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Pegpepam. [Ipeocmasunu pezynvmamol AHAIU3A YCAOSULL U (PAKMOPOE POPMUPOBANLUSL YAPAGIEHUECKUX PEUEHUT NPU
opeaHu3ayuyu MexXHU4ecKko20 cepeuca cenvckoxozsiicmeennot mexuuxu. (Llenv uccredosanus) Paspabomamuy
MEMOOUKY OYEHKU BHEUWIHUX U BHYMPEHHUX (aKmopos ocywecmenenus mexHuyecko2o cepsuca Ha ochose SWOT-
aHanu3a QYHKYUOHUPOBaHuUs pemonmuozo npeonpusmus. (Mamepuanvt u memoowst) Paccmompenu sapuanmor SWOT-
AHAIU3a 0N OYEHKU CUTLHLIX U CNIAObIX CIMOPOH NPeOnpusmusl MexHU4yecko20 Cepeucd, d maxice 803MONCHOCU U
Y2po3bl, UCX00sWUe Om e20 baudICatie20 OKpydceHus (enewneti cpeowt). (Pesynsmamot u 0bcyacoernue) Onpedenunu,
YMO Opeanu3ayUs MEeXHUYeCcKo20 Cepeucd, OCHOBAHHAs Ha 3Hanuu pesyromamos SWOT-ananusa oesmenvHocmu
PEMOHMHO20 NPEeOnpUsmuUs, MOJCem CYWEeCMBEHHO NOGIUAMb HA CHENneHb IKOHOMUYECKO20 O1a20nonydust
uzeomosumenel MauwuH U Ha YpOBeHb HAOEICHOCMU U pecypcocOepedicerusi 8 cghepe ux UCNOIb308AHUsL, 6 MOM HUCTe
3a cuem COKpawjeHus 6PeMeHU 6bINOIHEHUs. pabom u nepeuns mexuonosuyeckux onepayuti. Ommemunuy, 4mo
NO3UMUBHOE PA3BUMUe MEXHUYeCKO20 CEPBUCd 6 AcPOnpOMbBIULIEHHOM KOMNIEKce ONpedensitonm OmCaedcusanue u
KOHMPOb NPOYECco8, NPOUCXOOSWUX HA GHYMPEHHUX U GHEWHUX MPAEKMOPUIX OessmenbHOCMU PEMOHMHO20
npeonpusmusi. Boicmpounu KOHYenyuro u Cmpamezuro pasgumusi CUCHEMbl MEXHUYECKO20 CEPeUcd 6 peanrbHOM
epemenlU PYHKYUOHUPOBAHUS CEPBUCHO20 NPEONPUSIMUSL C YUEMOM YCIAHOGNEHUST 803HUKAIOWUX MeHcOy pakmopamu
ceasei. (Bwisoowr) Ilpumenenue SWOT-ananuza uHdiCEHEPHBIX peuwleHull MexXHUUecKo20 Cepeuca no3eoasiem
onpeodenums CUlbHble U CLAbbLe CHOPOHBL PEMOHMHO20 NPEONPUSIMUSL, 4 MAKIHCE B03MONCHOCTU U Y2PO3bl CO CMOPOHDBL
sHeuinell okpyscaiowel cpedol. Konuwecmeennas u kawecmeenHas oyenka COCMOSIHUSL NPOUIBOOCMBA C NOMOUBIO
aKcnepmos, pabomaiowux 6 umdiceneprou cpepe AIIK u xopowio pazbuparowuxcsi 8 60npocax opeanu3ayuu u
MEXHONI02UU MEXHUYECKO20 CEPEUCA, ROMO2aen HAIMU HYMPEHHUE Pe3ePEbl Peanu3ayuu UMeIouUxcs 603MONCHOCTEl
U NPOMUBOCMOAMb YePO3AM, A MAKINHCE CYHCUD OAZUCHBIM INEMEHMOM NpU pa3pabomKe Cmpame2uiecKux yeneu u
3a0a4 Op2anU3AYUU MEXHUYECKO20 CEPBUCA MAUIUH.
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Abstract. The article presents the analysis of factors of management decisions in the organization of technical service
of agricultural machinery. (Research purpose) The research purpose is developing a methodology for assessing external
and internal factors of technical service implementation based on a SWOT analysis of a repair company. (Materials and
methods) The article describes options for SWOT analysis to assess the strengths and weaknesses of a technical service
enterprise, as well as opportunities and threats emanating from its environment. (Results and discussion) The
organization of technical service on the results of SWOT analysis of the company activities can significantly improve the
economic well-being of machine manufacturers and the reliability and resource preservation, including by reducing the
work time and the list of technological operations. Development of technical service in the agro-industrial complex is
determined by the monitoring and control of processes in the internal and external activities of the repair enterprise. The
article presents a concept and strategy for the development of a real-time technical service system for the functioning of
a service enterprise, taking into account the relationships between factors. (Conclusions) The use of SWOT analysis of
engineering solutions allows you to determine the strengths and weaknesses of the repair company, as well as
opportunities and threats from the environment. Quantitative and qualitative assessment of production with the use of



experts working in the engineering field of agriculture and well informed in the organization and technology of technical
service, allows you to find reserves for the implementation of existing opportunities and to counter threats, as well as
serve as a basis in the strategic goals of technical service of machines.

Keywords: technical service, management, environment, strategy, threats, activity, development.

For citation: Burayeva G.M. Otsenka vneshnikh i vnutrennikh faktorov organizatsii tekhnicheskogo servisa mashin v
APK [External and internal organization of technical service in the agro-industrial complex]. Tekhnicheskiy servis mashin.
2022. Vol. 60. N4(149). 13-20 (In Russian). DOI 10.22314/2618-8287-2022-60-4-13-20. RUZTYE

DOI 10.22314/2618-8287-2022-60-4-21-28 YK 631.153:006.057

CTAHJIAPT IO YTUWIN3ALIUA TPAKTOPOB

Bepa Anexcanoposna Kazakoea, mnaouwiuii HayuHvlil COMpyOHUK;
Banepuii Cepzeesuu I'epacumos, eedyuiuii cneyuanucm,

e-mail: lab-stand@mail.ru

Deodepanvuvlii HAYUHBLL AZpoundceneprbviil yenmp BUM,
Mockea, Poccuiickaa @eodepayusn

Pegpepam. B mnacmosawee 6pems 6 acpONpPOMbIUIEHHOM Komnaekce Poccuu 6o3nuuxia HeobXo0umocms
AKMyanu3suposamsv nepeyenb HOPMAMUGHBIX OOKYMEHMO8, HeoOX0OUMbIX Npu cepmuurayuu U mexHuuecKkom
00CYIHCUBAHUU CENTbCKOXO3SAUCMBEHHOU MEXHUKU, HAXOOSWEUCs 8 IKCHAYAMAYUY, SKIIOUAS YMUTUZAYUIO 6bI6E0EHHOU
u3 9Kcnayamayuu ceabckoxossaticmeennou mexnuku. Paspabomxa I'OCT «Tpaxkmopbl cenbCKOX035UCMEeHHbIE U
necoxossticmeennvie. Ymunuzayus. Ilopaook nposedenus. Texuuueckue yCro8us» CmMana akmyaibHou, Max Kax
omcymcemeyem eOuHAsk HOPMAMUBHAs 3aKono0amenvHas 6aza é ooracmu ymunuzayuu mexruxu (Lleav uccneoosanus)
H3nooicumsb 0CHOBHbIE NONOJCEHUSL CMAHOAPA NO VIMUAUZAYUU TMPAKMOPO8 U NPOAHATUIUPOBAMb NPEOLONCEHUS.
eocyoapcme — uieHos Meoiceocydapcmeennozo cogema no CMAHOAPMU3AYUY, MEMmporocuu U cepmupurayuu
Coopyacecmsa Hezasucumvix [ocyoapcms. (Mamepuanvt u memoost) Hcnonv3oeanu memooonocuro papadbomku
CMAHOAPMO8  MedNC20CyOapCmeeHno2o yposHs. Ommemunu, wmo cneyuguka OaHHOU pabomvl cocmoum 6
NPOX0dHCOeHUU NYOIUYHO2O 0OCYIHCOEHUS U IKCNEpmuU3e NPoeKma Cmanoapma Cneyuarucmamit UHICEHEePHOU CLyIcObl
U 3QUHMEPECOBAHHLIMU OpeaHusayusmu u npeonpusmusmu Poccutickou @edepayuu u 2ocyoapcme — UieHO8
Meczocyoapecmeennoeo cosema no cmandapmuszayuu, memponozuu u cepmugpurxayuu Coopyscecmea Hezasucumvix
Tocyoapcmes, a makoice 8 OemanbHOM aHanuze NOJYYEHHbIX Om3vbleos. (Pezyiemamuvl u obcyscoenue) Uzyuunu
PpeKomeHOayuu U NOJYHeHHble NPEONONCEHUS 3AUHMEPEeCOBAHHBIX OP2aAHU3AYUL,; NOO20MOSUTU NPOEKN CMAaHOapmd,
COOMBEMCMEYIOWULL YCILOBUIM COBPEMEHHO20 COCMOSHUS MAUUHHO-MPAKMOPHO20 NAPKA U UHIICEHEPHOU CLyHCObl
A2PONPOMBIULIEHHO20 KOMNIIEKCA U HANPAGUIU HA 2010Co8anue U npuuamue 6 Poccmanoapm. (Bvisoowl) Buedpernue
COBPEMEHH020 CMAHOAPMA NO YMUIUZAYUU MPAKMOPO8 AKMYAIUUPYyem HnepedeHb HOPMAMUSHBIX OOKYMEHMOs,
He0OX00UMBIX NpU YMUIUIAYUU MPAKMOPO8, Oyoem CnocobCmeosams mexXHUYeCKoOMy Npocpeccy OmeyecmeeHHO20
AZDONPOMBIUNEHHO20 KOMNLEKCA, NOBLIUEHUIO VPOBHS OOHOGNEHUS MPAKMOPHO20 NAPKA 6 aCPONPOMbBIULIEHHOM
KOMNeKce, CmadbuibHOMY HOIYYEHUIO GMOPULHBIX PEeCYPCO8 8 8Ude 200HbIX, BOCCAHOGIEHHbIX demaell, Memaila
(uepHblll, YsemHol), NOIUMEPOS, pe3unbl, cmekid. Peanuzayus mpeboeanuii cmanoapma no3604um KoppeKmHo
BHICMPAUBATL NPOYECCHL YIMUIUZAYUU, NOBBICUMb IKOHOMUUHOCb PADOMbL MAUUHHO-MPAKMOPHO20 NAPKA.

Knrouesvie cnosa: mpakmopvl CelbCKOXO3AUCMBEHHble U JIeCOXO3SUCMEeHHble, VIMUIU3AYUS, CMAHOApm,
mexHonocuueckue — mpeboganus,  omxoovl,  pecypc,  Oepexmayus, — CREYUATUIUPOBAHHbBIE — NPEONPUSIMUSL,
CREeYUATU3UPOBAHHbIL YeX (VUACMOK), PeYuKIuposanue.

Joas nuruposanusi: Kazakosa B.A., I'epacumor B.C. CtangapT mo ytwimsamuu TpakTopoB // TexHudeckuil cepBuc
mammuH. 2022. T. 60. N4(149). C. 21- 28. DOI 10.22314/2618-8287-2022-60-4-21-28. SHHBSN.
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Abstract. In the agro-industrial complex of Russia there is a need to update the list of standard documents for
certification and maintenance of agricultural machinery, including the disposal of decommissioned agricultural
machinery. Development of GOST "Agricultural and forestry tractors. Disposal. The procedure. Technical conditions”
has become relevant, since there is no unified legal framework in the field of equipment recycling (Research purpose)
The research purpose is define the main directions of the standard for tractor recycling and analyze the proposals of
the member states of the Interstate Council for Standardization, Metrology and Certification of the Commonwealth of
Independent States. (Materials and methods) The methodology of developing standards at the interstate level was used.
The specifics of this work consists in a public discussion of the draft standard by specialists of the engineering service
and interested organizations and enterprises of the Russian Federation and members of the Interstate Council for
Standardization, Metrology and Certification of the Commonwealth of Independent States, as well as in a detailed
analysis of the feedback received. (Results and discussion) The recommendations and proposals received from
interested organizations were carefully studied. Authors have prepared a draft standard that meets the conditions of the
current state of the machine and tractor fleet and the engineering service of the agro-industrial complex and sent it for
voting and adoption to Rosstandart. (Conclusions) The introduction of a modern standard for the disposal of tractors
updates the list of regulatory documents required for the disposal of tractors, contributes to the technical progress of
the domestic agro-industrial complex, increases the renewal speed of the tractor fleet in the agro-industrial complex,
provides secondary resources in the form of usable, restored parts, metal (black, non-ferrous), polymers, rubber, glass.
The implementation of the requirements of the standard will allow you to correctly build recycling processes and
increase the efficiency of the machine and tractor fleet.

Keywords: agricultural and forestry tractors, recycling, standard, process requirements, waste, resource, fault
detection, specialized enterprises, specialized workshop (site), recycling.
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Pecpepam. B oannoui cmamve asmopul paccmompenu npoyecc Ymuau3ayuu cenbCKOX03AUCMEeHHOU MeXHUKU KaK
3a6epuiarowutl man HCUSHEHH020 Yyukia mawiur. Ompasuny 60npoc OmeemcmeeHHOCIU NPoU3EoOUmenel MmexHuKu 3a
Ymuauzayuio nocie 8uleo0a ee U3 IKCHIYamayui, a makxdice KOHOMUdeckoe obecneueHnue npoeeoeHus YMmuiusayuu
6bl6e0eH Ol U3 sKenayamayuu mexuuku. (Llenv uccneoosanus) Hzyuume 6onpoc gpopmuposanus cucmemul ymunu3ayuu
mexHuku 6 Poccuu u 3a pybesicom, paccmompems 3a0aqu no cO8epUIEHCINEOBAHUI0 MO CUCEMbL U ee IPPeKmUeHOCmu.
(Mamepuansr u memoow) Ommemuny, Ymo YMuIU3ayus Mamepuano- u HayKOemKol MexHUKY CIYHCUM 3A6ePULAIOUUM
IMANOM ee IHCUZHEHHO20 YUKIA, KOMOPOMY 8 YUPKYIAPHOU IKOHOMUKE OMEOOUmcs eadxcroe mecmo. Ilokazanu, umo 6
Poccuu umeromes 3axonooamenvuas u 9KoHoMu4eckas 6azel U meopemuieckoe 0OOCHO8AHUE, NO3BONAIOUWUE CO30ANb
pecypcocbepezarouyio  IK0I0200PUESHMUPOBAHHYIO  CUCEMY  YMUTUSAYUU — CENbCKOXO3AUCNBEHHOU —MEXHUKU —Ha
gedepanvnom u pezuonanvrom yposusx. (Pezyromamuvr u obcyscoenue) Onpedenunu, umo ompaciesdas cucmema
VIMUIU3AYUY GbIGEOEHHOU U3 IKCHIYAMAYUY CENbCKOXO3ANUCMBEHHOU MEXHUKU NOCIe NPe00ONeHUS UMEIOWUXCA Oapbepog
NO38OMUM pewums pad 3a0ay, adjichetiuue u3 KOMopuix — pecypcocOepedcenue U IKoa02udeckas 6e30nacHOCb.
Cneyuanucmor @PHAL BUM paszpabomanu eapuanm 00poicHOU Kapmul NO CO30AHUIO OMPACIEBOU CUCEMbl YMUTUIAYUU
6b18COCHHOI U3 IKCHIYAMAYUU MEXHUKU HA PESUOHATLHOM YPOBHE U ONPeOeuiy OPUSHMUPOBOUHBIL 00beM UHBECUYULL
ons ee peanuzayuu. (Bvligoodwl) B pezynbmame npogedeHHbIX UCCIeO08AHUIL U PACUEMO8 YCMAHOBUAU, YO 05l CO30AHUA
ahexmusHoll poccutickoli cucmemuvl YIMUIU3ayuL CelbCKOX03aUCMBEHHOU MEXHUKU NOMPeOyemcsi OKOIO Yemblpex-namu



Jlem, 3amsieuanue MUX CPOKO8 3HAUUMENbHO YXYOUUM IKOHOMUKY U IKOIOUID A2PONPOMBIUICHHO20 KOMNIEKCA
Poccuu.

Knrouesvle cnosa: cenvcxkoxossiicmeennas mexuuxa, cucmema ymunuzayuu, SWOT-ananus, pemonmuoie
npeonpusmus, y4acmox Ymuiu3ayuu, 200Hble 0emaiu, IKOHOMUYecKull d¢hgexm.

Jas umtuposanus: Kartaes 10.B., I'epacumos B.C., Tumanunos U.A., MopaacoBa M.C. Co3nanue B AIIK Poccun
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Abstract. The article describes the process of recycling agricultural machinery as the final stage of its life cycle. The

issue of responsibility of equipment manufacturers for disposal, as well as economic support for the disposal of

decommissioned equipment were described. (Research purpose) The research purpose is studying the recycling system of

equipment in Russia and abroad, considering the tasks for improving this system and its effectiveness. (Materials and

methods) The utilization of material and science-intensive equipment serves as the final stage of its life cycle, which is

important in the circular economy. Russia has legislative and economic bases and theoretical justification that allow

creating a resource-saving, environmentally oriented system for the disposal of agricultural machinery at the federal and

regional levels. (Results and discussion) The sectoral system of disposal of agricultural machinery after overcoming the

existing barriers will solve a number of tasks, the most important of which are resource preservation and environmental

safety. Specialists of FNAC VIM have developed a roadmap for the creation of an industry system for the disposal of

decommissioned equipment at the regional level and have determined the amount of investment for its implementation.

(Conclusions) According to the result of the conducted research and calculations, it will take 4 to 5 years to create an

effective Russian system for the disposal of agricultural machinery, delaying these terms will significantly worsen the
economy and ecology of the agro-industrial complex of Russia.

Keywords: agricultural machinery, recycling system, SWOT-analysis, repair enterprises, recycling site, suitable

parts, economiic effect.
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Pegpepam. Hccnedosanue u  paspabomka OmMeueCmBeHHbIX, UCKYCCMBEHHbIX, NPODUIAKMUYECKUX U  PEMOHMHO-
B0CCMAHOBUMENbHBIX mMpubonpenapamos npeocmasisiem cobot akmyanvhylo 3adauy. (Llenv uccreoosanus) Oyenumo
NEPCHeKmuabl NPUMeHeHUs: beMuma 8 Kavecmee NpoQUIAKMULECKOU 1 PEMOHMHO-80CCIMAN08UmMenbHOl 0obasku (Mamepuanu
u memoovt) Hcnorv3o6anu HAHOCMPYKMYPHBIL OeMum, NOLYYEHHbL 2UOPOMEPMATbHOIM CUHME30M U3 NPOMBIULIEHHbIX
nopowikos amomunus. Pacmuparu bemum ¢ noBepXHOCHHO-AKMUBHVLIM 8EWECMBOM U  00pabAmMvleany CyCHeH3U
yaompassykom. Iposoounu npupabomxky ouzens [{-243 na obkamouno-mopmosnom cmenoe KU-3540-FOCHUTH u pedyxmope
MobunbHOU OYpoBoll yemanosku. Buinoananu mpubomexnuyeckue ucciedo8anus Ha mawune mpenus mooeau 2070 CMT-IM u
HA MOOepHU3Uposannoll mawune mpenus mooenu 77MT-1M. (Pesynomamul u 06cyxcoenue) Yemarnosunu, umo npupabomounoe
Macno ¢ 006asKoll bemuma ymeHvuiaem epemsi ROAHOU NPUPadOMKY YUTUHOPO-NOPUIHEBOL 2PYRNbL QU3ELs U NPUPAOOMOUHbLIL
usnoc. J{na Oemanei pedykmopa yuuiue pe3yibmanmvl NOKa3aia KOMAO3UYUSL, COOEPIHCAast OU3ETbHOE OMPadbomantHoe Macio,
KAONUH, MATbK, beMum u No8epXHOCMHO-aKmueHvle seuecmea. Ipeononoscuny, umo 3@ pexmusHocms 0OKAMKu 3a8UCUmM He
MOTLKO OM (PUBUKO-XUMUUECKUX CBOUCTE KOMNOHEHMO8 000ABKY, HO U OM COOMHOUEHUs PA3Mepa YaChmuYy KOMROHEHMO8 U
WePOX08amoCcmu NOBEPXHOCY npumupaemvix demaneil. Tpubomexuuyeckue UcCie008anUst NOKA3AU, YMO 88edenue bemuma
8 MACIA yMeHbluaem Kodhguyuenm mpenus, 3amednsem cKOpoCmy USHAUUBAHUS PECYPCHBIX CONPANCEHUT NPU IKCATYAmMayuu.
Paspabomanu cxemy, noscusiouyio yseauuenue pecypca 3a cuem cOKpaujeHus epemenu 00Kamxu i CKOpOCmuy UsHAUWUBAHUSL.
Ilo mHozum GhusuKo-xumuyeckum ceolucmeam (OUCHEPCHOCHb, MeMnepamypa de2udpamayuy, meepoocmy, CHOCOOHOCHIb
00pazosvieamv XuMUYeckue COeOUHeHus U meepovle PACMBOPbl ¢ OKCUOAMU dicele3d, Kamanumuueckue ceoticmea) bemum
nO00OEH CepneHmuHy, Ymo no36oJsAem CUumanib e20 NePCneKmusHbIM U 05l PEMOHMHO-80CCIMAHOBUMETbHO20 NPUMEHEHUS.
(Bvisoowl) Hanocmpykmypuolii  Oemum — 2uOPOMEPMAIbHO20  CUHME3d  CIYdHCUm  3PQeKmugHot  npupabomouHol u
npogunaxmuyeckou 006aeKoll, NePCReKMUsHOL U 8 Kauecmee PEMOHNMHO-80CCHAHOBUMETbHOU.

Knrouesvle cnosa: mexuuueckoe oociyscusanue, mpubomexuuxa, bemum, Kodghguyuenm mpenus, usHoc.
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Abstract. Research and development of domestic artificial preventive and repair-restoration tribopreparations is an urgent
task. (Research Purpose) The research purpose is evaluating the prospects for the use of boehmite as a preventive and repair-
restoring additive. (Materials and methods) Nanostructured boehmite obtained by hydrothermal synthesis from industrial
aluminum powders was used. The boehmite was rubbed with a surfactant and the suspension was treated by ultrasound. The
D-243 diesel engine was run-in on the KI-3540-GOSNITI run-in stand and the gearbox of the mobile drilling rig. Tribotechnical
studies were carried out on the friction machine model 2070 SMT-1M and on the upgraded friction machine model 77MT-1M.
(Results and discussion) The working oil with the addition of boehmite reduces the time of complete running-in of the cylinder-
piston group of diesel and the run-in wear. For gearbox parts, the composition containing diesel waste oil, kaolin, talc, boehmite
and surfactants showed the best results. The efficiency of running-in depends not only on the physical and chemical properties
of the additive components, but also on the particle size of the components and the surface roughness of the lapped parts.
Tribotechnical studies have shown that the introduction of boehmite into oils reduces the friction coefficient, slows down the
wear rate of resource interfaces during operation. The article presents a scheme explaining the increase in resource by reducing
the running-in time and wear rate. According to many physicochemical properties (dispersion, dehydration temperature,
hardness, ability to form chemical compounds and solid solutions with iron oxides, catalytic properties), boehmite is similar to
serpentine, which makes it promising for repair and restoration applications. (Conclusions) Nanostructured boehmite of
hydrothermal synthesis serves as an effective pre-production and preventive additive, promising and as a repair and restoration.

Keywords: maintenance, tribotechnics, boehmite, friction coefficient, wear.



For citation: Fedotov A.V., Dorokhov A.S., Gvozdev A.A . Tribotekhnicheskiye materialy dlya tekhnicheskogo
obsluzhivaniya sel’skokhozyaystvennoy tekhniki [Tribotechnical materials for the maintenance of agricultural machinery].
Tekhnicheskiy servis mashin. 2022. Vol. 60. N4(149). 37-45 (In Russian). DOI 10.22314/2618-8287-2022-60-4-37-45.
HSSJLN.

DOI 10.22314/2618-8287-2022-60-4-46-53 VK 629.3.054.29

CUT'HAJIM3ATOP YPOBHS BOJAbI B TOIIJIMBHOM
OUJIBTPE JU3EJIA

ICepzeit Buxmoposuu Tumoxun, 00Kmop mexnuieckux Hayk,

npogeccop, e-mail: timohinsviwgmail.com;

"Hean Anexceeeuu Cnuyvin, 00Kmop mexnuueckux HayK, npogeccop;
2KOpuii Bhaoumuposuu Poouonos, 00Kmop mexnuueckux nayk, npogeccop
!Menzenckuii zocyoapcmeennwlii azpapuslii ynueepcumemn,

2. Ilenza, Poccuiickaa @edepayusn

?[lenzenckuii 20cy0apcmeennvlii yHUGEPCUMENt APXUMEKMYPbl

u cmpoumenvcmaa, 2. Ilenza, Poccuiickas @edepayusn

Pegpepam. IIpeocmasunu KOHCMPYKYUro KOHOYKMOMEMPUUECKO20 OAMUYUKA YPOGHA U INEeKMPUYECKVIO CXeMY
cucmembl KOHMPON NPeoebHO-00NYCMUMO20 YPOBHS 600bl 6 MONIUGHOM (Quibmpe, a MaKdice MexHON02UU UX
U320MOGNeHUs U YCMAHOBKU Ha asmomobuns. (Llens uccnedosanus) Ilogvicums HadedicHocms pabomsvl MonIUEHOU
cucmemvl Ouseia nymem NPUMeHeHUs: 6CIMPOEHHbIX CUSHATUZAMOPOE KPUMUUECKO20 YPOGHA 600bl 6 MONIUEHOM
Gurempe ouzensn na npumepe KamA3-5320. (Mamepuanvr u memoow) Hcnonvsosanu 6 xasecmee uy8cmeumenbHo20
JjleMenma  0amuuKa YpoeHs 600bl dINeMeHm Om pacnpocmpanennozo 6 Poccuu monnugnoeo urempa-
soooomoenumenss Cummins 5297619 aemomodbuneii cemeiicmea «lazenvy. (Pesynomamsl u o6cyscoenue)
Yemanaenusanu wyecmeumensvuuiil snemenm 6 omeepcmue CIUGHOU NPOOKU MONIUBHO20 Guabmpa epyooli Ouucmxu
MONAUBA U 3ANUBATU INOKCUOHBIM KOMAAYHOOM. 3a80payueaniy Oamiyuk-npooKy 6 omeepcmue cmakana moniuHo20
unompa 2pyboil ouuCmKU U COCOUHSIU €20 UWNBIPEBOU PA3bEM C OMBEMHOU YACMbIO Kabels, NPOI0NCEHHO20 K NAame
C 2NeMeHmamu JJeKMPUYecKou cXemvl cucmemvl Ha npuOopHou nauenu aemomodouns. Kopnyc cuenanvnozo
€6emoou00a, pasmeweHHo20 Ha niame, YCmaHaeauealy UsHympu 6 omeepcmue nameiu, nocie 4e2o niamy Kpenuiu
mepMmoKieeM K GHYMpeHHel Wiockocmu npubopHot nanenu. Onpedenunu 6 pe3yibmame IKCHEPUMEHMATbHbIX
UCCe008AHUL 3a8UCUMOCHTL NOMPEDIAEMO20 CUCEMOU MOKA OM YPO8Hs 800bl 8 cmakare. Pazpabomanu mexnonoeuu
VCMAHOBKU OaMUUKA U NPEOTIONHCEHHOU cucmemsl Ha asmomoouns. (Bvieoowl) Breopenue paspabomanmnoti cucmemol
KOHMPOA NPedeibHO-00NYCMUMO20 YPOBHS 800bl 8 MONIUBHOM Quibmpe pyboll OYUCMKU MONIUEA ABMOMOOUI
muna KamA3-5320 nossonum ocywjecmensims ciug OMCmos He MOAbKO NpU NIAHO8OM MEXHUYECKOM 0OCTYICUBAHUY,
a maxoice no HeoOX0OUMOCMU, U MeM CAMbIM UCKIIOYUMb HEUMAMHbLE PEXCUMbl pabombl MONIUBHOU annapamypsl u
obecneuums yCMaHoBIeHHbII PecypC ee deMeHmO08 NPU NOBLIUEHHOL 00800HEHHOCMU UCNOIb3YEeMO20 MONIUEA.

Knioueevie cnosa: ouszenb, monnugo, 600a, Puibmp, 4UYECMEUMENbHbIU NEeMeHM, OAMYUK YPOBHA, cucmema
KOHMPOJis, MONIUGHASA annapamypa.
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Abstract. The article presents the conductometric level sensor and the electrical circuit of the control system for the water
level in the fuel filter, as well as the technology of their manufacture and installation on the car. (Research purpose) The
research purpose is increasing the reliability of the diesel fuel system by using built-in critical water level alarms in the
diesel fuel filter on the example of KAMAZ-5320. (Materials and methods) As a sensitive element of the water level sensor
was used an element from the Cummins 5297619 fuel filter-water separator common in Russia for cars of the Gazelle
family. (Results and discussion) A sensitive element was installed in the drain plug hole of the fuel filter for rough cleaning
and filled with an epoxy compound. The sensor plug was wrapped into the hole of the coarse fuel filter cup and was
connected to the mating part of the cable laid to the board with the electrical circuit of the car dashboard. The housing of
the signal LED placed on the board was installed from the inside into the opening of the panel, after which the board was
attached with hot glue to the inner plane of the dashboard. As a result of experimental studies, the dependence of the current
consumed by the system on the water level in the glass was determined. The article describes developed technologies for
installing the sensor and the proposed system on the car. (Conclusions) The implementation of the developed system for
monitoring the water level in the fuel filter of the coarse fuel of a KamAZ-5320 type car will allow draining the sludge not
only during scheduled maintenance, but also if necessary, and thereby eliminate abnormal operating modes of fuel
equipment and ensure the resource of its elements with increased water content of the fuel used.
Keywords: diesel, fuel, water, filter, sensor element, level sensor, control system, fuel equipment.
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Pepepam. B nacmosuyee epemsi npeonpusmusi CenbX03mMOo8aponpou3eo0umenei u CenrbXxosmMauuHoCmpoeHus
NbIMAIOMCA MUHUMUZUPOBANb DUCKU, CEA3AHHbIE C GHEWHUMU U GHYMPEHHUMU CMpecc-akmopamu, Gbl36aHHbIMU
UBMEHEHUAMU 8 TO2UCTUYECKUX U uHaHcosbIX cepax. MunuMu3upoeams pucKu MOMCHO HPU NOMOUWU CEPBUCHOO0
CONPOBOINCOCHUSL MEXHUKU, KOMOpoe OCHO8aHO Ha uchoavzoeanuu FMEA-ananuza u CALS-mexnonoeuu. Haspena
HEobX00UMOCmy pazpabomKu MHO2OMYHKYUOHATbHBIX YUPPOBLIX duasHocmudeckux cpedcms. (Llenv uccnedosanus)
Ipoananusuposams ucnoibzyemvle cucmemvl O KOHMPOIS MEXHUYECKO20 COCMOSHUS MEXHUKU U Onpeoeiums
603MOJICHOCTU PA3PAOOMKU U U320MOBLEHUS IKCNEPUMEHMATLHBIX MHOLOQYHKYUOHATLHBIX YUPPOBLIX CPeOCcma Ois
oCyujecmeneHust pecypcHozo OudeHOCmuposanus mpakmopos. (Mamepuanvt u memoowvt) Hcnoavsosanu oanHule
OmeyeCmBeHHbIX U 3apYOEdNHCHBIX Npouseooumenei OUAeHOCMUYEcKo20 000pyO008aHus, a Mmakdice HOPMAMueHvle U
npagoycmanasiuearowue  OOKYMEHmbl U  CMAHOAPMbl,  PelaMeHmupylowue MmMexHU4ecKylo  IKCIayamayuio
CeNbCKOXO03AUCMBEHHBIX MPAKMOPOE U MAWUH 3A CYem MOHUMOPUHEA MEXHUYECK020 cOCOoAHU. Ommemunu, umo npu
HbIHeWHeM YpogHe 0becneueHHoCmu YupposuiMu OUASHOCMUYECKUMY CPEOCMBamMu Npu NpoBeoeHUl eHcecMEeHHO20
MEXHUYECKO20 0OCAYHCUBAHUS U MEXHUYECKO20 0OCIYICUBANUS MEXHUKU 3amMPYOHUMENILHO Onpedenims OMKIOHEHUs
6 MEeXHUYECKOM COCMOAHUU HA HAYATIbHBIX CIAOUSAX 8 PECYPCOONPEOensiomux y31ax u komnonenmax. (Pezyromamor u
obcyacoenue) Illokazanu, umo 6 Hacmosujee epems Ol MUHUMUBAYUU MEXHOLOSUYECKO20 PUCKA Op2aHbl
T'ocmexnadsopa npu ocmompe UCNOIBL3YIOM YUPPOSble CPEOCmEa UHCMPYMEHMANLHO20 KOHMPOI, A MEXHOL02UU
HEeNnpepvleHoll UHMOPMAYUOHHOU NOOOEPIHCKU Peanu3yiomes mexnonocudeckum nopmanom Muncenvxoza Poccuu —
DedepanvHoii 20cy0apcmeentol uHGopmayuouHol cucmemou yuema u pecucmpayuu mexuuxu. Coenacno I'OCT P
27.013-2019 paspabomanu u npeoroxicuiu 01 UCHOIL30BAHUS. ONbIMHbIE IKCNEPUMEHMANbHbIe 00paA3ybl
MHOCODYHKYUOHATLHBIX  YUPPOBLIX CPeOCmE OUASHOCUPOBANHUS, OYEHKU CIMENneHU pacxo008aHusl pPecypCHbIX



nokasamereii, KOmopbie MO2Ym CAYHCUNb NPOMOMUNAMU OJis CO30AHUS YUPPOBLIX CUCmeM MOHumopuHea. (Bvieoowt)
Ilposedennviti ananus u UCCACO08aHUSL NOKA3AAU BO3MONCHOCHL OQIbHEUULE20 COBEPULCHCMBOBAHUSL MEXHUYECKO20
00CIYIHCUBAHUS MPAKMOPOS 34 CcYem paspaboOmKu U GHEOPeHUS HOBbIX MHO20QVHKYUOHANIbHLIX YUPPOBBIX
OUACHOCMUYECKUX CPeOCM8.

Knrouesnle cnosa: ouaznocmuposarue, cuemuyuk-uHouxamop, Haoesxichocmo, FMEA-aunanus, CALS-mexuonozuu.
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Abstract. Agricultural producers and agricultural machinery enterprises are trying to minimize the risks associated
with external and internal stress factors caused by changes in logistics and financial spheres. Risks can be minimized
with the service maintenance of equipment, which is based on the use of FMEA analysis and CALS technologies. There
is a need to develop multifunctional digital diagnostic tools. (Research purpose) The research purpose is analyzing the
systems used to monitor the technical state of equipment and determining the possibilities of developing and
manufacturing experimental multifunctional digital tools for the resource diagnostics of tractors. (Materials and
methods) Data from domestic and foreign manufacturers of diagnostic equipment, as well as standards regulating the
technical operation of agricultural tractors and machines by monitoring the technical condition were used. With the
current level of availability of digital diagnostic tools during daily maintenance, it is difficult to determine deviations in
technical condition at the initial stages in re-sourcedetermining nodes and components. (Results and discussion) In order
to minimize technological risk, Gostechnadzor use digital means of instrumental control during inspection, and
continuous information support technologies are implemented by the technological portal of the Ministry of Agriculture
of Russia — the Federal State Information System for Accounting and Registration of Equipment. According to GOST R
27.013-2019, experimental samples of multifunctional digital diagnostic tools, assessment of expenditure of resource
indicators, which can serve as prototypes for the creation of digital monitoring systems, are developed and presented.
(Conclusions) The conducted analysis and research have shown the possibility of further improvement of tractor
maintenance through the development and implementation of new multifunctional digital diagnostic tools.

Keywords: diagnostics, counter-indicator, reliability, FMEA analysis, CALS technologies.
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Pepepam. 3a nocneonue 10-15 nem 3uauumensbHo y8eauuuIOCh UCHOIL306AHUE Oemanell U3 anoMUHUESbIX CNIAGO8 6
KOHCIMPYKYUSX V37108 2UOPABTULECKUX CUCIEM CelbCKOXO3AUCMBEHHOU meXHUKY. borvuas 0011 nodobuvix demanell
NPUXOOUMCS Ha NOOWUNHUKU CKONIbICEHUS (8MYIKIL), pAOOUUEe NOBEPXHOCHIU KOMOPBIX NPU IKCHIYAMAYUU NOO8EP2AIOMCSl
sHayumenvhomy usHawugaruro. Co8pemeHHbIM CHOCOOOM YNPOUHEHUs Oemaiel U3 ANIOMUHUEBIX CHAAB08 CIYIHCUM
MUKPOOY2080€ OKCUOUPOBAHUE, 0OHAKO OHO He NO360JAI0M 60CCMAHABIUEAMb Oemanu, umerouue uzHocsl boree 0,15
mMunumempos. s eoccmanosnenuss oemarneli U3z AnOMUHUEBbIX CNIAB08 CO SHAUUMETbHbIMU USHOCAMU NEPCHEKMUBEH
CnOCOO C8EpPX38YK0B020 2a300uHaAMUdecko2o0 Hanwintenus. (Llenv uccnedosanus) Ilpoeecmu amanuz mexuHuueckoeo
COCMOSIHUA  USHOWIEHHBIX 6MYIOK uwiecmepennvix 2uopomomoposd REXROTH u paspabomamv KOMOUHUPOBAHHYIO
MEXHONO02UI0 BOCCMAHOGLEHUS UX PADOYUX NOBEPXHOCMEN CHOCOOOM C8EPX3BYKOB020 2A300UHAMULECKO20 HANBLICHUS C
NOCIeOYIOWUM YNPOUHEHUEM MUKPOOY208bIM OKcUoupoganuem. (Mamepuanst u memoowt) Buibpanu oas uccredoganus 60
emynok. Ilpumenunu yughposoti muxpomemp MKI]-25-0,001 I'OCT 6507 ona usmepenuss usnocos. Hcnonvzosanu
nopowxu mapox A-80-13 u A-20-11, ewvinycxaemvie OOHUHCKUM YEHMPOM NOPOUIKOB020 HanvlieHus. I[Ilpumenunu
cunuxamuo-wenroynou anekmporum muna KOH-Na:xSiOsz npu muxpooyeosom okcuoupogsanuu. (Pesyromamor u
obcyacoenue) Pazpabomanu no pezymbmamam ananuza un@opmayuu 0O UHOCHE KOMOUHUPOBAHHYIO MEXHOIOSUN)
B80CCMAHOBNIEHUS C YPOYHEHUEM MOPYOBBIX NOBEPXHOCHEL 8MYIOK UeCMePeHHbIX 2U0POMOMOPO8, KOMOPAs 8KAYAEH:
OYUCMKY 8MYNIOK, UX OeheKmayuio, npeosapumenbHyio MEXaHUYecKyo 00pabomKy; c8epx368yKosoe 2a300UHAMUYECKOe
HanvlleHue UZHOWIEHHbIX NOBEPXHOCEU,; UX Nociedyroujee YNpouHeHUue MUKpPOOy208biM OKCUOUPOBAHUEM, (DUHUULHYIO
MEXAHUYECKYI0 00pabomKy ROKpbIMusL U KOHMpOb. (Bvieoowl) Pazpabomanuas KOMOUHUPOBAHHAS MEXHONO2US 6MYTIOK
nosgonum 6 2,2-2,3 pasa nogulcums ux U3HOCOCMOUKOCHb U SHAUUMETLHO YEeUUUNb Pecypc 2UOpomMomopos. Texnonousl
VHUBEPCATbHA, A BO3MONCHOCb 80CCMAHOGIEHUS GMYIOK 3APYOEINCHBIX 2UOPOMOMOPOE C UCHONb308ANHUEM NPEONA2AeMOll
MEXHON02UU OCODEHHO aKMYANbHA 8 CEA3U C HEODXOOUMOCIBIO WUPOKOMACUMAOHO20 UMNOPINO3AMEUCHUS.

Knrouesvle ciioea: noowuntuki CKOIbICEHUs, 6MYIKU 2UOPOMOMOPA, CEEPX38YKOB0€e 2a300UHAMUYECKOE HANbLICHUE,
MUKPOOY2080€ OKCUOUPOBAHUE, BOCCIMAHOGIEHIUEe, YIPOUHEHUE.
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Abstract. Over the past 10-15 years, the use of aluminum alloy parts in the structures of hydraulic systems of agricultural
machinery has increased significantly. A large proportion of such parts account for sliding bearings (bushings), the working
surfaces of which are subjected to significant wear during operation. Micro-arc oxidation is a modern method of hardening
aluminum alloy parts, but it does not allow to restore parts with wear greater than 0.15 millimeters. For the restoration of
parts made of aluminum alloys with significant wear, the method of supersonic gas dynamic spraying is promising. (Research
purpose) The research purpose is analyzing the technical condition of worn bushings REXROTH of gear hydraulic motors
and develop a combined technology for restoring their working surfaces by gas-dynamic spraying with subsequent hardening
by micro-arc oxidation. (Materials and methods) Sixty bushings were chosen for the study. A digital micrometer MCC-25-
0.001 GOST 6507 was used to measure wear. Powders A-80-13 and A-20-11 by Obninsk Powder Spraying Center were
used. A silicate-alkaline electrolyte KOH-NaxSiOs was used for microarc oxidation. (Results and discussion) Based on the
information on wear, authors have developed a combined recovery technology with hardening of the end surfaces of gear
motor bushings, which includes: cleaning of bushings, fault detection, pre-machining; supersonic gas dynamic spraying of
worn surfaces, hardening by micro-arc oxidation, finishing mechanical treatment of the coating and final control.



(Conclusions) The developed combined technology of bushings will allow to increase their wear resistance up to 2.2-2.3
times and significantly increase the service life of hydraulic motors. The technology is universal, and the possibility of
restoring the bushings of foreign hydraulic motors using the proposed technology is especially relevant due to the need for
large-scale import substitution.

Keywords: sliding bearings, hydraulic motor bushings, supersonic gas-dynamic spraying, microarc oxidation,
restoration, hardening.
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Peghepam. Vicnonv3osarnue nokpulmuii ¢ NOSbIUEHHBIMY MPUOOMEXHUYECKUMU XAPAKMEPUCTUKAMU NPU 8bINOTHEHUU
npoyecca MUKpo0y208020 OKCUOUPOBAHUS C HAHOO0OABKAMU CIYICUM NEPCNEKMUBHbIM HANPAGIeHUEM NOGbILUEHUS
IKCHIYAMAYUOHHBIX  c8olicmé Oemaneti u  y3106. (Llenv uccredosanus) Onpederums mamemamuyeckumy u
IKCNEPUMEHMATLHBIMU UCCIEO08AHUAMU ONMUMATLHBIE PENCUMbL 8EOCHUsL NPOYECca MUKPOODY208020 OKCUOUPOBAHUS
npu 66edeHuU 8 INeKMpOIUm HAHONpucaook. (Mamepuanvl u memoovt) Ycmanosunu 3aKkOHOMEPHOCTHU U Npedebl
KOHYeHmpayuu 006a8oK 8 INeKMPOIUM MAMEMAMUYECKUM MOOETUPOBAHUCM HA OCHO8E TMeOPUU (DUIUKU MEepO020 mea
07151 NOIYNPOBOOHUKOBLIX Mamepuanos. IIposenu sKChepumMeHmbl ¢ pasiuyHbiMU 000ABKAMU HO XUMUYECKOMY COCMABY U
1O KOHYeHmpayuu 0711 NOOMEEPHCOeHUS MAMEeMAMUIEeCcKUX 8b180008. Mcnoib306au AHOOHO-KAMOOHbBI MEMO0 8e0eHUs
npoyecca MuKpooye08020 OKCUOUPOBAHUSL C AHANOSUYHBIMU OIS 8CEX IKCNEPUMeHmos pexcumamu. (Pezyrvmamor u
obcysicoenue)  Yemanosunu, umo esedeHue 6 kawecmse 000A60K INEMEHMO8 He GEeHMUNbHOU ZPYRNbl Memailios
NPUBOOUM K NPEKPAUEHIUIO NPOYECCA MUKPOOY20B020 OKCUOUPOBAHUSL NPU OOCTUNCEHUU ONPedeNeHHOU KOHYEHMpayuu
0obasox 6 noxkpuimuu. Ilpedcmasunu pezyrvbmanmvl IKCHEPUMEHMATLHO2O UCCIEO08ANUSL NPOYECCA MUKDPOOY208020
OKCUOUPOBAHUSL NPU B6EOCHUU 8 DJIEKMPOIUM HAHONOpowKos. Tlokazanu, umo 000aeKu 8 INEKMPOIUM COeOUHEHU,
OKCUObI KOMOPLIX He 001a0aiom ROIYAPOSOOHUKOBBIMU CEOUCMEAMU, OSPDAHUYUBAION BO3MOICHOCHbL NOJYYEHUs
nokpeimuil ceviute 60 muxpomempos. Beedenue 6 cocmas noKpulmusi COeOUHeHUil Meou 1 8AHAOUsL MOICEM NPUBECIU K
CHUDICEHUI0  KOa(huyuenma mpenuss U yMeHvblleHulo usHoca 6 napax mpeHus. (Bwisoow) Paszpabomanu
MaAmMeMamu4eckylo Mooeib NPOSHOZUPOBAHUS. CKOPOCMU POCMA NOKPbIMUs NPU HAHOLE2UPOSAHUU OISl BHEBAHHO20
Memooa MUKPOOY208020 OKcuoupogarnus. [o0asku 6 31eKmpoaum coeOuHeHutll, OKCUObl KOMOPbIX He obraoarom
NOYNPOBOOHUKOBLIMU CEOUCTNEAMU, 02PAHUYNUBAIOM BO3MONCHOCHIb NOLYHEHUsT NOKpblmull cevlie 60 MUKpomempos.
Yemanosunu, umo naubonee mexunonocuyHol HaHOO0OABKOU CIYIHCAM COEOUHEHUS, KOMOpble UMEIONm XOPOULYIo
PAcmeopuMOCms 8 pacmeope, Hanpumep, 801bGpamam Hampus.

Knroueesvle cnoea: muxpooyzosoe oxcuouposauue, KkepamuyecKue nOKpblmus, HAHONPUCAOKU, BEHMUIbHAL ePYNNa
MEMai0s, KUHeMmuKa pocma NOKPulmusl.

Jos murupoBanusi: Yasnapos A.B. OcobenHocTr (popMIpOBaHUsI MOKPHITHI METOIOM BHeBaHHOTO Iponecca MJIO mpu
Ha"onerupoBanuy // Texanaeckuit cepuc mammH. 2022. T. 60. N4(149). C. 78-87. DOI 10.22314/2618-8287-2022-60-4-
78-87. XZLDKU.

FEATURES OF COATING LAYERING BY
THE MICRO-ARC OXIDATION DURING NANOALLOYING

Anatoliy V. Chavdarov, leading researcher



Federal scientific Agroengineering center VIM,
Moscow, Russian Federation

Abstract. The use of coatings with increased tribotechnical characteristics in the microarc oxidation process with
nanoadditives is a promising direction for improving the operational properties of parts and assemblies. (Research
purpose) The research purpose is evaluating by mathematical and experimental studies the optimal modes of the
microarc oxidation process when applying nanoadditives to the electrolyte. (Materials and methods) The article
presents the regularities and limits of the concentration of additives in the electrolyte by mathematical modeling based
on the theory of solid state physics for semiconductor materials. Experiments were conducted with various additives
both in chemical composition and concentration to confirm mathematical conclusions. The anode-cathode method of
conducting the microarc oxidation process with similar modes for all experiments was used. (Results and discussion)
The introduction of elements of a non-valve group of metals as additives leads to the termination of the microarc
oxidation process when a certain concentration of additives in the coating is reached. The results of an experimental
study of the microarc oxidation process during the introduction of nanopowders into the electrolyte were presented.
Compound additives to the electrolyte whose oxides do not have semiconductor properties limit the thickness of the
coatings up to 60 micrometers. The introduction of copper and vanadium compounds into the coating can lead to a
decrease in the friction coefficient and a decrease in wear in friction pairs. (Conclusions) The article describes the
mathematical model for predicting the growth rate of the coating during nanoloading for an out-of-pocket microarc
oxidation method. Compound additives to the electrolyte whose oxides do not have semiconductor properties limit the
thickness of the coatings up to 60 micrometers. The most technologically advanced nanoadditives are compounds that
have good solubility, for example, sodium tungstate.

Keywords: microarc oxidation, ceramic coatings, nano additives, valve group of metals, kinetics of coating growth.

For citation: Chavdarov A.V. Osobennosti formirovaniya pokrytly metodom vnevannogo protsessa mdo pri
nanolegirovanii [Features of coating layering by the micro-arc oxidation during nanoalloying]. Tekhnicheskiy servis mashin.
2022. Vol. 60. N4(149). 78-84 (In Russian). DOI 10.22314/2618-8287-2022-60-4-78-84. XZLDKU.
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Pegpepam. Paccmompenu npoyecc HaneceHuss 2a30MepMUYECKUX KOMNOZUYUOHHLIX NOKpblmull. /lanHble nOKpblmus
NOBLIUAIOM  HAOEHCHOCL — 0emdanell MAwiuH, pabomaiowux 6 acpeccusHvlX 6Hewnux cpedax. I[llupoko
PACNPOCMPAHEHHBIM MAMEPUATIOM ONS1 POPMUPOBAHUS 2A30TMEPMUYECKUX KOMROZUYUOHHBIX HOKPOINULL CYHCaAm
HOPOWIKU, YACTHUYbI KOMOPHIX NPeOCMAasisiiom coboll npocmole 8ewecmsa (Memaisl, OKCUobl U 0p.) U MexaHuyeckue
cmecu. (Lenv uccnedosanusn) Onpedenumv payuoHATbHBIE RAPAMEMPLL HAASMEHHOU CMpYU, a MAaxdice pamep u
KOHYEHMPAyUuro KOMHOSUYUOHHBIX GKIIOYEHUN O NONYYeHUus NOKpulmuill 3a0anno2o Kavecmea. (Mamepuanvt u
Memoowl) Paccmompenu 6 kauecmee modenu cmpyro 2asa ¢ OONYWeHUAMU MEXAHUKY CHIIOWHbIX Cped. YKkazanu, ymo
npU 3aRUCU YPABHEHUU KOMNOHEHMbL PAOUYC-8EKMOPO8 NOJIOANCEHUS YACMUY, UX CKOPOCMel, a MAaK#ce KOMNOHEHMbL
MEH30P08 HANPSNCEHUN (POPMUPYEMO20 NOKPbIMUS PACKIAObIBAIOMCs NO  0asucam 6 O0eKapmogoil cucmeme
Koopounam. Paccmompenu nogedenue omoeibHol wacmuyvl npu 0sudiceHuu 8 cmpye. Ilpeononodicunu, umo vacmuya



00HOPOOHA, umeem chepuueckyio opmy, uzmeHeHue Qopmvl KOMOPoU Npu OsuUNCeHuU He yuumvieanu. (Pezyiomamoi
u obcyacoenue) Ilpedcmasunu aneopumm HUCIeHHO20 PeuteHus CUcmemobl OUPOepeHyuaibHblx YPasHeHUull 8 HaCMHbIX
NpoU3BOOHbIX. [[Isl CIYyuask UCHONb30BAHUS 6 KAYeCmee HANOJHUMENs 4acmuy OKCUOd amoMuHus ouamempom 45
MUKPOMEMPOS ONPedeuiu 3a8UCUMOCTG CKOPOCHU Y4ACTUY OM NPOUOEHHO20 UMU PACCMOSHUSL U MEeMNepamypbl.
(Bb1600bl) ycmarnosuu paccmosuue 00 06pabamvieaemMol 0emanu U memMnepamypy Hazpesa cmpyu, npu Komopou
obecneuusaemcsi mpebdyemas adze3usi NOKpublmus K 00pabamuléaemMou n08epXHOCMU U NOABIAEMCA 803MONCHOCHD
ocyujecmenams KOHMpOIUpyemoe nidsieHue 4acmuy KOMHOSUYUoOnHo2o mamepuana. Ilpu noucke payuonanibHwvlx
PedCUMO8 HAHECeHUs. NIA3MEHHO20 NOKPLIMUS UCHONb308ANU KPUMEPULl KOHMPOIUPYEeMO20 NIAGLeHUs 4acmuy
KOMNO3UYUOHHO20 Mamepuala, 4mo obecnedusaem Nojyuerue mpebdyemoll adee3uu NOKpulmus ¢ 0opabamvieaemo
NOBEPXHOCMBIO U CO30AEM CHCUMAIOUUE OCIAMOYHbIE HANPAICEHUS 8 (POPMUPYEMOM ClLoe.

Knrouesvie cnoea: niasmennas cmpys, KOMROZUYUOHHOE NOKDbIMUE, YPAGHEHUe Menionpo8oOHOCU, MEH30D
HAnPSCEHUsl, NAPAMEMPbL OCANCOCHUSL.

Jast nutupoBanus: XKauxkun C.IO., IlenskoB H.A., benses P.B., 3agopoxuuii P.H. MonenupoBanue nBHXEHHA U
HarpeBa 4YacTHUI] MOPOIIKa B IuiazMeHHOU ctpye // Texuudeckuit cepBuc mammH. 2022. T. 60. N4(149). C. 85-93. DOI
10.22314/2618-8287-2022-60-4-85-93. ANARUP.

SIMULATION OF THE MOTION AND HEATING OF POWDER
PARTICLES IN A PLASMA JET

ISergey Yu. Zhachkin, Dr.Sc.(Eng.), professor;

’Nikita A. Penkov, Ph.D.(Eng.);

2Roman V. Belyaev, Ph.D.(Ped.);

3Roman N. Zadorozhny, Ph.D.(Eng.), leading researcher

Voronezh State Technical University,

Voronezh, Russian Federation

*Military Educaton and Research Center of the Air Forces “Air-Force Academy named after Professor N.E. Zhukovsky and

Yu.A. Gagarin”,

Voronezh, Russian Federation

3Federal Scientific Agroengineering Center VIM,

Moscow, Russian Federation

Abstract. The article considers the process of applying gas-thermal composite coatings. These coatings increase the

reliability of machine parts operating in aggressive environments. Powders whose particles are simple substances

(metals, oxides, etc.) and mechanical mixtures serve as a widespread material for the layering of gas-thermal composite

coatings. (Research purpose) The research purpose is evaluating the rational parameters of the plasma jet, as well as

the size and concentration of composite inclusions to create coatings of a predefined quality. (Materials and methods)

The article considers a gas jet as a model with assumptions of continuum mechanics. When writing the equations, the

components of the radius vectors of the particle positions, their velocities, as well as the components of the stress tensors

of the created coating are decomposed according to the bases in the Cartesian coordinate system. The article considers

the behavior of a single particle when moving in a jet. It was assumed that the particle is homogeneous, has a spherical

shape, the change in the shape of which was not taken into account during movement. (Results and discussion) An

algorithm for the numerical solution of a system of partial differential equations was presented. For the case of using

aluminum oxide particles with a diameter of 45 micrometers as a filler, the dependencies of the particle velocity on the

distance traveled and temperature were described. (Conclusions) In the case of using corundum as a filler of the applied

composite coating, the distance to the particle and the heating temperature of the jet were set, at which the required

adhesion of the layer to the treated surface is ensured. It becomes possible to carry out controlled melting of the composite

material particles. When searching for rational modes of plasma coating application, the criterion of controlled melting

of composite material particles was used, which ensures the required adhesion of the coating to the treated surface and
creates compressive residual stresses in the formed layer.

Keywords: plasma jet, composite coating, heat equation, stress tensor, deposition parameters.

For citation: Zhachkin S.Yu., Pen’kov N.A., Belyayev R.V., Zadorozhniy R.N. Modelirovaniye dvizheniya i nagreva
chastits poroshka v plazmennoy struye [Simulation of the motion and heating of powder particles in a plasma jet].
Tekhnicheskiy servis mashin. 2022. Vol. 60. N4(149). 85-93 (In Russian). DOI 10.22314/2618-8287-2022-60-4-85-93.
ANARUP.
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OIIBIT MIPUMEHEHUSA JEKTPOUCKPOBBIX TEXHOJIOT Ui HAHECEHMS IMTOKPBITUI HA TETAJIN
MAIINH
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Pegpepam. B cospemennvix yCio8usx, K020a pe3ko YEenudundacs CrmoumMoCcms HOBbIX 3aNAcHblX yacmel, npoonembl
60CCMAHOBNIEHUs USHOUEHHbIX Oemarneu akmyanvhul. (Llenv uccneoosanus) Hznoocums naubonee nepcheKmueHle
MUnogsvle MexHoOI02U4ecKue Npoyeccvl 80CCMAHOGIEHUS OA306bIX Oemanel Ogueamenel 6HYMPEHHe20 C20PaHUs
cnocobom 21eKmpouckpogoi oopabomku. (Mamepuanvt u memoowy) Ilpedcmasunu onucanue HO8020 NOKOJEHU.
VCMAHOBOK OISl 9AEKMPOUCKPOBOll obpabomxu muna BHI-5 u npusenu ux mexuuueckue Xapaxmepucmuxu.
Hcnonvzosanu 6 kauecmee necupyowjux Mamepuanios uHcmpymenmanvusie cnaasvl muna 631, LIIX15, P6M5, a makorce
meepovle chaagwl U OpoH3vl. Ommemuau, 4mo O 6bINOIHEHUS ONePayuy ONIAGIeHUsS HAHECEHHO20 e2UPYIoUe20 Cos
CIYAHCAm MOKONPOBOOAUUE MAMEPUATBL C BbICOKOU INEKMPO- U MENI0NPO8OOHOCMbIO, I3POZUOHHOU cmotikocmblo. K
HUM 8 Nepeyio ouepedb OMHOCAMCS Medb, 8oab@pam u epagum. (Pesyromamol u obcyscoenue) Paspabomanu
mexHono2u4ecKue npoyeccsvl U npueelu nepeueHv oemanel ¢ yKasaHuem nosepxHocmeil, coe YCnewHo npumeHsemcs
anekmpouckposas oopabomxa. Jlanu noopobHoe onucanue mexHoI02U4ecko2o npoyecca 60CCMaHO61eHUs HeCKONbKUX
Oazosvix Oemaneti, peKOMEHOOBANU PeXHCUMbl HaHeCeHUsl U npumeHsemvle mamepuansl. Onpeoenunu, ¥mo oCHOBHbIM
NPUHYUNOM BOCCMAHOGLEHUS UX PAOOMOCHOCOOHOCMU CLYHCUM YelUdeHUe MEepooCmu U Hecywel CnocoOHOCmu
paboueli nogepxHoCmu, a MAaKdice N00OOP ONMUMATLHBIX NAP MpeHus. Buinoinuiu npou3eoo0cmeeHubie UCTbIMAHUS
MEXHON02ULl, KOMopble NOOMEePOUNU CMo NPOYEHMHbI pecypc 8occmanosieHuvlx demanei. Cebecmoumocms
B80CCMAHOBNICHUSL C UCNONIL30BAHUEM I]EKMPOUCKPOBOll 0Opabomiku He npesviuiaem 30-40 npoyenmos cmoumocmu
Odemanu. (Bvieoowl) [Ipusedentuvle npumepvl 60CCMAHOBIEHHBIX Oemaell NOKA3bl8aom 3QHeKmusHoOCb RPUMEHEHUs.
MEXHON02UU IeKMPOUCKPOBOLU 0OpaAbOMKU, A MAKIHCe CHUNCEHUe MPYOOeMKOCIU U CIMOUMOCMU pAbOm, C8A3AHHBIX C
PEeMOHMOM U 80CCMAHOGIEHUEM MAWUH. DNeKmpoUcKkposoe HaneceHue NOKPLIMULL 60 MHO2OM NPeBoCXo0um
u3gecmmuvle MEXHONO2UU NO KA4ecmey HNONYYEeHHOU NOBEPXHOCMU U MPYOO3AMPAmMam, OMIUYAemCs HU3KOU
9HEP20eMKOCMbIO, NPOCMOMOU UCNONHEHUS, 8bICOKUM KOIPPUYUenmom ucnonb308anus 31eKmpooHo20 Mamepuand u
9KON0SUYHOCMBIO NpoYecca.

Kniouesvie cnosa: snekmpouckpogas obpabomka, mexHoao2us, 1eKmpoo, UCKpd, Oemalb, 60CCMAHOBNEHUe,
nOKpbimue, YCMaHo8Kda.

Jast untupoBanus: KoctrokoB A.JO. OnelT npuMeHEHMs 3IEKTPOUCKPOBBIX TEXHOJIOTUH HAHECEHMs MOKPBITHM Ha
netanu MamuH // Texaudeckuit cepsuc mamud. 2022. T. 60. N4(149). C. 94-103. DOI 10.22314/2618-8287-2022-60-4-94-
103. YMJQTIL

EXPERIENCE IN THE ELECTROSPARK LAYERING TECHNOLOGIES FOR MACHINE PARTS

Aleksandr Yu. Kostyukov, Ph.D.(Eng.), leading researcher
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federration

Abstract. When the cost of new spare parts has sharply increased, the problems of restoring worn parts are relevant.
(Research purpose) The research purpose is to present the most promising technological processes for the restoration
of parts of internal combustion engines by the electric spark processing. (Materials and methods) The article presents
a description of new generation installations for electric spark processing BIG-5 and their technical characteristics.
Tool alloys 65G, SHX15, P6M5, as well as hard alloys and bronzes were used as alloying materials. Conductive
materials with high electrical and thermal conductivity, erosion resistance were used to perform the operation of melting
the deposited alloying layer. These primarily include copper, tungsten and graphite. (Results and discussion) The article
presents developed technological processes and provides a list of details where electric spark processing is successfully
used and a detailed description of the technological process of restoring several basic parts, recommends application
modes and materials. The main principle of restoring operability is to increase the hardness and bearing capacity of
the working surface, as well as the selection of optimal friction pairs. The production tests of technologies confirm 100



percent of the life of the restored parts. The cost of restoration using electric spark processing does not exceed 30-40
percent of the cost of the part. (Conclusions) The examples of restored parts show the effectiveness of the electric spark
processing technology, as well as the reduction of labor intensity and cost of work related to the repair and restoration
of machines. Electric spark coating is in many ways superior to known technologies in terms of the quality of the
resulting surface and labor costs, it is characterized by low energy consumption, simplicity, high utilization of electrode
material and environmental friendliness of the process.

Keywords: electric spark processing, technology, electrode, spark, part, restoration, coating, installation.

For citation: Kostyukov A.Yu. Opyt primeneniya elektroiskrovykh tekhnologiy naneseniya pokrytiy na detali mashin
[Experience in the electrospark layering technologies for machine parts]. Tekhnicheskiy servis mashin. 2022. Vol. 60.
N4(149). 94-103 (In Russian).DOI 10.22314/2618-8287-2022-60-4-94-103. YMJQTL
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ONBIT BHEJIPEHUSA ABTOMATUYECKOM CBAPOYHOM YCTAHOBKHM ITPH ITIPOU3BO/ICTBE MAJION
CEJIBXO3TEXHUKH
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Peghepam. Baoicnetiwieli menoenyueii pazgumus COBPEMEHHO20 NPOU3BOOCTNEA MEXHUYECKUX U30eNUll CLYHCUM
No8blUleHUe NPOU3BOOUMETLHOCHIU MPYOa U Kayecmea gbinyckaemot npodykyuu. OOuH uz 0CHOBHLIX MEXHOIOZUYECKUX
npoyeccos NpPou3B00CmMea npeocmasisiem codoll npoyecc NoLyasmoMamuyeckol ceapxu pasiuunvix y3nioe MIG.
Hcnonvsosanue cospemeHHbIX c6apoOUHbIX UHBEPMOPHBIX NOJYAGMOMAMOS NO380sIem NOTYYAMb KAYECTHEEHHbIE UiGbL
npu coomeemcmayoujell kganuguxayuu ceapuuxa. Crnedyem ommemums 8 MUPOGOM Macuimade ocmpyio HeXeamxy
K8ANUDUYUPOBAHHBIX ~ COAPWUKOE U  3AGUCUMOCMb  NOIYUAEMBIX CEAPHBIX COCOUHEHUN Om  4elo8eyecKo20
gaxmopa.(Llenv uccreoosanus) llposecmu ananuz cyujecmayiowjeli mexHou02uu C8apKu mpaHCMUCCUOHHBIX 8a108 Npu
npoU3B00CmMee MAaaoll CeNbX03MEXHUKU HA KOHKPEMHOM NPEOnPUAMUY U NPeoiodiCUms K 6HeOpeHUI0 agmomMamuiecKkyio
CBAPOUHYIO YCMAHOBKY O OanHou onepayuu. (Mamepuanvt u memoovt) OyeHunu mpyooemMKOCmsb GbINOJIHEHUS
onepayuu no coopxe u ceapke 08yx (ianyed mpancMUCCUOHHO20 8ala 0I5l KAHCO020 MUNopasmepa no cyuwecmayioujetl
mexnonoeuu. IIpoananuzuposanu pe3yivmamul XpOHOMEmMPaica no Kaxcoomy nepexooy. (Pezyrsmamul u 00cyscoenue)
Tpeonoxcunu agmomamudeckyio YCmaHo8Ky ¢ NHeeMAamu4eckoll guxcayueli u no3uyUoOHUposanuem 08yx (ranyes u
mpyovl 01151 COKpaujeHusi npou3Bo0CMEEHHO20 YUKIA U UCKIIOYeHUs Yenogeueckoeo axmopa. Paspabomanu 6n0x-
cxXemy YCMAaHOBKU ¢ YNPAasieHuem om NpocpammupyemMoco 102U4ecko20 KOHMpOLIEpd U CEeHCOPHOL OnepamopcKoll
nanenu. Iloocomosunu KOHCMPYKMOPCKYIO OOKYMEHmMayulo U U320Mmoeunu onvimuvli obpasey. Ilposenu
npou3BO0CMEEeHHbIE UCNBIMANUS YCMAHO8KU Ha npeonpusimuu. Pazpabomanu mexnoniocuueckyio cxemy 6blNnOJHEeHUs.
08YX KObYeBbIX 608. (Bbi600vl) [101HOCHbIO UCKIIOUULU U3 MEXHOI02UYECKOU KAPMbL NPOoYecc COOPKU V31a padoHuM.
Bpems  nonmoeo yukia no cOopke u ceapke y3ia COKpAMuioCh 8 mpu paszd. Ycmpanunu IusHUe Yeno8eyecko2o
gaxmopa Ha xauecmeo evinoOaHeHUs: pabom. Bredpenue asmomamuyeckoil YCmaHosKu RO3604UN0 UCNOIb3068AMb HA
OaHHOU onepayuy HUKOKEATUDUYUPOBAHHbLI NEPCOHA.

Knrouesvie cnosa: coopouno-ceapounvie pabomul, ABMOMAMuUYecKds CGApOYHAsl YCMAHO8KA, Yeloseyeckull pakmop,
MPAHCMUCCUOHHBLE B8ATIbI, XPOHOMEMPANC PAOOUE20 PEMEHMU.

Joas murupoBanusi: Yasnapos A.B. OBIT BHEAPEHUS aBTOMATHIECKON CBAPOYHOHN YCTAHOBKH IPH MMPOU3BOJICTBE MAJION
cenbxo3TexHUKH // Texunueckuid ceppuc mamuH. 2022. T. 60. N4(149). C. 104-110. DOI 10.22314/2618-8287-2022-60-4-
104-110. CRVCUH.

EXPERIENCE IN THE IMPLEMENTATION OF AN AUTOMATIC WELDING PLANT IN
THE PRODUCTION OF SMALL AGRICULTURAL MACHINERY

Anatoliy V. Chavdarov, leading researcher
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation



Abstract. The most important trend in the development of modern technical production is increasing labor productivity
and the quality of products. One of the main technological processes is the process of semi-automatic welding of various
MIG units. The use of modern welding inverter semi-automatic machines allows you to obtain high-quality seams with the
appropriate qualification of the welder. In a global scale, there are the acute shortage of qualified welders and the
dependence of the resulting welded joints on the human factor. (Research purpose) The research purpose is analyzing the
existing technology of welding transmission shafts in the production of small agricultural machinery at a particular
enterprise and propose the introduction of an automatic welding machine for this operation. (Materials and methods) The
article describes the complexity of performing the operation of assembling and welding two transmission shaft flanges for
each standard size according to the existing technology and presents the timing results for each operation. (Results and
discussion) An automatic installation with pneumatic holding and positioning of two flanges and a pipe was proposed to
shorten the production cycle and eliminate the human factor. The article presents a block diagram of the installation with
a programmable logic controller and a touch operator panel. The article also presents the design documentation, a
prototype and results of production tests of the installation at the enterprise. Authors have developed a technological scheme
for welding two ring seams. (Conclusions) The assembly process of the node by the worker was completely excluded from
the technological map. The time of the full cycle for assembly and welding of the unit has been reduced by three times. The
human factor was eliminated from the welding process and doesn’t influence the quality of the operation. The introduction
of an automatic installation made it possible to use low-skilled personnel in this operation.

Keywords: assembly and welding works, automatic welding machine, human factor, transmission shafts, timing of
works.
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Peghepam. Vcnonvzosanue co8pemeHnblx HOUB00OPAOAMBIBAIOWUX MAUUH NO3605€M CYUWECMBEHHO HOBbICUMD
NPOU3BOOUMENLHOCYb, Ka4ecmeo U dghgexmugnocms 00pabomxu nougvl. 3HAUUMENbHAsL 4acmb padoyux OpeaHog
(6onee 60 npoyenmos) mepsem pabomocnocoobHOCHb NO NPUYUHE USHOCA PADOYUX NOBEPXHOCHEN, YMO NPUBOOUM K
npocmoio 8 pabome U 3HAYUMETbHLIM MamepuanbHbim 3ampamam. (Llenv uccnedosanus) [Ipoananruzuposams
Haubonee NpuUMeHseMble MEeXHON02UU YAPOUHEeHUs. pabouux OpeaHo8 CelbCKOXO3AUCTNEEHHbIX MAUiuH ¢ Yeabio
onpeodenenus 3anumaemol umu 0oau pwinka. (Mamepuanvt u memoowvt) Cobpanu OanHvle HA CcAUMAax KOMNAHUL,
Peanuzyiomux 3anactvle Yacmu 0Jis CeIbCKOX03AUCMEEHHOU MEeXHUKU, 6 YesX AHATU3A NPUMEHSeMbIX HA Ce200HAWMHUL
Oelb mexHONo2Ull YNPOUHeHUs pADOYUX OP2AHO8 CebCKOX03acmeeHHblx mawiun. CucmemMamusuposan c6e0eHuss no
mpem OCHOBHLIM Kame20opusim padouux opeanos: pabouue opeasl 01 Kyavmusayuu, pabouue opeausl 015 6CRAUIKU,
pabouue opaamv s ouckosanus. (Pezyiomamor u 0ocysicoenue) Cocmasunu 2UCmospammy no umozam npoeeoeHHo20
AHATU3A MEXHON02U YAPOUHEHUS. PAOOYUX OP2AHOE, NOKAZbIEAIOWYIO Q00 UCTIOAL30BAHUS PASIUYHBIX MEXHOLO2ULL NO
CREOVIOWUM HANPABNEHUAM. 00beMHAS 3aKANIKA, 3AKAIKA MOKAMU 8bICOKOU YACTNOMbL PENCYUUX KDOMOK, HAHECeHUe
NOPOUWKOBHIX MAMEPUATIO8 C NOCEOVIOWUM ONIAGTEHUEM MOKAMU BbICOKOU HACMOMbL, 3JIeKMPOoOY208ds. HaANIA6KA
MBEPOOCNIIABHBIMU MAMEPUATAMU, Oe3 NPUMEHEHUsT YRPOUHIIOWUX MEXHON02UL, NIASMEHHAS. 3AKATKA DeNCYUUX
npomok. (Bwieoowt) Ilposenu ananuz poccutickozo pvinka padoyux opeanos noue000padbamuleaiowjux Mauun ¢ Yeivio
OYeHKU Haubonee aKxmyanbHulX U 6ocmpebosanuvlx mexnonozuti ynpounenus. Cobparu u obpabomanu dauuvie 0
3aHUMAEMOU 001e PLIHKA 8 NPOYEHMHOM COOMHOWEHUY MeMU WY UHBIMU 6U0aMU ynpounenus. /lan cpasnumenbHbulil
AHATU3 MeMOO08 YNPOUHEHUS, NPUMEHAEMBIX 3aPYOEHCHBIMU U POCCULICKUMU NPOU3EOOUMETSIMU.

Knrouesvie cnoea: mexnonozuu ynpouHenusi, 00vbeMHAsl 3AKATIKA, HANLABKA MOKAMU BbICOKOU HaCHmOmbl,
21eKMpO0y206asl HANAABKA, NIAZMEHHAS 3AKAIKA, CKOPOCb USHAUUBAHUSL.
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RELEVANT HARDENING TECHNOLOGIES FOR TILLAGE MACHINES WORK TOOLS

Dmitriy A. Dobrin, junior researcher
Federal Scientific Agroengineering Center VIM Moscow, Russian Federation

Abstract. The use of modern tillage machines can significantly improve the productivity, quality and efficiency of
tillage. A significant part of the work tools (more than 60 percent) loses their operability due to wear of the working
surfaces, which leads to downtime and significant material costs. (Research purpose) The research purpose is analyzing
the most used technologies for strengthening the work tool of agricultural machines in order to determine the occupied
market share. (Materials and methods) The data were collected on the websites of companies that sell spare parts for
agricultural machinery in order to analyze the technologies used to strengthen the work tools of agricultural machinery.
The information was divided in three main categories of work tools: work tools for cultivation, work tools for plowing,
work tools for disking. (Results and discussion) The article presents the histogram based on the analysis of the hardening
technologies of work tools, showing the share of various technologies in the following areas: volumetric hardening;
quenching with high-frequency currents of cutting edges; application of powder materials followed by melting with
high-frequency currents; electric arc surfacing with carbide materials; without the use of hardening technologies,
plasma hardening of cutting holes. (Conclusions) The analysis of the Russian market of work tools of tillage machines
was carried out in order to assess the most relevant and in-demand hardening technologies. The article presents
collected and processed data on the occupied market share as a percentage of certain types of hardening. A comparative
analysis of the hardening methods of foreign and Russian manufacturers was given.

Keywords: hardening technologies, volumetric hardening, surfacing with high frequency currents, electric arc
surfacing, plasma hardening, wear rate.

For citation: Dobrin D.A. Aktual’nyye tekhnologii uprochneniya rabochikh organov pochvoobrabatyvayushchikh mashin
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Pegpepam. [lokazanu pe3ynomamol UCCIe008AHUA BIUAHUSL DPENCUMO8 QOPMUPOBAHUA Ne2UPOBAHHO20 ClOA HA
nosepxHocmu cmanu 35 npu 31eKmMpoUCKPOBOM JIe2UPOBAHUU C UCNONb308AHUEM AHOOHO20 MAMEpPUald U3 peHus.
Ipumenenue Oannoco memooa NO360IULO MAMEPUATOBeddAM pa3pabomams psao HOBLIX MEXHOJ02UU CO30AHUSA
SAUWUMHBIX  JIe2UPYeMbIX Cll0e8 HNO8epXHOCmell U30eauti U3 MOKONPOBOOAWUX MAMEPUANO8 €  3A0AHHbIMU
@yurkyuonanoHviMu ceoticmeamu. (Llenv ucciedosanus) Mzyuumo 8nusHUe PEHCUMO8 INIEKIMPOUCKPOBOSO Ne2UPOBAHUSL
npu opmMuposanuu 1ecupyemvix cioes Ha cCmay 35 ¢ UCNOIb308aAHUEM AHOOHO20 MAMEPUANA U3 PEHUs, UCCTIe008amb
KUHEMUKY dNeKMPOMACCONEPEHOCa AHOOH020 MAMEPUANa Ha NOBEPXHOCMYb 8 3AGUCUMOCTIU OM IHEPSUU 8 UMNYIbCE, €20
onumenvrhocmu. (Mamepuanwt u memoowt) Hcnonvzosanu pernuti Re (99,99 npoyenmos) 6 kauecmee mamepuana anood,
Kkamoda —cmans 35. lpumenunu ob6opyoosanue: BUI -1, Dnumpon-22-AM c 6roxom Al-2, yemanosxy « AMOHIIy; COM
EVO-50XVP C. ZEISS, ougppaxmomemp RigakuMiniFlex-1I (Japan), Cu-Ka usnyuenue, 6azy oannvix ICDD; gecvt BJIO-
200, BJIP-220; muxpomeepoomep I[IMT-3M. Ouuwanru obpasyvl 6 ynempaseykoeou eauHe. (Pe3yibmamuvl u
obcyacoenue) ITlonyuunu OaunHvle CYMMAPHO20 UBMEHEHUs. 3PO3UU  aHoOd, HNpuseca Kamood, Kodp@uyuenma
INEKMPOMACCONEPEHOCA HA PA3IUYHBIX pedicumax. Haubonvuuil cpednuli koaphuyuenm macconepenoca Habmooanu
npu SAeKMPOUCKPOBOM Je2UPOBAHUU C HAUDOTLUUMU 3HAYeHUAMU eaudun dHepeuu 1,8 (62,2 npoyenma) u 0,32 0aicoyis
(37,4 npoyenmos) npu naumenvuiux 3nawenusx uacmom coomeemcmeenno 20 u 80 cepy. Coomuowienus eruyun
SHepeuU U 21y OUHbL Te2UPyeMOo20 C10s NOKA3bl8Aem MEeHOEHYUIO CHUNCEHUSL 2Ty OUHbL NPU YEeTUUeHUU DHEPSUU U POC C
yeenuueHuem yacmomsl. (Boi6oowl) [Ipedcmasunu pe3ynomamol uccie008anUs GIUAHUSA PEHCUMOB INEKMPOUCKPOBO2O
Jle2uposanus cmanu 35 peHuem Ha KUHemuKy MAacconeperocd, jieMeHmHbll, (a308bill COCMAs.

Knrouesvle cnoea: necupo8anmubvili Clol, 31EKMPOUCKPOBOE JlecUposaniie, aHOOHbIL MAMEPUAn, peHutl, CMmaib,
UMNYIbCHI, MEEPOOCb, USHOCOCHOUKOCD.

s umtupoBanus: MBanos B.U., ['opauenxo I1.C., Konesuor JI.A., ITanun E.C., Kapabuos A.A. VccnenoBanue
(hopMUpOBaHUS JETUPOBAHHOTO MOBEPXHOCTHOTO ciiost ipu DUJI ctanm 35 pennem // Texuudeckuii cepsuc mMamiua. 2022. T.
60. N4(149). C. 118-126. DOI 10.22314/2618-8287-2022-60-4-118-126 .DJPCRG.

BUILDING OF ALLOYED SURFACE LAYER DURING ELECTRIC SPARK TREATMENT OF STEEL 35
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Abstract. The article presents the influence of the modes of electric spark placement of the alloyed layer on the surface
of steel 35 during electric spark alloying using rhenium anode material. The use of this method allowed material
scientists to develop a number of new technologies for creating protective alloyed layers of surfaces made of conductive
materials with specified functional properties. (Research purpose) The research purpose is studying the effect of electric
spark alloying modes during the layering of alloyed layers on steel 35 using rhenium anode material, to study the
kinetics of the electro-mass transfer of the anode material to the surface depending on the energy in the pulse and its
duration. (Materials and methods) Rhenium Re (99.99 percent) was used as the anode material, the cathode was steel
35. The next equipment was used: BIG-1, Elitron-22-AM with AG-2 unit, IMEIL installation; EVO-50 XVP S. ZEISS
SEM, RigakuMiniFlex-1I diffractometer (Japan), Cu-Ka radiation, ICDD database, scales VLO-200, VLR-220; micro
hardness tester PMT-3M. The samples were cleaned in an ultrasonic bath. (Results and discussion) The data of the total
change in the erosion of the anode, the gain of the cathode, the coefficient of electric mass transfer in various modes
were obtained. The highest average mass transfer coefficient was observed with electric spark alloying with the highest
energy values of 1.8 (62.2 percent) and 0.32 joules (37.4 percent) at the lowest frequencies of 20 and 80 hertz. The ratio
of the values of energy and depth of the alloyed layer shows a tendency to decrease the depth with increasing energy
and increase with increasing frequency. (Conclusions) The article describes the results of the study of the effect of the
modes of electrospray alloying of 35 rhenium steel on the kinetics of mass transfer, elemental, phase composition.

Keywords: alloyed layer, electric spark alloying, anodic material, rhenium, steel, pulses, hardness, wear resistance.
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COBPEMEHHBIE TEXHOJIOT A OKOHYATEJBbHOM OBPABOTKH JIOPOKEK KAUEHUS
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Pegpepam. Haubonee nepcnexmugnvimu Memooamu Yiyuuenus Kaiecmed no8epxHocmell 00podceK KaueHus Koey
WAPUKONOOUUNHUKOB € MHO20MOYCYHBIM KOHMAKMOM  CAYHCAM  UMNYIAbCHASL YAPOUHAIOWAsL  YIbMpa3gyKoseas
obpabomka u cynepQuHUMUPOBAHUE HAKIOHHBIM abpazusHbim Opyckom. (Llenv uccaedosanus) Paccmompems
COBpeMeHHble TMEeXHONIO2UY VIVYIMEHUS KAYeCmea NOo8epXHOCHel 00podiceK KaueHus: Koaey WapuKkonoOuunHuKos ¢
MHO20MOYEUHbIM KOHMAKIMOM,; HPOGECIU MAMEMAMUIECcKoe MOOeIUPOBaHUe NPoYecca hopmMupo8ans payuoHaIbHOU
2eoMempu1eckol opmuvl CIONHCHOU NOBEPXHOCMU OOPONICKU KAYEHUs 6 npoyecce NPUMEHEHUs YIbImpassyKoeol
0bpabomxu u cyneppHuUHUUPOBAHUS HAKIOHHbIM aOpa3usHuiM opyckom. (Mamepuanst u memodst) Ommemunu, 4mo
docmudicenue payuoHaIbHOU 2e0MempPUYEcKoll hopMbl CIONHCHOU NOBEPXHOCMU OOPONCKU KaueHus 0e3 npumeHeHus
YCOBEPUIEHCMBOBAHHBIX YCMPOUCME 00pabomku Kpatine 3ampyonumenvio. Onpedenunu, ymo 6 ciyidae UMNYIbCHOU
YHpoOuHsIOWel  YIbMpPA38yKOGOU  00pAbOmMKY — CMATLHOMY — WAPUKY, CONPUKACAIOWEMYCS. ¢ cosepuiaiouell
Konebamenvhble O0BUJICEHUSL CMEHKOU 6071H0800d, coobwaemcs HauyanvHas ckopocmv Vo Ilpu yoape 00
06pabamvleaemyio nNOBEPXHOCHb WAPUK NPOHUKAEM 6 Hee HA HeKOMOPYIO enyOuny Acx, 8 pezyibmame HO8ePXHOCHDb
obpabamuvieaemotl demanu no08epeaemcst KpamrKo8peMeHHOMY 8030elicmeuto cocumaroueli cuivl Feye. Bolasunu, umo
6 npoyecce cynepOUHUUPOBANUS HAKIOHHBIM AOPA3UBHBIM OPYCKOM 3A20TMO6KA 6PAYAEMCsl OKPYe C80ell OClU, a K
NOBEPXHOCTU OOPOICKY KAUeHUsl 3a20moeKuy ¢ cunol P npudxcumaemcs abpazusnviii 6pycox. Ocwy ocyunnayuu 6pycka
HAaKIOHeHa noo y2iom o. K ocu 3aeomosku. (Pezyismamot u o6cyscoenue) Iloxaszanu, ymo mexnonro2uu yivmpaseyKosou
0bpabomxu u cynepOUHUUPOBAHUSL HAKIOHHBIM AOPA3USHBIM OPYCKOM ObLIU ONPOOOBAHbI HA YNOPHO-PAOUATLHBIX
NOOWUNHUKAX KAYeHUsl U WaAPUKONOOWUNHUKAX C MHO2OMOYEYHbLIM KOHMAaKmom. (Bvisoodsl) B nepsom eapuanme
npoyecce  BbI2IANCUBAHUSL  NPOUCX00AM  OepopMayusi  HOBEPXHOCMHO20 — CNIOSi  OOPOJUCKU — KAUeHus  Ko.ey
WAPUKONOOUUNHUKOS, PA302PEE 0emau U UHCTNPYMEHMA 00 DOoJlee 8bICOKUX MEMNEPAMYp, Ymo 8 C8010 04epedb Gedem
K Ovlcmpomy uzHocy uHcmpymenma. Bo emopom eapuanme mexuonocus 06pabomru CiodcHo2o0 npopuis 00podicKu
KaueHus Koney apukonoOwunuukos mpebyem ocobozo koumpons. Heobxooumo cosepuencmeoganue
cynepuHUHbIX Onepayuil @ HaNPAaGIeHUU NOGLIUEHUsL UX MEXHOI0SULECKUX BO3MOICHOCTEIL.

Kniouesvie cnosa: Oopoosicka Kauenus NOOWUNHUKA, NOBEPXHOCTMHO-YNPOUHSAIOWAs 00pabomxa, Yavmpassyk,
cynepunuunas 06pabomKa, NPoYecc Gbl-2AANCUBAHUSL, MOPOUOATbHAS hopma.
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MODERN TECHNOLOGIES FOR FINISHING
BEARING ROLLWAYS
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Abstract. The most promising methods for improving the quality of the surfaces of the raceways of ball bearing rings
with multipoint contact are pulse hardening ultra-sonic treatment and superfinish with an inclined abrasive bar.
(Research purpose) The research purpose is studying modern technologies for improving the quality of the surfaces of
the raceways of ball bearing rings with multipoint contact; to carry out mathematical modeling of the process of forming
a rational geometric shape of a complex raceway surface during the application of ultrasonic treatment and superfin-ish
with an inclined abrasive bar. (Materials and methods) It was noted that achieving a rational geometric shape of a
complex raceway surface without the use of advanced processing devices is extremely difficult. It was determined that in
the case of pulsed hardening ultrasonic treatment, the initial velocity Vy is reported to the steel ball in contact with the
oscillating wall of the waveguide. Upon impact with the treated sur-face, the ball penetrates into it to a certain depth
Acwe, as a result, the surface of the treated part is exposed to a short-term compressive force Feye. It was revealed that
dur-ing the superfinish process, the workpiece rotates around its axis with an inclined abrasive bar, and an abrasive bar
is pressed against the surface of the rolling track of the workpiece with force P. The oscillation axis of the bar is inclined
at an angle to the axis of the workpiece. (Results and discussion) It was shown that the technologies of ultrasonic
processing and superfinish with an inclined abrasive bar were tested on thrust-radial rolling bearings and ball bearings
with multipoint contact. (Conclusions) In the first variant, during the smoothing process, the surface layer of the raceway
of the ball bearing rings is deformed, the part and the tool are heated to higher tempera-tures, which in turn leads to
rapid tool wear. In the second variant, the technology of processing the complex profile of the raceway of ball bearing
rings requires special control. It is necessary to improve superfinish operations in the direction of increasing their
technological capabilities.

Keywords: bearing raceway, surface hardening treatment, ultrasound, superfin-ishing, burnishing process, toroidal
shape.
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mexnukym um. A.B. Axoenesa, 2. Yenaounck, Poccuiickan @edepayusn

Pegpepam. Hayxa o pemonme u eoccmamosnenuu y3noe u Oemaneli CenbCKOXO3AUCMBEHHbIX MAWUH AKMUBHO
PA38UBANACH 8 YCI0BUAX NIAHOBOU IKOHOMUKU cmparbl 8 1950-1980-¢ 20061 Paboma pazeeprymoil 60 6cex pecuonax
CMpansl cemu Cneyuanu3UpoOSanHblX PEMOHMHBIX 3A60008, CMAHYUL MEXHUYECKO20 00CYIHCUBANUSA, OUASHOCNUYECKUX
NYHKMOB 6a3Upo6aNaAcCh HA HAYUHO-MEXHOLO2UYECKOU OCHO8e, CO30AHHOU OMeueCcmE8eHHbIMU YUeHblMU. boavbuioll 6K1ao
6 HAKONJeHUe 3HAYUMENbHO20  HAYYHO20 U  NPAKMUYECKO20  ONblMd 8  NpPOYeccbl  BOCCHIAHOBIECHUS
CeNbCKOXO3ANUCMEEHHOU MEXHUKU HECIA HAYUHAS WKO0AA YenA0UHCKO20 UHCMUMYMAa MexaHu3ayuu u d1ekmpuguxayuu
cenvckozo xosaucmea, gosenasisiemas H.E. Yivmanom. (Lemv uccrnedosanus) Illpoananruzupoeamv HanpasieHus
uccne0osanuti U paspabomox 6 o0baacmu Cco30aHus CUCMeEMbl OpP2aHU3AUUU U NPOBEOeHUs MeXHUYeCcK020
O0OCIYIHCUBAHUSL U PEMOHMA CEbCKOXO3SAUCMBEHHBIX MAWMUH U GbISIGUMDb €€ POTb 6 PA3GUMUU A2PORPOMBIUIEHHOZ0
Komnaekca pezuona. (Mamepuanvt u memoowvt) Onpedenunu, 4mo Hayaio mpyoosou deamenvrocmu HU.E. Yivmana



CBA3AHO € 0CBOCHUEM IKCNEPUMEHMATbHBIX MEMO008 UCCAe0068ANUSL HA PA3TUYHBIX Y3/1aX MPEHUsL MEXAHUZMO8 U MAUUH
6 aabopamopuu Jlenunepadckoeo nonumexnuueckoeo uncmumyma um. MU Kamununa u npouzeodcmeennotl
noozomoskot na Ilymunosckom 3agooe. (Pezyromamul u obcysicoenue) Hayunvle uccredosanus wxonvt U.E. Yiomana
oxeamuleanu credyloujue OCHOBHble HANPAGLeHUs: UCCAedo8anue U paspabomra MexXHONOSUHECKUX NPOYeccos
B60CCMAHOGNEHUSI  USHOWEHHbIX — Oemanei  91eKMpoQU3UYeCKUMy  Memooamy,  Oyenka  HAOeHCHOCmU
OMPEMOHMUPOBAHHBIX — A2pe2amos U BOCCMAHOGICHHLIX — Oemanei  MemoOdMy  YCKOPEHHbIX — UCHBIMAHULL
JuazHocmuposanue azpe2amos MOOUNLHOU MeXHUKU 6 mnpoyecce ux pPeMOoHma, UCCiedosanue u paspabomka
OP2AHU3AYUOHHBIX OCHO8 MEXHUUECKO20 OOCTYICUBAHUSL U PEMOHMA MAUWIUH, BOCCTNAHOGIEHIUE USHOUEHHBIX 0emanell
wupoxot Homenkaamypol. (Bvigoowt) Hayunas wrona HU.E. Yibmana enecna 3nayumenvHulli 6KIA0 8 pazsumue
MexXHONI02Ull BOCCMAHOBNEHUS USHOWEHHbIX 0emaiell MAUUH PA3TUYHLIMU NOKPLIMUAMU (2A1b8AHUKOLL, 8UOPOOY2080lL
HANIA6KOU, HANeKaHuem Memaiiudeckux HOpoOuKos).

Knroueevie cnoea: Hayunvie uccnedosanus, CENbCKOXO3AUCMBEHHASL  MEXHUKA, NIAH080e MeXHUYecKoe
00CHyIICUBaHUE, HANPABLEHUS HAYYHOU OesimenlbHOCU, BOCCMAHOBeHIUEe USHOUWEHHBIX Oemalell, MeXHOL02UYecKue
Kapmol, 8UOPOOY208aAsl HANABKA.

Jast uutuposanusi: Lenu 10.C., I'onnesckas E.B. Bknan nayunoil mkonst U.E ViieMana B co3gaHue Hay4HBIX OCHOB
TEeXHUYECKOro cepBuca MammH // Texamdaeckuit cepuc Mamms. 2022, T. 60. N4(149). C. 137-148. DOI 10.22314/2618-8287-
2022-60-4-137-148. HBNMXL.

CONTRIBUTION OF THE I.E. ULMAN SCIENTIFIC SCHOOL TO
THE CREATION OF THE SCIENTIFIC FOUNDATIONS
OF THE TECHNICAL SERVICE OF MACHINES

"Yuliya S. Tsench, Dr.Sc.(Eng.), associate professor, chief researcher;

’Elena V. Godlevskaya, Ph.D.(Ped.), deputy director for scientific

and methodological work, e-mail: elengodl@ya.ru

!Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation
’Chelyabinsk State Industrial and Humanitarian College

named after A.V. Yakovlev, Chelyabinsk, Russian Federation

Abstract. The science of repair and restoration of components and parts of agricultural machinery was actively
developed in the conditions of the planned economy of the country in the 1950-1980 s. The work of the network of
specialized repair plants, maintenance stations, diagnostic points deployed in all regions of the country was based on the
scientific and technological basis created by domestic scientists. A great contribution to the accumulation of significant
scientific and practical experience in the restoration of agricultural machinery was made by the scientific school of the
Chelyabinsk Institute of Mechanization and Electrification of Agriculture, headed by I.E. Ulman. (The purpose of the
study) TTo analyze the directions of research and development in the field of creating a system for organizing and
carrying out maintenance and repair of agricultural machinery and to identify its role in the development of the agro-
industrial complex of the region. (Materials and methods) Determined that the beginning of work I.E. Ulman is associated
with the development of experimental research methods on various friction units of mechanisms and machines in the
laboratory of the Leningrad Polytechnic Institute named after M.1. Kalinin and industrial training at the Putilov plant.
(Results and discussion) The scientific research of the L.E. Ulman school covered the following main areas: research and
development of technological processes for the restoration of worn parts by electrophysical methods; evaluation of the
reliability of repaired units and restored parts by accelerated testing methods,; diagnostics of mobile equipment units in
the process of their repair, research and development of organizational bases for maintenance and repair of machines,
restoration of worn parts of a wide range. (Conclusions) The scientific school of LE. Ulman has made a significant
contribution to the development of technologies for restoring worn-out machine parts with various coatings (galvanics,
vibro-arc surfacing, baking metal powders).

Keywords: scientific research, agricultural machinery, scheduled maintenance, areas of scientific activity, restoration
of worn parts, technological maps, vibration arc surfacing.

For citation: Tsench Yu.S., Godlevskaya E.V. Vklad nauchnoy shkoly I.LE Ul'mana v sozdanie nauchnykh osnov
tekhnicheskogo servisa mashin [Contribution of the I.E. Ulman scientific school to the creation of the scientific foundations
of the technical service of machines]. Tekhnicheskiy servis mashin. 2022. Vol. 60. N4(149). 137-148(In Russian). DOI
10.22314/2618-8287-2022-60-4-137-148. HBNMXL.
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HCTOPUS CO3JAHNA YYEFHO-ITPOU3BOACTBEHHBIX
HOEHTPOB ITPU KA®EJIPAX
CEJIbCKOXO3SMCTBEHHBIX YHUBEPCUTETOB

Baneumun Ilasnosuu JIanakun, 00Kmop mexnuueckux Hayx,
npocheccop, 2nasusiit cneyuanucm, e-mail: valpal-1938@mail.ru
Deodepanvhulii nayunslii azpoundicenephutii yenmp BUM,
Mockea, Poccuiickan @edepayusn

Pepepam. B cospemennvix yCrogusx onpocy 6HeOpeHuUs 8 NPOU3Bo0CmEo pe3yibmamos OesimeIbHOCY HAYYHbIX
noopaszoeneHuti  yoensiemcss Hedocmamounoe eHumarnue. (Llenv uccnedosanus) Hzyuums onvim co30auus npu
PEMOHMHBIX KaAheOpax YueOHbIX YHUBEPCUEMO8 HAYYHO-NPOU3800CMEEHHBIX YEHMPO8 NO pa3pabomKe u 6HeOPeHuUIo 8
npou3800cmeo pe3yromamos ux oeamenvrHocmu.(Mamepuanst u memoost) Paccmompenu pezynsmamul desimensHoCmu
ompacnesvix NPoOIeMHbIX AOOPAMOPULl NPU BEOVUUX CEeTbCKOXO03AUCMBEeHHbIX 8y3ax Mumncenvxosa; omoenbHuIx
nabopamopuil, cozdannvix BHIIO «Pemoemanvy (HIIO «Pemoemanvy, BHUHUTYBH]] «Pemoemanvy) npu kagedpax
eocyHugepcumemos. HMzyuunu noopobHo pesyrvmamsl OesmefvHocmu 08yx Jaabopamopui. (Pesyriomamul u
obcyacoenue) THoxazanu, ymo 015 Opeanuzayuy PeMOHNMHO20 NPOU3BOOCNEA, PA3PAOOMKYU MEXHOIOSUUECKUX NPOYECCO8
ObLIU  CO30aHbL 6  COBEMCKOe 6peMsi NsMb  OMpaciesvlx  1a6opamopuil, Komopvle  (DUHAHCUPOBATUCH
Poccenvxosmexnuxoui.  Ilpedcmasunu nepeuenv nabopamopuii Ha Kapeopax Y4eOHbIX UHCIUMYMO8, KOmMopbvle
¢unancuposaruco  BHIIO  «Pemdemanvy u  pabomanu no  COBMECMHbLIM — NAAHAM,  VINGEPIHCOEHHbIM
Poccenvxozaxademueii. Ilpoananuzuposanu noopodno oesmenvHocmsv 1abopamopuil, co30anHvix npu Yersbunckom
T'AY u Mopoosckom I'Y. Ommemunu, umo nabopamopusi npu Yensiounckom I'AY 3a namv aem OesmenvHocmu
BBINOJHUNA NAMb X03002080P08 NO GHEOPEHUI0 MEXHONO02Ull U 000pYO08aHUSA, 3AWUeHd OOHA KAHOUOAMCKAS
Juccepmayus u 06e nodzomosienvl k sauume. Ilpuseru pezyarbmamol 0essmeNbHOCMU HAYYHO-NPOU3EOOCHIBEHHO20
npednpusmus, cozoaunozo nabopamopueni N11 TOCHUTH ¢ 2000 2. npu kagedpe mexHuueckozo cepsuca
Mopoosckozo I'Y. Jlannoe npednpusmue 6 2021 2. 6v110 npeobpazoeano u 6 Hacmosuee 6pems PYHKYUOHUPYem Kax
manoe unnosayuonnoe npeonpuamue OO0 «Texcepsucy, ocywecmeniem pPeMOHM USHOWEHHOU MEXHUKU Ol
mosaponpouszgeooumeneii ¢ obecneyenuem 100 npoyenmos pecypca 3a 40-50 npoyenmos cmoumocmu H08020 uzoenus,
BKIIOYAsL UMnopmHubvle azpecamvl. (Bvigoowvt) Onvim co30anus HAYYHO-HPOU3EOOCTNBEHHBIX YEHMPO8 NPU PEeMOHMHBIX
Kageopax yHugepcumemos HOKA3bIBAEH 9DOEeKMUSHOCMb UHMeSPAYUl AKA0eMUYecKoll HAYKU ¢ BY308CKOU NO
NPAKMULECKOMY 6HEOPEHUI0 Pe3VIbMAMO8 COBMECHBIX UCCIe008ANHULL 8 NPOU3BOOCEO.

Knrouesvle cnosa: 6nedpenue, pe3yiomam HAYYHOU OesmMeNbHOCMU, DeMOHMHble Kagheopbl, peMOHMHOe
npoU3800CMBE0, MEXHUYECKUL CEPBUC, PEMOHI USHOUWEHHOU MEXHUKU, BOCCTNAHOGIeHUe Oemaell.

Jas ourmpoanms: Jlsusikua BUII. Hcropus cosmanms ydeOHO-TIPOM3BOACTBEHHBIX IIGHTPOB MIpu  Kadeapax
CENbCKOXO3AUCTBEHHBIX yHUBepcuTeToB // Texumueckuit ceppuc mammH. 2022. T. 60. N4(149). C. 149-157. DOI
10.22314/2618-8287-2022-60-4-149-157. HBNMXL.

HISTORY OF TRAINING AND PRODUCTION CENTERS
OF AGRICULTURAL UNIVERSITIES

Valentin P. Lyalyakin, Dr.Sc.(Eng.), professor, chief specialist
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. In modern conditions, insufficient attention is paid to the issue of introducing the results of scientific
departments into production. (Research purpose) The research purpose is studying the experience of creating research
and production centers for the development and implementation of the results of their activities at the repair departments
of educational universities.(Materials and methods) Reviewed the results of the activities of industry problem
laboratories at the leading agricultural universities of the Ministry of Agriculture; individual laboratories created by
VNPO "Remdetal" (NGO "Remdetal”, VNIITUVid "Remdetal”) at the departments of state universities. We studied in
detail the results of the activities of two laboratories. (Results and discussion) It was shown that five branch laboratories
were created in Soviet times for the organization of repair production, development of technological processes, which
were funded by Rosselkhoznadzor. They presented a list of laboratories at the departments of educational institutions
that were funded by VNPO "Remdetal" and worked according to joint plans approved by the Russian Agricultural
Academy. We analyzed in detail the activities of the laboratories established at the Chelyabinsk State University and



Mordovia State University. It was noted that the laboratory at the Chelyabinsk State University for five years of activity
has completed five agreements on the introduction of technologies and equipment, one PhD thesis has been defended
and two have been prepared for defense. The results of the activity of the scientific and production enterprise created
by the laboratory No. 11 of GOSNITI in 2000 at the Department of Technical Service of the Mordovian State University
were presented. This enterprise was transformed in 2021 and currently functions as a small innovative enterprise of
LLC Techservice; repairs worn-out equipment for commodity producers with 100 percent of the resource for 40-50
percent of the cost of a new product, including imported units. (Conclusions) The experience of creating research and
production centers at the repair departments of universities shows the effectiveness of integrating academic science
with university science in the practical implementation of the results of joint research into production.

Keywords: introduction, result of scientific activity, repair departments, repair production, technical service, repair
of worn-out equipment, restoration of parts.

For citation: Lyalyakin V.P. Istoriya sozdaniya uchebno-proizvodstvennykh tsentrov pri  kafedrakh
sel ’skokhozyaystvennykh universitetov [History of training and production centers of agricultural universities].
Tekhnicheskiy servis mashin. 2022. Vol. 60. N4(149). 149-157 (In Russian). DOI 10.22314/2618-8287-2022-60-4-149-
157. HBNMXL.
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INPUOPUTETHI PABBUTHS CEJIBCKOXO3SIMICTBEHHOM TEXHUKHU CCCP B IEPHUO/ C 1950 1O
1970 rOxa

FOnusa Cepzeesna Ilenu, 00kmop mexnuuecKkux HayK, 0oyennt,
2/1AGHBLEL HAYYHBLIL COMPYOHUK;

Enena Cepzeesna Kypoanosa, pykoeooumens omoena oopazosanus,
e-mail: kurbanova.es@mail.ru

Deoepanvuulii HAYUHBLL AZpoundcenephblil yenmp BUM,

Mockea, Poccuiickan @edepayusn

Pegpepam. B cmamve npoananusuposany nociesoeHHoe COCMOSHUE CeNbCKO20 X03AUCMEA, 8bIAGUNU NPUOPUMENHbIE
HANPAGIeHus pa3eumusl CelbCKOXO3ANUCTNBEHHOU MEXHUKU, OCHOBHblEe HAYYHbIe HANPAGAeHUs UCCIe008aHUl 8 obracmu
CeNbCKOXO03ANUCMBEeHH020 MawuHocmpoenus. (Llenv uccredosanus) Paccmompemv npuopumemuvle HanpagieHus
NOCNIEBOEHHO20 PA3BUMUSL  CEIbCKOXO3ANUCBEHHON MEXHUKU, 3a0ayu U OCHOGHble 2manvl padom no npobdreme
«llosviuenue pabouux ckopocmeti 08UNCEHUS MAUUHHO-MPAKIMOPHBIX azpe2amosy, poas B.H. borimunckozo @ pabome
Hao smoti npobaemou. (Mamepuanvt u memoov) Opeanu308aiu CReYUAIUUPOBAHHbIE UHCIMUMYMbL U OMOebl
mexanusayuy, pacwupunru cemv CKD, co3oanu cemb MauiuHOUCNbIMAMENbHBIX CIAHYUL Ol pA3pabOmKyu HOBbIX U
VAYYUeHUs: umerowuxca Koucmpykyui mawuH. Komanouposanu cneyuanucmos 6 CILUA, ['epmanuio, @panyuio,
Tonnanouio ons 3axynku obpaszyoe umnopmuou mexuuxu. Ilocmasunu 3a0auy 6HeOPUMb 6 CEelbCKOXO03SUCMEEHHOE
npouU3BO0CMB0 HOBblE BbICOKONPOU3BOOUMENbHbIE MPAKMOPbL, CAMOXOOHblE KOMOAUHbI, HABECHblE MAWUHLL C
2UOpABIUYEeCKUM YNPABIeHUEM, CReYUAIUUPOBaHHble MAWUHbL ONiA MEXHUYECKUX, NPONAUHBIX, KOPMOBBIX KVIbMYP.
(Pesynvmamol u 06cysicoenue) Boisigunu Heobxooumocme HayuHo20 obecneverus KOMIAEKCHOU MeXAHU3AYUU CelbCKO20
xossacmea cmpauwl. Onpedenunu, umo 8 paccmampugaemvlii nepuod BHUM 3a cuem cucmemnozo nooxoda,
0X6AMBIBAIOWE20 PA3HbIE ACNEKMbl PA3GUMUSL CElbCKOXO3AUCMBEHHOU MEXHUKU NPespamuics 8 eedyujee HaAyuyHoe
yupexcoenue cucmemvi BACXHUIL. Chopmuposanu Ha 20cy0apcmeenHom YpoGHe CIONCHYIO HAYUHO-MEXHUYECKYIO
npobiemy — yseiuueHue CKOpoCmu OBUINCEHUS dzpe2amos nymem nosviuieHus ux s3nepeoracwviujennocmu. Cozodanu
MHO20HUC/IEHHbLE UCNbIMAMENbHbLe YCMAHOBKU 0151 TAO0PAMOPHLIX U MAKENbl MPAKMOPOs8 Ol NOEBbIX UCCIe008aHUIL
Pezynomamor ucneimanuii 6 8ude omuemos nepeoasanu 3aKa34uKam U UCNOAb308AIU NPU CO30AHUU HOBbIX KOHCIPYKYUL
omeueCmeeHHbIX MPAKmMopos, 05 COBEPUIEHCTNBOBANUA NOKA3AmeNel MPaKmMOPHbIX Ouseilell, MemoOuKu UCHbIMAaHULL
mpakmopos u ogueameneil. (Bvieoowl) Paspabomannvie HayuHble OCHOBbL NOGLIUEHUSL PADOUUX CKOPOCMEU MAUUHHO-
MPAKMOPHBIX azpezamos No380NUNU COBEPUUNDL NOBOPOT 8 OMEYECBEHHOM MPAKMOPHOM U CELbCKOXO3AUCMBEHHOM
MAWUHOCMPOEGHUY 8  HANPAGIeHUU  CO30AHUSL  DHEP2OHACHIUEHHbIX ~ CKOPOCMHbIX — MpAKmopog  u
8bICOKONPOU3BO0UMENbHBIX KOMNIEKC08 MawuH. Paccmompenu ocHogHbie 3a0auu u asmansl pabom no ommemuny 6Kiao
B.H. bormunckozo 6 ycnewrHoe 3ageputerue pabom no npodieme.



Knroueevle cnoea: MauuHHO-mMpaxKmopuvle azpezamvl, NO8bluieHue pabouux CKoOpocmell, IHepeOHACHIUWYEHHOCHb,
CKOPOCMHASL ~ MEXHUKA,  CEeNbCKOXO3AUCMEEHHOe — MAWUHOCMPOCHUE, — AZDOUHNCEHepHble  HAVKU,  HAYYHO-
uccredosamenvckue pabomoi.

Jns mutuposanusi: Lenu 10.C., Kypbanosa E.C. Ilpuopuretsr passurusicensckoxossiictBennonr texuuku CCCP B
nepuox ¢ 1950 mo 1970 rox. // Texanueckuii cepsuc mamma. 2022. T. 60. N4(149). C. 158-170. DOI 10.22314/2618-8287-
2022-60-4-158-170. NBJTMC.

PRIORITIES FOR THE DEVELOPMENT OF AGRICULTURAL MACHINERY OF THE USSR IN THE
PERIOD FROM 1950 TO 1970

Yuliya S. Tsench, Dr.Sc.(Eng.), associate professor,
chief researcher;

Elena S. Kurbanova, head of the education department
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. The article analyzed the post-war state of agriculture, identified priority areas for the development of
agricultural machinery, the main scientific directions of research in the field of agricultural engineering. (Research
purpose) The research purpose is considering the priority directions of the post-war development of agricultural machinery;
tasks and main stages of work on the problem of "Increasing the working speeds of machine and tractor units", the role of
V.N. Boltinsky in working on this problem. (Materials and methods) Organized specialized institutes and departments of
mechanization, expanded the SKB network, created a network of machine testing stations to develop new and improve
existing machine designs. Specialists were sent to the USA, Germany, France, and the Netherlands to purchase samples of
imported equipment. The task was set to introduce into agricultural production new high-performance tractors, self-
propelled combines, mounted machines with hydraulic control, specialized machines for technical, tilled, forage crops.
(Results and discussion) Identified the need for scientific support for the integrated mechanization of agriculture in the
country. It was determined that during the period under review, VIM, due to a systematic approach covering various aspects
of the development of agricultural machinery, turned into a leading scientific institution of the VASHNIL system. We have
formed a complex scientific and technical problem at the state level - increasing the speed of movement of aggregates by
increasing their energy saturation. We have created numerous testing facilities for laboratory and models of tractors for
field research. The test results were transmitted to customers in the form of reports and used in the creation of new designs
of domestic tractors, to improve the performance of tractor diesels, methods of testing tractors and engines. (Conclusions)
The developed scientific foundations for increasing the working speeds of machine-tractor units allowed us to make a turn
in the domestic tractor and agricultural engineering in the direction of creating energy-saturated high-speed tractors and
high-performance machine complexes. We reviewed the main tasks and stages of work on the problem of "Increasing the
working speeds of machine and tractor units", noted the contribution of V.N. Boltinsky to the successful completion of work
on the problem.

Keywords: machine-tractor units, increase of working speeds, energy saturation, high-speed machinery, agricultural
engineering, agroengineering sciences, research work.

For citation: Tsench Yu.S., Kurbanova E.S. Prioritety razvitiya sel'skokhozyaystvennoy tekhniki SSSR v period s 1950
po 1970 g [Priorities for the development of agricultural machinery of the USSR in the period from 1950 to 1970].
Tekhnicheskiy servis mashin. 2022. Vol. 60. N4(149). 158-170 (In Russian). DOI 10.22314/2618-8287-2022-60-4-158-170.
NBIJTMC.



