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OOPMHUPOBAHUE MOBUJIBHBIX PEMOHTHO-IUATHOCTUYECKHUX KOMIIJIEKCOB B AIIK

FOpuii Braoumuposuu Kamaes, kanouoam mexuuueckux Hayk,
ee0yuiuil HayYHslil COmpyoHuK, e-mail: ykataev@mail.ru;

Banepuii Cepzeesuu I'epacumos, 6edyujuil cneyuaiucm;

Hzopv Anexcanoposuyu Tuwanunos, Maaouiuii HaQy4Hovlii COMPYOHUK;
Eezenuii Anamonseeuu I'pados, mnaouiuit HayuHvlil COMpPyoOHUK

Deoepanvuvlii Hayunvlil azpoundicenepnvtii yenmp BUM, Mockea, Poccuiickaa @edepayusn

Peghepam. Yxpennenue u pazeumue NOMEHYUANIA acpONPOMBIULIEHHO20 KOMNIEKCA HEMbICIUMO 03 HAnudusl
IhDeKmusHOU UHICEHEPHOU CynHcObl ¢ ee MHO20QYHKYUOHANbHOU uH@pacmpykmypou. (Llerv uccredosanus)
Iposecmu ananus cospemMento2o COCMOSIHUSL UHIICEHEPHOU CYHCObI a2PONPOMBIULIEHHO20 KOMNIEKCA U PACCMOMPEnb
npoexm no opmMupo8aHuio MOOUILHHIX PEMOHMHO-OUACHOCIMUYECKUX KOMNIEKCO8 8 a2PONPOMBIULIEHHOM KOMNIEKCe.
(Mamepuanvt u memoowvr) Ommemunu, 4mo 0OHA U3 BANHCHEUWUX 3A0AY 3AKTIOUAEHCS 8 60CCIAHOBNICHUU NOMEHYUALA
UHIICEHEPHOU CIYAHCOBL AZPONPOMBIUIEHHO20 KOMNIAEKCA. Bulaguiu, wmo ypogeHb UCHONb308aHUS NPOUZBOOCHBEHHbIX
MowHocmell 06vbeKmo8 pemMonmHo-mexHudeckux npeonpusmuti chusuics k 2020 2ody no cneymacmepckum wa 45-50
nPOYEHMmMOos, MACMEPCKUM 00ujeeo HasHayenus — 00 60, Cmanyusm mexHuvecko2o 0OCIYIHCUBAHU asmomMobunell u
mpaxmopos — 0o 35-40, obopydosanus scusomnogooueckux gepm — 0o 50, yexam pemonma xombaiinog — 0o 45
npoyenmos. (Pesyriomamoi u 06cysicoenue) Pazsumue unpopmayuonHuix mexnoio2utl, HanpagieHHvlx Ha a0anmayuio
CeNbX03MOBAPONPOUIBOOUMENE KO 6CEM  BO3MONCHOCMAM 60CCMAHOGICHHOU CEelbCKOXO3SAUCMBEHHOU MEXHUKU,
ONMUMATILHBIE U IKOHOMUUECKU 8bI2OOHble CXeMbl Peanu3ayuu OaHHOU NPOOYKYUU HA GMOPUHHOM DbIHKE CILYICAM
BANCHEUUUMY (PAKMOPAMU COBEPUIEHCMBOBAHUSL PEMOHMHO-80CCHAHOBUMENLHBIX PAOOM 8 UMICEHEPHOU Cyicoe.
Vrazanu, umo 6 mupogoii u omeuecmeeHHOU NPAKMUKe UMEIOMCA AHAAOSUU CO30AHUS MOOUTLHBIX DPEMOHIMHBIX
npeonpusmuii 8 B0eHHOM Oelle, MEOUYUHCKOM OOCIYHCUBAHUU, DEMOHMHOM OOCIYHCUBAHUU IHCELEIHOOOPOI’CHO2O0
noogudcHo2o cocmaga. Iloomeepounu npoedeHHvIMU UCCIEO08AHUAMU PEATbHYI0 B03MONICHOCHb UCNOIb308AHUS
NPeONOAHCEHHO20 KOMNIEKCA KAK 8 YCI0BUAX CelbCKOXO3AUCTNBEHHBIX NPEONPUATULL, THAK U HA PECUOHATbHOM YPOBHE 8
Macuimabax cmpanvl, Ymo 0ACm GO3MOICHOCHL ONEPAMUBHO B0CCMAHABIUGANL MOOUILHYIO IHEPSOHACHIUEHHYIO
mexHuxy. (Bvieoowt) Peanuu sxkoHoMuueckoi 06CMAHOBKU 6 CeNbCKOM XO03AUCMEe NOOCKA3bIGAIOM, YO HYNCHbL
HeopOuHapHvle Mepbl, NO360AAI0WUe NOOHAMb UHICEHEPHO-MEXHUYECKOU YPOBeHb O00CIYICUBAHUSL U DPEMOHMA
CeNbCKOX03UCMBEHHOU MEXHUKU 8 A2PONPOMBIUIEHHOM KOMIIEKCe.

Knrouesvie cnosa: pemonmuas 6a3a, 6mopuyHblil PoIHOK, A2PONPOMBIUIEHHBI KOMIIEKC, MOOYlb, OUASHOCTIUKA,
cepslc.
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CREATING MOBILE REPAIR AND DIAGNOSTIC COMPLEXES IN AGRICULTURE
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Igor’ A. Tishaninov, junior researcher;
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Abstract. Strengthening and developing the potential of the agro-industrial complex is unthinkable without an effective
engineering service with its multifunctional infrastructure. (Research purpose) The research purpose is analyzing the
current state of the engineering service of the agro-industrial complex and considering creation of mobile repair and
diagnostic complexes in the agro-industrial complex. (Materials and methods) It was noted that one of the most
important tasks is to restore the potential of the engineering service of the agro-industrial complex. It was revealed that
the level of use of production facilities of repair and technical enterprises decreased by 2020 for special workshops by
45-50 percent, general purpose workshops - up to 60, car and tractor maintenance stations - up to 35-40, livestock farm



equipment — up to 50, combine repair shops - up to 45 percent. (Results and discussion) The development of information
technologies aimed at adapting agricultural producers to all the possibilities of restored agricultural machinery,
optimal and cost-effective schemes for the sale of these products on the secondary market are the most important factors
in improving repair and restoration work in the engineering service. They pointed out that in world and domestic
practice there are analogies of the creation of mobile repair enterprises in military affairs, medical care, repair
maintenance of railway rolling stock. The studies have confirmed the real possibility of using the proposed complex
both in the conditions of agricultural enterprises and at the regional level on a national scale, which will make it possible
to quickly restore mobile energy-saturated equipment. (Conclusions) The realities of the economic situation in
agriculture suggest that extraordinary measures are needed to raise the engineering and technical level of maintenance
and repair of agricultural machinery in the agro-industrial complex.
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Pegpepam. bnazooaps pazsumuio co8peMenHol 2NeKMPOHUKY U UHQOPMAYUOHHBIX MEXHOIOSUU HA NPOMBILUIEHHbIX
npednpusmusax Poccuu akmusHo 6Hedpaiomes yugpoguie cucmemsl OUAzHOCUpoganus. /lannvle cucmemvl nO380JAI0M
8ecmu MOHUMOPUHE MEXHUYECKO20 COCMOAHUSA MAWUH U CYUeCHBEHHO YAPOWAlom 00Ciyxcusanue 61a2o0aps nepeoaye
uHgopmayuu 07151 BvlAGNIEHUL HEUCNPABHOCHEN HeNOCPEOCMBEHHO 8 cepBucHble cyacobl. (Llenv uccnedosanus) [posecmu
amanus u paspadbomamsv npeonoNCeHUs No COBEPULEHCIMBOBAHUIO YIPABGIEHUS MEXHUYECKUM COCIMOSHUEM MAWUH Npu
nomowu eHeoperusi yupposvix cpedcme monumopunea. (Mamepuanvt u memoowt) Hzyuunu paspabomannvie ¢ BUM,
T'OCHUTHU mamepuanvt u Ooxymenmayuio, 6xo-oswue 6 Komnnexcnyro cucmemy mexHuueckoz2o O0OCTYICUBAHUS U
PEMOHMA MAWUH 8 CeNbCKOM XO35UCmee, a Maxdice Memoouyeckue YKa3aHus no OUAZHOCMUPOBAHUIO U YNPAGIEHUIO
HAOEHCHOCMbIO CelbCKOXO035UCMBEHHOU MEXHUKY. Yemanosunu, uwmo 01 3(peKmusHo20 ynpaeieHus mexHuueckum
COCMOSIHUEM — IKCHIYAMUPYEeMOU U GbINYCKAECMOU  MEXHUKU —Heo0Xoouma pa3pabomka yugposvix cpeocmes
ouazHocmuposanus u MoHumopunea. (Pesynomamul u obcyscoenue) Ilpedcmasunu nepsoouepeonvie mpebo8aHus K
yupposvim cpedcmeam MOHUMOPUHEA, UCNONbIYEMbIM HPU OCYUIECMBLEHUU HASHAYACMBIX PEMOHMHO-00CTYHCUBATOUIUX
6030elicmeull Ha OCHOBAHUU OAHHBIX NEPUOOUYECKO20 UU HENPEePBIBHO20 KOHMPOJISL CPEOCMBAMU OUASHOCMUPO8anus. B
pamkax peanuzayuu ompacieeoco npoexma «L{ugposoe cenvckoe xosatcmeoy Ha ochoge Komnuexchoul cucmemvl
MEXHUYECKO20 0DCTYIHCUBAHUSA U PEMOHMA MAUWIUH 8 CEeTbCKOM XO3AUCmEe pa3padoman npeodiodceHus: no YNpasieHun
HAOEIHCHOCMbIO CENbCKOXO3UCMEEHHOU mexnuky. Ommemuny, 4mo yu@posvie CUcmemvbl MOHUMOPUHEA OOJNHCHBI
obecneuugamsv 0e3pazdopHoe OUASHOCMUPOBAHUE COCMABHBIX YACMEU C BO3MONCHOCHBIO 00Wje20 U yernyoaenHo2o
KOHMPOJIA;, OYEHKY COCMOSHUSL 0e3 GIUAHUSL «YeN08eUecKo20y Qaxmopd, OnepamusHOCb U3BeHeHUs OAHHbIX O
NOMYYEHUs 3HAUUMO20 MEXHUKO-IKOHOMUYECK020 3¢ ghexma. (Bvieoowl) /[na sghghexkmusnozo ynpasienus mexHuyeckum
cocmosiHuem HeoOX00uUMO HOGLICUMb YPOBEHb NPUCHOCOONEHHOCU V3108 U acpecamod K OUASHOCMUPOSAHUIO Ol
UCNONB308AHUS PA3PAOOMAHHBIX YUPDPOBIX CPEOCTNE MOHUMOPUHSA.

Knrwuesvie cnosa: ()MCIZHOCI’HMPOGCZHH@, HaaleCHOCWlb, ynpaejenue HaaleCHOCI’nblO, KOHmpOﬂeanIZO()HOCWlb,
uugbpoeble cucmembl MOHUMOpUHZAd, KOMNJAEKCHAA cucmema mexHuiecKkozco 06Cle9fCl/l661Huﬂ.



na yumuposanusa: Casnun A.C., [Terpumes H.A., [lectpskoB E.B. CoBeplueHCTBOBaHHE yNPaBICHUSI TEXHUYECKHUM

COCTOSTHHEM MaAIIIMH 32 CYET MCIOJIb30BaHus U(POBBIX CpeacTB MOHUTOpHUHTa // Texundeckuii cepeuc mammH. 2023. T. 61.
N4(153). C. 10-17. DOI: 10.22314/2618-8287-2023-61-4-10-17 EDN: MMBPZL.

THE NEED TO IMPROVE THE MANAGEMENT OF THE EQUIPMENT TECHNICAL STATE
THROUGH THE USE OF DIGITAL MONITORING TOOLS
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Efim V. Pestryakov, junior researcher
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Abstract. Thanks to the development of modern electronics and information technologies, digital diagnostic systems are
being actively introduced at industrial enterprises in Russia. These systems allow you to monitor the technical condition of
machines and significantly simplify maintenance by transmitting data for troubleshooting directly to the service
departments. (Research purpose) The research purpose is analyzing and developing the proposals for improving the
management of the technical state of machines through the introduction of digital monitoring tools. (Materials and methods)
Studied the materials and documentation developed at VIM, GOSNITI, included in the «Integrated system of maintenance
and repair of machinery in Agriculture», as well as methodological guidelines for diagnosing and managing the reliability
of agricultural machinery. It was established that in order to effectively manage the technical condition of the operated and
manufactured equipment, it is necessary to develop digital diagnostic and monitoring tools. (Results and discussion) They
presented the priority requirements for the use of digital monitoring tools used in the implementation of assigned repair
and maintenance actions based on data from periodic or continuous monitoring by diagnostic tools. Within the framework
of the implementation of the industry project «Digital Agriculture» on the basis of KSTOR to develop proposals for
managing the reliability of agricultural machinery. At the same time, digital monitoring systems should provide non-
selective diagnostics of components with the possibility of general and indepth monitoring, assessment of the condition
without the influence of the «humany factor; the efficiency of data extraction to obtain a significant technical and economic
effect. (Conclusions) In order to effectively manage the technical condition, it is necessary to increase the level of
adaptability of units and aggregates to diagnostics for the use of developed digital monitoring tools.

Keywords: diagnostics, reliability, reliability management, controllability, digital monitoring systems, integrated
maintenance system.
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Mockea, Poccuiickaa @edepayua
Peghepam. B acponpomviuiienHom — KOMNIEKCe  CHUSUMb — IKCHIYAMAYUOHHblE — 3AMPAMbL  MOJCHO — Nymem
COBEPUIEHCMBOBAHUSA OP2AHU3AYUU U TEXHON02UU MEXHUYECKO20 OOCIYICUBAHUA U PEMOHMA MAWUH, 8 MOM HUCILe C
ucnonwvsosanuem yugpogwix peutenuil. (Llenv uccredosanus) Beiagums nepcnexmughuvle HanpasieHusa pazeumus Yyugpposuvix
MEXHON02UTL U 803MOICHOCHU UX NPUMEHEHUS 8 Chepe MEXHUUECKO20 OOCTYHCUBAHUSL U PEMOHMA CENbCKOXO3AUCBEHHOU
mexHuxuy. (Mamepuanvr u memoov) Hcnonvzosanu omxpvimvie UHGOPMAYUOHHBIE UCMOYHUKU U UHIMEPHEeM-PecypChl
NPOPUILHBIX POCCUUCKUX HAYYHBIX U 00PA30BAMENbHBIX OP2AHUZAYULL U NPOMBIULIEHHBIX KOMRAHUL, 4 TAKJCe MAmMepudivl
DPA3IUYHBIX eXHCe20OHbIX 8bICIABOK, 8 MOM YUCTE MEHCOYHAPOOHBIX, dNeKMPOHHbIE UHPOPMAYUOHHbIE PecypPChl 8 8ude 6a3
OaHHbIX, Komopble cozoalomes u gedymes 6 Pocungopmazpomex. (Pesyromamul u obcyscoenue) Onpedenunu, umo @
PEMOHMHO-00CAYICUBAIOUEM NPOUBOOCHGE UCHOTLIVIOM Clledyioujie Yupposvlie peuleHus: «YMHuI CKIa0 3aNacHbIX
yacmeily, «yMHbll Heghmecknady. Ycmanosunu, umo K NepcneKmueHbIM HANPABIEHUAM UCHONb30BAHUA YUPPOBLIX
MexXHONo2Ull ~ OMHOCAM — Yu@posvle — CUCMEMbl  YNPABIEHUs — NpeOnpusmuem,  UHMeNIeKmyanbHble — CUCHeMbl
OUACHOCMUPOSAHUA MawuH, pobomomexuuyeckue cucmemvl. OOHUM U3 Hauboiee OUHAMUYHO PA3GUBAIOWUXCS
HANPasieHull «Yuppoeozo» NPousB0OCmMEa 6 Mupe CIy*HCum npumeHeHue adOUMUEHbIX MEXHON02Ul, KOMOopble MONCHO
UCHOIL306aMb NPU U320MOBNEHUY 3ANACHBIX YACMEU U 60CCIMAHOGIEHUY 0emael, 8 MOoM Yucie O UMROPMHOU MEeXHUK.
B nocnednue 200v1 mpendom passumus yugposusayuu 8 pasmuyusvlx ompaciax, u ¢ AIK 6 wacmnocmu, cmanogumcs
UCNOIb308aHUEe «YUPPOBbIXy 060lHUK0S. (Bvigoodvl) B cepe mexuuueckoco o6cryxcueanus u pemonwma 6yoym
80Ccmpeb06anbl UHMENNEKMYAlbHblE CUCTEeMbL OUACHOCMUPOBANUS MAWUH, «Yugpossley dgotinuxy, 3D-ckanuposanue u
pesepc-undicunupune oemanei, 3D-nevams 3anacheix yacmei u A0OUMUBHbIE MEXHONIO2UY PEMOHMA Oemaiell.
Knioueevie cnoea: cenvCKOXOo35AUCMEEHHAS, MEXHUKA, MeXHUYeckoe OOCIYICUSanue, PpemoHm, Oemars,
soccmanogienue, yupposas mexnoio2us, pobomuszayus, Yughpoeol 080UHUK, AOOUMUBHASL INEXHOIO2USL.
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OF AGRICULTURAL MACHINERY

!Ivan G. Golubev, Dr.Sc.(Eng.), professor;

2Viadimir V. Bykov, Dr.Sc.(Eng.), professor;

’Mikhail I. Golubev, Ph.D.(Eng.), associate professor of the department;

3Aleksey S. Apatenko, Dr.Sc.(Eng.), associate professor,

3Nadezhda S. Sevryugina, Dr.Sc.(Eng.), associate professor

'Russian Research Institute of Information and Technical and Economic Research on Engineering and Technical Support of
the Agro-industrial Complex, Pravdinsky village, Moscow region, Russian Federation

2Bauman Moscow State Technical University, Mytishchi Branch, Mytishchi, Russian Federation

3Russian State Agrarian University — K. A. Timiryazev Agricultural Academy, Moscow, Russian Federation

Abstract. In the agro-industrial complex, it is possible to reduce operating costs by improving the organization and
technology of maintenance and repair of machines, including using digital solutions. (Research purpose) The research
purpose is identifying the promising areas for the development of digital technologies and the possibilities of their
application in the maintenance and repair of agricultural machinery. (Materials and methods) Used open information
sources and Internet resources of specialized Russian scientific and educational organizations and industrial
companies, as well as materials of various annual exhibitions, including international ones; electronic information
resources in the form of databases that are created and maintained at Rosinformagrotech (Results and discussion) It
was determined that such digital solutions as «smart spare parts warehousey, «smart oil storagey are used in repair
and maintenance production. It was established that the promising areas of the use of digital technologies include digital
enterprise management systems, intelligent systems for diagnosing machines, robotic systems. One of the most
dynamically developing areas of «digitaly production in the world is the use of additive technologies that can be used
in the manufacture of spare parts and the restoration of parts, including for imported machinery. In recent years, the
trend of digitalization development in various industries, including the agro-industrial complex, has been the use of
«digitaly doubles. (Conclusions) In the field of maintenance and repair, intelligent systems for diagnosing machines,
«digitaly doubles, 3D scanning and reverse engineering of parts, 3D printing of spare parts and additive technologies
for repairing parts will be in demand.



Keywords: agricultural machinery, maintenance, repair, detail, restoration, digital technology, robotization, digital
twin, additive technology.
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Pegpepam. Ananuz evinyckaemvix cpedcms O KOHMPOAA U OUASHOCIMUPOBAHUS MEXHUYECKO20 COCMOAHUA
2UOPABIUYECKO20 HACOCA CeNbCKOXO3AUCMBEHHOU MEXHUKU MNOKA3AA, 4YMO OCHOGHBLIMU YCMpoucmeamu Ol
onpeodenenusi e2o pabouux CGOUCME Cayxcam 00po2ocmosuue u mpebosamenvivie K MujameirbHOMy cOOII00EeHUIO
npasunl dKCHAyamayuyu u yucmome paboueil xicuokocmu pacxooomepwvl. Heobxooumocmsv ouacHoCcmuxu HACOCO8
HeNnocpeOCmeeHHO 80 8peMsl IKCHIYAMAyuy MAWUH 3aCMABIsem UCKAmb UHble CHOCOObl OUACHOCMUKI HACOC08 De3
NOOKNIOUEHUsL pACX000MEPOB, HANPUMED, AMNIUMYOHO-(A306ble MEMOObl OUASHOCIUKY NO NAPAMEMpPam nyabCayull
dagnenuss 8 HanopHou mazucmpanu. (Llerv ucciredosanus) Pazpabomams onvimmuwlil 0bpasey OuacHOCMUYECKO20
cpedcmea, 0becneuusaiouieco MOHUMOPUHE MEXHUYECKO20 COCMOSAHUSL 2UOPABIUYECKUX HACOCO8 8 npoyecce
IKCNYamayu Ha OCHOBE COBPEMEHHOU 2eMeHMHOU 0a3vl 31eKMpPOHHbIX ycmpoticme. (Mamepuanvt u memoowt)
H3zyuunu cospemennoe cocmosinue 6onpoca u 000pyoosanue O OUASHOCTIUKU 2UOPABIUYECKUX aA2pe2amos
cmamonapamempuyeckum memooom. Ilpednodcunu HoOBvIli MemoO HEenpepulHOl OUASHOCMUKU NpU  NOMOWU
B8CMPAUBAEMO20 INEKMPOHHO20 YCIMPOUCMEA O/ KOHMPOTIS Napamempos pabomsl U OYeHKu noKazamenel nyibcayuu
odasnenus, coszdasaemvlx Hacocom. Paspabomanu npomomun ycmpoucmea u 9KCNEPUMEHMATbHO ONpeoenuau
3A6UCUMOCHb NAPAMEMPO8 NYTbCAYUU 0asienus U Koappuyuenma nooayu 2udpasiuieckoeo Hacoca. Paccmompenu
60NPOC O CHUIICEHUU MPYOO3AMPAM NpU IKCHPecc-OUasHOCmuUKe 2uopoazpeeama 01a200aps HeOpeHUut0 no00OHbIX
aneKmponublx ycmpoticms. (Pezynomamul u ob6cyscoenue) Tokazanu, umo 6 pesyivmame 6HeOPEHUsL COBPEMEHHBIX
QNEKMPOHHBIX CPEOCE MEXHUYECKO20 KOHMPOISL BO3MONCHO CYUECMBEHHO YAPOCMUMb U YCKOPUMb OUASHOCTHUKY, d
MaKice agmomMamudecku QUKCUpo8ams Napamempsl U pexcumvl pabomvl cu0poazpe2amos CelbCKoX03sUCMEEeHHOU
mexHuku. (Bvigoowl) [lokazanu 603MOJNCHOCMb OUACHOCMUPOBAHUS 2UOPABIUYECKUX HACOCO08 NO KOIDghuyuenmy
nynvcayuu U 000CHOBANU HEOOXOOUMOCHb NOBbIULEHUS KOHMPOIeNpUueoOHOCMU 2UOPABIUYECKUX NPUB0008 Nnymem
VCMAHOBKU MOUYeK 051 NOOKTIOUEHUsI OAMYUKO8 OaBLeHUsL.

Knrouesvie cnosa: ouazHocmuposganue, 2u0pagIuyueckuii Hacoc, MexHuyecKkoe COCMOsHUe, CYUeMYUK-UHOUKAMOP,
K03 puyuenm nyrvcayuu 0agnieHus.
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A PILOT SAMPLE FOR THE DIAGNOSIS OF PUMPS HYDRAULIC DRIVE
OF AGRICULTURAL MACHINERY BY PRESSURE PULSATION COEFFICIENT

Aleksandr S. Sayapin, junior researcher

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation



Abstract. The analysis of the manufactured means for monitoring and diagnosing the technical condition of the hydraulic
pump of agricultural machinery has shown that the main devices for determining its working properties are expensive and
demanding to carefully observe the rules of operation and cleanliness of the working fluid flowmeters. The need to diagnose
pumps directly during the operation of machines forces us to look for other ways to diagnose pumps without connecting flow
meters, for example, amplitude-phase diagnostic methods based on pressure pulsation parameters in the pressure line.
(Research purpose) The research purpose is developing a prototype of a diagnostic tool that provides monitoring of the
technical condition of hydraulic pumps during operation using modern element base of electronic devices. (Materials and
methods) Studied the current state of the issue and equipment for the diagnosis of hydraulic units by the stato-parametric
method. We have proposed a new method of continuous diagnostics using an embedded electronic device for monitoring
operation parameters and evaluating pressure pulsation indicators generated by the pump. A prototype of the device was
developed and experimentally determined the dependence of the pressure pulsation parameters and the hydraulic pump
supply coefficient. We considered the issue of reducing labor costs in the express diagnostics of the hydraulic unit due to the
introduction of such electronic devices. (Results and discussion) They have shown that as a result of the introduction of
modern electronic means of technical control, it is possible to significantly simplify and speed up diagnostics, as well as
automatically record the parameters and operating modes of hydraulic units of agricultural machinery. (Conclusions) Proved
the possibility of diagnosing hydraulic pumps by the pulsation coefficient and justified the need to increase the controllability
of hydraulic drives by installing points for connecting pressure sensors.

Keywords: diagnostics, hydraulic pump, technical condition, counter-indicator, pressure pulsation coefficient.
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OPEKTUBHOCTb IPUMEHEHUSI IOJTUMEPHBIX MATEPHUAJIOB
B OIIOPHO-HAITPABJIAIOINUX Y3JIAX THAPOLIUJIMHAPOB

Bauecnaeé Bukmopoeuu Ky3nenos, kanouoam mexHuyecKkux HaykK, ooyenm, e-mail: imesrvi@mail.ru

Hayuonanwvnwtii uccnedoeamenvckuit Mopoosckuii 20cyoapcmeenulil yHUgepCcument
um. H.II. Ozapéea, 2. Capanck, Pecnyonuka Mopooeus, Poccuiickas @edepayusn

Pepepam. Haoesicnocmsb  yniomHumenvHoiX y3n08 SUOPOYUTUHOPOG 60 MHO2OM ONpeoeisiemcss (usuxo-
MeXaHUYeCKUMU U MpuboI0SULeCKUMY CEOUCMEAMU NOIUMEPHBIX MAMEPUANos onopHo-uanpasisowux xorey. Onu
obecneuusaiom ONMUMATbHBIC YCIOGUSL HASPYICEHUSI YNIOMHUMETbHBIX Y3108 U CHUNCAIOM UBHOC Oemaell
2UOPOYUIUHOPA. AHANU3 YCIOBUL HASPYIHCEHUS U OMKA308 ONOPHO-HANPAGISIOWUX V31108 CUOPOYUTUHOPOB NOKA3bIBAE,
MO NpU MOOEIUPOBAHUU HASPYICEHUS HeOOXOOUMO CUHXPOHHO VUUMbBIBAMb NPOYECcChl MPEHUsl, USHAUUBAHUS U
HAKONJIeHUsl OCIMAamouHbiX Oedhopmayuii 8 noaumeprvix roavyax. Kowyenyusi yckopemHo2o Ha2pyslceHus Y3ios,
paspabomannas Ha 6aze Memooa KOHEUHbIX JJIeMEHMO08, NO0380Jslem O00HOBPEMEHHO ONUCAMb 6Ce NPOYeccyl,
npomexarowue 8 nepuood 6e30MmKra3Hol padbonivl ONOPHO-HANPABIAIOUWUX V3108 2udpoyurunopos. (Lleav uccredosariis,)
Oyerumos  MemoOOM HUCTIEHHbIX NO00X0008 ONPeOeleHUss HAOEHCHOCMU Y3108 C HOIUMEPHbIMU Oemasamu
ahpexmusHocms npuMenenus noAumempagpmopdImuienda, noauamuda 6 u KOMNO3UMO8 HA UX OCHO8E 6 ONOPHO-
HANPAasIsiowux y3iax euopoyununopos. (Mamepuanst u memoowt) Pazpabomanu u peanuzosanu ¢ ANSYS xoneuno-
NEMEHMHYIO MOOENb MHOCOYUKIOB020 HASPYNCEHUsT ONOPHO-HANPAGISIOWUX V3108 UOPOYUTUHOPOS. Buinonnuiu
cepuro pacuemos 0Ji1 noaumempapmopsmuiena, noauamuoa 6 u Komnozumos Ha ux ocHoge. (Peszynomamovl u
obcysicoenue) Tlokazanu, umo nepuod npupabomxu NOIUMEPHLIX Koley He npegviuiaem 08yx nem. Cpox cayoucoObi
NOTUMEPHBIX KOJleY 8 OCHOBHOM ONpedeisemcs npoyeccamu USHAWUBAHUS, A He 3a Cuem HAKONAeHUs OCAMOYHbIX
depopmayuil. Buvisigunu, umo Hapabomka HA OMKA3 ONOPHO-HANPAGTSIOWUX Y3108 C HOJUMEDHBIMU KONbYAMU
cocmasnsiem: noaumempagpmopsmunena — 2,08 200a, xomnosuma (noaumempagmopsmuien + 20 npoyenmos
yenepooa) — 3,91 200a, norwamuda 6 — 3,11 2ooa, komnozuma (noauamuod 6 + 0,5 npoyenmos epagpuma + 2 npoyenma
wyneuma) — 7,08 2o00a. (Bwvisoowvy) Paspabomannulii komnosum obecneuusaem yseiuueHue CpoKa Cayicovl Koiey
ONOPHO-HANPABTSTIOWUX Y3108 2UOPOYUTUHOPOS bonee yem 6 1,8 paza no cpasHenuio ¢ noaumempapmopImuieHom u
KOMNO3UMOM HA €20 OCHO8e.



Knrouesvie cnosa: cudpoyununop, KoIvyo, noaumempagymopdImuieH, RoIuamuo 6, KOMNo3um, mpeHue, UsHoc, CpoK
cayarcovl.
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EFFICIENCY OF THE USE OF POLYMERIC MATERIALS IN THE SUPPORT-GUIDING UNITS
OF HYDRAULIC CYLINDERS

Vyacheslav V. Kuznetsov, Ph.D.(Eng.), associate professor

National Research Mordovia State University named after N.P. Ogarevy,
Saransk, Republic Mordovia, Russian Federation
Abstract. The reliability of hydraulic cylinder sealing units is largely determined by the physical, mechanical and
tribological properties of polymer materials of the support and guide rings. They provide optimal loading conditions for
sealing assemblies and reduce wear of hydraulic cylinder parts. Analysis of loading conditions and failures of hydraulic
cylinder support and guide assemblies shows that when modeling loading, it is necessary to synchronously take into
account the processes of friction, wear and accumulation of residual deformations in polymer rings. The concept of
accelerated loading of nodes, developed on the basis of the finite element method, allows you to simultaneously describe
all the processes occurring during the period of trouble-free operation of the support and guide units of hydraulic
cylinders. (Research purpose) The research purpose is evaluating the effectiveness of the use of polytetrafluoroethylene,
polyamide 6 and composites based on them in the support and guide units of hydraulic cylinders on the basis of numerical
approaches for determining the reliability of assemblies with polymer parts. (Materials and methods) Developed and
implemented in ANSYS a finite element model of multi-cycle loading of hydraulic cylinder support and guide units. We
performed a series of calculations for polytetrafluoroethylene, polyamide 6 and composites based on them. (Results and
discussion) It was shown that the run-in period of polymer rings does not exceed two years. The service life of polymer
rings is mainly determined by the processes of wear, and not due to the accumulation of residual deformations. It was
revealed that the operating time for failure of support and guide assemblies with polymer rings is: polytetrafluoroethylene
- 2.08 years, composite (polytetrafluoroethylene + 20 percent carbon) — 3.91 years, polyamide 6 — 3.11 years, composite
(polyamide 6 + 0.5 percent graphite + 2 percent shungite) — 7.08 years. (Conclusions) The developed composite provides
an increase in the service life of the rings of the support and guide units of hydraulic cylinders by more than 1.8 times
compared with polytetrafluoroethylene and a composite based on it.
Keywords: hydraulic cylinder, ring, polytetrafluoroethylene, polyamide 6, composite, friction, wear, service life.
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Pegpepam. Hecmomps na wiupokoe osieuenue HayuyHo20 coodujecmea Cmpanvl @ npooiemy Ymuau3ayul CloACHOU
MEXHUKU, 8 MOM HYUCIE U CeNbCKOXO3ANUCMBEHHOU, 00 HACMOAWe20 8peMeHU HeOOCMAMo4HO NPeoCmasienbl Hayutvle u
npakmuyeckue HanpagieHus no pewenur0 dmoil 8ajcHeluwull npodiemvl azponpomviuiienioeo Komniexca. (e
uccnedosanus) Ilpogecmu ananusz cocmosHus YMUAUZAYUU  CLOICHOU  CETbCKOXO3AUCMEEHHOU MeXHUKU 6
AZPONPOMBIUACHHOM KOMNIIEKCe, 0003HAUUMb PEKOMEHOayuu 015 ONMUMU3AYUYU YKA3AHHO20 npoyeccd, 060CHO8aMb
Heobxooumocms Ovicmpetiweli pearuzayuu 0anHoeo npoekma (Mamepuanvt u mMemoowvt) Boinonnuau o6vbeKmugHblil
AHANU3 COCMOSHUS YMUTUZAYUU CILOHCHOU CETbCKOXO03AUCMBEHHOU MEXHUKU HA (e0epanbHOM U PeCUOHAbHOM YPOGHSX
U YCMAaHOBUNU, MO 00 HACMOAWE20 BPEMEHU OMCYMCMEYem YUSUNUIOBAHHAS CUCMEMA VIMUIUIAYUU CTLOHCHOU
CeNbCKOXO3AUCMBEHHOU MEXHUKU, YMO NpUBOOUm K 3HAYUMENbHLIM NOMEPAM MamepuaibHbiX pecypcog U
9KON02UYECKOU HeCMAOUNLHOCIU 8 A2PONPOMbIULIEHHOM Komnaekce. Heyooenemeopumenvnoe cocmosinue oen no
OdanHol npobreme NOOMBEPOUNU UCciedo8anuss, nposedenuvie cneyuamnucmavu PHAL] BUM. Onpedenunu, umo
nooasuAlowee HUCIO azpoxosaicme — 0Oonee 65 npoyeHmos — OCywecmensiom YMuauzayuro  ClOHCHOU
CeNbCKOXO03AUCMEEHHOU MEXHUKU CE80UMU COOCMBEHHbIMU CUNAMU, He uMess OOCMAMOYHO MeXHUYecKou U
MexXHoN02U4ecKoU 0a3vl, HOPMAMUBHO-MeXHUYecKol Jokymenmayuu. (Pesynomamosl u obcyscoenue) Paccmompenu
MeHOeHYUU USMEHEeHUSL MAUUHHO-MPAKMOPHO20 NAPKA AZPONPOMBIULLIEHHO20 KOMIAEKCA OMHOCUMENbHO PACUUPEHUs
@yHKYyUull no nposedeHuI0 YMunu3ayuu CIOHCHOU CelbCKOXO3AUCMBEHHOU MEeXHUKU C MAKCUMATbHbIM U36ledeHuem
emopuunvix pecypcos. Ommemuau, 4mo CIOHCHOCMb NONYYeHUs O0O0CMOBEPHOU U C80eBpeMeHHOU UuHGopmayuu o
COCMOSIHUU KOHKPEMHOU MAWUHbL, HUSKULL YPOBEHb NAAMENCeCNOCOOHOCMU NPOoU3gooumenell CenbXo3npooyKyuu,
VCNOACHAIOWUTL NPoYecc 0OHOBNEHUs MEeXHUKU U npuodpemenue 3anacHulx yacmeil 0 c60e6PEMEHH020 NPOBEOEHUs]
pemonma, npusoosam K moMmy, Ymo CelbCKOXO3AUCMBEHHAs MEeXHUKA 8bIGOOUMCS U3 IKCHIYamayuy 3HA4UmenbHo
nosoice, uem Hacmynaem ee npedeibhoe cocmosnue. (Beisoowvt) B pabome onpedenunu ocHo6Hble napamempuvl U ycio8us
B03MOJICHOCTU Peanu3ayuu npoeKma no @PGeKmueHomy QYHKYUOHUPOBAHUIO CUCMEMbl YMUIUIAYUU CTIONHCHOU
CeNbCKOXO3AUCMBEHHOU MEXHUKU 8 A2PONPOMBIUIEHHOM KOMNIEKCe.

Knrouesvie cnosa: mMawunHO-mpakxmopuvlil napx, YMuausayus, 6MOpuuHble KOMNOHEHmMbl, Memo0oaI02UYecKull
no0xo00, npedeyibHoe COCMOsIHUE, IKOLOUSL.
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OPTIMIZATION OF DISPOSAL PROCESSES OF COMPLEX AGRICULTURAL EQUIPMENT
IN THE RUSSIAN AGRICULTURAL INDUSTRY

Yuriy V. Kataev, Ph.D.(Eng.), leading researcher;
Valeriy S. Gerasimov, leading specialist;
Igor’ A. Tishaninov, junior researcher

Federal Scientific Agroengineering Center VIM Moscow, Russian Federation

Abstract. Despite the wide involvement of the scientific community of the country in the problem of recycling of
complex machinery, including agricultural machinery, scientific and practical directions for solving this most important
problem of the agro-industrial complex are still insufficiently represented. (Research purpose) The research purpose is
analyzing the state of utilization of complex agricultural machinery in the agro-industrial complex, identifying
recommendations for optimizing this process, justifying the need for the fastest implementation of this project (Materials
and methods) We carried out an objective analysis of the state of utilization of complex agricultural machinery at the
federal and regional levels and found that there is still no civilized system of utilization of complex agricultural
machinery, which leads to significant losses of material resources and environmental instability in the agro-industrial
complex. The unsatisfactory state of affairs on this issue was confirmed by studies conducted by specialists of FNAC
VIM. It was determined that the overwhelming number of agricultural farms — more than 65 percent — carry out the
disposal of complex agricultural machinery on their own, without having enough technical and technological base,
regulatory and technical documentation. (Results and discussion) The trends of changes in the machine and tractor fleet
of the agro-industrial complex regarding the expansion of functions for the disposal of complex agricultural machinery
with the maximum extraction of secondary resources were considered. It was noted that the difficulty of obtaining
reliable and timely information about the condition of a particular machine, the low level of solvency of agricultural
producers, complicating the process of updating equipment and the purchase of spare parts for timely repairs, lead to
the fact that agricultural machinery is decommissioned much later than its maximum condition occurs. (Conclusions)
The paper identified the main parameters and conditions for the possibility of implementing a project for the effective
functioning of a system for the disposal of complex agricultural machinery in the agro-industrial complex.



Keywords: machine and tractor fleet, recycling, secondary components, methodological approach, limit state,
ecology.
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BOPTOBASI TH®OPMALIMOHHASI KOHTPOJIbHO-IUATHOCTUYECKAS CUCTEMA
JIJIA COBPEMEHHBIX CEJbCKOXO03MCTBEHHBIX MAIIIUH

Anekceit Anekceeeuyu ConomawiKun, KAHOUOAM MEXHUUECKUX HAYK,
eedyuwiuii cneyuanucm, e-mail: littor2013@gmail.com

Deoepanvuslit Hayunvlil azpoundcenepnuvtit yenmp BUM, Mockea, Poccuiickaa @edepayusn

Pedepar. B n060u cospemennol mawune 8 npoyecce IKCHIYAMAYUU BO3HUKATOM HeoOpamumvle Hpoyeccol
cmapenus ee Oemanei u y3no6. VM3MeHSIOMC 2eoMempuyeckue pamepvl pecypco-onpedensiomux COnpsicenull,
KOmMOopble Npugoosam K OMKA3AM MEXAHUYECKUX CUCEM, CHUNCAEMCs UX HadedxcHocmb. Paspabomka ungopmayuonnvix
KOHMPONIbHO-OUASHOCIMUYECKUX CUCeM npedcmasiisiem codol akmyanvhyo 3aoayy. (Lenv uccredosanus) Mznoocume
OCHOBHbIE NOOX00bl K paspabomke OOpmMo6ou UHDOPMAYUOHHOU KOHMPOIbHO-OUASHOCIMUYECKOU CUCmeMbl OJis
OCHAWEHUS el0 COBPEMEHHBIX CelbCKOXO3SUCMBEHHBIX MAWUH, pa3padomams 31eKmpOoHHbLL MeXnacnopm, Komopbiil
NO360IUM  YNPAGIAMb MEXHUYECKUM COCMOSHUEM Oemaneil MAuuHbl 8 YCIO08USIX ee PA008OU IKCHIYAmAyuul.
(Mamepuanvt u memoowt) Hcnonvzosanu panee paspabomanHvle OOKYMEHMbl U NAMEHmMbl. CHOCOO onpedeneHus
OCTNAMOYHO20  pecypcd, CHOCOO MEeXHUYeCKo20 OOCAYHCUBAHUS U PEeMOHMA  MAWiUH, CEUOEMeNbCmed O
2ocyoapcmeennoll pecucmpayuu npoepamm oasi IBM. (Pesynomamsi u 06cysxcoenue) Ycemanosunu, umo 015 cO30aHUs.
00pmosoli KOHmMpoaLHO-OuacHocmuyeckou cucmemuvl kK CAN wune Kaxcooll co8pemMeHHol Mauunsl 00ax4ceH Obimb
nOOKIIOYeH Mukpokoumpoanep ¢ namamoeio u USB 3.0 exodamu/svixodamu, Ons noxyuenus unpopmayuu no
napamempam pecypco-onpeoensiowux oemaneti. Ommemunu, 4ymo Haauyue OAHHOU cucmembl NO3680IUM & 000U
MOMEHM 8PeMeHU NOTYYUMb UHGOPMAYUIO 0 KOHMPOIUPYEMbIX RAPAMEMPax U Ha UX OCHOBAHUU NPUHSINb PEULeHUE O
ucnpagHocmu  u  pabomocnocobnocmu  demanel yKazauHou Mmawunvl. I[lpueenu cmpykmypy 91eKmMpOHHO20
MEXNACNoOpma U NOKA3aIU €20 POib 6 MEXHUYECKOM COCMOAHUL 0emanell OaHHOU mawtunsl. Basxcuas 3adaua npu
CO30AHUU CUCTNEMbL 3aKTIOYACMCS 8 OnpedesleHul Muna 0am4yuKo8 UH@opmayuu, Mecma no0CcoeOUHeHuUs U 8b180008 UX
Ha CAN wuny. Tlo 0CHOBHBIM pecypco-OnpedessiiouUM CONPSINCEHUIM MAUWUHBL MOJICHO ORpedenums 0onycKaemvle
usHocwvl u pasmepwvi. (Bvigoov)) Cmapenue npedcmaesnsem coboi pocm sumponuu. Ilpednosicennas dopmosas
UHMOPMAYUOHHASI KOHMPOTLHO-OUACHOCUYECKAsl CUCMEMA NO3BOUM C80EBPEMEHHO BbISIGNIANMb COCMOSIHUE PECYPCOo-
onpeoensIowUX CORPSIICEHUT, YMO NOBbICUM PAbOMOCHOCOOHOCHb U 6E€30MKAZHOCHD MAULUHBL.

Knrouesvie cnosa: omkas, mexuuyeckoe oOCIYiCUBAHUE, PEMOHM, BEPOSMHOCTIL OMKA3Ad, CPOK CAyHCcObl, pecypc,
OCTNAMOYHBLIL Pecypc, NeKMPOHHBIL MEXNACHOPI.

/s yumuposanusn: ConmomamkuH A.A. boproBas mH(OpManuoHHas KOHTPOJIBHO-AMATHOCTHYECKAS CHUCTEMA LIS
COBPEMEHHBIX CEIbCKOXO3SMCTBeHHBIX MamuH // Texumueckuid cepBuc mamma. 2023. T. 61. N4(153). C. 48-53. DOL:
10.22314/2618-8287-2023-61-4-48-53. EDN: APZIJY.

ON-BOARD INFORMATION CONTROL AND DIAGNOSTIC SYSTEM
FOR MODERN AGRICULTURAL MACHINES

Aleksey A. Solomashkin, Ph.D.(Eng.), leading specialist

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation



Abstract. In any modern machine, irreversible aging processes of its parts and assemblies occur during operation. The
geometric dimensions of resource-defining interfaces change, which lead to failures of mechanical systems, their reliability
decreases. The development of information control and diagnostic systems is an urgent task. (Research purpose) The
research purpose is outlining the main approaches to the development of an on-board information control and diagnostic
system for equipping modern agricultural machines with it; developing an electronic technical certificate that allows you to
control the technical condition of machine parts in the conditions of its ordinary operation. (Materials and methods)
Previously developed documents and patents were used: a method for determining the residual resource, a method for
maintenance and repair of machines, certificates of state registration of computer programs. (Results and discussion) It was
established that in order to create an on-board control and diagnostic system, a microcontroller with memory and USB 3.0
inputs/outputs must be connected to the CAN bus of each modern machine to obtain information on the parameters of
resource-defining parts. It was noted that the presence of this system will allow at any time to obtain information about the
controlled parameters and, based on them, make a decision on the serviceability and operability of the parts of the specified
machine. The structure of the electronic technical passport was given and its role in the technical condition of the parts of
this machine was shown. An important task when creating a system is to determine the type of information sensors, the place
of connection and their outputs to the CAN bus. According to the main resource-defining interfaces of the machine, it is
possible to determine the permissible wear and dimensions. (Conclusions) Aging is an increase in entropy. The proposed on-
board information control and diagnostic system will allow timely detection of the state of resource-determining interfaces,
which will increase the efficiency and reliability of the machine.

Keywords: failure, maintenance, repair, probability of failure, service life, resource, residual resource, electronic
technical passport.
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sel’skokhozyaystvennykh mashin [On-board information control and diagnostic system for modern agricultural machines).
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ITEPCIIEKTUBA PA3BUTHUSI CTAHAAPTU3AIINA B OBJIACTH TEXHUYECKOI'O CEPBUCA

Bepa Anekcanoposna Kazakosea, mnaouwiuit HayuHslii compyonuk, e-mail: lab-stand@mail.ru

Deoepanvuvlii Hayunvlil azpoundicenepnwtii yenmp BUM, Mockea, Poccuiickaa @edepayusn

Peghepam. [ apmonusayus cmanoapmos no co8PEMeHHbIM Memooam Op2anu3ayuu MexHU4ecKko20 00CIYHCUBAHUS U
PpeMoHma, nepedogvle NpUeMvl CePeUCd CelbCKOXO3AUCMBEHHbIX MAWUH AKMYATU3Upyem nepedeHb HOPMAMUGHbIX
OOKYMEHmMO8, HEoOX00UMbIX NpU  MEXHUUECKOM CONPOBONCOCHUU CeNbCKoXo3slcmeennou mexuuxu. (Llens
uccnedosanus) M3noxcumv OCHOGHBIE NOAONCEHUSI CMAHOAPMO8 U ONpPeoeiumsb 603MONCHOCIU UX GHEOpeHUsl HA
NPeOnpUAMUU UHICEHEPHOU CYHCObI ACPONPOMBIUIEHHO20 KOMIIEKCA 34 CUem NOSbIUEHUSI KaYecea pemMonma u
MEXHUYECKO20 O0OCTYICUBAHUSL U PADOM NO CEePMUPUKAYUU CeTbCKOXO3AUCMBEHHbIX MPAKMOPO8, MPAKMOPHBIX U
KOMOAQUHOGbIX Ou3enell, 3epHOYOOPOUHbIX KOMOAUHO8 U UX COOPOUHBIX eOUHUY C YYemoM HO6bIX MEeHOEeHYU.
(Mamepuanvr u memoowt) Ilokasanu, umo cneyugpuxa pabomsi 3aKNO4AEMcs 8 NYOIUUHOM 0OCYHCOEHUU NPOEKMOB
CManoapmos,  dKCHepmu3e  CReYUAIUCMAaMU  UHMCEHEPHOU  CIYIHCObl  ACPONPOMBIUAEHHO20 — KOMNIEKCA U
CeNbXOIMAUUHOCIPOCHUSL U 3AUHMEPECOBAHNBIMU Opeanuzayuamu u npeonpusmuimu Poccutickou Dedepayuu u
Opeanu3ayUAMU 8 20Ccyoapcmeax — uienax Medceocydapcmeenno2o coeema no CmaHOapmu3ayuu, Mempoiocuu u
cepmugpuxayuu Coopyoscecmea Hezasucumvix ['ocyoapcmes, demanbHOM ananuze NOJIYUEHHBIX NPEONONCeHUU U 8
npoyedype npuHsmusi u ymeepoicoenust. (Pesynomamor u obcyscoenue) Tloocomosunu okonuamenvhvie pedaKyuu
npoexmos CMaHOapmos, COOMEEMCMEYIowue YCI08UIM MEXHUUECKO20 CONPOBONCOCHUS COBPEMEHHO20 MAUUHHO-
MPAKMOPHO20 NAPKA U UHICEHEPHOU CYHCObL AcpONpoMbLUIeHH020 Komniexca. [Ipoexmuvl cmandoapmoe npouinu
obsi3amenbHble HOPMOKOHMPOIbL U pedakmuposanue u Ovliu ymeepoicoenvl 6 Poccmanoapme. (Bvisoow) B
VMBEPIHCOCHHBIX CMAHOAPMAX 6Nepavle YHUDUUYUPOBATU UL, OCHOBHblE NPABUIA U MeXHUuecKue mpedo8aHus K
npoBedeHU0 Npoyedypbl cOauu 8 PeMOHM U BbINYCKA U3 PEMOHMA MPAKMopos, ouseiel, KoMOauHos, a makxoice
MEXHUYECKO20 0OCTYIHCUBANUS MPAKMOPOE U MAULUH, NPEOHA3HAYEHHbIX 0Jis1 noaegvlx pabom. IIpedcmasuiu nepeuens
00513aMeNbHbIX PelaMeHmHbIX pabom npu cepmupurkayuy Kaiecmeda pemoumd, HAnpagIeHHbIX HA MeXHUYeCKyio u
9KoN02UuecKyro beszonachocmse. IlIpoekmvl cmandapmog Ovliu HANPABAEHbl HA aAnpoodayuilo 8 psid CepeUCHbIX
NPeONPUSMULL UHINCEHEPHOU CIYICObL A2PONPOMBIULTIEHHO20 KOMNIeKca Ol cbopa ungopmayuu no pearusayuu
6HEOpeHUsl HOPMAMUBHO-MEXHUYECKOU OOKYMEHMayuu 6 HNpoyeccvl NpogedeHus 6cex GUO08 MeXHUYecKo20



CONPOBOIHCOCHUSL CENbCKOXOZAUCMEEHHOU MEXHUKU, N0 NOGLIUEHUIO KAYeCBa PEMOHMA U MEICPEMOHMHOMY Pecypcy
MAWUHHO-MPAKIMOPHO20 NAPKA.

Knroueesvle cnoea: cenbckoxos3aticmeeHHas MexHUKd, 2ApMOHU3AYUsL, CIAHOApm, OUA2HOCMUPOB8AHUe, MeXHU1YeCcKoe
obcnyacuganue, peMonm, cepmudurayus, 6e30nacHOCms, HA0EHCHOCMb, YUPPOBble MEXHONOLUU.

Jlna yumuposanua: Kazakora B.A. [lepcnektuBa pa3BUTHS CTAaHIAPTH3ANHUU B OOJACTH TEXHUYECKOTO cepBuca //
Texumuecknit cepuc MamuH. 2023. T. 61. N4(153). C. 54-60. DOI: 10.22314/2618-8287-2023-61-4-54-60. EDN: CURGIE.

PERSPECTIVE FOR THE DEVELOPMENT OF STANDARDIZATION IN THE TECHNICAL SERVICE
Vera A. Kazakova, junior researcher
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Harmonization of standards on modern methods of organization of maintenance and repair, advanced
techniques of service of agricultural machinery updates the list of regulatory documents required for technical support
of agricultural machinery. (Research purpose) The research purpose is outlining the main provisions of the standards
and determine the possibilities of their implementation at the engineering service of the agro-industrial complex by
improving the quality of repair and maintenance and certification of agricultural tractors, tractor and combine diesels,
combine harvesters and their assembly units, taking into account new trends. (Materials and methods) They showed
that the specifics of the work consists in public discussion of draft standards, expert examination by specialists of the
engineering service of the agro—industrial complex and agricultural machinery and interested organizations and
enterprises of the Russian Federation and organizations in the member states of the Interstate Council for
Standardization, Metrology and Certification of the Commonwealth of Independent States, a detailed analysis of the
proposals received and in the procedure of acceptance and approval. (Results and discussion) We have prepared the
final versions of draft standards that meet the conditions of technical support of the modern machine and tractor fleet
and the engineering service of the agro-industrial complex. The draft standards have passed mandatory standard
control and editing and have been approved by Rosstandart. (Conclusions) The approved standards for the first time
unified the types, basic rules and technical requirements for carrying out the procedure for the repair and release of
tractors, diesel engines, combines, as well as maintenance of tractors and machines intended for field work. They
presented a list of mandatory routine maintenance work in the certification of repair quality aimed at technical and
environmental safety. The draft standards were sent for testing to a number of service enterprises of the engineering
service of the agro-industrial complex to collect information on the implementation of the implementation of regulatory
and technical documentation in the processes of all types of technical support of agricultural machinery, to improve the
quality of repairs and the inter-repair resource of the machine and tractor fleet.

Keywords: agricultural machinery, harmonization, standard, diagnostics, maintenance, repair, certification, safety,
reliability, digital technologies.

For citation: Kazakova V.A. Perspektiva razvitiya standartizacii v oblasti tekhnicheskogo servisa [Perspective for the
development of standardization in the technical service]. Technicheskiy servis mashin. 2023. Vol. 61. N4(153). 54-60 (In
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Peghepam. TIpumenenne 3p(HEKTHBHBIX TEXHOJIOTHH, UCTIONB30BAHHE KAYeCTBEHHBIX MAaTEPHAJIOB M COKPAILCHHE PACXO0JI0B Ha MPOU3BOICTBO —
9TO OCHOBHBIC M IIEPBOCTENCHHBIE 3ala4d U1 KOHKYPEHTOCIOCOOHBIX OTEUECTBEHHBIX CEIBCKOXO3SHCTBEHHBIX M aBTOTPAHCIOPTHBIX
MPEANPHUATHI, TO3TOMY IPUOPUTETHBIMH HAIIPABICHUAMH B UX Pa3BUTUH CTAHOBSATCS PEHOBAIUS JeTajeil aBTOMOOHIIEH, CelbCKOXO03sIHCTBEHHOM
TEeXHUKU U3 KaueCTBEHHOTro BTopmuHoro marepuana (Llems mccnenoBanust) ITomyunts m McciieoBaTh MOKPHITHE, BHINOIHEHHOE IUIA3MEHHO-
MOPOLIKOBOW HAIIABKOM IOPOILNKA, CO3JAHHOTO 3JIEKTPO3IPO3UOHHBIM AUCIEPrUpoBaHUEM OTX0ZoB cTamu P18. (Matepuanbl u MeTOIbI)
Hcnonp3oBanu B KauecTBE MOATOKKH A HAHECEHUS] MOKPHITUS METOJOM ILIa3MEHHO-TIOPOIIKOBON HANIaBKU ISTakd auameTpoM 40
MIUTIMETpoB U3 ctanu Mapku 40X. IIpuMeHsUH MeTox pacTpoBOI 3IEKTPOHHOM MHKPOCKONHMHU IS ONpPENeleHHs 3JIEMEHTHOTO COCTaBa
TMOJIy4eHHOro MOKphITUs. Mcnonb3oBamu onrtudeckuit Mukpockon Olympus GXS1 ans onpeneneHust mOpucTOoCTH. IIpoBeny HMCHBITAaHUS
TBEpAOCTH OOpasoB C IMOMOINBIO ABTOMATHYECKOH CHCTEMBI aHaiM3a MHKpoTBepaoctd DM-8 mo meromy mmkpo-Bukkepca. V3mepsim
K03 PHUIMEHT TPEHHUs TOBEPXHOCTH 00pa3iia ¢ M1a3MEeHHO-ITOPOIIKOBBIM IIOKPHITHEM Ha CIIEIMaIbHOM MaiHe TpeHus Tribometer. (Pe3ynbraTs
n obcyxnaeHne) BrusiBumm, 9To pe3ynbTaThl TPHOONOTHYECKHX HCIBITAHHN ITOBEPXHOCTH TpeHHs o0pasnoB u3 ctamu 40X M mima3MeHHO-
HOPOIIKOBOT'O MOKPBITHS U3 CMeCH NOPOIIKOB 50 mporeHToB xese3Horo nopomka Mapku IDKBS u 50 nmponeHToB nopoiika U3 0TX0I0B CTalu
P18 cBHIETETBCTBYIOT O BBICOKOM KO3 HIHEHTe TpeHNs nocneqneil. FI3Hoc xapakTepu3yeTcs CriakHBaHHEM TBEPABIX BHICTYIIOB TOBEPXHOCTH
obpasma. (BeiBosl) YcTaHOBMITH, 4TO paBHOE cooTHOMIeHKE moporiika [IXKBS 1 noporika P18 B Mexanudeckoit cMecu onTuManbHo. OCHOBHBIMH
3JIeMEHTaMH [Ia3MEHHO-TIOPOIIKOBOTO MOKPBITHSI, IIOJIYYE€HHOTO P JaHHOM COOTHOIIEHHUH ITOPOIIKOB B MEXaHUUECKOH CMECH, CITy>KaT XKeme30,
KHCIIOPOJI, YIIIEpOo1, BosibhpaMm u mosnbaeH. CpeiHee 3HaUCHHE MUKPOTBEPAOCTH OCHOBBI U3 cTanu 40X B 2,1 pasa HuKe, yeM y NOKpbIThs. [Ipu
mytu 500 MeTpoB cpenHee 3HaUeHHE K0d(GUIIMEHTa TPEHHUS TTOIyYSeHHOTO MOKPBITHA cocTaBmio 0,146, a y ocHoBHI — 0,486.

Knrouesvie cnosa: nna3MeHHO-NOPOIIKOBAs HAIlIaBKa, OTXOAbI cTanu P18, smexkTpospo3noHHOE AucHeprupoBaHue, KOIQQUIMEHT TpeHus,
PEHTI€HOCHEKTPaIbHbINH aHAIU3, MUKPOTBEPIOCTb.

Jlna yumupoeanusn: Kapnenko H.H., Jlatemosa I'.P., Jlareimos P.A., Aanpeesa JI.I1. CoiicTBa MOKPBITUH, TOTYICHHBIX
M1a3MEHHO-TTOPOIIKOBOM HAIMJIABKOM AJIEKTPOIPO3UOHHOTO MOPOIIIKa U3 0TX00B cTanu P18 // TexHuuecKkuit cepBHUC MalllyH.
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PROPERTIES OF COATINGS PRODUCED BY PLASMA AND POWDER SURFACING
OF ELECTRIC EROSION POWDER MADE FROM WASTE OF STEEL R18
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Rashit A. Latypov, Dr.Sc.(Eng.), professor;
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Abstract. The use of effective technologies, the use of high—quality materials and the reduction of production costs
are the main and primary tasks for competitive domestic agricultural and motor transport enterprises, therefore, the
priority areas in their development are the renovation of car parts, agricultural machinery from high-quality secondary
material (Research purpose) The research purpose is obtaining and studying a coating made by plasma-powder
surfacing of a powder created by electroerosive dispersion of waste steel P18. (Materials and methods) Used as a
substrate for coating by plasma-powder surfacing nickels with a diameter of 40 millimeters made of steel grade 40X.
The scanning electron microscopy method was used to determine the elemental composition of the resulting coating. An
Olympus GX51 optical microscope was used to determine porosity. The hardness of the samples was tested using the
DM-8 automatic microhardness analysis system using the micro-Vickers method. The friction coefficient of the sample
surface with a plasma-powder coating was measured using a special Tribometer friction machine. (Results and
discussion) It was revealed that the results of tribological tests of the friction surface of samples made of 40X steel and
plasma-powder coating from a mixture of powders of 50 percent of the iron powder of the PZHV5 brand and 50 percent
of the powder from the waste of P18 steel indicate a high coefficient of friction of the latter. Wear is characterized by
smoothing of solid protrusions of the sample surface. (Conclusions) It was found that the equal ratio of PZHVS5 powder
and P18 powder in the mechanical mixture is optimal. The main elements of the plasma-powder coating obtained with
this ratio of powders in a mechanical mixture are iron, oxygen, carbon, tungsten and molybdenum. The average
microhardness of the 40X steel base is 2.1 times lower than that of the coating. With a path of 500 meters, the average
value of the friction coefficient of the resulting coating was 0.146, and at the base — 0.486.

Keywords: plasma-powder coatings, R18 steel waste, electroerosive dispersion, microhardness, friction coefficient,
X-ray spectral analysis, microhardness.
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SHauuonanwvusiit uccneoosamensckuit Mopooeckuii 20cyoapcmeeniblii ynueepcumen

umenu H.II. Ozapésa, 2. Capanck, Pecnyonuxa Mopoosus, Poccuiickan @edepauusn

Pepepam. Oonum uz 0cHOGHBIX PAKMOPOB NOGLIUUEHUS. HAOEHCHOCU OMOETbHBIX V3106 U A2Pecamo8 MAWUH CLYHCUM
UCNONb306AHUE HOBLIX MAMEPUANO8, 00NA0AIOWUX  CHeYUPUUeCKUMU —CEOUCMBAMY, K KOMOPbIM OMHOCAMCS
ceepxynpyeocmo u d¢pgexm namsamu Gopmol. [[ig Memaiios u cniasos ¢ 3¢hgexmom namsmu hopmvl mepmooopabomxy
NPUMEHSIIOm 8 yeisax obecnedeHuss mpedyemoco noeoeHUss MAmepuaios 6 3a6UCUMOCU OM YCIIOGULL IKCIIYAMAYUU.
(Llenv uccrneoosanus) Yemanosums 3aKOHOMEPHOCHIU USMEHEHUS (DUBUKO-MEXAHUYECKUX CBOUCMSE CNIAB08 HA OCHOGE
HUKeauoa mumaua ¢ d¢pghexmom namsamu hopmsi 6 3a8UCUMOCINY O MEPMOMEXAHUYECKO20 6030eticmaus. (Mamepuansi
u Memoovl) Pazdenunu ucnonv3yemvle mamepuanvl 015 6bINOIHEHUS. HAMEYEHHBIX UCCIe008AHULL 8 COOMBEMCMBUU C UX
pabouuMu ycroguamu.: C8OUCMB0 IPdexma Kpamro8peMeHHO NAMIMY UCNOAb3Yemcs 015 pabomuvl 000py008anust U
KOMNOHEHMO8 8 MEeXHUHEeCKUX pabouux YCro8usax; xapakmep d@gexma namsmu nposeisiemcss 8 meueHue ONumenbHo20
8peMenU Ul NepuooOUYecKy ROGMopPsiemcs npu pabouei memnepamype 000py008ans, mo ecimv 6 pabouux YCioeusx.
Buvidenunu epynnvl mepmooopabomku OaHHbIX MAMEPUALO8 8 COYEMAHUU C BbIUEYKAZAHHBIMU XAPAKMEPUCTIUKAMU
cnaasos. (Pesynemamot u obcysicoenue) Ipemenunu cneyuanvivie MexHoI02u4ecKue npuemsl 05 NOJYHeHUs. RaAMImu
ghopmul, HeobXx00uMOIL 011 Oemanneti, He COOMBEMCMBYIOWUX NOTYpabpukamy. Buiaguiu HeodX00umMocms UCHONb308AHUSA
mepmoodpabomku 0 namamu @Gopmbul. Ycmanoeunu, umo 6 npoyecce HPOU3BOOCHEA NOAYPAOPUKAmos, eciu
niacmuyeckas degpopmayus npumernsemcs npu memnepamype ne menee 400 epadycos Llenvcus, a ¢popma 3acomosxu
cosnadaem ¢ KOH@ueypayuet noiygadbpuxkama, mepmoobpabomxa ¢ 3¢pghexmom namsamu Gopmul He OCYUWeCmBIIAemCs.
Joxazanu, umo 0na cmaburuzayuu pasmepos NoryGadpuxamos npu mepmooopabomxe omoicue NpPogoosm npu
memnepamype 400-450 epadycos Lenvcus. (Bvieoowt) [[ns cnaasos ¢ sghpexmom namsmu opmvl mepmoobpabomka
enusiem Ha obecneuenue mpebdyembix UIUKO-MEXAHUYECKUX U MEeNIoPUIULECKUX CEOUCMSE MAMEPUANOS8, KOMOpble
HeoOX00UMO UCNOAb306amb OJis NONYHeHUus cneyugpuueckux 3¢)@exmos namamu 6 KOHKpemHuIX Oemansx. [ns
aghpexmuenol pabomuvl cniasos ¢ ppexmom namsamu Gopmvl NPEONONCUTU EPYNNbL MePMO0OPAOOmMKU OAHHO20
Mamepuana 6 COOmeemcmeuu ¢ mpedyemviMu XapaKxmepucmukamu u Konguzypayuei demanu.

Knrouesvle cnosa: mepmomexanuueckue — 8osoelicmeus, — mepmoobpabomka,  hazosvle  npespaujenus,
@yHKYUOHATbHBIE C8OLICMBA CNIAB08, IPghexm namsamu Gopimbl.
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Abstract. One of the main factors in improving the reliability of individual components and assemblies of machines is
the use of new materials with specific properties, which include superelasticity and shape memory effect. For metals
and alloys with shape memory effect, heat treatment is used to ensure the required behavior of materials depending on
operating conditions. (Research purpose) The research purpose is searching for the regularities of changes in the
physico-mechanical properties of titanium nickelide-based alloys with the shape memory effect depending on the
thermomechanical effect. (Materials and methods) Divided the materials used to carry out the planned studies in
accordance with their working conditions: the property of the short-term memory effect is used for the operation of
equipment and components in technical working conditions, the nature of the memory effect manifests itself for a long
time or periodically repeats at the operating temperature of the equipment, that is, in working conditions. The groups
of heat treatment of these materials in combination with the above-mentioned characteristics of alloys were identified.
(Results and discussion) Special technological techniques have been changed to obtain the shape memory necessary
for parts that do not correspond to the semi-finished product. The necessity of using heat treatment for «shape memory
was revealed. It was established that during the production of semi-finished products, if plastic deformation is applied
at a temperature of at least 400 degrees Celsius, and the shape of the workpiece coincides with the configuration of the
semi-finished product, heat treatment with the shape memory effect is not carried out. It has been proved that in order
to stabilize the size of semi-finished products during heat treatment, annealing is carried out at a temperature of 400-
450 degrees Celsius. (Conclusions) For alloys with the shape memory effect, heat treatment affects the provision of the
required physical, mechanical and thermophysical properties of materials that must be used to obtain specific memory
effects in specific details. For the purpose of efficient operation of shape memory alloys, heat treatment groups of this
material were proposed in accordance with the required characteristics and configuration of the part.
Keywords: thermomechanical influences, thermal processing, phase transformations, functional properties of alloys,
shape memory effect.
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Peghepam. B nacmosiwyee epems npexpaujern uMnopm 3anacHolx 4acmet CUcmem, 8 YaCMHOCU, COCKOBOU Pe3UHbl U
2IACMOMEPHBIX Oemaiell MOIOYHO20 HACOCA OOUTbHOU YCMAHOBKU. B ce53u smum akxmyanbHou cmanosumces npobiema
paspabomKy mexHoN02Ull U320MOBNEHUsL INACOMEPHBIX 3aNACHbIX Yacmeli 01 OOUNbHLIX YCMAaH08oK. OOHUM u3
B03MOJICHBIX CNOCODO08 PEHMADENLHO20 NPOU3BOOCHBA 3ANACHBIX YACMEl 8 YCI0BUIX METKOCEPULIHO20 NPOU3BOOCEA
cydHcum c80O00HOE TUmMbe Ul IUmve no0 Manbim oasnenuem. /na peanuzayuu n0OOOHbIX MEXHON02UU He0OX00UMbl
Mamepuanvl ¢ Manou eazkocmoio (Menee 50 nacxaneti 6 cekyHoy), K KOMOPbIM OMHOCAMCA NOJUMEPHbBLE KOMNAYHObL.
(Lenv uccneoosanus) Onpedenums Mapku 91ACMOMEPHBIX NOTUMEPHBIX KOMHAYHOO08, NPUSOOHBIX 0151 U320MOBIEHUS
3aNAcHbIX yYacmell OOUIbHbIX YCMAaHoB8oK. (Mamepuanvt u memoowy) Hcnonv3osanu 6 xauecmee mMamepuanos OJis
U3YUeHUs HAYYHO-MEeXHUYECKVIO TUMEpamypy, 6 moMm 4Yucie Cmamvi UHOEKCUPYEMbIX HepUOOUHecKUX Uz0aHuil u
OMKpbIMble UCMOYHUKY UHDOpMAYUY, cooepacawyue c8edenus 00 INACMOMEPHbIX NOIUMEPHBIX KOMIAYHOAX.
Memoouxu ucciedoganus npedcmagnaiom coboi coop, uzyueHue U CPAGHUMENbHBIU AHAIU3 UHDOPMAYUL.
(Pesynomamuvr  u  obcysicoenue) Ycemanmosunu, umo cpeou cex HOIUMEPHLIX KOMHAYHOO8 HAUOOIbUiee
pacnpocmpanenue 8 MAWUHOCMPOSHUY U NUWEBOU NPOMBIULIEHHOCIU NOJAYYULU DNOKCUOHBLE, NOAUIDUPHbIE,
NOMUYPEMAaHosble U CUTUKOHOBbIE KOMRAYHObL. Onpedenunu, umo Ois U320moieHUsl 3andcHbIX 4acmell OOUIbHbIX
VCMAHOB0K HaAubosee noOX00AuuMU SGIAIOMC KOMAAYHObL HA OCHO8e NOAUYPemanda uiu Culukona. Janwnvle
Mamepuanvl  0becneyusam O00CMAmMoOYHble MeXaHudecKue Xapakmepucmuky U 6bICOKVIO  IACTMUYHOCTD
npoussooumoti demanu. Ommemunu, Ymo 0 NUUEB020 HAZHAYEeHUS NPUMEHSAIOM KOMNAYHObL HA OCHO8E CUTUKOHA,
KOmopbili obecneuugaem XUMu4eckyro u ouonosuyeckyio unepmuocms demanu. (Bvisoowl) Haubonee nooxoosawue
Mapxu 31ACMOMEPHBIX CUTUKOHOBLIX KOMNAYyH008 — Inacmontokce Tlnamunym 40 u Cunazcepm 8040. Onu npouszsoosamcs
6 Poccuu, obradarom nuskoil ycaokot, 00ecneuusaiom 6blCOKYI0 RPOYHOCHb U INACMUYHOCb KOHEYHBIX 0emdaell.

Knarouesvle cnoea: Oounvhvie YCMAaHO8KU, pobomusayusi OOEHUs, HCUBOMHOBOOCMBO, MEXHUYECKUll CepaUC,
IACMOMEPHLIE  0emanl, CUTUKOHOBblE KOMNAYHObL, HANOIHUMENU, CEOUCMBA NOIUMEPHO20 KOMHOZUYUOHHOZO0
Mamepuana.

Jna yumupoeanua: Jlenucos B.A., CnaBkuna B.3., Tyxunun C.II., IIutoB A.O. DipacTomMepHbIe NOJUMEpPHBIE
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ELASTOMERIC POLYMER COMPOUNDS FOR PRODUCTION OF SPARE PARTS
FOR ROBOTIC MILKING SYSTEM

Vyacheslav A. Denisov, Dr.Sc.(Eng.), chief researcher;
Viktoriya E. Slavkina, junior researcher;

Sergey P. Tuzhilin, junior researcher;

Aleksandr O. Shitov, engineer

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Currently, the import of spare parts of systems, in particular, nipple rubber and elastomeric parts of the
milk pump of the milking unit, has been discontinued. In this regard, the problem of developing technologies for
manufacturing elastomeric spare parts for milking machines becomes urgent. One of the possible ways of cost-effective
production of spare parts in conditions of small-scale production is free casting or low-pressure casting. To implement
such technologies, materials with low viscosity (less than 50 pascals per second) are needed, which include polymer
compounds. (Research purpose) The research purpose is determining the brands of elastomeric polymer compounds
suitable for the manufacture of spare parts for milking machines. (Materials and methods) Used scientific and technical
literature as materials for studying, including articles of indexed periodicals and open sources of information containing
information about elastomeric polymer compounds. Research methods are the collection, study and comparative
analysis of information. (Results and discussion) It was found that among all polymer compounds, epoxy, polyester,
polyurethane and silicone compounds were the most widespread in mechanical engineering and the food industry. It
was determined that compounds based on polyurethane or silicone are the most suitable for the manufacture of spare
parts for milking machines. These materials provide sufficient mechanical characteristics and high elasticity of the
manufactured part. It was noted that silicone-based compounds are used for food purposes, which ensures the chemical
and biological inertia of the part. (Conclusions) The most suitable brands of elastomeric silicone compounds are
Elastolux Platinum 40 and Silagerm 8040. These materials are manufactured in Russia, have low shrinkage, provide
high strength and elasticity of the final parts.

Keywords: milking machines, milking robotics, animal husbandry, technical service, elastomeric parts, silicone
compounds, fillers, properties of polymer composite material.

For citation: Denisov V.A., Slavkina V.E., Tuzhilin S.P., Shitov A.O. Elastomernyye polimernyye kompaundy dlya
izgotovleniya zapasnykh chastey robotizirovannykh doil’nykh ustanovok [Elastomeric polymer compounds for production of



spare parts for robotic milking system]. Tekhnicheskiy servis mashin. 2023. Vol. 61. N4(153). 76-82 (In Russian). DOI:
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Pegpepam. Hcnonv3osanue nopowkos, noiyyeHHvIX Uz 0mxo008 meepovix Cniagos, 6 Kauyecmee GblcOKOmMEepool
OUCHEPCHOU COCMABAAIOuell KOMNO3ZUYUU O NAA3MEHHO-NOPOWKOBOU HANAAGKYU NOBLICUM KAYECHE0, HAOEHCHOCHb U
00J1206€4HOCMb NIAZMEHHBIX NOKPLIMULL pADOYUX OP2AHO8 NOYE00OPAOAMBIEAIOWUX MAWUH C MUHUMYMOM 3aMpam Ha
nopowkogvie mamepuansl. (Llenv uccaedosanus) Oyenums U3HOCOCMOUKOCHb NAA3MEHHBIX NOKPBIMUL, HOIYYEHHBIX C
NpUMEHEeHUeM HNOPOUIKOGbIX MAMmepuanos, U3CoMOGAEHHbIX INeKMPOIPOIUOHHBIM OUCNEPUPOBAHUEM OMX0008
meepoozo cnnasa mapku T30K4. (Mamepuanvr u memoowt) Hcnonv3osanu YycmarogKy 0iisi NAA3MEHHO-NOPOUKOBOU
HAanAaeKy U meepooCniiagHble NOPOUIKU, U320MOGIEHHble INeKMPOOUCNEPIUPOBAHUEM OMX0008 MEepio20 CHAABA
T30K4 6 xepocune. Bvibpanu cmpenvuamyro nany Kyaismueamopa u3 acmogoeo npoxama cmanu 40XC moawunoti 6,0
MunumMemposg 0 obvekma pernogayuu. lIpumenunu credyoujee uccied08amenbckoe 000pyo0osanue: pacmpogulil
anekmpoHublti mukpockon NovaNanoSEM 450; umeepmuposganuwviti onmuueckuti muxkpockon OLYMPUS GX51;
gblcokomemnepamypubiii  mpubomemp  npousgoocmea  Gupmvr  CSM  Instruments;  asmomamu3upoeanubiil
npeyuzuonnvli konmaxmuwiii npoguiomemp SURTRONIC 25. (Pesyambmamvr u obcysicoenue) Paszpabomanu,
anpoouposany U UCCIe008an HOBYI0 MEXHONO2UI0 B0CCMAHOGNECHUS U YAPOUHEHUs USHOWEHHBIX Oemaell
ABMOMPAKMOPHOU  MEXHUKU KOMNOSUYUOHHBIMU 2ATb8AHUYECKUMU NOKPLIMUAMU C NPUMEHeHueM Oucyivguoa
MonubOeHa 6 xawecmee meepool CMA3KU, IPPEKMUSHOCMb KOMOPOU NOOMBEPIHCOACTCSL CEOUCMBAMU NOKPLIMULL:
MUKDPOCMPYKMYPA NOKPHIMUSL UMeem MeIKO3EPHUCTOoe CIpoeHue 0e3 6KII0UeHUl, pagHOMepHOoe pacnpedeneHue a3z u
omcymcemeue nop, mpewur u HecniowHocmeu. IIpednosxcennas mexHono2us GOCCMAHOGNCHUS U VAPOUHEHUS
USHOWEHHBIX ~Oemaineti  AGMOMPAKMOPHOU MEXHUKYU KOMHOZUYUOHHBIMU — 2ATbBAHUYECKUMU  NOKPOIMUAMU  C
npumMeHeHueM oucyivuoa moruboeHa 6 Kauecmee mEepOoU CMA3KU N0380jsem obecneuums HeobXooumvle
mpubomexnuyeckue ceolicmea nokpuimuil. (Bvieoowr). Ilpedcmagunu HOGVIO MEXHONO2UIO BOCCMAHOGLEHUA U
VAPOUHEHUsS USHOWIEHHBIX Jan KYJIbMuUeamopos Nia3MeHHO-NOPOWKOGOU HANNAGKOU C HPUMEHEHUEM NOPOUIKOGLIX
Mamepuanos, U3eomoGIeHHbIX INEKMPOIPOIUOHHBIM OUCHEPSUPOBAHUEM 0TX0008 Mmeepdo2o cnaasa mapku T30K4. Ee
I pexmusHocms NOOMBEPIHCOALTNCA XAPAKMEPUCIUKAMYU USHOCOCMOUKOCTY NOKPLIMUSL: 8eIUNUHA KOIDduyuenma
mpeHusi nogepxHocmu nokpvimusi cocmagngem om 0,216 oo 0,826, eeaununa ¢hakmopa usHoca KoHmpmena u3 cmaiu
mapku StainlessSteel AISI 420 npu muxpomeepoocmu 8,0 cexkmonackaneti u NOKpvimusi npu Mmukpomeepoocmu 6,262
cexmonackanei cocmaeasgem 0,019 u 1,676 coomeemcmeenno.

Kniouesvie cnoea: pabouue opeambl nou6006pabamuvl8aiowyux MawiuH, NIA3MEHHO-NOPOWKO8As — HANIABKA,
9NEKMPOIPOIUOHHOE OUCNEPSUPOBAHUE, CIMPENLYAMAZ 1aNa KYIbmMueamopa, UsHOCOCMOUKOCHb.
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Evaluation of wear resistance of plasma coatings of cultivators’ paws
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Abstract. The use of powders obtained from solid alloy waste as a highly solid dispersed component of the composition
for plasma-powder surfacing will increase the quality, reliability and durability of plasma coatings of working bodies of
tillage machines with a minimum of costs for powder materials. (Research purpose) The research purpose is evaluating
the wear resistance of plasma coatings obtained using powder materials made by electroerosive dispersion of T30K4
hard alloy waste. (Materials and methods) A plasma powder surfacing unit and carbide powders made by
electrodispersion of T30K4 hard alloy waste in kerosene were used. We chose a pointed cultivator paw made of 40XC
steel sheet with a thickness of 6.0 millimeters for the renovation object. The following research equipment was used:
NovaNanoSEM 450 scanning electron microscope; OLYMPUS GX51 inverted optical microscope; high-temperature
tribometer manufactured by CSM Instruments, automated precision contact profilometer SURTRONIC 25. (Results and
discussion) A new technology was developed, tested and investigated for the restoration and hardening of worn parts of
automotive equipment with composite electroplating coatings using molybdenum disulfide as a solid lubricant, the
effectiveness of which is confirmed by the properties of coatings: the microstructure of the coating has a fine-grained
structure, without inclusions, uniform phase distribution and the absence of pores, cracks and discontinuities. The
proposed technology of restoration and hardening of worn parts of automotive equipment by composite electroplating
with the use of molybdenum disulfide as a solid lubricant makes it possible to provide the necessary tribotechnical
properties of coatings. (Conclusions). They presented a new technology for restoring and strengthening worn-out paws
of cultivators by plasma-powder surfacing using powder materials made by electroerosive dispersion of solid alloy waste
of the T30K4 brand. Its effectiveness is confirmed by the characteristics of the wear resistance of the coating: the value
of the friction coefficient of the coating surface is from 0.216 to 0.826, the value of the wear factor of the counterbody
made of StainlessSteel AISI 420 steel with a microhardness of 8.0 hectopascals and the coating with a microhardness of
6.262 hectopascals is 0.019 and 1.676.

Keywords: working parts of tillage machines, plasma-powder surfacing, electroerosive dispersion, pointed cultivator
paw, wear resistance.
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Pecpepam. Ilpobnema obecneuenus 001206e4HOCMU MAWUH 8 HACMOAUEe 6peMs NPedelbHO aKmMyaibHd, NOCKONbKY
cmapeHue napka MAawuH Onepescaem memnvl HeoOX00UMO20 MeXHUUecKko20 nepegoopydicenus. Hcnonvsosanue 6
KOHCMPYKYUAX CENbCKOXO3ANUCMEEHHbIX MAUUH MPAOUYUOHHBIX MEMATIUYECKUX MAMEPUANOs U YCMAPesuIUx MmexHoI02ull
npugooUm K yOOPOICAHUIO UX NPOU3BOOCMEA, CHUJICEHU0 pecypca u oonzoseurHocmu. Ilogvicums 0oncoseuHocmo
CENbCKOXO3AUCMBEHHOU MEXHUKU U YMEHbUUMb CEA3GHHbIL ¢ KOppo3ueu yujepbd no3gojisem UCNnONb306anue Ol
9NEMEHMO8 IKCMEPbepa KOPPOIUOHHOCOUKUX MAMEPUAL08, MAKUX KaK noaumepHvle komnozumel. (Lleas uccreoosanus)
Beinonnums ananumuueckuii 0630p mMemooos npoussoocmed, ¢ NOMOULIO KOMOPBIX BO3MONCHO U320MOBNeHUe 0emanel
IKCMeEPbEPA CENbCKOXOZAUCTNEEHHOU MEXHUKU U3 KOMNOZUYUOHHBIX Mamepuanos. (Mamepuanvl u memoost) Onpedenunu,
YUMo Mamepuanom OAHHO20 UCCIE008AHUS CLYHCAM OMKPbIMble UHGOPMAYUOHHBIE UCTMOYHUKU, MEMOO UCCIe008aHUs
3akmouaemcs @ coope, U3V4eHUU U CPAGHUMENbHOM ananuze ungopmayuu. (Pesynomamut u obcyscoenue) Ommemunu,
umo 071 NPoU3B0OCMEd demaell IKCmepbepa CenbCKOX035AUCMEEHHOU MEXHUKU UCTIONb3VIOM CedyIouue mexHON02UU:



8aKYYMHOE (POpMOBaHUe, KOHMAKMHOE opMOsanue, NPONUMKy noo OasieHueM, aumve nood odasieHuem. BakyymHoe
Gopmosanue 3aKa0NaAemMCs 8 NPOU3BO0CIEe MAMEPUATLO8 6 2opAUeM GUOe MEMOOOM BO30€UCMBUs BAKYYMA UTU HUKO20
Oasnenus 6030yxa. Kowmaxmuoe popmosanue npedcmasisiem coOoU PYUHYIO NOCIOUHYIO VKIAOKY apMUpYIoue2o
mamepuana u nPORUMKY Kaxicoo2o ciosa cmonol. Ilpu nponumke noo dasieHuem 80J0KHUCMAS 3A20MOBKA NOMeWaemcs
60 GHYMPEHHIOI0 (POpMY, OCMABIASA 330D, NO3GONAOWUL BNPLICKUBANL CMOTY U NPONUmMbI8ams 8oaokHa. CywHocmy
UMb N00 0ABIeHUEM 3AKTIOYAENCS 8 NPUHYOUMETbHOM 3aN0IHeHUU pabouetl NOJOCMU MEMALIUYecKol npecc-gopmol
pacniasom U QopmMuposanuu  OMAUGKU, KOMOPAs. NPOUCXO0um noo Oelicmeuem npecc-nopuiHa. (Bvigoowi)
OmauuumenvHblMU 0COOEHHOCMAMU S1EMEHMO8 IKCMEPLEPA CElbCKOXO3AUCMBEHHOU MEXHUKU CAyHcam ux Ooavluue
eabapummuvle pazmepul U HEGLICOKUE MPeDOBAHUS K MOYHOCIU (YOPM U pAZMEPO8, YUMo U Onpedesien cihepy 603MONCHBIX
015l Ux u3eomosnenus mexuonoeuil. Haumenee mpyooemkuii u npocmo peanuzyemvlii npu eOUHUYHOM NPOU3BOOCBE
Memoo — kowmaxkmuoe opmosarnue. Ilpu maccoeom npouzeoocmee Hauboiee nNOOXOOAUWUM MEMOOOM AGNAEMC S TUMbe
noo oasjenuem.

Knrouesvle cnosa: mexnHuueckoe cOCMOSIHUE CElbCKOXO3AUCMBEHHOU MeXHUKY, 0emanu 3Kcmepbepd, KOppo3us,
KOMNO3UMHble MAMEPUAnbl, 8AKYYMHOE (POpMOBaHUe, KOHMAKMHOoe Popmosanue, NPONUmMKa noo 0aslieHuem, Jumse
noo dasnieHueMm.
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INCREASING THE DURABILITY OF EXTERIOR PARTS OF AGRICULTURAL
MACHINERY USING COMPOSITE MATERIALS
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Abstract. The problem of ensuring the durability of machines is currently extremely relevant, since the aging of the
fleet of machines is outpacing the pace of the necessary technical re-equipment. The use of traditional metal materials
and outdated technologies in the designs of agricultural machines leads to an increase in the cost of their production,
a decrease in resource and durability. The use of corrosion-resistant materials, such as polymer composites, for exterior
elements allows to increase the durability of agricultural machinery and reduce corrosion-related damage. (Research
purpose) To perform an analytical review of production methods by which it is possible to manufacture exterior parts
of agricultural machinery from composite materials. (Materials and methods) It was determined that the material of
this study is open information sources, the research method consists in the collection, study and comparative analysis
of information. (Results and discussion) It was noted that the following technologies are used for the production of
exterior parts of agricultural machinery: vacuum molding, contact molding, pressure impregnation, injection molding.
Vacuum forming consists in the production of materials in hot form by the method of exposure to vacuum or low air
pressure. Contact molding is a manual layering of reinforcing material and impregnation of each layer with resin. When
impregnated under pressure, the fibrous billet is placed in the inner mold, leaving a gap that allows the resin to be
injected and the fibers to be impregnated. The essence of injection molding is the forced filling of the working cavity of
the metal mold with melt and the formation of the casting, which occurs under the action of the press piston.
(Conclusions) Distinctive features of the exterior elements of agricultural machinery are their large overall dimensions
and low requirements for the accuracy of shapes and sizes, which determines the scope of technologies possible for
their manufacture. The least labor—intensive and simply implemented in a single production method is contact molding.
In mass production, the most suitable method is injection molding.

Keywords: technical condition of agricultural machinery, exterior details, corrosion, composite materials, vacuum
molding, contact molding, pressure impregnation, injection molding.
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Peghepam. [Ipobnema nosviuenus pecypca pabouux opearHo8 Mawiut, IKCRIyamupyemsix 6 abpasugHoll cpeoe, no-
npeosicHemy axmyanvHa. llepcnexmugHvim cnocobom ynpouHeHus pabouux opeaHos, IKCHIYAMUPYeMuviX 6 OAHHbIX
VCR08UAX, CYIHCUm Kapbosubpodyzoeoe ynpouneHue. B nacmoswee epems nedOCmMamouyHo paccMOMpeHHbIMU
oCmaromces ONPOCHL NO UCHOAb308AHUIO 8 COCABE MHOZOKOMNOHEHMHbBIX NACM 018 KapOo8UOP0OY208020 YNPOUHEHUSL
MAMPUYHBIX HOPOUIKOB HA JICEE3HOU OCHO8E, XOMSL OHU UMEIOM psi0 npeumyujecms neped opyeumu nopowxamu. (Llenwv
uccneoosanus) ObocHosamv YenecoodPAZHOCMb UCNOAB308AHUSL 8 COCMABe MHO2OKOMNOHEHMHOU Rnacmsl 07
Kap608ubpo0y2068020 yNpoOYHEeHUs MAMPUYHO20 NOPOUIKA HA HCENE3HOU OCHOBE C Yelblo NOBbIULEeHUs pecypca padbouux
0p2an08 MAawiuH, dKCHAyamupyemuvix 8 abpasushoil cpede. (Mamepuanvt u memoowt) Mcnonvsosanu npu nposedenuu
uccnedosanull 8 Kaiecmee MAampuyHo2o0 Mamepuana MHO2OKOMnoHenmuvlx nacm nopowku ITP-X30CPHIIO na
arcenesnou ocnoge u IIP-HX17CP4 na nuxenesoil ocHoge, 68 Kauecmee Kepamuieckux KOMHOHEHMO8 Racm — Kapouowvl
oopa B4C u kpemnus SiC. Ocywecmensiiu kapbosubpooy2060e ynpouHeHue ¢ UCnoab3oéanuem ycemanoexu BIATY-2 na
credyowux pexcumax: cuia moxa — 70 amnep, yacmoma subpayuu y2oabHo2o d1ekmpooda — 235 eepy. (Pezynomamer u
obcyacoenue) Ilokazanu 6 pesyrbmame HAYUHBIX UCCIEOOBAHUL, YMO HAUOOIbULEN MUKPOMBEPOOCHbIO 001a0arm
MEMANNOKEPAMULECKUE NOKPLIMUL, NOJYYEHHbIE HA nAcmax, cooepaicawjux mampuyrwviid nopoutok IIP-X30CPH/IO 65
npOYeHmos no macce, Kapouo 6opa 8 Kavecmee KepamMuiecko2o KOMROHeHma 25 npoyeHmoes no macce u Kpuoaum —
ocmanvHoe. Mukpocmpykmypa noy4yeHHbIX NOKPLIMUL NIOMHAS U NPAKMUYECKU OeCnopucmasl, a ux usHoc 8 2,7 pasa
MeHbute, uem uznoc cmanu 651, npunsmoii 3a smanon cpasnenus. (Bvieoodwl) Ilonyuennvie Oanubie nOOmMeepiIcoaom
YenecooopasHOCmMy UCNOIb308AHUL 8 COCMABE MHOLOKOMNOHEHMHBIX NACm 01 Kapbosubpooy208020 YNPOUHEHUs.
MAMPUYHBIX NOPOUIKOB HA JiCcele3HOU 0CcHo8e. Mx ucnonv3osanue no3goaum sHaA4UmenbHo no8blCUms pecypc pabouux
O0pP2aHO8 MAWUH, IKCHIYAMUPYEMBIX 8 ADPA3UBHOT Cpeoe.

Knrouesvie cnoea: xapbosubpodyzosoe ynpounenue, pabouue opeamvl, pecypc, abpasueHas — cpeod,
Memaniokepamuieckoe noKpsvlmue, MHO20KOMNOHEHMHAsL NACA.
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INCREASING THE RESOURCE OF WORKING PARTS OF MACHINES OPERATED IN AN ABRASIVE
ENVIRONMENT BY THE METHOD OF CARBOVIBROARC HARDENING
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Abstract. The problem of increasing the resource of working parts of machines operated in an abrasive environment
is still relevant. A promising way to strengthen the working parts operated under these conditions is carbovibroarc
hardening. Currently, the issues of using iron-based matrix powders as part of multicomponent pastes for carbovibroarc



hardening remain insufficiently considered, although they have a number of advantages over other powders. (Research
purpose) The research purpose is substantiating the expediency of using an iron-based matrix powder as part of a
multicomponent paste for carbovibroarc hardening in order to increase the life of the working parts of machines
operated in an abrasive environment. (Materials and methods) Powders PR-KH30SRNDYU on an iron basis and PR-
NH178R4 on a nickel basis were used in the research as matrix material of multicomponent pastes, boron carbides B4C
and silicon SiC were used as ceramic components of pastes. carbovibroarc hardening was carried out using the VDGU-
2 installation in the following modes: current strength — 70 amperes, vibration frequency of the carbon electrode — 25
hertz. (Results and discussion) It has been shown as a result of scientific research that metal-ceramic coatings obtained
on pastes containing matrix powder PR—X30SRNDU 65 percent by weight, boron carbide as a ceramic component 25
percent by weight and cryolite — the rest have the highest microhardness. The microstructure of the obtained coatings
is dense and practically nonporous, and their wear is 2.7 times less than the wear of steel 65G, adopted as the reference
standard. (Conclusions) The data obtained confirm the feasibility of using iron-based matrix powders as part of
multicomponent pastes for carbovibroarc hardening. Their use will significantly increase the resource of working parts
of machines operated in an abrasive environment.
Keywords: carbovibroarc hardening, working parts, resource, abrasive medium, metal-ceramic coating,

multicomponent paste.
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Peghepam. Paccmompenu enusHue HAACMUYHOU CMA3KU € MOOUpuUyUpytowumu 006asKamu HA UHMEHCUBHOCHb
USHAWUBAHUS NAPbI MPEHUS CKOTIbICEHUS « CMaTb—0pon3ay. (Lenv uccnedosanus) Ilogvicums u3HOCOCMOUKOCHb NApbl
mpeHus 3a cuem edeHus. Moouguyupyrowux 000asox 8 niacmuynyio cmasky. (Mamepuanvt u memoowt) Ilposenu
ucnoimanusi Ha mawune mpenusi MMW-1A. Hzeomosunu obpasysi-poruku uz éponsvt bpOSI{5C5, ucnonvzosanu 6
Kayecmee KOHmpmena OUcK u3 saxaiennou cmanu 45. Onpedenunu Maccogulli U3HOC 00paA3Y08 HA AHATUIMUYECKUX BeCaX
AS 60/220/C/2/N. Bwibpanu 6 xauecmee 6a30601 niacmuunyio cmasky Jlumon-24. (Pesymbmamovl u obcyscoenue)
Yemanosunu, umo munumanvhulil u3HOC nOKA3bI8AIOM 00pA3YbI, pabomaruue 6 KOMNIEKCHOU CYIb@am-Katbyuesoll
cmaske ¢ 0obagkamu ¢moponiacma ¢ 8sa3Kocmuol npucaokou u oimol ksc wr-2. C ysenuuenuem KOHMAKMHOZO
dasnenus 00 6 mezanackaneli MAKCUMATbHBIL UZHOC HAO00aemcs y obpasyos, CMazvléaemvlx MAMepuaiom c
NOJYMOPANPOYEHMHOU HAHOPA3MEPHOU ANIMA3HO-2PAGUMOBOU WUXTNOU, MUHUMATLHBLI — NPU 0OHONnpoyeHnmuot 111A-
A. Ommemunu, umo yeenuueuue OagieHuss 00 0 Me2andackaieli NpuUOOUM K YEeIUYeHUr) U3HOCA 00pa3yos,
pabomarouwux npu 00HOU u mou dce cmasxe. Munumanvuwlil Kosgduyuenm mpenus npu oasienuu 3 u 6 mezanackanei
HaO0OAemes: Npu UCILIMAHUAX 8 Cpede KOMMAEKCHOU TUMUEBOU CMA3KU, MOOUPUUUPOBAHHOU HAHOPA3MEPHBIMU
anmazamu ¢ oononpoyenmuou [IIA-A, 6 KOMNAEKCHOU CYIbHOHAM-KATLYUEBOU CMA3Ke ¢ 00DABKAMU (MOPOnIAcma u
853K0CmMHOU npucadkou u oimol ksc wr-2. (Bvigoowvl) H3zHococmouxkocms nap mpeHus y8eauuueaemcs, a nepuoo
NpUPaAbOmKU  CHUNCAEMC NPU  UCTOAb308AHUU  KOMNIIEKCHbIX JUMUEBLIX U  CYIbQOHAM-KATbYUEBbIX CMA30K.
Maxkcumanvras uzHococmoikocms 06pasyo8 HabIIOAeMes NP UCNOIL308AHUU KOMNIIEKCHOU CYTbHOHAM-KATbYUeBOl
cMasku ¢ 0obaskamu pmoponracma u 8a3K0CMHOU NPUCAOKU U KOMNIEKCHOU CYTbOHAM-KAIbYUegou cmasku oimol
ksc wr-2. UnmencusHocms uU3HAUUBAHUS NAPbl MpeHus co cmazkou Jlumon-24 ¢ uemvipe-namov pas evluie, 4em ¢
npeoaaeaemMbimMu KOMNJIEKCHLIMU TUMESbIMU U CYTbHOHAM-KATbYUEBBIMU CMASKAMU.

Knrouesvie cnosa: usnoc, niacmuunas cMaska, mpeuue,  NpupaboOmKa, UHMEHCUBHOCHb USHAUUBAHUS,
HAHOpAa3MepHble Yacmuysl, mpubomexHuyecKue ceolcmasd.
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THE EFFECT OF GREASE WITH MODIFYING ADDITIVES ON THE TRIBOTECHNICAL
CHARACTERISTICS
OF THE STEEL-BRONZE SLIDING FRICTION PAIR
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Abstract. The influence of grease with modifying additives on the wear rate of the steel-bronze sliding friction pair
was considered. (Research purpose) The research purpose is increasing the wear resistance of the friction pair by
introducing modifying additives into the grease. (Materials and methods) Conducted tests on the friction machine
MMW-1A4. Samples were made-rollers made of bronze BrO5C5C5, a disk made of hardened steel 45 was used as a
counterweight. The mass wear of the samples was determined on analytical scales AS 60/220/C/2/N. Litol-24 was chosen
as the base grease. (Results and discussion) It was found that the minimum wear is shown by samples working in a
complex calcium sulfate lubricant with additives of fluoroplast with a viscous additive and oimol ksc wr-2. With an
increase in contact pressure to 6 megapascals, the maximum wear is observed in samples lubricated with a material
with one and a half percent nanoscale diamond-graphite charge, the minimum — with one percent SHA-A. It was noted
that an increase in pressure to 6 megapascals leads to an increase in wear of samples operating with the same lubricant.
The minimum coefficient of friction at pressures of 3 and 6 megapascals is observed during tests in the environment of
a complex lithium lubricant modified with nanoscale diamonds with one percent SHA-A, in a complex calcium sulfonate
lubricant with fluoroplast additives and a viscous additive and oimol ksc wr-2. (Conclusions) The wear resistance of
friction pairs increases, and the run-in period decreases when using complex lithium and calcium sulfonate lubricants.
The maximum wear resistance of the samples is observed when using a complex calcium sulfonate lubricant with
additives of fluoroplast and a viscous additive and a complex calcium sulfonate lubricant oimol ksc wr-2. The wear rate
of the friction pair with Litol-24 grease is four to five times higher than with the proposed complex lithium and calcium
sulfonate lubricants.

Keywords: wear, grease, friction, earning, wear rate, nano-sized particles, tribological properties.

For citation: Ivanov V.P., Dudan A.V., Vigerina T.V. Vliyanie plastichnoy smazki s modifitsiruyushchimi dobavkami na
tribotekhnicheskie kharakteristiki pary treniya skol’zheniya «stal’-bronzay» [The effect of grease with modifying additives on

the tribotechnical characteristics of the steel-bronze sliding friction pair]. Tekhnicheskiy servis mashin. 2023. Vol. 61.
N4(153). 103-108 (In Russian). DOI: 10.22314/2618-8287-2023-61-4-103-108. EDN: EXFFMF.

DOI 10.22314/2618-8287-2023-61-4-109-115 YIK 631.17
AJEKCAHAP UBAHOBHUY CEJIUBAHOB — OCHOBATEJIb TEOPUU CTAPEHUS MAILIMH

Bauecnae Heanosuu Yepnousanos, 00Kmop mexuHuueckux Hayx, npogeccop,
akademuk Poccuiickoit akademuu HayK, 21AGHBLI HAYYHBLI COMPYOHUK;
Banenmun Ilaenosuu jlanakun, 00kmop mexnuueckux Hayx, npogeccop,
2/1A6HbLIL HAYYHBLI COMPYOHUK, e-mail: valpal-1938@mail.ru

Deodepanvuvlii nayunvlil azpoundicenepnwiii yenmp BUM, Mockea, Poccuiickaa ®@edepayusn

K 115-nemuio Anexcanopa Heanosuua Cenusarnosa



Pegpepam. Axaoemux BACXHUJI Anexcandp Heanoeuy Cenusanog s61semcs OCHO8Amenem meopu CmapeHusl
Mawus. AHanu3 u usyueHue uccied08aHull MexHUKU 8 npoyecce ee nompeOienus U cmapeHusi npedcmasisiem cooou
akmyanvhyto 3a0ayy. (Lenv uccaedosanus) Uznoocums scuznenuwiii nymo A.M. Cenusanosa u 8binoaHums aHaiu3 e2o
HayuHou OesmenvHocmu. (Mamepuanvt u memoowvt) Paccmompenu onybauxosamnnvie mpyovl axademuxa A.H.
Cenusarnoga, nyonukayuy cO8PEMeHHUKOS, e20 Y4eHUKO8 U Kole2 no pabome, apxusHvle 00Kymenmul. (Pesynomamut u
obcyaicoenue) Hznoocunu noopobno sxcuznennwviii nymo axademurxa A.U. Ceausanosa om oKOHUAHUS CPeOHell UKObL,
noxyuenus obpaszoeanus, Havaia HayyHou oOeamenvhocmu 6 cmenax BUMa. Ommemunu, umo A.M. Cenusanog
npuHuMan ydacmue 8 Benuxoti omeuecmeenHoU 60lHE NOMOWHUKOM KOMAHOUPA OMOENbHOZO A8MOMPAKMOPHO20
bamanbona no mexHuueckou uacmu. Mmen 6oesvie Hazcpaovl. OyeHunu pe3yiomamsl €20 OesAMeNbHOCU 8
nociesoeHHble 2006l HO BOCCMAHOBNEHUIO USHOUEHHbIX MAWUH C pA3pabOmKol munogol mexHolo2uu pemMonma, 3d
xomopyio A.U. Cenusanos emecme co cgoumu compyoHuxamu 6ui1 y0ocmoen cmanunckou npemuu. Ilokazanu ponw
A.U. Cenusanosa 6 cozoanuu uncmumyma I OCHUTH. YVkazanu memot u damol 3auumsl KAHOUOAMCKOU U OOKIMOPCKOU
OJuccepmayui. Ocoboe GHUMAHUE YOeAUIU AHATU3Y padom U HOIYUEHHBIX Pe3yIbmamos Nno CO30aHUI0 CUCTeMbl
«Cenvxozmexuuxay. Ommemuau HayyHo-nedazo2uueckyro desmenvnocmes axademuxa A.H. Cenusanosa. (Bvigoowi)
AU Cenusanose cman OOHUM U3 KPYNHEUWUX AGMOPUMEMO8 6 00aacmu 00J208eYHOCU U PEeMOHMA
CeNbCKOX03AUCBEHHOU mexHuKU. MHozue e2o KHueu u cmamvu nepegedeHvl U uzdamvl 3a pybesicom. Bceeo um
onybnukosaro 6onee 200 newamnovlx pabom. 3a mpyoosvie 3aciyeu OH HAZPANCOeH OPOeHOM «3HAK nouemay, 08yMms
opoenamu Tpyooeozo Kpacnozo 3namenu, mHozumu medanamu. Bnedpenvl 6 X03581UCMBEHHYI0 NPAKMUKY I PeKxmusHble
npoyeccvl 0CCMAHOBIEHUSL USHOWEHHBIX Oemaiell, OYUCMKU Ux Om 3azpsa3HeHuti neped degexmayuell u cOOpPKol,
MemoOvl U Cpedcmea OUASHOCHUPOBAHUS], TNEXHUYECKO20 OOCIYHCUBAHUS U XPAHEHUSL MAUUUH.

Knroueesvle cnosa: pemonm, munogas mexHono2usi peMOHMA, CMapeHue MAauut, 80CCHMAHOBNIeHUe, MEeXHUYECKoe
obcaydcueanue, OUACHOCMUKA.
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ALEKSANDR [. SELIVANOV — FOUNDER OF THE AGING THEORY OF MACHINES
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Valentin P. Lyalyakin, Dr.Sc.(Eng.), professor, chief specialist

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation
to the 105th anniversary of Aleksandr I. Selivanov

Abstract. Academician of VASKhNIL Alexander Ivanovich Selivanov is the founder of the theory of aging of machines.
The analysis and study of technology research in the process of its consumption and aging is an urgent task. (Research
purpose) The research purpose is outlining the life path of A.l. Selivanov and analyzing his scientific activities.
(Materials and methods) Reviewed the published works of academician A.1. Selivanov, publications of contemporaries,
his students and colleagues, archival documents. (Results and discussion) They described in detail the life path of
Academician A.I. Selivanova from high school graduation, education, and the beginning of scientific activity within the
walls of VIM. It was noted that A.I. Selivanov took part in the Great Patriotic War as an assistant commander of a
separate tractor battalion in the technical part. He had military awards. We evaluated the results of his activities in the
post-war years to restore worn-out cars with the development of standard repair technology, for this work, A.L
Selivanov, together with his staff, was awarded the Stalin Prize. The role of A.I. Selivanov in the creation of the Institute
of State University was shown. They indicated the topics and dates of the defense of the candidate’s and doctoral
dissertations. Special attention was paid to the analysis of the work and the results obtained on the creation of the
«Agricultural Machinery» system. They noted the scientific and pedagogical activity of academician A.l. Selivanov.
(Conclusions) A.l. Selivanov became one of the largest authorities in the field of durability and repair of agricultural
machinery. Many of his books and articles have been translated and published abroad. In total, he has published more
than 200 printed works. For his labor merits, he was awarded the Order of the Badge of Honor, two Orders of the Red
Banner of Labor, and many medals. Effective processes of restoration of worn parts, cleaning them from contamination
before defecation and assembly, methods and means of diagnostics, maintenance and storage of machines have been
introduced into economic practice.

Keywords: repair, standard repair technology, aging of machines, restoration, maintenance, diagnostics.
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Pegpepam. Paccmompenu 6onpocwl opeanusayuu u QyHKYUOHUPOBAHUS UHMESPAYUOHHBIX CHIPYKIYD CUCMeMbl «HAYKA—
00pA308aHUE—NPOU3B00CMEOY 8 UCMOPULECKOM nepuode, oxeambigaroujem 1920-2023 200vl npeobpazoeanus cmpansvl om
OOUHOYCIPUATLHO20 K COBPEMEHHOMY  B6bICOKOMEXHOIOSUYHOMY U 8blCOKOI(pexmusnomy ycmpoiicmey. (Llenw
uccnedosanus) I[lpociedums 6 ucmopuueckol pempocnekmuse Kax IKOHOMuyeckue, NOTUMmudecKue u Coyuaibtble YCioeus
GNUAIOM HA UHMESPAYUOHHBIE NPOYECChl CUCMEMbl HAYKU, 00paA308anus, nNpou3eo0Ccmsed, OCHOBHOU QyHKyueli Komopou
AGNACTNCA NPOYECC GHEOPEHUS HAYUHBIX SHANHUL, HOBbIX MexHon02ul 1 komnemenyuti. (Mamepuanvl u memoowt) Onpedenuni,
YUMo CUCMEMHBIL NOOX00 HO360AUL BbLOETUMb 0CODEHHOCTNU UCCAEOYeMO20 NPeOMema — UHmezpayuu Hayki, 00pazoeanusl,
NPOU3600CMEA, BbISGUMb CEA3U MeNCOY INeMEHMAMU CUCTNEMbL, NPOCAeOUMb A0ANMAYul0 CUCEMbl K 8030€UCMBUI0
BHEWHUX U GHYMPEeHHUX ¢hakmopos. Hcmopuueckuti noo0xo0 HO360UL  YCMAHOBUMb  0A308ble  NPEONOCHLIKU,
cnocobcmayowue Ha4any UHMezPAYUOHHbIX HPOYECCO8 BHYMPU CUCTHEMbL, 8bIOETUMb NO3UMUBHBIL U He2AMUBHbIL ONbIM.
(Pe3ynomamot u obcyscoenue) pusenu npumepsl unmespayuu a2pOUHICEHEPHOU Chepbl AePORPOMbBIULTIEHHO20 KOMNIEKCA
Ha ocHoge onvima peauona FO0xcrnozo Ypana. Oceemunu pabomy HaAYUHBIX UKOI KAK OCHOBbL CUMOUO3A HAYKU, 00pA308aHU,
npouszeoocmaa. Ilokasanu Kiouegvle 001acmu MeCHO20 HAYYHO-NPOU3BOOCMBEHHO20 83AUMOOEUCMBUA U UX Pe3YbIamal.
TIposenu codeporcamenbHO- UHPOPMAYUOHHDIIL AHATU3 CUCTEMbL (HAYKA—00PA308aAHUE—NPOU3E00CE0», KOMOPbIIL HOKA3A,
YUMo CUCMeMO00PA3yIoWUM aAKMOPOM OPeaHU3AYUU CIPYKIMYD UHMe2PAyul Cmaid cucmema o0ue2ocy0apcmeeHH020
naanupoganuss 6 CCCP. Hnuyuamopamu co30anus unmezpayuonHou cucmemvl Oviiu eedyujue yuenvie BACXHUII,
Akademuu HAyK, HAYYHO-UCCIEO0BAMENLCKUX UHCMUMYNOS, 6bICUUX VueOHbIX 3asedenutl. [lepevie pesyrbmamol
unmezpayul HAyKi, oopazoeanus, npPouzsoocmsa nposeunucy ¢ nepuod 1950-1960-x 20006. (Bvieoowr) Hcmopuueckuii
aHanusz OnbIMA 63AUMOOCUCMEUs UHMESPAYUOHHbIX CIMPYKMYP 8 a2POUHIICEHepHOU cghepe No3601un 6Hecmu pso
nPeonoAHceHUtl, KOMopble O0IHCHLL ObIMb NPUHAIBL 80 BHUMAHUE 8 NPOYECce PeUHMezPAyUU 8 COBPEMEHHBIX YCI08USX HAYKU,
o6paszosanus u npouzsodcmea. UnnosayuonHoe pazeumiie azponpomMvluIeHH020 KOMIIEKCA 80 MHO20M 3A8UCUTI OM YPOGHS
npogeccuonanbHozo 0bpazoeanus. Beicokoxsaruguyuposarntvle cneyuanucmsl CyHcam OBUNCYWUM UHMETTIEKINY ATbHbLM
38eHOM, KOMOpoe obecheyusaem mexHuyeckutl npoepecc 6 nodoom obwecmee. [Ipouzsoocmeo Kax 0CHO8A IKOHOMUKU
00IIICHO  MAKCUMATLHO — UCHONB308AMb  NOCLeOHUe OOCMUNCEHUSI HAYKU, NPUBLEKAMb  8blCOKONPODECCUOHANLHBIX
cneyuanucmos. Heobxooumo cosoanue mexanusmog 008edeHUs HAYUHBIX pa3pabomox 00 6bINYCKA NPOMbIULIEHHbIX
00pa3y08 U KOHEUHOU NPOOYKYULL.

Kniouesvle cnosa: cucmema «Hayka—oOpazo8anue—npousgo0Ccmeoy,  UHmMe2payus, acponpoMbluLIeHHblll KOMNIEKC,
ACPOUHIICEHEPUS, HAYUHO-MEXHUYECKUL npoepecc, yu@posas niampopma.
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Abstract. The issues of organization and functioning of the integration structures of the «science, education,
productiony system in the historical period covering the 1920-2023 years of the country’s transformation from a pre-
industrial society to a modern highly efficient system were considered. (Research purpose) To trace in historical
retrospect how economic, political and social conditions influence the integration processes of the system of science,
education, production, the main function of which is the process of introducing scientific knowledge, new technologies
and competencies. (Materials and methods) Established that the system approach made it possible to identify the
connections between the elements of the system, to trace the adaptation of the system to the effects of external and
internal factors. The historical approach made it possible to establish the basic prerequisites that facilitate the
beginning of integration processes within the system, highlight positive and negative experiences. (Results and
discussion) They gave examples of integration of the agricultural engineering sphere of the agro-industrial complex
based on the experience of the Southern Urals region. They covered the work of scientific schools as the basis for the
symbiosis of science, education, and production. They showed the key areas of close scientific and industrial
cooperation and their results. The analysis of the integration system «science—education—productiony was carried out,
which showed that the system-forming factor in the organization of integration structures was the system of national
planning in the USSR. It was determined that the initiators of the creation of the integration system were leading
scientists of the VASKHNIL, Academy of Sciences, research institutes, and higher educational institutions. It was noted
that the actual integration of science, education, and production took place in the period of the 1950s and 1960s.
(Conclusions) The review of the experience of interaction of integration structures in the agroengineering sphere made
it possible to make a number of proposals that should be taken into account in the process of reintegration in modern
conditions of science, education and production. The innovative development of the agro-industrial complex largely
depends on the level of professional education. Highly qualified specialists serve as the driving intellectual link that
ensures technological progress in any society. Historical analysis has shown that highly qualified specialists serve as a
driving intellectual link that ensures the growth of technological progress in any society. Production as the basis of the
economy should make maximum use of the latest achievements of science and attract highly qualified specialists. It is
necessary to create mechanisms for bringing scientific developments to the release of industrial designs and final
products.
Keywords: science—education—production system, integration, agroindustrial complex, agroengineering, scientific
and technological progress, digital platform.
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Peghepam. Xumuzayus cenvbCcko2o X03a1cmea CiynHcum HeobXo00UMbiM YCI08UeM UHMEeHCUDUKayuy npoussoocmaed,
HeCMOMPs HA ONUMENbHYIO UCTIOPUIO PA3GUIMUST ASPOXUMUYECKUX 3HAMUL, 8 Hauwiell cmpane ell NPUuIoch Npoumu
ONUMenbHuLIL NYyMb NPUSHAHUS CPeOU NPAKIMUKO8 U 8 HAYUHOM coobujecmae. Opeanu308aHHble YCUNUS NO CUCTHEMHOMY
NPUMEHEHUIO PA3HO0OPA3HOU XUMUYECKOU NPOOYKYUU No psA0y NPUYUH HA4aiuch moivko 8 XX 6., 00 mozo ocmasasicy
denom sumysuacmos. C meyeHuem epemeHu MeHsI0Ch U CamMo NOHUMAHUE XUMUAYUY KAK HANPAGNEeHUs. U NPUHYUNA
pazeumusi ceabckozo xosaiicmea. (Llenv uccnedosanus) I[lpoananusuposame pazeumue NOHAMUSL «XUMUZAYUSL



CenbeKo20 X035UCMEay 6 KOHmeKcme ucmopuu Hayku u mexuuxy. (Mamepuanvt u memoowt) H3yuunu monozpaguu,
HOPMAMUBHO-NPABOBbIE AKMbL, COOPAHUS COYUHEHUI BbIOAIOWUXCA YUEHbIX C UCNONb308AHUEM XPOHOIOSUYECKO2O,
2eHemu4ecko2o u ouoepaguyeckoco memooos. (Pesynomamul u obcyscoenue) I[lokazanu, ymo Xumuzayus ceabCKo2o
xossicmea Poccuu k momenmy nosignenusi OGHHO20 NOHAMUA Oblla OA6HO Haspesuiell NOmpedHOCMbIO, 00OHAKO 6
00peBONIIOYUOHHDBIL NEPUOO He NOTYYUNA NOTHOYEHHOU NO00EPICKU U HOCUNA OUCKYCCUOHHbLU Xapakmep. Ommemuu,
YUMo XUMU3AYUA CENbCKO20 XO3AUCMBA COOMBEMCMBOBANA UHMEPECAM CO8ENCKOl 81acmu, 61a200aps uemy npuobpena
cmamyc obwezocyoapcmeennoi kamnanuy. Co 6peMeHeM OHA NEPepoCia U3 JO3YHeAd 6 YCOAGUIUUCS HAYUHbIL
npunyun. (Bvieoowl) 3a cmonemue 6 nayunom obopome noHsmue «XUMUIAYUS CENLCKO20 XO3AUCMEA» USMEHSILOCH (C
He3HAYUMeNbHbIMU 8APUAYUAMY) 68 HANPAGIEHUU OM NPOCHIOZ0 UCHONb308AHUS OCPAHUYEHHO20 ACCOPMUMEHMA K
KOMNNIEKCHOU cucmeme, codemaroujeli WUPOKUll CHeKmp dacpoXUMUKAMO8 ¢ MAWUHHBIMU MEXHON0UAMU UX
npumenenus. V3meHeHuss cMbICIA NOHAMUS OMPAdXCArOm 380M0YUI0 632151006 6 ASPAPHOU HAYKe U NpaKkmuke,
COYUANbHYIO  KOHBIOHKMYPY, COCMOAHUE UHGPACMPYKMYPbL U  OOCMUSHYMbIL YPOBEHb HAYUHO-MEXHUUECKO20
NOMEHYUANa cmpansl U ee azponpoMblULIeHHO20 KOMNIEKCA.

Knrouesvie cnosa: xumuzayusi cerbcko20 XO3AUCMEA, AZPOXUMUSL, XUMUYECKASI NPOMBIULEHHOCHb, MUHEPAIbHbIE
y00bpenus, neCmuyudbl, UCMOPUS MEXHUKU U MEeXHOL02UU.
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Abstract. The chemicalization of agriculture is a necessary condition for the intensification of production, despite the
long history of the development of agrochemical knowledge, in our country it had to go through a long path of
recognition among practitioners and in the scientific community. Organized efforts for the systematic use of a variety
of chemical products for a number of reasons began only in the XX century, before that it remained the work of
enthusiasts. Over time, the very understanding of chemicalization as a direction and principle of agricultural
development has changed. (Research purpose) The research purpose is analyzing the development of the concept of
«chemicalization of agriculture» in the context of the history of science and technology. (Materials and methods)
Studied monographs, regulatory legal acts, collected works of outstanding scientists using chronological, genetic and
biographical methods. (Results and discussion) It was shown that the chemicalization of agriculture in Russia by the
time this concept appeared was a long-overdue need, but in the pre-revolutionary period it did not receive full support
and was of a debatable nature. It was noted that the chemicalization of agriculture corresponded to the interests of the
Soviet government, thanks to which it acquired the status of a nationwide campaign. Over time, it has grown from a
slogan into an established scientific principle. (Conclusions) Over the century in scientific circulation, the concept of
«chemicalization of agriculture» has changed (with minor variations) in the direction from the simple use of a limited
assortment to an integrated system combining a wide range of agrochemicals with machine technologies of their
application. Changes in the meaning of the concept reflect the evolution of views in agricultural science and practice,
the social situation, the state of infrastructure and the achieved level of scientific and technical potential of the country
and its agro-industrial complex.

Keywords: chemistry of agriculture, agrochemistry, chemical industry, mineral fertilizers, pesticides, history of
technology and technology.
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