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Improving the reliability and service life of machines, components, units is an important factor in
reducing the cost of restoration, downtime of equipment in repair, reducing the number of spare parts.

The introduction of the latest technologies of agricultural production, as well as constant modern
improvement, the complexity of agricultural machinery is a natural result of its development.

Parts restoration technologies are among the most resource-saving, because compared to the
manufacture of new parts costs are reduced by up to 70%. The main source of resource savings is the cost of
materials.

At longtime use of machines wear of details is followed by decrease in operational indicators, causes
deterioration of quality of products.

The tractor PTO shaft is subjected to significant static and dynamic loads. The high wear rate is due
to constant friction with the grafting disc, gear, inner bearing rings. The production of a new power take-off
shaft requires significant costs, so the development of new technological processes of repair and restoration
is relevant.

Itis rational at restoration of the previous sizes and return of a detail of normal mechanical properties.
The remanufactured part is consuming its life, like a new part, and may exceed the service life of the new part.

With the increase in the equipment of agricultural production with more advanced equipment, the
conduct of complex mechanization and increasing the efficiency of the use of equipment, repair production is
developing and changing. The development of the field of restoration of worn parts is based on close
cooperation of repair production with branch and basic science, and achievement of scientific and technical
progress.

A promising direction of restoration technology in the organizational plan is the deepening of the
method of group restoration technology - the creation of a unified group equipment for the restoration of
surfaces. It is established that the majority of details of the restored cars are rejected at the expense of
insignificant wear of working surfaces, making no more than 1% of initial weight of details. Experiments and
practice show that the repair of agricultural machinery is technically impossible to avoid. Most worn parts
have a high residual value: their restoration consumes 20-30 times less metal and materials than the
manufacture of new ones, which is economically feasible.

Problems are considered: the choice of technological process of restoration, the choice of
technological equipment, tools.

Key words: plasma, spraying, powder material, reduction, shaft, equipment.

F. 1. Fig. 1. Table. 1. Ref. 8.

1. Definition of problem

Restoration of details is a technically justified, economically justified measure. This allows repair
shops to reduce downtime of faulty machines, improve the quality of maintenance and repair to positively
affect the reliability of the use of machines.

To restore the efficiency of worn parts requires 5-8 times less technological operations compared to
the manufacture of new ones [1, 2].

Restoration of parts allows to obtain a considerable economic effect, as the consumption of metal and
auxiliary materials is much lower, and the cost of the restored part is 60-80% of the cost of new ones.

Therefore, to make this recovery process effective, it is necessary to introduce new processing and
recovery methods, as well as to improve existing equipment. The production of a new power take-off shaft
requires significant costs, and the detection of new technological processes of repair and restoration is relevant.
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2. Analysis of the latest research and publications

With prolonged use of machines, wear of parts is accompanied by a decrease in performance, which
causes a deterioration in the quality of products [1]. It is rational not only at restoration of the previous sizes,
but also return of a detail of normal mechanical properties. The remanufactured part has the same service life
as the new part, and may exceed the service life of the new part.

A promising area of restoration technology in organizational terms is the deepening of the method of
group restoration technology to create a unified group equipment for surface restoration [3].

The article is devoted to the problem of increasing wear resistance and restoration of machine parts
with high performance.

Problems are considered: the choice of technological process of restoration, the choice of technological
equipment, tools.

3. Aim of research
The purpose — research of methods of increase of wear resistance and durability of the restored detail
by a productive method with use of the special device.

4. Results of the research

The main method of restoration is plasma spraying, which does not cause deformation of the part and
does not require significant costs for machining.

At this time, production practice has established that most parts of restored machines are discarded
due to minor wear of working surfaces, amounting to no more than 1% of the initial weight of the parts. If we
take into account that 65-75% of parts are suitable for reuse by the time of decommissioning, then the
organization of restoration of worn parts is not only an important reserve to meet the needs of the economy
with spare parts, but a significant reserve to improve repair quality and reduce material and labor costs.

The quality of the restoration of the part depends more on the correct choice of technological process,
as well as strict compliance with all design parameters.

The development of the technological process of restoring the PTO shaft for tractors type MTZ-80 is
to analyze the operation of conjugate surfaces.

During operation, the PTO shaft receives the following defects:

1) wear of slots is connected with a disk of inoculation;

2) wear of the hub under the ball bearing.

All these defects occur due to wear of the following types:

- abrasive wear;

- superficial fatigue;

- corrosion wear.

The manufacture of a new PTO shaft requires significant costs, so the development of new
technological processes of repair and restoration is a rational goal not only to restore its previous size, but also
to return it to normal mechanical properties. The PTO shaft experiences significant static and dynamic loads.
The high wear rate is due to constant friction with the grafting disc, gear, inner bearing rings [4].

In the process of restoring the power take-off shaft, the following methods can be used: electric arc
surfacing, carbon dioxide surfacing, flux-cored wire surfacing, gas-flame surfacing, electromechanical
recovery, plasma and galvanic reduction.

Welding and surfacing are the most common ways to restore parts in the car repair industry. In gas-
flame surfacing, we obtain unsatisfactory strength characteristics due to the fact that air will pass into the zone
of molten metal, which is harmful to the deposited layer [1, 5].

Restoration of a surface of a detail is possible by means of the following methods.

1. Under the layer of flux: is that in the combustion zone of the arc formed between the part and the
electrode wire, which moves continuously, a flux is fed, which, melting, creates an elastic shell that protects
the bath of molten metal from oxidation.

In production it is used for restoration of cylindrical surfaces with a diameter not less than 50 mm.

2. Vibro arc surfacing: is that the electrode wire is fed to the surface of the part, which is under current
with oscillations, due to which there is a periodic short circuit and opening of the electric arc.
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Vibration of the electrode reduces the thermal impact on the part. The disadvantage of this method is
the heterogeneity of the structure, the density and porosity of the weld metal, which reduce the strength and
cause fatigue of the part [6].

3. Reduction in the environment of carbon dioxide: the arc burns between the electrode and the part in
the environment of CO,, which causes damage from gas formation.

This method is 1.2-1.5 times more economical than other methods of surfacing, no harmful effects on
the deposited metal layer. Disadvantages: in the process of surfacing in the arc zone there are reactions of
decomposition of CO; to its components:

CO; » CO+ 0= CO - C+ 0 =Fet+tO—>Fe0O=C+0—->CO @

As a result, gas bubbles are formed on the surface, and this requires the introduction of deoxidizers
(Mn, Si) into the surfacing wire.

4. Plasma spraying: the essence of the method is that the powder filler material is fed by a transport
gas in the area of action of the plasma, which, melting the powder, sprays it on the part. The method is effective
for obtaining new bimetallic products with special properties (heat resistance, corrosion resistance, etc.).
Ability to apply the coating at different speeds in the range of 20-64 (HRC) [1, 5].

The reason that reduces the use of this method is the higher material costs compared to others.

It is not advisable to use surfacing under the flux layer to restore the gear shaft of the MTZ-80 tractor
because a large amount of heat is released during melting, which will lead to torsion and deformation of the
thin-walled part.

The most expedient method of restoration is plasma spraying, because during spraying the surface of
the restored part is heated to 200°C.

A plasma jet is used as a heat source for plasma spraying. Plasma is a partially or completely ionized
gas heated to a high temperature and has the property of electrical conductivity. Plasma jet is obtained in
special devices called plasma torches or plasma burners. The plasmatron consists of two main parts: cathode
and anode. In order to obtain a plasma jet between the cathode and the anode, an electric arc is created, and a
plasma-forming gas is introduced in the combustion zone, which, passing through the arc gap, is heated to a
high temperature, ionized, decomposes into positively and negatively charged ions [5, 6].

Argon, nitrogen, helium, hydrogen and mixtures thereof are used as plasma generators. Plasma jet of
argon has the highest temperature (up to 15000...20 000°C) and supersonic speed (1000...1200 m/s).

The spray material in plasma spraying is introduced in the form of powder or wire. Powder surfacing
takes place in two ways: by feeding the powder directly into the plasmatron with transport gas, or into the
plasma jet by a dispenser.

The quality of the coating depends on the heating temperature of the particles and the speed of their
application to the surface of the part. The rate of application of metal particles is determined mainly by two
factors: the strength of the arc current and the consumption of plasma-forming gas. Depending on the value
of these factors, it can be reached 150...200 m/s. The highest melting rate of metal particles is reached at a
distance of 50...80 mm from the nozzle of the plasmatron. The high rate of application of the powder particles
and the high temperature of their heating at the moment of contact with the surface of the part provides higher
than with other methods of application, the mechanical properties of the coating and its stronger connection
with the surface of the part.

Coatings obtained by the method of plasma spraying have higher physical and mechanical properties
than coatings sprayed by other methods, but they are in some respects inferior to the coating of the same
materials obtained by surfacing. All the properties of plasma coatings can be significantly improved by
introducing into the technological process of restoration of parts of a relatively simple operation — melting the
coating.

When the coating melts, only the most fusible component of the alloy melts. The metal of the part is
only heated, but remains in a solid state. The liquid phase contributes to a more intense diffusion process.

Coatings obtained by the method of plasma spraying have higher physical and mechanical properties
than coatings sprayed by other methods.

The main mechanical and economic indicators of the considered methods are summarized in table 1 [7].

Taking into account the data of theoretical data, we take the most optimal method of plasma spraying
for the restoration of the power take-off shaft, in which the thermal and dynamic properties of the plasma arc
are used to melt and transfer metal to the surface of the part. Argon (Ar) is used as the plasma forming gas.

Argon plasma has the highest temperature up to (15000 - 20000°C) and above the speed of sound
(100...1200 m/s) at high enthalpy (heat capacity).
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When using this method we can get a relatively high economic effect. The proposed process option
allows to significantly improve the surface quality and performance of the parts to be restored, as well as to
reduce the recovery time. The manufacturer, which will use the developed technology in production, will
operate in certain market conditions.
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Table 1
The main mechanical and economic indicators
Surfacing in
Ne Indexes Unit of mea- unSdu;: E:1cllzgger Vibro arc th?n%l\élg?n- Plasma
B surement y surfacing surfacing
of Flux Carbon
dioxide
g |Pan of the base metalinthe ] oy 27-60 8-20 12-45 | Absence
2 | Gear strength MPa 650 500 550 45
3 | Decreased fatigue resistance % 15 35 15 25
4 | Deformation Significant Non Sign. Signif. Absence
5 | Coefficient of productivity 1.62-1.45 0.85-0.72 1.82-1.77 1.68-1.47
6 Coefficient of technical and 0.436 025 0.403 0.39
economic efficiency

Potential consumers of the company's products are various organizations that use or are engaged in the
restoration of shafts. In the Vinnytsia region there are about 140 such enterprises, and the fleet of cars and
tractors is more than 10,000 units. However, only 85% of them use finished products. The device belongs to
the devices that generate plasma for heating and surface treatment of various products. This plasmatron is
widely used for spraying powder materials. The powder is fed at the nozzle outlet. For spraying usually use
a powder with a particle size of 40-100 microns.

The principle of operation of the plasmatron: the current is supplied to the tungsten electrode 1 and the
copper anode 3 through the pipeline 4, through which the coolant is supplied. The working gas is supplied
through the fitting 7 into the hole of the housing of the insulator 2. The sprayed powder together with the
transport gas is fed through a hose 5 into the hole of the sprayer 6. The sprayer is fastened with four screws 10
to the cylinder 9. Tightness is achieved by sealing rings 12.

| Gas supply

0)
Fig. 1. Plasmatron for spraying:
a) Radial cut; b) Schematic diagram; 1 — Tungsten electrode; 2 — insulator housing; 3 — copper
anode; 4 — pipeline; 5 — hose; 6 — spray; 7 — fitting; 8 — mouthpiece; 9 — the cylinder; 10 — screw; 11 — cuff;
12 — sealing rings

The device refers to devices that generate plasma for heating and surface treatment of various products.

This plasmatron is widely used for spraying powder materials. The powder is fed at the nozzle outlet.
For spraying use a powder with a particle size of 40...100 mm.
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To restore worn surfaces by spraying, self-fluxing powder alloys of the Ni-Cr-B-Si system have been
widely used, to which carbides, borides of refractory metals (tungsten, vanadium, chromium, molybdenum)
are often added to form composite alloys with higher physical and mechanical properties.

During the supply of current to the cathode and anode, a plasma arc occurs between them and is
supported by an inert gas (Ar) —. At this time, it is fed through a hole that sprays powder. The plasmatron is
attached to the eye, which is located on the housing 8 in the machine for spraying A1756.

The choice of powder material for the recovery operation by plasma spraying.

In recent years, domestic industry and foreign companies ["Metko™ (Italy), "Castolin™ (Switzerland)
and others] are expanding the production of bimetallic thermoregulatory powder alloys, which have
exothermic properties that increase the bond strength of the coating with the base, and physical and mechanical
properties in general. They are used as a sublayer for spraying the base layer. They consist of particles of
spherical or close shape. Each particle of exothermic powders consists of a nickel core coated with a thin layer
of fine aluminum. These powders are used not only as wear-resistant coatings for the restoration of machine
parts. They can be used as heat-, heat-, corrosion-resistant coatings for parts that operate at elevated
temperatures, in oxidizing environments, which helps to increase the durability of the part.

Powders PG-12H-01, Pg-10H-01 are made on a nickel basis of the Ni-Cr-B-Si-C-Fe system. Hardness
is regulated by the content of C, B, Cr. The sprayed connections have low coefficient of friction, high
admissible working temperature (to 800 °C). They are used to restore cast iron parts such as "shaft" [4, 8].

Powder PS-12-NVK-01 (HRC 57-64) consists of compositions: powder PG-10H-01 (65%) + tungsten
carbide powder WC (35%). Coatings with this composition have high wear resistance. They are used to restore
movable and immovable connections. The coating is treated by grinding.

Powder PN55T45 (melting point 1240°C) is used as a wear-resistant coating for parts such as "shaft".
It has high resistance in alkaline and oxidizing media. The bond strength of the coatings is 45-50 MPa. The
coating is treated by grinding.

To restore the PTO shaft from this range of powders, we choose the powder PG-12H-01, it most
satisfies both the technological and economic characteristics for the restoration of the PTO shaft.

5. Conclusions

Plasma spraying, as a method of restoration, does not cause deformation of the part and does not
require significant costs for machining.

The process modernization option allows to significantly improve the surface quality and performance
of the parts to be restored, as well as to reduce the recovery time. Progressive moral aging and reduction of
the machine-tractor park of farms affects the level of utilization of production capacities of repair and
maintenance enterprises of the agro-industrial complex of Ukraine. Recently, there has been a tendency to
increase efficiency. About 25% of service companies increase the volume of service work, including the
restoration of worn and damaged parts.

The method of plasma spraying with powder material differs in that in a very short period of time it is
possible to restore a significant number of parts and give them physical and mechanical properties that can’t
be obtained by other methods.

Improved quality of refurbished parts in combination with their slightly low price will contribute to
the growth of popularity and conquest of the consumer market.
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TEXHOJIOT'TYHI METOIM NIJIBUIIEHHS 3HOCOCTIMKOCTI TA
JIOBI'OBIYHOCTI JETAJIEN

Hiosuwennss nokasHukie HAOIUHOCMI | MEPMIHIE CAYIHCOU MAULUH, 8Y3]i6, Acpe2amis € GadCIUGUM
YUHHUKOM 3MEHUIeHH BUMpPAm HA GIOHOGNIeHHs, NPOCMOIO8AHHA OONAOHAHHA ) PeMOHMI, 3MeHUleHHS
KIIbKOCMI 3aNACHUX YACUH.

Bnpoeaodoicenns nogimuix mexnonoeii citbCbKo20Cno0apcvbko20 sUpoOHUYMEa, a MAaKo’C NOCMIlHe
cyvacHe YOOCKOHANEHHS, VCKIAAOHEHHA  CIIbCbKO20CHOOAPCHLKOI MEXHIKU € NPUPOOHUM pe3yibmamom ii
PO3GUMKY.

Texnonozii  6i0HOGNeHHsT Oemaneil GIOHOCAMbCA — Oilbul pecypco3bepieaiouux y NOPIGHAHHI 3
BUSOMOBNIEHHAM HOBUX Oemaell.

Ilpu 0oszompusanomy UKOpUCMAHHI MAWUH 3HOULYBAHHA Oemdell CYNPOBOONCYEMbC SHUNCEHHAM
EeKCNIy amayiiHuX NOKAZHUKIS, WO GUKIUKAE NOIPUEHHS AKOCI 8Upo0is.

Bucoxa weuoxicme 3HOWEHHS NOGEPXHI Ay 6i0O0PY NOMYINCHOCMI  HOSCHIOEMbCS NOCMIUHUM
mepmsam 3 OUCKOM WeNnieHHs, WeCmMepHero, 6HYMPIWHIMU KLTbYaMU NIOWUNHUKI8. Bueomoeienus Hoo2o eany
8i000pY NOMYIHCHOCMI NOMPeDYE ZHAYHUX BUMPAT, MOMY AKMYAIbHUM € PO3POOKA HOBUX MEXHONOSIUHUX
npoyecie pemMoHmy ma GiOHOGNEHHSL.

Lle payionanvHo He minbKu Npu BIOHOGNEHHI NONEPEOHIX pPO3MIpI8, a4 Ui NOBEPHEHHA Oemdali
HOPMANbHUX MeXAHIYHUX enacmusocmeli. Bionosiena demans 8i0npaybo8ye maxkuii camuii mepmit, K i HO8d,
a modice i nepesunys8amu Cmpox CLysicou Hogoi demai.

3 niosuwgennam pocmy OCHAWEHOCHI CiTbCbKO2OCHOOAPCLKO20 SUPOOHUYMEA OilbUl YOOCKOHANEHOIO
MEeXHIKO, GeOeHHAM KOMNJIEKCHOI mexaHizayii i nioguujeHHAM e@eKmueHOCMi BUKOPUCMAHHSA MEeXHIKU
PO36BUBAEMBCS | SMIHIOEMbCS peMOHMHe  8UpoOHUYmMBo. Poszsumox eany3i 6iononenns 3Howenux oemanei
bazyemvcs Ha MICHOMY CRIBPOOIMHUYMB] PEMOHMHO20 BUPOOHUYMBA 3 2AY3e6010 | (PYHOAMEHMATLHOIO
HAYKOW, MA 00CACHEHHA HAYKOBO-MEXHIYHO20 NPo2pecy.

IlepcnexmusHum HANPAMKOM MEXHOAO02I] BIOHOBAEHHA 8 OP2AHI3aYIHOMY WIAHI € NOo2AUONeHHS
Memoody epynoeoi mexnonoeii 6i0HOGIEHHs CINBOPenHsl YHI(QIKOBAHO-2PYN0B8020 OCHAUEHHS OJisl BIOHOGIEHHS.
nosepxonv. Bcmanoeneno, wjo Oinbuwicms Oemaneil GIOHOGLEHUX MAWUH BUOPAKOBYIOMbCS 3d PAXYHOK
HE3HAUHO020 3HOCY POOOUUX NOBEPXOHD, CKAAdaowu He binbute 1% nouamkogoi macu oemarnei. Ak noxazyome
docniou i Npakmukd, 3 00HO20 OOKY, DeMOHMY CilbCbKO2OCNOOAPCHLKOL MEXHIKU YHUKHYMU MEXHIYHO
HEMOXCIUBO, A 3 [HUL020 — GIH € eKOHOMIUYHO Q0YinbHull. Addce Oinbuicmb 3HOUEHUX Oemanell MAe 8UCOKY
3AMUUWKO8Y apmicmyb: npu ix 8ioHosenenHi sumpavacmocs y 20-30 paszie menue memany i Mamepianis, Hidx
npu 8USOMOBAEHHI HOBUX.

Pozensoaromoca npobnremu: 6ubip mexwonoziuno2o npoyecy GIOHOGIeHHs, SUOID MeEXHOI02IYHO20
001a0HANHS, THCMPYMEHmY.

Knwouogi cnosa: ionosnenns, 6an, niasma, HAnUIeHHs, NOPOUKOSULI Mamepia, OCHACMKA.

@. 1. Puc. 1. Taon. 1. JIim. 8.

TEXHOJIOT' MYECKHUE METO/1bl HOBBIIIEHUS U3HOCOCTONKOCTHU U
NOJTOBEYHOCTH JETAJIEN

Tosvruenue noxa3ameﬂeli Hadeofcyocmu u Ccpokoe CJZy:)fC5bl MAWur, Y3106, acpecanos A61Aemcs
BAINCHBIM (Z)aKmopOM YMEHbWIEHUA 3ampant HA 60CCMAHOBIEHUE, npocnios 060py006aHu}Z 68 pemorme,
YMEHRbUICHUE KOoJuYecmeda 3andacHblx qacmeﬁ.

BHeapeHue Hoeezimux mex}'-lOJlOZulZ C€JZbCKOXO3}1ﬁcm6€HH020 npou%odcmea, a makKkace nocCmosHHoe
COBpeEMERHOE YCOBEPUIEHCMBOBAHUA, OCJIOHNCHEHUA C@]ZbCKO)COS’}ZIZC}’}’lSeHHOIJ MEexXHUKu Aejidemc
€CMmeCmeEEHHbIM pe3y1bmaniom ee paseumusl.
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Texnonozuu 8occmanosieHusi Oemaneti OMHOCAMCs Oojiee pecypcochbepe2aroyux no CPAGHEHUI ¢
uzeomosneHuem Hoevix Oemanet. Illpu OaumenrbHOM  UCNOIB308AHUU  MAWUH  U3HOCA — Oemafiell
CONPOBOICOALTNCS CHUNCEHUEM IKCIIYAMAYUOHHBIX NOKA3amenel, 6bl3blaen yXyouieHue Kauecmed u30euil.

Buicokas cxopocme usHoca nosepxnocmu 8ana omoopa MOWHOCHMU OOBACHAEMCS NOCMOSHHBIM
mMpeHuem ¢ OUCKOM NPUBUBKU, UleCmePHEl, GHYMPEHHUMU KOTbYaMU NOOWUNHUKOS. M320moesnenue H0O8020
6ana omoopa MOWHOCMU Mpedyem 3HAUUMENTbHBIX 3aMpPam, NOIMOMY AKIMYATbHbIM SGNAEeMCst paspabomKa
HOBBIX MEXHOL02UUECKUX NPOYECCO8 PEMOHMA U B0CCMAHOGLCHUSL.

Omo payuoHanbHoO He MOAbKO NPU 80CCMAHOBNIECHUL NPEICHUX PA3MEPOS, HO U 8038PALYEHUE OeMAU
HOPMANbHBIX MeXaHuweckux ceotcms. Boccmanosiena demanv ompabamvieaem makou dice CpoK, Kaxk u
HOBAs1, @ MOJICEM U NPEGbIUAND CPOK CLYHCOBL HOBOU Oemanu.

C nogvlileHueM pocma  OCHAWEHHOCMU — CelbCKOXO3AUCMEEHHO20 — Npoussoocmea  Oofee
VCOBEPUICHCIBOBAHHOU MEXHUKOU, 8e0eHUEM KOMNICKCHOU MEeXAHU3AYUY U NOGbleHUEM dPPexmusHocmu
UCNONb306AHUSL MEXHUKU DA36UBAECNC U MEHSAEMCs PeMOHmHoe npouszeoocmeso. Pazsumue obracmu
60CCMAHOGNIEHUSI  USHOUWEHHbIX Oemanell Oa3upyemcss HA MeCHOM COMPYOHUHecmee pPeMOHMHO2O0
npou3800CmMea ¢ Ompacieeou U (OYHOAMEHMANbHOU HAYKOU, U OOCHMUINCEHUS. HAYYHO-MEXHUYECKO20
npoepecca.

Ilepcnexmusnviv  HanpaeieHueM MeEXHONOSUU BOCCMAHOGICHUS 6 OP2AHUBAYUOHHOM NIAHe
Venyonenuss mMemooda 2Spynnoeou MexHON02UU B0CCMAHOGNICHUS CO30AHUSL VHUDUYUDPOBAHbI-ZPYINOBO20
OCHaweHust OISl BOCCMAHOGNCHUSI NOGEePXHOCMell.  YCcmanoeieHo, 4mo  OOAbUWUHCIBO — Oemdell
60CCAHOBNIEHHBIX MAUUH 8blOPAKOBLIBAIONCSL 34 CHem He3HAUUMENbHO20 UHOCA pabouux nogepxHocmetl,
cocmassisi He 6onee 1% uauanvhou maccet demanei. Kak noxasviearom onvimsl U APAKMUKA, ¢ OOHOU
CMOPOHDBL, PEMOHINA CEebCKOXO3AUCMBEHHOU MEXHUKU U3DEeNCAMb MEXHUYECKU HeBO3MOICHO, A C OPY2oll - OH
IKOHOMUYECKU Yelecoobpazen. Bedb 60mbuuncmeo usHOUeHHbIX 0emanell umeem 6biCOKYI0 OCIMAMOYHYIO
CMOUMOCTb: NPU UX BOCCMAHOGAeHUU pacxodyemcs 6 20-30 paz menvuie Memaiia u Mamepuailos, yem npu
U320MOBICHUU HOBBIX.

Pacemampusaromes npobremvl: 6b100p MeEXHOLO2UHECKO20 NPOYECca 60CCMAHOBNIEHUS, 8blOOD
MEXHOI02UUECK020 000PYO0BAHUSL, UHCTNPYMEHMA.

Knrouesvle cnoea: mexnonocus, 60ccmanosiienue, O0emdaib, NIA3MA, HANbLIEHUE, HOPOUKOGbL
Mamepuain, OCHACMKA.

@D. 1. Puc. 1. Taon. 1. JIum. 8.

BLIOMOCTI ITPO ABTOPA
Tpyxancbka Ouiena OuiekcaHapiBHA — K.T.H., JIOLUEHT KadeIpu arpoiHkeHepil Ta TEXHIYHOTO cepBicy
BinHuUIBKYIA HaliOHATBHUN arpapHuii yHiBepcuTeT (Bys1. ConsiuHa, 3, M Binnuis, 21008, Ykpaina, e-mail:
seaswallow@ukr.net).

Tpyxanckas Ejena AnexkcaHapoBHa — K.T.H., JIOUCHT Kadeapbl arpOMHKXEHEPUN W TEXHUYECKOTO CepBUCa
BunHuuknii HaumoHanbHBINH arpapHbiid yHuBepcuTeT (yi. Conneunas, 3, r. Bunnuna, 21008, Ykpauna, e-
mail: seaswallow@ukr.net).

Olena Trukhanska — Ph.D, Associate Professor, the Department of Agroengineering and Technical Services
of the Vinnytsia National Agrarian University (Sonyachna St.3, Vinnytsia, 21008, Ukraine e-mail:
seaswallow@ukr.net).

115


mailto:seaswallow@ukr.net
mailto:seaswallow@ukr.net
mailto:seaswallow@ukr.net

