi: OpaHKW Ta
KynbTuBaUii, TAroBO-NPMBOAHMX UWKMiB 3 Bigbopom
MOTYXXHOCTi Yepe3 Ban Biabopy notyxHocti (BBM): dpe-
3epyBaHHS POTOPHOK hPE30H0 | BOPOLLIHHSA CiHa, a TakoX
TATOBO-MPUBOAHI LMKMM 3 BigOOPOM NOTYXHOCTI 4epes
BBI1 i rigpaBniyHy cuctemy Tpaktopa: po3KuAaHHS FHOK
i TIOKYBaHHS ciHa (Tabn. 1).

3aranbHuin BUrNSA, UUKNIB HAaBaHTaXXeHHS HAaBEAeMO Ha
puc. 3. OKpecneHi UMKNM 3MiHW 30BHILLHIX HaBaHTaXeHb
3anpornoHOBaHi sk TECTOBI NpoLEeaypw Npu 0B4UCNEHHI TAro-
BOI €(heKTUBHOCTI TPaKTOPIB.

TakuM 4nMHOM, mpeacTaBneHHi 6asoBi cknagosi Ans
BM3HaA4YeHHs BMNMBY po3noginy Bary MiHiTpakTopa Ha
TArOBO-€HepreTWYHi nokasHukW. 3rigHo 3 Tabn. 1 Ham-
GinblWi HaBaHTaXEHHA TPAKTOp CNpUAMaE Ha TAro-
BUX pobortax: opaHka (Z1P i Z2P) T1a kynbTuBauis
(21Gi 22G).

PesynkraTu. B xopi imiTauiiHoro mogentoBaHHs npuimMa-
NNCSBUXiQHIAaHi, SiKipeKkOMeHYTbCA3aBOA0M-BUPOBHUKOM
(KhTZ-2511, 2005): maca — 2200 Kr; TUCK B NepeaHiX LMHaxX
7,5R16 — 200 klMa; Tuck B 3agHix wmnHax 9,5R32 — 80 «la;
no3noBxHs 6asa — 1,837 m; arpooH — CTepHs KONMOCOBYX
(Panov & Vetokhyn, 2008), ToLwo.

B,=(C.-F, +G~tg(p(,){1—

Tabnuus 1
Linknu PowerMix ans nonboBux onepauiin (Rebrov et al., 2020)
Tun po6otun Uukn HaBaLZ'rara, Ny xB™ YmoBu npoBeAeHHSA
Opatika Z1P 100 - BHMKEHHA CepeaHbOI WBUAKOCTI He Ginblue
Tarosa Opatka Z2P 60 - 2,5 km/rog (okpiM umkry Z1P, AKLWO TpakTop
Kynstueauia Z1G 100 - He MOXe PO3BUHYTH BinbLuy TArosy
Kynstusatis Z2G 60 - NOTYXHICTb).
®pesepyBaHHa Z3K 100 900
®pesepyBaHHa Z4K 70 900
TaroBonpuBogHa d>pe3epyBaHHﬂ Z5K 40 900 SHIKEHHS cepeaHbOol LIBMAKOCTI He Binblue
BopouiHHs Z3M 100 900 2,5 kM/rog Ta CepeaHboi YacToT 0bepTaHHs
BopouwliHHs Z4M 70 900 XBOCTOBMKA BBOI'I
BopoLLiHHs Z5M 40 900 He Ginbwe 7,5 %.
T PoskuaaHHs rHoto Z6MS 100 1000
PUBOANa, AP TiokyBaHHs cina Z7TPR 100 1000
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Puc. 3. Uuknu PowerMix gns imiTauii nonboBux onepauiin:
a — arperatyBaHHs niyrom Z1P, Z2P; 6 — arperatyBaHHs KynstvBatopoM Z1G, Z2G; B — arperaTyBaHHsi pPOTOPHOO
tpesoro Z3K, Z4K, Z5K; r — arperatyBaHHsi ciHokocapkoto Z3M, Z4M, Z5M; g — mawumHa ans poskuaaHHs rHoto Z6MS;
K — MalUMHa ans TIoKyBaHHs ciHa Z7PR
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Puc. 4. 3anexHicTb TAroBo-eHepreTMYHMUX NokasHukiB TpakTopa XT3-2511 Big po3noainy 3aranbHoi Baru
Ha nepepaHioio Bicb G,, Ta yacy t uukny PowerMix Z1P (puc. 3):
a — wemakictb V; 6 — KK[ tpaktopa n, . ; B — GykCyBaHHA 3aaHix Koric 8,

O6roBopeHHs.Ha puc. 4 HaBegeHo pesynbTaTy
3MiHM TSArOBO-€HEPreTUYHMX MOKA3HWKIB Npu iMiTauin-
HOMY MogentoBaHHi uukny PowerMix Z1P, skuin noka-
3aB BapitoBaHHs weuakocTi V e [6,14; 6,8] km/rog, KKL
Tpaktopa n,.... € [0,7; 0,75], GykcyaHHs 3azHix konic d,€
[0,02; 0,12]. OaHi pe3ynbrati OTpUMaHi NpW BapitOBaHHI
po3noginy 3aranbHoi Baru, sika npunagae Ha nepeaHior
Bicb G,,, i 3miHtoeTbCs B Mexax 20 + 50 %. Pesynbratu
3 puc. 4 € He YHOPMOBaHUMMU, LLO YCKNAAHIOE HaAaHHS
NPaKTUYHWX pesynbTaTtiB, TOMY Ha puc. 5 nokasaHo
CEepefHi 3Ha4YeHHs1 MOKA3HWKIB 3a Nepiog imiTauii umkny
PowerMix.

AHanisyloum OoTpuMMaHi pesynbratn 3 puc. 5, Biami-
TUMO, IO AOCSATHEHHS! MaKCUMamnbHWUX CepefHiX 3Ha4eHb

58

wewuakocTi i KK[, TpakTopa, a Takox MiHiManbHoro cepen-
HbOTO 3HAYeHHs! ByKCyBaHHS ANs LMKIy:

Z1P —»npn G,, =20 % Big G ([, = 0,367 mTal =147 m
Z2P - npn G,, =21 %8in G (/,= 0,386 mT1al =1,451m
Z1G —npn G,, =22 % Bif G 404mTal =1,433 m
22G —npn G,, =33 % Bif G
Z3K — npn G,, = 22 % Bin G
Z4K — npn G,, = 30 % Big G
Z5K — npn G,, = 40 % Bin G
Z3M — npu G,, =40 % Bin G
ZAM — npu G,, = 47 % Bin G
Z5M — npu G,, = 50 % Bin G
Z6MS — npn G,, =40 % 8ig G
ZTPR - npu G,, =50 % Bin G

)

—
-
(=]

606 mTa /, = 1,231 m);
404 mTal =1,433 m);

)
)
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)
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J35mTal =1,102 m
J735mTal =1,102 m
863 mTal =0,974 m
919mTal =0919m
J35mTal =1,102 m);
919mTal =0,919 m).
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Puc. 5. CepeqHi 3Ha4YeHHs TAroBO-eHepreTUYHUX NOKa3HUKIB TpakTopa XT3-2511 Big po3noginy 3aranbHoOi Baru
Ha nepeaHIolo Bicb G,, Npu pisHOMaHITHUX uuknax PowerMix:
a-Z1P; 6 - Z2P; B-Z1G; r-22G; o - Z3K; € — Z4K; % — Z5K; 3 — Z3M; k — Z4M; n — Z5M; m — Z6MS; H - Z7PR
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£AK NOMITHO 3 pe3ynbTaTiB 3HAYeHHs YMOBHOIO PO3Mo-
Ainy saranbHoI Baru, ska npunagae Ha nepeaHioro Bick G, ,
Ma€ LUIMPOKWUI [iana3oH 3MiH Ans eheKTMBHILLOI peanisalii
TAFOBO-EHEPreTUYHUX MOKasHWKIB. Takuh po3nogin Barut
CKnagHo peanisyBaTi, TOMY HACTYMHUM KPOKOM HeoBXiaHO
npoaHanisyBaTti BNUB TUCKY B LUMHAX i CKOperyeaTtu oTpu-
MaHwii po3nogin.

BucHoBku. B xogi nonynsipHoro npouecy BnpoBa-
[DKEHHSI eNeKTPUYHOro NpUBOAY 3aMiCTb ABWUryHa BHYTPILL-
HbOrO 3rOpsIHHA B MiHiTpakTopy Tuny XT3-2511 akTyans-
HUM CTae NuUTaHHA Niabopy CKNafoBWUX eneKkTponpusody.
Takui niadip NOBMHEH I'PYHTYBaTUCS HA BaroBi XapakTepu-
CTUKW, SIKi BMNMUBAKTb HA TArOBO-EHEPreTUYHi NOKa3HMKU.

Ha ocHosi npoueaypw BunpobysanbHux uuknis PowerMix
ANs CiNbCbKOrOCNOAapChKOro TpakTopa npyu BUKOHAHHI
NonbOBMX onepauiin OTPUMAHO 3HAYEHHS YMOBHOrO PO3-
NOAINYy 3aranbHOi Baru MiHITPaKTOpa 3 METOK OTPUMAaHHS
MaKCUManbHWX cepefHix 3HauyeHb weuakocTi i KKI Tpak-
TOpa, a TaKOX MiHIMarnbHOr0 cepefHbOro 3HayeHHs Byk-
cyBaHHs. [na arperatyBaHHs nnyrom Z1P, Z2P oTpumaHo
po3nogin B Mmexax 20/80 %; arperaTyBaHHs KynbTMBaTOpOM
Z1G, Z2G - 27/73 %; arperatyBaHHsi POTOPHOK (hpe3oto
Z3K, Z4K, Z5K — 31/69 %; arperatyBaHHSi CIHOKOCapKOW
Z3M, Z4AM, Z5M - 45/55 %; mawwnHa Ans po3KnOaHHS
rHolo Z6MS 40/60 %; mawwmHa [Ons TIOKYBaHHA CiHa
Z7PR - 50/50 %.
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Influence of axle weight distribution a minitractor weight distribution on its traction indicators under simulated
PowerMix cycles

In the conditions of deterioration of the environment due to emissions and reduction of fossil fuel reserves in various
industrial sectors, the transfer of funds to alternative clean energy is a promising way. This development encourages the
modernization of not only automotive, but also other specialized equipment, in particular, wheeled tractors. In agriculture,
tractors of various traction classes are used for traction and transport work. Today, the introduction of an electric drive on
tractors of small traction classes, which are intended for inter-row processing of row crops, plowing light soils in gardens
and greenhouses, for working with a mower, as well as for small transport works, is relevant today. Such implementation
is implemented by replacing the internal combustion engine with an electric drive, in connection with this, the task of
observing the traction properties of the tractor arises. Therefore, the material of this article aims to numerically analyze
the influence of the weight distribution of the minitractor on its traction and energy indicators. The implementation of the
outlined goal takes place at the expense of a simulated numerical experiment of traction test cycles. When solving the
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goal, the German Agricultural Society DLG-PowerMix dynamic testing method is used, which includes 12 stages of testing
an agricultural tractor in field operations under varied external loads. The result is a justified selection of the conditional
distribution of the total weight of the minitractor with observance of the maximum average values of the speed of movement
and efficiency of the tractor, as well as the minimum average value of skidding, as those that should be implemented in
an electric tractor. The practical significance of the work consists in providing specific values of weight distribution on the
axis of the minitractor when aggregating with a plow, a cultivator, a rotary cutter and a hay mower, as well as taking into
account the operation of a manure spreader and a hay baler. The scientific novelty of the work is the establishment of the
relationship between the design parameters of the minitractor and the change in traction and energy indicators during the
execution of technological works, namely between the weight distribution of the tractor and the speed of movement, tractor
efficiency and wheel slippage.

Key words: tractor, traction-energy indicators, field operation, weight distribution, test cycles, PowerMix, simulation
modeling.
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IHXXEHEPHA NEOATOrKA'Y NiIAroToBUI IHXEHEPIB | HAYKOBO-NEAAIOrN4YHUX KAQPIB
3AKNAQLIB BULLOI OCBITU

XypceHko CeitnaHa MukonaiBHa

KaHauaaTt isnko-MaTeMaTuyHNX HayK, AOLEHT

CyMCbKuiA HauioHarnbHWiA arpapHui yHiBepcuteT M. Cymu, YkpaiHa
ORCID 0000-0001-6307-2042

svitlana.khursenko@snau.edu.ua

OO0HUM 3 8U3HayarbHUX (haKmopie MexXHOI02i4HO20 PO3BUMKY Cy4yacHO20 Cycrinbcmea sucmynae siKicHa iHXeHepHa
oceima. besnepepsHulli po3gUMOK iHxeHepHoI disinbHoCmi — i ModepHizauis, 600CKOHANEHHS, eKCaHCia 8 iHwi cghepu
0isnIbHOCMI — 8UMa2ae KopueyeaHHs1, OHO8MEHHS yined, 3acobie ma memodornoail oc8imHbOoi disiribHOCMI 3a2anoM ma iHxe-
HepHoi nedazoeaiku 30kpema. Y npogheciliHomMy criemogapucmei HUHi akmugHO 062080PHOHMBLCS POSIbL Ma Micue iHXeHepHOoI
nedazoaiku 8 iHxXeHepHil OisinbHOCMI, uc8imIeEMbCs il 3Hadywicms A po38UMKY Cy4acHOI iHXeHepHoI ocsimu. IHxe-
HepHa nedazozika HauineHa Ha me, wob sunycKHUKU 3aknadie suwoi oceimu Oynu echekmusHUMU 8 0bpaHili HUMU iHXe-
HepHill QigribHOCMI, KOHKYPEeHMOCMPOMOXHUMU, 20mosuMuU bpamu akmueHy yyacmb y i iHHosauitiHoMy possumky. [lpu
8Cill BUHSIMKOBIU 8axknueocmi hyHOameHmarni3auii iHXeHepHoOI ocgimu, po3guUMKy y MalbymHixX iHXeHepie cucmeMHo20
MucnieHHs1, adanmugHocmi ma HeobxidH020 Habopy KomrnemeHUuil, Cb0200HI y (hOKYCi iHxxeHepHOI nedazoaiku maroms bymu
numaHHs1 Hoeoi Memodoroaii iHxXeHepHOT QisinibHOCM.

Cb0200Hi iHXeHepHa nedaecoeika nocmae neped Hamu K caMocmiliHa earnysb HayKoB020 3HaHHS, Sika 3a paxyHoK
83aemM0o0ii 3 MexHIYHUMU HayKaMu i mexHIKor nedagoeiyHo ernueae Ha po3gumok ocobucmocmi 30obysaya suwoi ocsimu,
cmeoproe ymosu 0nsa ghopmysaHHs1 bazamoepaHHOi ocobucmocmi iHxeHepa. [Mopad 3 yum, cyyacHa rnapaduema euwoi
oceimu 3ymoese HeobxiOHicmb crieyianibHOI Ni020moeku suknadaubKux kadpie, Wo iHmeapye MexHidHi, MexHomo2iyHi ma
N10OUHO3HaesYi 3HaHHs 8 2any3i nedazoeiku ma ncuxonoeii ma eidrnosidae sumoezam iHxeHepHo-nedagoeiyHoi GisnbHOCM.
OuesudHo, w0 maka nid2omoska Haykogo-nedazoaiyHux kadpis, K i iHxeHepHa nidzomoeska, nompebyroms 100ansWo20
po38umKy Memodosnoeii ma meopil.

Y cmammi po3sansiHymo maki Memo0osio2idHi KOMIIOHeHMU iHXeHePHOI nedazoaiku, K 06’ekm ma npedmem, uini ma
3ae0aHHs1, NPUHYUNU, Memodu ma opaaHi3auiliHi hopMu Hag4aHHsI, 3ac0bU ma pe3yribmamu Hag4aHHsI 8 KOHMeKCMi rpo-
uecig HayK080-mMeXHIYHO20 Mi3HaHHA Ma iHXeHepHOI disribHocmi. 3 No3uuit Cb0200eHHS YMOYHEHO MPedMem BUBYEHHS
iHxeHepHoi nedazoeiku, i 3a2anbHOAUOaKmMUYHI ma creyjanbHi NpUHYUNU. Po3anaHymo opieHmupu iHxeHepHoi nedazo-

2iKu: npouecu HayKo80-mexHIYHO20 Ni3HaHHS ma iHXeHepHOI 0isnbHOCMI.
Knroyoei cnoea: nedazozika, iHXeHepis, iHXeHepHa nedazoaika, iHxeHepHa idnbHicmb, adanmuegHicmbs, Memodorso-

eld, npuHyunu, ¢hopmu Hag4aHHs.
DOI https://doi.org/10.32782/msnau.2023.4.10

MoctaHoBka npobnemu. HAkicHa iHXeHepHa OCBiTa
BUCTYMae HaWBaXnuBILLMM (PaKTOPOM Ta FOMOBHUM KpuTe-
pieM TEeXHOOriYHOro PosBuTKY CycninbCTBa. CeiToBa npak-
TWKa rokasye, Lo B XOAi POpMyBaHHS HOBOMO TEXHOMOriY-
HOrO YCTPOIO CyCninbCTBA POMb YHIBEPCUTETIB, Y AKX Hayka
€ HEBi’EMHOIO OPraHiYHOK CKNafoBO, CYTTEBO 3MIHIOETLCS:
IKUHIDUHIOBA Ta KOMepLiiHa AisnbHICTb  YHIBEPCUTETIB
MOCTYMOBO CTaE HapiBHi 3 OCBITHLOK Ta HaykoBo. OTxe, Ha
PUHKY Mpaui Ui YHIBEPCUTETU MEPETBOPIOIOTECH Ha BEMWKWX
poboTogdasLiB Ta 3a4alTb CTAHAAPTU CYy4aCHUX IHXEHEPHMX
komneTeHuin (Romanovskyi, 2012).

Bkpali BaxnMBMM € TaKOX PO3YMIHHS CTpPIMKOro Ta
OMHaMIYHOrO PO3BUTKY Cy4YacHOI iHXEHepHOI AisnbHOCT:
Aye 4acto npodecii Ta cneuianbHocTi, 3aTpebyBaHi nig
yac nepebyBaHHs 3000yBadiB BULLOT OCBITK abiTypieHTamu,
nepecrarTb OyTi TakKuMKU Npy BUXOAi HA 3aXUCT KBanidika-
UinHoi poboTu. TomMy MeTOol0 iHXeHepHOI negjaroriku, nopyu
i3 IHHOBAL|MHOK CNPSIMOBAHICTIO, € TAKOX | adanTUBHICTb
iXKEHepHOI OCBITW, TOBTO 3AAaTHICTL BUMYCKHWKIB LUBUAKO
HabyBaTM HOBI KOMMETEHUil ANS NPOAYKTUBHOI PoBOTK
3 BUKOPUCTaHHSAM HOBMX 3acobiB npaui nNpu OHOBMEHHI
chyHKUioHany Ta BinbLU cepito3Hin TpaHcdopmallii iHxeHep-
HOI pisinbHocTi. Came LinsiM BUPILLEHHS! 3a3HAYeHoi npo-
GnemHoi cuTyaLii MoXe cnyrysaTi faHa cTatTs.

AHani3 nybnikauin no Temi gocnimkeHHsa. Y npo-
¢hecinHoMy CniBTOBApUCTBI HUHI aKTUBHO OBrOBOPHOKOTHCS
ponb Ta MiCUe iHXeHepHOi nenaroriku B iHXEHepHIN
aianbHocTi  (ome., Hanpuknag, Kalna, 2012; Kirsanov
& Kondratyev, 2010; Kuleshova & Malovana, 2009;
Nychkalo, 2010; Pazynich & Bychko, 2009; Byvalkevych,
2018; Reheilo, 2014; Shcherbak, 2010; Holovan, 2014),
BUCBITIIOETLCA 11 3HAYYLLICTb AN PO3BUTKY Cy4acHOT iHxe-
HepHoi ocBiTW. pu BCI BUHATKOBIN BaXnMBOCTI (hyHAa-
MeHTanisauii iHXeHepHOI OCBITW, PO3BUTKY Y ManbyTHiX
iHXXeHepiB CUCTEMHOTO MUCNEHHS, afanTUBHOCTI Ta Heob-
XigHoro Habopy KOMMNEeTeHLi, CbOroaHi y OOKYCi iHXeHepHOT
negarorikn MalTb ByTWM MUTaHHS HOBOI METoAOonNorii iHxe-
HEpPHOI AiANbHOCTI.

MeToto faHOi pOGOTH € PO3KPUTTS TAKUX METOLOMONIY-
HWUX KOMMOHEHT iHXXEHepPHOI negaroriku, sk 00’ekT Ta npea-
MET, UiNni Ta 3aBOaHHs, NPUHUMNIK, METOOM Ta OpraHisauinHi
hopmmn HaBYaHHS, 3ac0bU Ta pe3ynsTaTii HaBYaHHS B KOH-
TEKCTi NpoLeciB HayKOBO-TEXHIYHOTO MNi3HAHHS Ta iHXeHep-
HOT AiSNbHOCTI.

Buknap ocHoBHOro 3micty pocnimkeHHs. [Npode-
CiliHa YCMILWHICTb YYHIB — (haxiBLiB-iHXeHepiB — 3MyLIye Ta
MOTMBYE A0 NPOMECIMHOIO 3pOCTaHHS iX yunTenis — Hay-
KOBO-NeaaroriYyHMx npauiBHUKIB 3aknafiB BULLOI OCBITW.
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IHxeHepHa neparorika sk NpodhecinHa AisnbHICTb BUKNa-
[laviB, WO )OpMYIOTb Ta PO3BMBAKOTb HEOOXIAHI MaNByTHIM
iHXeHepaM KOMMeTeHLi, HaLineHa Ha Te, LWo6 BUMYCKHUKN
3aknagis BWLOI OCBITU BYyNU KOHKYPEHTOCTPOMOXHUMM,
e(heKTMBHUMUN B OBPaHiN HAMMW iHXEHEPHI AiAnbHOCTI Ta
roToBUMKM BpaTtn akTUBHY y4acTb Y 1i iHHOBALiNHOMY pO3-
BuTKy. OTXe, iHXeHepHa nefarorika Ta iHXeHepHa Lisnb-
HiCTb 00’€KTMBHO MOB’I3aHi NO3UTUBHUM 3BOPOTHUM 3B'A3-
KOM 4epes iHKeHepHY NpakTuky Ta 3abesnevyBaHuii HEr
HayKOBO-TEXHIYHMI nporpec. [py LbOMY OY4EBMAHO, LUO
IHCTUTYLAHO BCTaHOBMEHI paMKu, B SKUX 3OINCHIOETHCS
iHXeHepHa Ta OCBITHSA AIANbHICTb i SKi BU3HA4YalOTLCS LiH-
HOCTSIMM, NoTpebamu, AOCTYNHUMU pecypcami, BKIHOHaoUK
NOACHKI, Ta YNHHUM 3aKOHOAABCTBOM, 34aTHi ICTOTHO BNK-
BaTU Ha Lien 3B’330K (puc. 1).

IlinnocTi, moTpedu,

Cl.liﬂi, CTHMYJIH, pecypcH, HOpMH ]
IH)IceHepHa ImxenepHa @
Tejarorika HPaKTHKA

coarym

Puc. 1. B3aemo3B’s130K iHXXeHepHOI negaroriku
Ta iHXeHepHOI AiANbHOCTI

Trwxenep

Posrnsigatoum iHxeHepHy nefaroriky y Cy4acHOMY KOH-
TEKCTi NOLUYKY afeKBaTHUX IHCTPYMEHTIB CTBOPEHHS SKiC-
HOrO OCBITHBLOrO MPOCTOPY Y 3aknajax BULLOI OCBITW Hacam-
nepeq nOTPIOHO HaBECTU [OPEYHy ICTOPUYHY [OBIOKY.
MoHATTS «iHxeHepHa neparorika» Oyno BBegeHo npodeco-
pom KnareHdypTtcbkoro yHiBepcuTeTy (ABcTpis) A. Meneui-
HEKOM, SIK1I BUAaB KHUTY «lHxXeHepHa negarorika: [MpakTuka
nepegavi TexHiYHMx 3HaHby» (Meletsinek, 2000) Ta 3acHyBaB
y 1972 poui MixHapogHe TOBapuUCTBO 3 iHXeHepHoi neaa-
roriku — Internationale Gesellschaf fur Ingenie International
Society for Engineering Education, o € ogHieto 3 HanaB-
TOPUTETHILUMX MDKHApPOAHWX OpraHisauin y cdepi BULLOI
TeXHIYHOT OCBITW. [osiBa iHXeHepHOT NneJaroriky 3ymoBrneHa
HEOOXiOHICTIO NOEAHAHHSA OCBITU, Hayku Ta BisHecy K cuc-
TEMMU, LLIO BU3HAYaE TEXHOMOrMYHUIA Ta EKOHOMIYHMIA PO3BU-
TOK CyCninbCTBa.

[HXeHepHy negaroriky MOXHa po3rnsgatu sk MeTofo-
noriyHo yHaaMeHTanbHy cucTemy i3 cneuudiyHum B3a-
€MO3B'3KOM [YMaHITapHOro, NpPUPOAHUYO-HAYKOBOTO Ta
NPUKNAZHOro 3HaAHHS Ha OCHOBI FOFiKW IHXEHepHOI Aisnb-
HocTi. Ha BigmiHy Big TpaguuinHOI, ilxeHepHa negarorika
BICYBAa€ HOBI LIiIHHOCTi OCBITU: KOMNETEHL,T (3HaHHS1, BMiHHS,
HaBWYKKM, 30iOHOCTI), HEODXigHI ANA BWMKOHAHHS Cy4YacHOi
iHXeHepHOI AiANbHOCTI, PO3B’'A3aHHS LIMPOKOro Koma iHHO-
BaLiMHMX OCBITHIX, HayKOBO-JOCMIOHMX Ta BUPOBHMYMX
3aBgaHb (Bakhtiiarova, 2009). B acnekTi iHxeHepHOi 0CBiTH
iH)KeHepHa nepgarorika MoXe BUCTynaTy NefaroriYHo Teo-
PiE0 CUCTEMM NiATOTOBKW IHXEHEPHWX Ta HAyKoBO-nena-
roriyHnx Kagpis (Meta, NpUHUMMK, 3MICT OCBITU, METOAW,
chopmu opraHisauii Ta 3acobu HaB4aHHS), LinicHOW neda-
rOriYHO TEOopielo CTBOPEHHS, PYHKLIIOHYBaHHS Ta PO3BUTKY
HaBYanbHO-HaYyKOBO-IHHOBALIIMHNX KOMMEKCIB.

O6’ekmom  iHXeHepHOI medaroriku € negarorivyHa
cucTteMa BWMLLOT iHXEHEpHOi OCBITW, Ti Uini, NpuHUMNK,
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dopmm opraHisauii, meToam Ta 3acobu HaB4aHHS; npedme-
MOM — NPOEKTYBaHHS 3MICTY BULLOT iHXEHEPHOI OCBITH, NPO-
Liecy HaBYaHHS Ta PopMyBaHHSA 0COBUCTOCTI MabyTHBOrO
iHXeHepa.

Lini inxeHepHOT OCBITU 3yMOBMIOTLCA NoTpebamu Hay-
KOMICTKUX BUPOBHULITB, HAYKOBO-BUPOOHUYMX KOMMMEKCIB,
KOHCTPYKTOPCbKMX Ta MPOEKTHUX YCTaHOB Yy cneuianictax
HOBOrO TWMY, SIKi MOBWHHI MOEAHYBATW (PYHKLII HayKOBOro
npauiBHMKa, NPOEKTYBanbHWKA, KOHCTPYKTOpA, BUHaxXig-
HWKa, 30aTHOrO0 Ha MIXKNPEAMETHIN OCHOBI UiniCHO npea-
CTaBMATU JOCMIOXKYBaHUA OB’€KT, GaunTM MOr0 CUCTEMHI
3B’A3KM 3 iHWKUMK 06’ekTaMu. OCHOBHI 3a80aHHS IHXEHEePHOI
nedazoaiku:

- NigBULLEHHS eheKTUBHOCTI AiSNbHOCTI HayKOBO-Me-
JaroriyHnx Kagpie 3aknagiB BULLOI OCBITW, CMIPUSIHHS Npo-
HUKHEHHIO JOCArHEHb iHXEHepHOI negaroriku y ix npoce-
CiHY RiSNbHICTb;

— NpOBeAEHHs NeJaroriYHnX JOCHiMKEHb 3 aKTyarlbHUX
NPaKkTUYHUX NPOBIeM iHxXeHepHOT AisnbHOCTI, (HOPMYyBaHHS
iHXEHepHOro CBITOrNSAAY, iHXKEHEPHOr0 MUCNEHHS Ta iHXe-
HEPHOT KYNbTYpW CYy4acHOro iHXeHepa;

- [OCnimKeHHs Ta po3pobka opraHisauiiHo-negaroriy-
HUX 3aXOfiB LLOAO BAOCKOHAMNEHHS1 CUCTEMM PO3BUTKY iHXe-
HEpPHOro MUCNEHHS Y ManbyTHix caxisLis;

— TMOKpPALLEHHS! SKOCTi IHXEHEepHOT OCBITU Yepes niaBu-
LLEHHs1 HayKOBO-NeaaroriyHoOro piBHA BUKNadaHHS npodhe-
CINHMX OUCUMNNIH Ta BNPOBaMKEHHS HOBUX NegaroriyHmx 1a
iHdbopMaUiHMX TEXHONMOTIN;

— YOOCKOHANEHHS METOAMKM BUKMafaHHS iHXeHep-
HO-TEXHIYHMX OWCUMNMIH, a TaKOX MPaKTUYHOI MiAroTOBKU
CTYOEHTIB.

BignosigHo [0 aHani3oBaHOI MeTOAOMNorii  iHXEHEepPHOI
neaarorikv CMCcTeMa MiaroToBKWM Cy4acHOro iHXeHepa Kepy-
€TbCS  3a2anbHonedazoaiyHuMu (HayKoBOCTi, CUCTEMHOCTI
Ta MOCMIAOBHOCTI, 3B'AA3KM HaBYaHHS 3 XUTTAM, MOTUBALii
BYEHHS Ta npawi, aKTUBHOCTI Ta CaMOCTIAHOCTI, HAO4HOCTi Ta
abcTpakTHOCTI, inauBiagyanisauii Ta audepeHLiaLii HaB4aHHS)
Ta crneyughivHumu npuHyunamu. Cepen 3aranbHOANMAAKTAY-
HUX 0COBMMBY 3HAYUMICTb Ma€e NPUHLMM HAYKOBOCTI, OCKINbKM
3MiHM Yy Hayui Ta TexHiui 6e3nocepedHLO BMMBAIOTL Ha
obnagHaHHs, TexHonorii, opraHisauijto i 3MiCT npadui, a oTxe,
i Ha 3MICT NPOdECIHOI OCBITU Ta TexHomorii HaB4aHHs. Crie-
UUhiYHUMU npUHYUNamu iHXeHepHOI Neaaroriku €;

1) AVHaMIYHICTb — BayYeHHs! Cy4acHUX Ta HOBUX TEHAEHLN,
NEepPCNeKTVB PO3BUTKY Hayku, TEXHIKW, BUPOBHULITBA Ta OCBITY;

2) CUCTEMHICTb — LiNiCHe yABMEHHS NPOEKTOBaHOro Ta
KOHCTPYMOBAHOro TEXHIYHOrO 06’ekTa, BauyeHHs Moro 3B'a3-
KIB 3 iHWMMK 06’€KTaMM 3 METOK BUKMHOYEHHSI MOXIMBUX
HeraTMBHUX SIBULL, Ta iX HacnigkiB Lie Ha eTani NpoeKTy-
BaHHS;

3) uinicHicTe — BigobpaxeHHs y 3MmicTi Ta npoueci nig-
rOTOBKM iHXeHepiB cneumdikn NpodecinHoi AisnbHOCTI Ta
afeKBaTHOro 1 LinicHOro 3MicTy L€l NiArOTOBKY;

4) iHTerpauia Ta audepeHLialia nigrotoku axisLiB —
opieHTaLlis Ha iHTerpoBaHi Npodecii Wrpokoro npodinto Ta
Ha By3bKy crieLjanisadito;

5) npocbeciiHa cnpsMOBaHiCTb — OpieHTalis  3MmicTy
OCBITU, MeToAIB Ta (hOPM HaBYAHHS Ha KiHLEeBY METY niaro-
TOBKM haxiBLs;
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6) HacTynHiCTb — BigOGPaKeHHs1 MUHYMOro, CbOrOAEHHS
Ta MaibyTHBOrO y 3MICTi OCBITW, METOAAX Ta hopMax opra-
Hi3aLii HaBYaHHS, 3B’A30K OCBITHLOrO npouecy 3 mManbyT-
HbOK NPOECINHOLO QIANBHICTIO TOLLO.

CbOorogHi KOnuLUHi ysIBNEHHS NPO 3Micm 0C8imu, OpIiEHTO-
BaHOI NepeBaXHO Ha By3bKonpodhecinHy MigrotToBky dpaxis-
uiB, BCTYNWUIM B CynepeuYHicTb i3 notpebamu cycninbcTaa.
OcHOBHUM 3aBOaHHSIM OCBITW HUHI CTae He NpocTe nepeaa-
BaHHS rOTOBUX 3HaHb, a NiArotoBka 3400yBadyiB OCBITM 40
NPaKTUYHOI AisNbHOCTI, (POPMYBaHHS B HUX NPOMECINHNX
KOMMeTeHLin. HoBMIA 3MICT iHXEHEePHOI OCBITH, 3aCHOBaHUI
Ha KOMMNeKCi KoMMeTeHUin, nepenbayae yHaameHTasbHi
Ta TeXHiYHi 3HaHHS, YMiHHA aHani3yBaTu Ta BWpiLLYBaTK
npobrnemu 3 BUKOPUCTaHHAM MKAUCLMNNIHAPHOIO Nigxoay,
FOTOBHICTb 40 KOMYHiKaLi Ta KOMaHAHOI poBoTy.

Cneuudbika Memodie meopemuyH020 ma nNPakmMu4yHo20
HaeyaHHs1 3006yBaviB BULLOT OCBITU oBymoBneHa ocobnu-
BOCTAMM MPUPOAHMYMX, 3ararnbHOTEXHIYHKX, CheLjianbHUX
NpeamMeTiB, WO BMBYAIOTLCH, | cdhepu MainbyTHLOI npode-
CiHOI pisnbHOCTI. Pi3HOMaHITHICTb MeTOAIB HaB4YaHHS Ta iX
cneumdiky 06yMOBMIOIOTb (OYHKLT, LLIO BUKOHYHOTLCS iHXEHE-
poM, i BiANOBiAHI NPOGECINHI BMIHHA: poekmysarsibHi (CTBO-
PEHHS! iIHXEHEPHO-TEXHIYHMX CUCTEeM, OO'EKTIB, MOTOYHE Ta
NepcnekTUBHe NNaHyBaHHS NPOGECINHOT AiSNbHOCTI, NPOeK-
TYBaHHS CUCTEM YNPaBMiHHSA Ta KOHTPOIMIO), KOHCMPYKMUBHI
(BMKOHAHHS €ecKi3iB, KpecneHb Ha BWUFOTOBMEHHSI BMPOOIB,
BEEHHS TEXHOSMOMYHOrO NpoLecy BiANOBIAHO A0 TEXHIYHMX
YMOB, BU3HAYEHHS CUCTEMM 3aX0iB A1 YCYHEHHS Hecnpas-
HOCTEN) Ta 2HOCMUYHI (YMTaHHS TEXHIYHWX eCKi3iB, KPeCneHb,
BUSIBNEHHS MOXNWBOCTEN Ta YMOB).

Pe3ynbtaTuBHICTb HaBYaHHS BU3HAYAETHCS SK 3MICTOM
i MeTogamu, Tak i ghopmamu opaaHizauii Hag4aHHs. Mopep-
Hi30BaHWit 3MIiCT OCBITU, iHTErpaLis Hayku, BUPOBHMLTBA Ta
OCBITU CTUMYNIOE NOSIBY HOBMX (hOPM OpraHisaLlii HaB4aHHS
B yMOBax BMpobHULTBA, Ae 3006yBadi BULLOI OCBITU BUKO-
HYIOTb NPAKTUYHI 3aBAaHHS MO NPOEKTYBAHHIO, KOHCTPYHO-
BaHH0, po3pobui Ta ekcnnyaTauii peanbHUX iHXKEHEepHWUX
cucteM. [Ana nigBuULLEHHS SKOCTI iHXEHEpHOI OCBITU BaX-
NBE 3HAYEHHS TAKOX Mae CTBOPEHHS Ta BMPOBAMKEHHS
Yy OCBITHIN Mpouec cyvyacHux 3acobig HagyaHHs, OO cne-
UMIYHUX NPUHLMNIB NPOOYKTUBHOTO BUKOPUCTAHHS SIKMX
Y HaB4anbHOMY NPOLECi MOXHA BiOHECTMW: KOMMIIEKCHICTD,
HeOobXigHICTb, AOLINBbHICTL Ta ONTUMANbHICTb, iHTErpaLito Ta
AndbepeHuialito HaB4anbHOiI iHopMaluii, BapiaTUBHICTb Ta
anbTepHaTUBHICTb TOLLO.

Cepen opieHTUpIB iHXEHEPHOI nedarorikv po3pisHs-
t0Tb NPOLIECH HAYKOBO-TEXHIYHOTO Mi3HAHHSA Ta iHXEHEpHY
AianbHICTb. Haykogo-mexHiyHe ni3HaHHs — Lie npoLec oBo-
NOAJHHA CTyaeHTamn 06’eKTUBHO UM CY6’€KTUBHO HOBMMM
TEXHIYHUMM Ta TEXHOMOFMYHUMMW 3HAHHAMU Y rany3i Hayku,
TEXHikM, BUPOBHMUTBA, crnocobamu AisnbHOCTI, nependa-
YeHHs nepcnekTuB ix po3suTky. Cneuundika HaykoBO-TEX-
HIYHOro Mi3HaHHS 0BymoBnNeHa OcobnMBOCTAMM NpeaMeTa
BiOOpaXeHHst — TEXHIYHMX 0O’EKTIB Ta TEXHOMOTYHMX MPO-
ueciB. IHxeHepHa OdisinbHicmb — Ue AMHAMIYHA cucTema
B3aeMOfii iHxeHepa Ta 3Hapsiab, MexaHi3miB, cnopysd, siki

HeobxigHO nobyayBaTh LUTYYHUM LLUASIXOM, CMPaloYnCh Ha
HaYKOBI 3HAHHS, YMiHHS, HABUYKU Ta iHXEHepHi 34ibHOCTI.
[HXeHepHa [iAnbHICTb YTBOPHOE 3aMKHYTUIA LWMKM: MPOEK-
TYBaHHS, KOHCTPYIOBaHHS, OpraHisalis BWrOTOBMEHHS Ta
BNPOBAMKEHHS iHXeHepHUX 06’eKTiB, X ekcnnyaTauis.

Bce Ue xapakTepusye iHxeHepHy negaroriky sk dyHga-
MeHTarnbHy Ta NPUKNagHy Hayky, HayKOBUI CTaTyC NOHSATb
Ta KaTeropin skoi € METOLONOMYHOK OCHOBOK BUPILLIEHHS
HaraTbox Npobnem NiaroToBKM CyvacHUX iHXEHEePHUX Kaapis
Ta HayKOBO-NefaroriYHnx kagpis 3aknagis BULLOT OCBITU.

MPUHUMNOBI 3MiHW B iHXEHEpHi OCBITi, HOBI hopmu
iHTerpauii Hayku, ocBiTW i BUpobHULTBA, NoTpeba y daxis-
LISIX 3 BUCOKMUM piBHEM NPOECiHOT KOMNETEHTHOCTI BUKMU-
Kanw BianoBiAHi 3MiHW B CUCTEMI NiArOTOBKM Ta NiABULLEHHS
kBanigpikaLii HaykoBO-neaaroriyHnx Kaapis 3aknagis BULLOT
ocBiTW. [Npu LbOMY BapTO KepPYBaTUCA HACTYMHUMU KOHLIEN-
TyanbHUMU NONOXEHHAMU:

1. MpodeciinHy KOMNETEHTHICTL BUKNaava BU3Ha4YaTb
byHOameHTanbHa iHXeHepHa NiAroToBka 3 ypaxyBaHHSM
CyyacHUX HOBaLLiM y cucTeMi NpodheciinHoi OCBITK Ta npode-
CiHO cnpsiMOBaHa NcMxonoro-negaroriyHa niarotoska.

2. MeTa nigrotoBk1 Ta nigBuLLEHHI kBanidikadii Hayko-
BO-NeJaroriYHMX Kaapie BUXOAWUTL i3 3aranbHOi METU iHxe-
HEpPHOI OCBITH, METMW Ta 3aBAaHb Nporpamm Po3BUTKY 3aKnagy
BULLLOT OCBITW, IOTO NPIOPUTETHUX HANPSIMIB PO3BUTKY.

3. MpodpecitHo-nenaroriyHa  nigrotoBka Mae  GyTw
CUCTEMHOI0, CNPSIMOBAHOI0 HA KOHKPETHI BUAW NeaaroriyHoi
AiANbHOCTI # 3aja4i NigroToBKM ManbyTHLOro haxisLs.

4. Cuctema nepgaroriYyHUX KOMMETEHUIM € OCHOBHUM
MOKa3HMKOM AisSfIbHOCTi Cy4acHOro BuUknagava.

5. B 0CHOBI (hyHKLIOHYBaHHS Ta PO3BUTKY CMCTEMU Nid-
FOTOBKM Ta NiABWLLEHHSA KBanidikauii BMKNagadie Nnexutb
NPWHLUWN BiANOBIAHOCTI CUCTEMM 3MiHaM, LLO BiabYyBalOTbCS
y HayLi, TEXHILi, TEXHONOriAX Ta, BignoBigHO, y NpodecinHii
AiANbHOCTI iHXeHepa Ta NpodecinHo-NeaaroriyHin gisnsHo-
CTi BUKNagaya.

6. B ocHoBy 3micTy npodeciiHo-negaroriyHoi niaro-
TOBKV BUKNadaviB NOKNaAeHo igeto iHTerpadii pisHux obnac-
Tel 3HaHHs, SKi BXoAATb Y none iX NnpodeciiiHoi AisnbHOCTI,
Lo 3abe3neyye 3aCBOEHHS CUCTEMHUX 3HaHb Ta PO3BUTOK
CUCTEMHOTO MUCTEHHS.

BucHoBKuU. Pe3stomytoun BULLEBMKNAAEHE, MOXHA CKa-
3aTu, WO CbOrodHi iHXeHepHa negarorika nNocTae nepep
HamMW SK CaMmOCTiiHa rany3b HayKOBOrO 3HaHHS, sika 3a
paxyHOK B3aemogii 3 TEeXHiYHUMW HaykaMu i TEXHiKOw
nefaroriYyHo BNMBAE Ha PO3BUTOK OCOBUCTOCTI 3000y-
Baya BWLLOI OCBIiTW, CTBOPIOE YMOBU AN1s1 (HOPMYBaHHS
HaraTtorpaHHoi ocobuctocTi iHxeHepa. [lopag 3 uuwMm,
cyyacHa napagurma BMLLOI OCBiTM 3YMOBMIOE HeobXia-
HICTb cneuianbHOI NiAroToBKM BUKNagaubKMX Kaapis, WO
iHTErpye TeXHiYHi, TEXHOMNOriYHI Ta NIOAUHO3HABYI 3HAHHS
B ranysi nefarorikv Ta ncuxonorii Ta Bignosigae BuMoram
iHXeHepHOo-neaaroriyHoi AianbHocTi. O4YeBUAHO, WO Taka
MiAroToBKa HaykoBO-NeJaroriYHux Kagpis, 9K i iHxeHepHa
nigrotoBka, NoTpebyoTb NOAANbLUOTO PO3BUTKY METOAO0-
norii Ta Teopii.

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

64

Cepist «MexaHisaLjis Ta aBTomaTi3aL|is BUpobHU4YMX Npoviecisy, Bunyck 4 (54), 2023



BibnioepachiyHi nocunaHHs:

1.Bakhtiiarova, Kh. Sh. (2009). Metodolohichni pryntsypy bahatorivnevoi pidhotovky maibutnikh inzheneriv-pedahohiv u
tekhnichnomu universyteti [Methodological principles of multi-level training of future engineers-pedagogues at the technical
university]. Naukovi zapysky NaUKMA: pedahohichni, psykholohichni nauky ta sotsialna robota. Kyiv, Ahrar Media Hrup, 97,
16-19 (in Ukrainian).

2.Byvalkevych, L. M. (2018). Shliakhy udoskonalennia inzhenerno-pedahohichnoi osvity v konteksti reformuvannia
osvitnoi haluzi [The way to improve engineering and pedagogical education in the context of reforming the educational sec-
tor]. Visnyk: Pedahohichni nauky, 155, 11-14 (in Ukrainian).

3.Holovan, M. S. (2014). Profesiina kompetentnist vykladacha vyshchoho navchalnoho zakladu [Professional
competence of a teacher of a higher education institution]. Problemy suchasnoi pedahohichnoi osvity. Seriia: Pedahohika i
psykholohiia, Yalta; RVV KHU, 44 (3), 79-88 (in Ukrainian).

4.Kalna, T. H. (2012). Pedahohichna aksiolohiia v umovakh modernizatsii profesiinopedahohichnoi osvity [Pedagogical
axiology in the conditions of modernization of vocational education]. Kyiv, Vyd-vo NPU im. M. P. Drahomanova, 128
(in Ukrainian).

5.Kirsanov, A. A., Kondratyey, V. V. (2010). Engineering pedagogy: definitions, problems, levels and functions. Diversity
unifies — Diversity in Engineering Education, Trnava, Slovakia, 206-208.

6.Kuleshova, V. V, Malovana, V. V. (2009). Osoblyvosti pidhotovky maibutnikh inzheneriv-pedahohiv u vyshchomu
navchalnomu zakladi [Peculiarities of training future engineer-pedagogues in a higher educational institution]. Problemy
inzhenernopedahohichnoi osvity, 22/23, 149-156 (in Ukrainian).

7.Meletsinek, A. (2000). Engineering pedagogy. Practice of transfer of technical knowledge. Niu York, Springer
Wien, 239.

8.Nychkalo, N. H. (2010). Profesiina pedahohika i pedahohika pratsi: problemy vzaiemozviazku v umovakh rynkovoi
ekonomiky [Professional pedagogy and labor pedagogy: problems of interconnection in the market economy]. Pedahohika
i psykholohiia, 2, 33-45 (in Ukrainian).

9.Pazynich, Yu., Bychko, O. (2009). Rol inzhenernoi pedahohiky v suchasnii osviti [The role of engineering pedagogy in
modern education]. Visnyk NTUU “KPI”, 3 (27), ch. 2, 165-167 (in Ukrainian).

10. Reheilo, I. Yu. (2014). Pidhotovka naukovykh i naukovo-pedahohichnykh kadriv vyshchoi kvalifikatsii Ukrainy
u XX — na pochatku XXI stolittia [Preparation of scientific and scientific-pedagogical staff of the highest qualification of
Ukraine in the XX — beginning of the XXI century]. Kyiv, Osvita Ukrainy, 704 (in Ukrainian).

11. Romanovskyi, O. O. (2012). Fenomen pidpryiemnytstva v universytetakh svitu [The phenomenon of entrepreneurship
in the universities of the world]. Vinnytsia, Nova knyha, 503 (in Ukrainian).

12. Shcherbak, O. I. (2010). Profesiino-pedahohichna osvita: teoriia i praktyka [Professional and pedagogical education:
theory and practice]. Kyiv, Naukovyi svit, 279 (in Ukrainian).
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Engineering pedagogy in the training of engineers and scientific and teaching staff of institutions of higher
education

High-quality engineering education is one of the determining factors in the technological development of modern
society. Continuous development of engineering activity — its modernization, improvement, expansion into other spheres of
activity —requires adjustment, updating of goals, means and methodology of educational activity in general and engineering
pedagogy in particular. In the professional community, the role and place of engineering pedagogy in engineering activity
is currently being actively discussed, its significance for the development of modern engineering education is highlighted.
Engineering pedagogy is aimed at ensuring that graduates of higher education institutions are effective in their chosen
engineering activity, competitive, and ready to take an active part in its innovative development. With all the exceptional
importance of the fundamentalization of engineering education, the development of future engineers’ system thinking,
adaptability and the necessary set of competencies, today the focus of engineering pedagogy should be the issues of a new
methodology of engineering activity.

Today, engineering pedagogy appears before us as an independent branch of scientific knowledge, which, due to
interaction with technical sciences and technology, pedagogically influences the development of the personality of a student
of higher education, creates conditions for the formation of a multifaceted personality of an engineer. Along with this, the
modern paradigm of higher education requires special training of teaching staff, which integrates technical, technological and
humanistic knowledge in the field of pedagogy and psychology and meets the requirements of engineering and pedagogical
activity. It is obvious that such training of scientific and pedagogical personnel, as well as engineering training, require further
development of methodology and theory.

The article examines such methodological components of engineering pedagogy as object and subject, goals and tasks,
principles, methods and organizational forms of education, means and results of education in the context of the processes
of scientific and technical knowledge and engineering activity. The subject of studying engineering pedagogy, its general
didactic and special principles have been specified from today’s standpoint. The orientations of engineering pedagogy are
considered: the processes of scientific and technical knowledge and engineering activity.

Key words: pedagogy, engineering, engineering pedagogy, engineering activity, adaptability, methodology, principles,
forms of education.
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