DOI 10.22314/2618-8287-2023-61-2-12-23  Y]IK-631.3:005.934.4

COTPYJHUYECTBOI'OCHUTU U UYTAY
B HAYUHO-UCCJIEJOBATEJbCKOM JEATEJIBHOCTHU

"IOnusa Cepzeeena Ilenu, 0okmop mexnuueckux Hayx,
2/1A8HBLIL HAYYHBLIL COMPYOHUK;
’Enena Bnaoumuposna I'ooneséckasn, kanouoam nedazo2uueckux
HaykK, 0oyenm
!@eoepanvubiii nayunstit azpounscenepusiii yenmp BUM,
Mockea, Poccuiickan @edepayusn
Yenabunckuii 20cy0apcmeennblil RPOMbLULCHHO-2YMAHUMAPHbLIL
mexnuxym umenu A.B. Akoenesa, o&. Henaounck, Poccuiickaa @edepanyusn
K 85-netuto BsiuecnaBa MBanoBuua YepHouBaHOBA, FOCYAaPCTBEHHOTO

JIesITeNs, BUAHOTO YYEHOTO, JOKTOpa TEXHHUUYECKHX Hayk, mpodeccopa, akageMuka Poccuiickoll akageMuun Hayk, 3aciTy>KEHHOTO
nesitens Hayku U TexHuku PCOCP

Pegpepam. Koney 90-x — nauano 2000-x 20008 MOX*CHO o0Xapaxmepu3o8ams Kak Nepuood, 8 KOMOPOM CLONCULACD
KpUMUYecKasi Cumyayusi, C6s3aHHAsL ¢ PUHAHCUPOBAHUEM HAYYHO-UCCLE008AMETbCKUX PAOOM 8 ACPOUHICEHEPHBIX 8Y3aX.
Baoicnyio ponv 6 cucmeme azpoundicenepnozo oOyyeHus uepanu y4eOHo-onvimHble XO03AUCmed, KOMmopvle 6bINOIHANU
DYHKYUIO MEXHUYECKO20 OCHAWEHUs Y4eOH020 U HAYYHO-Npou3soocmeennozo npoyecca. C npexpawjeruem 6vloeieHus
accueHosanull uz 0100xcema Ha pazeumue y4eOHO-ONbIMHBIX XO3AUCNE KOIUUECTNE0 HAYUHBIX PA3PaAOOMOK COKPAMUIOCH.
(Llenv uccnedosanus) Hzyuums onvlm opeaHu3ayuu HOGbIX (HOpM HOOOEPHCKU YYeOHO-HAYUHO-HPOU3800CHIBEHHOU
OesimenbHOCMU HA OCHO8e uHmezpayuu Hayuynozo yeumpa [TOCHUTH ¢ Yenabunckum 2ocydapcmeeHHbIM
ACPOUHICEHEPHBIM YHUBEPCUMEMOM HA 0asze KagheOpbl peMOHMA MAWUH, UHUYUAMOPOM gbicmynun Bayecnae Heanoeuu
Yeprousanos. (Mamepuanvt u memoowst) Paccmompenuvl ochognvle Hanpasienus u pe3yiomamsl oessimenvHocmu Cexmopa
MNel8, ceszannvie ¢ 6onpocamu yryuuieHuss MEXHUUECKO20 OCHAWCHUS A2PONPOMbLULTIEHH020 Komnaekca FOucnozo Ypana.
(Pesynomamut u obcyscoenue) Iloxazano, umo ocHosHvimu uanpasienusmu oesmenvhocmu Cexmopa Nel8 saeranuce
paszpabomxa mexnonozuti be3pazoopHo2o npoonenus nociepemonmuozo pecypca BC u azpecamog cenbckoxo3saicmeeHHoll
MEXHUKU ¢ TNOMOWDBIO HPUMEHEHUsT HAHOMAMEPUAnos, pazpabomKa mMexHON0Ull 3a0Cmpenus paboyux opeanog
noY600OPAOAMBIBAIOWUX — CETLXO3MAWUH — C  UCNOTb306AHUEM  JIeKMPOQUIULECKUX — Memodo8  06pabomKu;
COBEPUIEHCTNBOBAHIE NPOU3BOOCMEEHHO20 npoyecca ¢ paspabomkou u enedperuem CMK no cmanoapmy I'OCT P UCO
9001-2008 npu mooepruzayuu Mmpaxmopog u KOMOAUHO8, DEeHOBAYUS PEeMOHMHO-MEXHOI02UYECK020 000PYO008AHUs,
goccmanogienue oemanei dnekmpogusuveckumu memoodamu. Ommeuen 8adxiCcHulll 6KIAO0 VUEHbIX 8 VIVHUleHUe Kauecmea
00paz08anus NPU NOO20MOBKE UHICEHEPOB MEXHUUECKO20 CePBUCA CeNlbCKOX035AUCmEeHHbIX MauuH. (Bvlgoodwt) [loocomoska
KOHKYDEHMOCHOCOOHBIX — UHMICEHEPOG-MEXAHUKO8 6  8Y3aX C  HeoOXOOUMbIMU — NPOGPECCUOHATLHLIMU — 3HAHUAMU,
KOMNEMEHYUAMU U NPAKIMUYECKUMU HABLIKAMU HEBO3MONCHA Oe3 MeCH020 HAYYHO20 COMPYOHUUECMEAd 6bINYCKAIOUWUX
Kagheop 8306 ¢ COOMBEMCMBYIOUUMU TADOPAMOPUAMU BEOVIUX HAYUHO-UCCAEO08ANETbCKUX UHCTIUNYIOE.

Kniouesvte cnosa: unmezpayus nayku TOCHUTH u YI'AY, mexnuueckuii cepsuc, npooieHue pecypca MauiuH, 6e3pazoopHblil
DEMOHIM, Pe3YbIMANm HAYUHOU OesimeTbHOCTII.
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Abstract. The end of the 90 — the beginning of the 2000 s can be characterized as a period in which there was a critical situation
related to the financing of research in agroengineering universities. An important role in the system of agroengineering training
was played by educational and experimental farms, which performed the function of technical equipment of the educational and
scientific-production process. With the termination of the allocation of budget allocations for the development of educational and
experimental farms, the number of scientific developments has decreased. (Research purpose) The research purpose is studying
the experience of organizing new forms of support for educational, scientific and production activities based on the integration of
the GOSNITI research Center with the Chelyabinsk State Agroengineering University on the basis of the Department of Machine
Repair, initiated by Vyacheslav vanovich Chernoivanov. (Materials and methods) The main directions and results of the activity
of Sector 18 related to the issues of improving the technical equipment of the agro-industrial complex of the Southern Urals are
considered. (Results and discussion) It is shown that the main activities of Sector 18 were the development of technologies for the
non-disassembly extension of the post-repair life of internal combustion engines and agricultural machinery units using
nanomaterials; development of technologies for sharpening the working bodies of tillage agricultural machines using
electrophysical processing methods; improvement of the production process with the development and implementation of OMS
according to GOST R ISO 9001-2008 during the modernization of tractors and combines; renovation repair and technological
equipment; restoration of parts by electrophysical methods. The important contribution of scientists to improving the quality of
education in the training of engineers of technical service of agricultural machinery was noted. (Conclusions) The training of
competitive mechanical engineers in universities with the necessary professional knowledge, competencies and practical skills is
impossible without close scientific cooperation of the graduating departments of universities with the relevant laboratories of
leading research institutes.

Keywords: integration of science of GOSNITI and ChGAU, technical service, prolongation of service life of machines,
non-disassembly repair, result of scientific activity.

For citation: Tsench Yu.S., Godlevskaya E.V. Sotrudnichestvo GOSNITI i CHGAU v nauchno-issledovatel'skoy
deyatel'nosti [Cooperation between gosniti and chgau in research activities]. Tekhnicheskiy servis mashin. 2023. Vol. 61.
N2(152). 12-23 (In Russian). DOI 10.22314/2618-8287-2023-61-2-12-23. VGMWTY.

DOI 10.22314/2618-8287-2023-61-2-25-31 YK 681.518.5

NTUATHOCTHKA JIBC, COCTOSIHUE U IEPCIIEKTUBBI PABBUTHS B
UHKEHEPHOM CJIYKBE AIIK

HOpuii Bhaoumupoeuu Kamaes, kanouoam mexnuueckux HayK, 00yeHm, 6e0yuiuii Hay4Hvlil COmpyoHuUK, e-mail:
ykataev@mail.ru;

Banepuii Cepzeesuu I'epacumos, 6edywjuil cneyuanucm;

Hzopv Anexcanoposuu Tuwmanunos, uniicenep;

Eezenuii Anamonsesuu I'pados, éedyuwsuii cneyuanucm

Deoepanvhplit HAyUHBLIL azpoundcenephsiii yenmp BUM

Mockea, Poccuiickan @edepayusn

Pepepam. B pabome npedcmasunu meHOeHyuu paszgumusi MeXHU4ecKol OUASHOCMUKU 8 UHICEHEePHOU Cycoe
ACPONPOMBIULIEHHO20 KOMNIEKCd, — Haubolee nepchekmueHvie Hanpaenenuss ee pazeumus. (Llenv uccredosanus)
Tpoananuzuposams cocmosHue COBPEMEHHON MEeXHUUECKOU OUASHOCMUKY 8 UHIICEHEPHOU CIYJicOe azponpoMbIUIEHHO2O
KOMNAEKCA, PACCMOMpemsb paspadomku HOGbIX CHOCO008 U MEXHUUECKUX cpeocme OUdeHOCMUKU, OA3upyIowWuxcs Ha
KOMNbIOMEPHBIX, UHPOPMAYUOHHBIX mexHono2usx. (Mamepuanvt u memooul) [pumenunu cospementuvie ungopmayuonvle
MEXHON02UY, ABMOMAMUIUPOBAHHBIE CUCHEMbL KOHMPOIS U YnpasieHus. Onpedenunu, Ymo paciuuperue HOMeHKIAmypol
npubopos u 060pyO00eanus 0 ROJIYHeHUs 0ObEKMUBHOU UHPOPMAYUL O IKCHIYAMAYUOHHOU HAOEIHCHOCMU O8ucameneti
BHYMPEHHE20 C2OPAaHUS IHEPLOHACHLIUEHHOU CEeNbCKOXO3AUCNGEHHOU MEXHUKY NO0360Jsem NpOo8oOUms KOMNIEKCHbIe
uccned08anus No OAHHOMY NEPCNeKMUeHOMY HANPABIEHUI0 — MeXHUu1eckol ouasHocmuxke. (Pesyismamul u 06cyxcoerue)
Hcnonv3o6anu KOMRIEKCHbIN NOOX00 NPU NPOGEOeHUU UCCIe008AHUL 8 YACU pa3padomKu mMemooos OeckoHmakmHou
OUACHOCIMUKY, OYEHKU YPOGHS MEXHUYECKO20 OOCIYICUBAHUS C UCNONb30BAHUEM VKA3AHHO2O0 MEmood OUAZHOCMUKU,
ananuza cnocobos HeCKOHMAaKMHOU OUACHOCIMUKY, NO360ISIOWUX Peasuposanb HAd GbIXOOHbLE CUSHATbL HEUCTPABHOCHIEU
I1eMenmos dgueamenell BHYMPEHHE20 CCOPAHUS FHEPSOHACHIUYEHHOU CelbCKOX03AUCMBEHHOU MEXHUKU. YCmanosuu, ymo
OeCKOHMAKMHAA OUASHOCIMUKA O8ueamenell 6HympeHHe20 c2opanus noseonsem 8 1,5 u 6onee pas ymeHvuums 4ucio
omxazoe, yeenuuumo 6 1,2-1,5 pasza mexcpemonmuolll mexnuueckuti pecypc, chuzumo na 15-20 npoyenmog 3ampamol Ha



mexHuyeckoe obcayxcusanue, 12-15 — pacxoo monausa u na 10-12 npoyenmos nogvicums 001208e4HOCHb Oemaell.
(Bvisoowt) [Iposedennvle 6 0annoll pabome uUccied08anuus GopmMupyrom HayuHvle 0OCHO8bl P HEeKMUEHO20 UCHOIb308ANHUS
OeCcKOHMAaxkmHuou OuacHocmuku. BreOpenue O0annoeo cnocoba mexHuweckol OUACHOCMUKU Ogueamenell GHYMpeHHe20
c2opanus no3goJAem COKpaAmumy dKCHIYAMAYUOHHbIE U30EPIHCKU CENbX03MO8aponpousgooumenci na 12-15 npoyenmog
3a cyem ghaxmuyecku UCHOIb308AHHO20 pecypca, 00ecnedums COKpaweHue Yyucia pemMonmos u yMeHvuieHue oovemos
3aKynaemulx 3anacHulX Yacmel.

Kniouegvte cnosa: ouaznocmuxa, ucciedo8anue, CenbCKOX035UCMEEHHAsT MEeXHUKA, UHDOPMAYUOHHbIE MEXHOI0SUMU,
pabomocnocooHoCmb, OCMAmMOYHbIll pecypc.
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Abstract. The paper presents the trends in the development of technical diagnostics in the engineering service of the
agro-industrial complex, the most promising areas of its development. (Research purpose) The research purpose is
analyzing the state of modern technical diagnostics in the engineering service of the agro-industrial complex,
considering the development of new methods and technical diagnostic tools based on computer and information
technologies. (Materials and methods) Modern information technologies, automated control and management systems
were used during the research. The expansion of the range of devices and equipment to collect and proceed the
information about the operational reliability of internal combustion engines of high-energy agricultural machinery
allows for comprehensive research in the technical diagnostic. (Results and discussion) Authors used the integrated
approach when conducting research in terms of developing methods of contactless diagnostics, assessing the level of
maintenance using this diagnostic method, analyzing methods of contactless diagnostics that allow us to respond to the
output signals of malfunctions of internal combustion engine components. Contactless diagnostics of internal
combustion engines can reduce the number of failures by 1.5 or more times, increase the repair service life by 1.2-1.5
times, reduce maintenance costs by 15-20 percent, reduce fuel consumption by 12-15 percent and increase the durability
of parts by 10-12 percent. (Conclusions) The research forms the scientific basis for the effective use of contactless
diagnostics. The introduction of this method of technical diagnostics of internal combustion engines makes it possible
to reduce the operating costs of agricultural producers by 12-15 percent due to the economical using of resources, to
ensure a reduction in the number of repairs and a reduction in the number of spare parts purchased.
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Pegpepam. B pabome packpuliu 803MOINCHOCU UCTIONLIOBAHUSL OECKOHMAKMHOU OUASHOCMUKU O HOJYYeHUs.
YUPPOBLIX OAHHBIX, NOTYYEHHBIX HO JOKANbHOU cemu KoHmpoaiepos wunvl CAN mpaxmopa. (Lenv uccredosanus)
Ilposecmu ananu3 onpeoeneHuss HOMEHKIAMYPbl HOKA3amenell IKCHIYAMAYUOHHO-MEXHUYECKUX XapaKxmepucmux
odgueamens GHYMpeHHe20 C2OpaHus MpPaKmMOPHOU MEXHUKU U C030amb COBPEeMEHHble MEXHON0UU OUASHOCTUKY U
KOHMPOASL MEXHUYECK020 COCMOSHUA mpakmopHot mexuuxu. (Mamepuanet u memoods)) Ommemunu, 4mo
OUACHOCMUPOBAHUE IHEPLOHACHIUWEHHOU CelbCKOXO3AUCMBEHHOU MEeXHUKU (MPAKmopsl, KOMOAQlHbL), NPOBOOUMOE C
UCNONb308AHUEM GHEUWHUX U BCMPOEHHBIX CPEeOCmE KOHMPOIA, NO360MAEH ONPedeisimb MEXHUUeCKoe COCMOsHUE
odsueamenell GHYmMpeHHe20 c2opanusi Oe3 pazoopKu, NpOoSHO3UPOBAMb CPOKU CHYyxHcObl ux Oemanel, hakmuyecku
VAPABIAMb MEXHUYECKUM COCOoHUeM dgueamenst mawunvl. Illoxazanu, umo 60avuioe GHUMAHUE 8 UHIICEHEPHOLL CLyHCcOe
AZPONPOMBIULIEHHO20 KOMITIEKCA OKA3bIBAION MEXHUYECKOMY OUACHOCMUPOBAHUIO, CBI3AHHOMY C HPeOynpedcOeHuem
OMKA308 BAMNCHEUWUX V308 U A2pe2ano8 IHEPLOHACHIUEHHOU CelbCKOX03acmeenHot mexHuxky. Onpedenunu, 4mo
peanuzayus OaHHbIX ONEPayUll NOJIONCUMENbHO CKA3bIBACMCSL HA CPOKAX BbINOJIHEHUST CelbCKOX03SUCMEEHHbIX pabom,
nOIyHeHUuU OONOTHUMENLHO20 00beMA CeNbCKOXO3AUCTBEHHOU NPOOYKyuU. [ Kancoou OUasHOCMUpYemMou MAaulumbl
(mpakmopa) 00#CHbl OblMb YCMAHOBIEHbl HOPMAMUGHbIe NOKA3amenu UCHPABHOCIU (pabomocnocodHocmu) npu
IKCNIYAmayui, mexHuueckom oocayacusanuu u pemonme. (Pezyismamul u 006cysicoenue) Bolsigunu, umo ucnoib306anue
OeCKOHMAKMHOU  OUACHOCIUKU —0Decneyusaem Cce0espeMenHoe 0OHapyJceHue U YCMpaHeHue 3HAYUMETbHbIX
HeUuCnpasHocCmell 8 CUCMeMax NUMAHUs Wil 3axHCUSAHUs 0gueamerell, azpe2amos MmpaHCMUCCuu uiu X00060uU Yacmu,
yayywaem Ha 5-10 npoyenmos MONIUBO-IKOHOMUUECKUE NOKA3amenu;, MOWHOCMb Osueamenetl 6 2-3 pasa;
9KON0UYeCKUe NOKA3amenu, nogvliaem 0e30nacHoCmb IKCRIyamayuu mawunvl. (Bvigoowv) B npoyecce nposedenHbvix
UCCe008aHull  ONpedenun (QYHKYUOHANbHbIE B03MONCHOCU OUASHOCIMUYECKUX HNpUbOpo8 ¢  paAcCUUpeHHbIMU
6803MOCHOCMAMU cOoOpa ungopmayuu — yrusepcaivbhoz2o USB adanmepa CAN wiunbl.

Knroueesvle cnosa: mpakmop, OecCKOHMaKmHuas OUAZHOCMUKA, MEXHUYeCKoe 00CIYIHCUBaHUue, pemMonm, yu@posvle
dannvie, CAN-wuna, osucamenv 8HympeHHe20 C2OPaAHUsL.
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THE CONTACTLESS DIAGNOSTICS TO DETERMINE THE TECHNICAL CONDITION OF INTERNAL COMBUSTION
ENGINES OF HIGH-ENERGY AGRICULTURAL MACHINERY

Evgeniy A. Gradov, junior researcher
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. The paper revealed the possibilities of using contactless diagnostics to obtain digital data obtained over the
local network of tractor CAN bus controllers. (Research purpose) The research purpose is analyzing of the nomenclature
of indicators of the operational and technical characteristics of the internal combustion engine of tractor equipment and
creating modern technologies for diagnostics and control of the technical condition of tractor equipment. (Materials and
methods) It was noted that the diagnosis of energy-saturated agricultural machinery (tractors, combines), carried out
using external and built-in controls, allows you to determine the technical condition of internal combustion engines without
disassembly, predict the service life of their parts, actually manage the technical condition of the engine of the machine.
1t has been shown that the engineering service of the agro-industrial complex pays great attention to technical diagnostics
related to the prevention of failures of the most important components and aggregates of energy-saturated agricultural
machinery. It was determined that the performance of these operations has a positive effect on the timing of agricultural
work, obtaining an additional volume of agricultural products. For each diagnosed machine (tractor), normative
indicators of serviceability (operability) during operation, maintenance and repair must be established. (Results and
discussion) It was revealed that the use of contactless diagnostics provides timely detection and elimination of significant
malfunctions in the power or ignition systems of engines, transmission units or chassis, improves fuel and economic
indicators by 5-10 percent, engine power by 2-3 times, improves environmental performance, increases the safety of
machine operation. (Conclusions) In the course of the conducted research, the functionality of diagnostic devices with
advanced information collection capabilities — a universal USB CAN bus adapter-was determined.

Keywords: tractor, contactless diagnostics, maintenance, repair, digital data, CAN bus, internal combustion engine.
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Peghepam. Hcnonvzosanue 6mopuyHuix MEmMaiilog umeem 8adicHeluee 3Hauenue, NoCKoabKy 3ampamyl Ha 6061e4eHUe
MEMAI00mMxX0008 8 060POM HAYUMETLHO MEHblULe, YeM HA BbINAABKY NEPEUUHO20 MEeMAd u3 pyovl. Peyuxiune toma
YBEMHBIX MEMANLI08, 8 MOM HlUCie OPOH3bl, 0COOEHHO AKMYANEH U3-30 8bICOKOU CIMOUMOCMU Cblpbs. Bee npumensemvie
HA ce200HAWHUL OeHb CNOCOObl nepepadoOmKy MemanloioMa O4eHb SHePeOeMKUe, NOIMOMY AKMYAIeH HOUCK HOBLIX
mexnonoeull. (L{env uccredosanus) Uzyuumo coepemenHble Memoovl nepepadbomky 0mxo008 YGEemHbIX Memailos U
CNIAB08 MAUUHOCIPOUTNETbHBIX NPOU3BOOCME, BbISGUMb HPOOIeMbl U HeOOCMAMKU MAKUX Memooos;, 00KA3amb
4enecooOpPa3HOCb NPUMEHEHUST INEKMPOIPOZUOHHO20 OUCHEPSUPOBAHUST 8 NPOUECCAX PeYUKIUHed MemAaLIuYecKo2o
aoma. (Mamepuanvt u memoovt) Hcnonv3o8anu KOMNIEKCHBIN NOOX00, KOMOPBIU GKIIOUAL AHANU3Z JTUMEPANYPHLIX U
NamMeHmHbIX UCMOYHUKO8, HAYYHbIX pabom. Hccriedoganus npogoounu Ha rabopamoprom obopyoosanuu Hano-yenmpa
QHAL] BUM. (Pesynomamor u obcyscoenue) Hsyuunu pasnuynvie cnocobbl nepepadbomxu MauluHoCmpoumenbHbix
OMX0008 YBEMHbIX MEMAI08 U CHIABOS, BbIAGUIU HEOOCMAMKU OAHHBIX CNOcob08, NPeodNoNCUlU 8 Kayecmee
NEPCHEeKMUBHO20 MEMOO0 3JIeKMPOIPO3UOHHO20 Oucnepauposanus. Onpedenunu, 4mo 6 COBPEMEHHOM DEeMOHMHOM
npouzeodcmee 0151 60CCMAHOGACHUS pabomMoCnocobHocmu usHouleHvlx demanei 6 bonee 60 npoyenmos ciyuaes
UCNONIL3YIOM  C8APOUHO-HANAABOUHble npoyeccul. Hannasexa noszeonsem nposodums Jecuposanue, Ynpasismb
meepooCmpio U MUKDOCMPYKIYPOU HANaensiemoz2o cios. Ilopouikoevie mamepuanst 051 MEXHOI02UL 60CCMAHOGACHUS
U YnpouHeHus 0emaneil SKOHOMUYEeCKU boaee 8b1200Hbl, NOCKOIbKY U320MOGIEHIEe NPOGOIOKU UTU NPYMKOG U3 MBEEPObIX
U XPYNKUX MAMepuanog mpeodyem 0opocoCmosuux cneyuaibiblx cnocobos. (Bvieoowr) Ilepepabomia memaniuueckux
0MXx0008, 0CODEHHO YBEMHLIX MEeMAnlo8 U CHIA808, Oaem OWyMuMblll IKOHOMUYECKUll 3gexm 01 IKOHOMUKU.
Tpumenenue HOBbIX NEPCHEKMUBHBIX MEXHOLO2UL NOMO2AEN CHUZUMb IHEPLOEMKOCHIb NPOYECCO8 PEYUKIUHEA.

Knrouesvle cnosa: ymunuzayus, peyukiune, nepepabomxa, Opou308vle 0mxoobl, MAUUHOCMPOEHUE.
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RECYCLING OF BRONZE WASTE IN MACHINE-BUILDING INDUSTRY
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Federal Scientific Agroengineering
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Abstract. The use of secondary metals is of crucial importance, since the costs of involving metal waste into circulation
are significantly less than for smelting primary metal from ore. Recycling of non-ferrous metal scrap, including bronze,
is especially relevant due to the high cost of raw materials. All the methods of scrap metal processing used today are very
energy-intensive, so the search for new technologies is relevant. (Research purpose) The research purpose is studying
modern methods of processing waste of non-ferrous metals and alloys in machine-building industries, identifying



problems and disadvantages of such methods; proving the expediency of the use of electroerosive dispersion in the
recycling of scrap metal. (Materials and methods) Used an integrated approach, which included the analysis of literary
and patent sources, scientific papers. The research was carried out on laboratory equipment of the FNAC VIM Nano-
Center. (Results and discussion) We studied various methods of processing machine-building waste of non-ferrous metals
and alloys, identified the disadvantages of these methods, and proposed an electroerosive dispersion method as a
promising one. It was determined that in modern repair production, welding and surfacing processes are used in more
than 60 percent of cases to restore the operability of worn parts. Surfacing allows alloying, controlling the hardness and
microstructure of the deposited layer. Powder materials for the technologies of restoration and hardening of parts are
economically more profitable, since the manufacture of wire or rods from hard and brittle materials requires expensive
special methods. (Conclusions) Recycling of metal waste, especially non-ferrous metals and alloys, gives a tangible
economic effect for the economy. The use of new promising technologies helps to reduce the energy intensity of recycling
processes.
Keywords: utilization, recycling, processing, bronze waste, mechanical engineering.
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KAYECTBO IPOJAYKIIMA — OCHOBA KOHKYPEHTOCIIOCOBHOCTH POCCUMCKOI'O
MAIIUHOCTPOEHUA
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Pecpepam.  Huskuii  ypogenv — KOHKYPEHIMOCNOCOOHOCTU — OMEYeCMEEeHHOU  MEXHUKU  CYWeECMBEeHHO  CHUudcaem
nompebumenvckuti cnpoc. Pewumb 0auHyio npodiemy MONMCHO MOIbKO HA OCHOBE NOBBIUEHUS KAYeCBEHHO20 YPOBHA U
IKCHIYAMAYUOHHOU HAOEHCHOCHU 8bINYCKAEMbIX MAUUH, KOMOpble 3aKAa0bl8AlOmcs npu npousgoocmee mexuuku. (Llemv
uccneoosarus) [logvicums Kauecmso U320MoGLeHUsl U HAOEHCHOCHb MAUUH U 000PYO08AHUSA POCCULICKO20 NPOU3BOOCBA HA
OCHOBE COBEPULEHCMBOBANUSA UX NPOU3BOOCHBA U MeXHUYecko2o cepsuca. (Mamepuanvl u memoost) Hccredosanu 6 kauecmse
UCXOOHOU UHOpMAYUY U MAMEPUAN08 (PaKmuyeckue OaHHble 0 MAWUHAX U 000PYO0SAHUU, 3A0CUCMBOBAHHBIX 6
CeNbCKOXO3AUCMBEHHOM NPOU3B00CHBE CMPAHbL, NOKA3AMeNU UHMEHCUBHOCMU UX UCNONb308AHUA U IKCHIYAMAYUOHHOL
Haoedcnocmu.  Ilpumenunu  credyrowue Memoovl UCCICO08AHUA.  MOHOSPAPUUECKUU, CPABHUMENbHBIX — OYEHOK,
cmamucmuyeckuil, ananusa u cunmesa. (Pesyriomamuol u 0bcysicoenue) Yrazanu, umo paboma Hanpaeiena Ha onpeoeienue
NPUYUH HUZKOZ0 YPOBHS KAYeCMEd POCCULICKOU MEXHUKU, 0O0CHOBAHUE HeODXO0OUMOCIU UHHOBAYUOHHO20 PA3GUIMUSL CUCTEM
nPOU3B0OCMBA U  MEXHUYECKO20 Cepeuca Mawun u 0060py0o8aHus. Onpedenuny, 4mo 8 OCHOBe BbICOKOI
KOHKYDEHMOCNOCOOHOCMU 3apyOedtCHOU MEXHUKU — NPUMEHEHUe (PUPMEHHO20 MemOo0d MEXHUYECKO20 Cepeucd. Y cmanosumu
YenecooopasHOCMy ~ UHHOBAYUOHHO20 — PA36UMUSL  NPOU3BOOCHBEHHO-MEXHONOSUYECKOU — CUCTHEMbL U CO30AHUSL
MawuHocmpoumenvusix gupm. Tonvko upma 3auHmepecosana 8 NOBLIUEHUU KAYeCMEad 6bINYCKAeMOU MEXHUKU U MONCEN
OpeaHu308amb  (QUPMEHHbIIL MeXHUYeCcKull cepsuc ceoeli npodykyuu. (Bwigoowr) Ilposedennvle opeanu3ayuoHHO-
MexXHONo2UYecKUue UCC1e008aHUs NOKA3AU, YO NOBbIUEHIE KA4ecmBa U320MOBNeHUsA U NAPAMEMPO8 HAOEHCHOCIU MAUUH
U 000py0osanUsi HA OCHO8E PA3PAOOMAHHO20 UHHOBAYUOHHO20 MEMOoOd OpP2aHU3AYUU NPOU3BOOCMBA U TEXHUHUECKO20
cepeuca Mo360AUM  GblBECHIU  POCCUNICKOE MAUWUHOCMPOEHUE HA  KOHKYPEHMOCHOCOOHUIL YpoBeHb U  obecnedumy
UMnOpmo3ameueHue 8 MexHUKU.

Knrouesvie cnosa: mexuuueckuil yposetv, KAUecmeo, HA0eHCHOCHb, (P HeKmusHOCnb, KOHKYPEHMOCHOCOOHOCHb.
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PRODUCT QUALITY AS THE BASIS OF COMPETITIVENESS
OF RUSSIAN ENGINEERING



Leonid I. Kushnarev, Dr.Sc.(Eng.), professor;

Sergey L. Kushnarev, Ph.D.(Eng.), associate professor,
Bauman Moscow State Technical University,

Moscow, Russian Federation

Abstract. The low level of competitiveness of domestic equipment significantly reduces consumer demand. This problem
can be solved only on the basis of improving the quality level and operational reliability of manufactured machines, which
are laid down in the production of equipment. (Research purpose) The research purpose is improving the manufacturing
quality and reliability of Russian-made machines and equipment by improving their production and technical service.
(Materials and methods) Investigated as initial information and materials the actual data on machines and equipment
involved in agricultural production of countries, indicators of the intensity of their use and operational reliability. The
following research methods were applied: monographic, comparative assessments, statistical, analysis and synthesis.
(Results and discussion) The work is aimed at determining the reasons for the low level of quality of Russian equipment,
substantiating the need for innovative development of production systems and technical service of machinery and
equipment. It was determined that the basis of the high competitiveness of foreign equipment is the use of a proprietary
method of technical service. The expediency of innovative development of the production and technological system and
the creation of machine-building firms has been established. Only the company is interested in improving the quality of
manufactured equipment, and only the company can organize branded technical service of its products. (Conclusions) The
conducted organizational and technological studies have shown that improving the quality of manufacturing and reliability
parameters of machinery and equipment based on the developed innovative method of organizing production and technical
service will bring Russian engineering to a competitive level and ensure competitiveness and import substitution in
technology.

Keywords: technical level, quality, reliability, efficiency, competitiveness.
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Peghepam. B Poccuiickoii @edepayuu npeobradaroujee Hanpasienue ¢ oOIACMU 0Opaujenus ¢ omxooamu He
nepepabomKa, a 3axopoHeHue U CKIaouposanue, Kak CaHKYUOHUpOsanHoe, mak u Hecankyuonupogannoe. Ha ceanxax
3aXOPAHUBAION  PA3TUYHbIE 6UObl NPOOYKYULU, HUlyegble OMX00bl, CMEKN0, MEKCMULb, OMX00bl NOAUMEPHO2O
npoussoocmea. Iliacmuxogvle naKemvl, pazluyHble YNAKOBOUHLIE MAMEPUATbI, PEe3UHOMEXHUYeCKue u30enus
pasnazaromces 0ecsmKu U COMHU Jlem, 3aepa3uss okpyscaiowyro cpedy. (Llenv uccredosanus) Pazpabomamo
OHEpP2eMU4ecKylo  YCMAHOBKY OAs NOJYYeHUs. MOMOPHO20 MONAUSA U YOOOpeHus nymem nepepabomku
AZPONPOMBIUAEHHBIX OMX0008 HA OCHose nupoauza. (Mamepuanvt u memoowt) Ilpumenunu memoowvl YUCIEHHO2O0
AHANU3A, 8 MeOPEeMUUECKUX UCCIeO08AHUIX UCHOIb308ANU OCHOBHbIE NOJONCEHUS. U 3AKOHbI Meniogo2o bananca u
mamemamuxu. Tlonyuennvie sxcnepumeHmanbHvle OanHble 06padbomany Memooamu MamemMamuyeckol CmamucmuKy ¢
npUMeHeHuem INEeKMPOHHO-BbIYUCTUMENbHBIX MawiuH. (Pesynomamor u obcyscoenue) Pazpabomanu mexnoao2uio
VMUAUZAYUU OMPAOOMAHHBIX PEe3UHOMEXHUYECKUX U30eNUll ¢ NONYMHOU 8bIpAbOMKOU MENI080U U INEKMPUUECKOl
oHepeuu. Onpedenunu XapaKkmepucmuxu pabomol Hepeemuieckoll yCmanosKu npu nepepadomie pe3uHomexHu4eckux
uzodenui, a maxoice cocmag nuponusnozo eaza: CO — 25, CO; — 18, CH — 17 npoyenmos, memnepamypa nupoiuza —
700-800 epaoycos [lenvcus. C yuemom xapaxmepucmuk pe3uHomexHuveckux uzoeaull 6 kauecmee moniusa coopaiu
DKCNEPUMEHMANbHBIN 00pazey dHepeemuyeckol yemanosku. Onpedenunu, 4mo cpeonuil CPoK OKynaemocmu OaHHOuU
DHepeemuueckoll ycmanoexku npubnuzumenvro 1,5-2 200a. (Bwisoowvl) /lannas mexuonocus noszgonsem pewuns
npobiemy Ymuauzayuu Omxo008 aAGMOMOOUIbHBIX WUH ¢ MOYKU 3PeHust IKOI0SUHEeCKOU U IKOHOMUUECKOL



yenecoobpasnocmu. Ilpu ymuiuzayuu 6vlpabamvléaemcs OONOIHUMENbHAS MeNlo8ds U INeKMpPUdecKds IHepeus,
KOMopas Hanpaeiaemcs Ha Hyxcobl Npou3800Cmea coOCMEeHHO20 XO3AUCMEA.

Knrouesvle cnosa: nuponusnas ycmanoexka, peakmop, Mmenjiosas dHepaus, WUHA, MOMOpPHOe MONIUBO, IKOIO2Us,
nepepabomka, anbmepHAmuHsIll UCTHOYHUK.
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POWER PLANT FOR PROCESSING
AGRO-INDUSTRIAL WASTE INTO MOTOR FUEL
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Dmitriy S. Leont’ev, senior lecturer;

Denis D. Harisov, Ph.D.(Eng.);
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Abstract. In the Russian Federation, the predominant direction in the field of waste management is not recycling, but
burial and storage, both authorized and unauthorized. Various types of products, food waste, glass, textiles, polymer
production waste are buried in landfills. Plastic bags, various packaging materials, rubber products decompose for tens
and hundreds of years, polluting the environment. (Research purpose) The research purpose is developing an energy
plant for the production of motor fuel and fertilizers by processing agro-industrial waste based on pyrolysis. (Materials
and methods) Applied methods of numerical analysis, in theoretical studies used the basic provisions and laws of heat
balance and mathematics. The experimental data obtained were processed by methods of mathematical statistics using
electronic computers. (Results and discussion) We have developed a technology for recycling used rubber products with
associated generation of thermal and electrical energy. The characteristics of the power plant operation during the
processing of rubber products, as well as the composition of pyrolysis gas were determined: CO — 25, CO;— 18, CH —
17 percent, pyrolysis temperature — 700-800 degrees Celsius. Taking into account the characteristics of rubber
products, an experimental sample of a power plant was assembled as fuel. It was determined that the average payback
period of this power plant is approximately 1.5-2 years. (Conclusions) This technology makes it possible to solve the
problem of recycling car tire waste both from an environmental point of view and from an economic feasibility. During
recycling, additional thermal and electrical energy is generated, which is directed to the needs of the production of its
own economy.

Keywords: pyrolysis plant, reactor, thermal energy, tire, motor fuel, ecology, recycling, alternative source.
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Pegpepam. B nocuueckom npeocmasienuu mexHoai02udeckull npoyecc cOopku 106020 MeXanusma uiu y3ua, 8 mom
yucie U KpUBOUWIUNHO-UWAMYHHO20 MEXAHU3MA Osueamens, 8ce20d MONCHO pACCMAmpusamsv KAk O0OHY U3 Gopm
omoopadiceHus: QYHKYUOHATbHBIX U KOHCMPYKMUBHLIX HPUSHAKO8 NOUCKA HeKomopou yenesou @yuxyuu. (Llenwv
uccneoosanus) Obocrogams heKmuUeHOCMb OPUSUHATLHBIX NOOX0008 K MAMeMAmuieckomy MOOeiupo8aHuio
MEXHONOSUYECKUX NPOYecco8 COOPKU 6 MAUUHOCMPOUMENTbHOM U PeMOHMHOM npousgoocmee. (Mamepuanvt u
Memoowt) [Iposenu uccnedosanus ¢ UCNOIb308AHUEM NOJHOU UHGOpMayuu 006 obvbekme MOOeIUPOBAHUS 8 COCMABE
€O0UHOU CUCmeMbl MAMEeMAMU4ecKo20 MOO0eIUPOBAHUS MEXHOL0SUYECKUX NpoYecco8 cOOpKu, Gopmupyowenics Ha
VPOBHAX A6CMPasupoBanusi CMpyKmMypbl, J02UYECKUX U KOTUYECTBEHHbIX npedukamos. (Pesynibsmamol u o6cysicoenue)
Toxazanu, umo coepemeHHvle NPUHYUNDBL MAMEMAMULECKO20 MOOTUPOBAHUS OAZUPYIONCSL HA OCHOBHBIX NOLONCEHUSIX
meopuu MHONICECMS, 2papos u mamemamuieckol ro2uku. Ommemuiu, Ymo u3 6cex paccmampusaemvblx npoCmMpaHcma
NPOU3BOOCTNBEHHBIX CUCHEM, ORUCHIBAIOWUX COOPOUHbIE MEXHOIOSUYeCKUe NPOYeccvl, ¢ npobremoll obecneyenus
3A0AHHOL MOYHOCMU 3AMbIKAIOWE20 36eHA 8 MOU UWIU UHOU PeanbHOl pazMepHOU yenu Haubojee MecHO C8A3aHO
NPOCMPAHCMBO NPEOUKAMO8 MEXAHUIMA U TMEXHOI0ZUYeCKOol cucmemvl. B pezynsmame ocywecmenenus cOopouHozo
MEXHOI0SUHeCKO20 npoyecca 8 obuem ciyyae 0emanu Uiy y3uvl HpeodpasyIomcs 6 CeA3aHHYI0 CUCEMY 0eKapmoGblX
men ¢ 02PAHUMEHHBIM KOAUHeCmEoM cmeneHeil c60000bl.. Mamemamuyeckoe MOOEIUPOBAHUe MEXHOIOSULECKUX
npoyeccos coOopKu Ha YPoeHe KOIUUECBEHHbIX NPEOUKAMOo8 OMIUYAeMCs HAUMEHbUIEH CIMENeHbIO Pea2upo8anus, HO
3amo daem onucauue 8 6onee CMpo2omM MAMeMamuieckoM 8uoe, NO380IIIOUeM 0CYUeCmEIAmb 6NOJHE 0O0CHOBAHHYIO
ONMUMUZAYUIO MOYHOCHMHBIX NAPAMEMPos U  Memod08 GbINOJHEHUS MEXHONOSUYECKUX Npuemos, Komopovle
obecneuusaiom 0O0HO3HAUHYIO onmumuzayuio. [Ipuknaonoe snavenue MoOEIUPOBaAnUs HA YPOGHE KOIUYECHBEHHbIX
NPeouKamos CyweCmeeHHO bllie, HeM ONUCAHUE HA YPOGHSX CMPYKMYPHLIX U JOSUYECKUX CEOUCME U OMHOUEHUIL.
(Bvi600w1) Mamemamuueckoe mooeauposanue cOOPOUHLIX MEXHOIOSUHECKUX HpOYeccos Hpu KubepHemuieckom
n00X00€e HA YPOGHAX MHONICECMBEHHBIX, NOSUHECKUX U KOIUUECHBEHHbIX NPeOuKamos obecneuugaem HAULYYULYIO
A0eKBaAMHOCTNG U NPUKAAOHYIO 3HAYUMOCHb 8 CIyYae NOCMPOEHUs AHATUMUYECKUX MoOeell.

Knrouesvie cnosa: mawunocmpoenue, pemMoHmHoe HPou3go0Cmeo, coopra, uzoenue, MexXaHusm, MooeIuposanue,
Mampuya, abcmpazupogaue.
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Abstract. In a logical representation, the technological process of assembling any mechanism or assembly, including
the crank mechanism of the engine, can always be considered as one of the forms of displaying functional and
constructive signs of searching for some objective function. (Research purpose) The research purpose is substantiating
the effectiveness of original approaches to mathematical modeling of assembly processes in machine-building and
repair industries. (Materials and methods) Conducted research using complete information about the modeling object
as part of a unified system of mathematical modeling of assembly processes formed at the levels of abstraction of
structure, logical and quantitative predicates. (Results and discussion) It has been shown that modern principles of
mathematical modeling are based on the basic provisions of the theory of sets, graphs and mathematical logic. It was
noted that of all the considered spaces of production systems describing assembly technological processes, the space of
predicates of the mechanism and technological system is most closely related to the problem of ensuring a given
accuracy of the closing link in a particular real dimensional chain. As a result of the assembly process, in general, parts
or assemblies are transformed into a connected system of Cartesian bodies with a limited number of degrees of freedom.
Mathematical modeling of assembly processes at the level of quantitative predicates is characterized by the least degree
of response, but it gives a description in a more rigorous mathematical form that allows for a well-founded optimization
of accuracy parameters and methods of performing technological techniques that provide unambiguous optimization.
The applied value of modeling at the level of quantitative predicates is significantly higher than the description at the
levels of structural and logical properties and relationships. (Conclusions) Mathematical modeling of assembly



technological processes with a cybernetic approach at the levels of multiple, logical and quantitative predicates
provides the best adequacy and applied significance in the case of building analytical models.
Keywords: mechanical engineering, repair production, assembly, product, mechanism, modeling, matrix, abstraction.
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OJTHO 13 BAJKHEHNIINX HATIPABJIEHAM YKPEIUIEHAS TEXHUYECKOI'O TOTEHIIMAJIA
AT'POITPOMBIINIVIEHHOTI'O KOMILIEKCA

IOpuii Braoumuposuu Kamaee, kanouoam mexHuiecKux HayK, 00UeHm, 6e0yuwiuil Hay4Hovlii COmpyoHuK, e-mail:

ykataev@mail.ru;
Banepuii Cepzeesuu I'epacumos, eedyuyuil cneyuanucm;

Hzopv Anexcanoposuu Tuwianunos, Maaduiuii HaAy4Hwlil COMPYOHUK;
Eszenuin Anamonvesuy I'pados, mnadwuii Hayunolit compyoHux
Deoepanvublit HayuHbll azpoundcenepnvlil yenmp BUM,

Mockea, Poccuiickaa @eoepayusn

Pegpepam. B nacmosweii pabome paccmompeny 0npocyl HEOOX0OUMOCHU CO30aHUA IPhexmusnol cucmemvl
VMUIU3AYUY  CeTbCKOXO3AUCMEEHHON MEXHUKU, NOCKOJIbKY 6 HACmosuee 6pems 8 acPONPOMbIULIEHHOM KOMNIEeKCe
IKCNIIYAMUPYEMcsl  3HAYUMENbHOe KOMUYeCHE0 YCmapesuiell CelbCKOXO03SUCMBEHHOU MeXHUKY, 6 MOM  Hucie
DHEP2OHACLIWEHHOU, KOMOPYIO HeobXooumo aubo eoccmanasiueamo, aubo ymuauzuposams. (Llenv uccaedosanus)
Buvisigumv  neobxooumocmv u yenecoodpasHocmsv co30aHus CUCMEMbl YMUTUZAYUU CeTbCKOXO3AUCMBEHHOU MeXHUKU,
060cH08aMb CMPYKMYPY (DUHAHCOBBIX pecypcos 015l ee CO30aHUsl, d MAKdICe PACCMOMpPemb GONPOC HPeoeibHO20
COCMOAHUSL MAWUH, HAXOOAWUXCA 8 IKCHAYAMAyUU 3a npeoeramu CPoK08 ClyiicObl, O0isl NPUMAMUL peutleHull 00 ux
pemonme, modeprusayuu aubo ymuauzayuy. (Mamepuanvt u memoowt) [Ipeonodcunu memoouKy noocuema Geiudunsl
unancosvix pecypcos, HeoOX0OUMbIX 0I5l CO30AHUSL CUCMEMbl YMUTUSAYUU CEeNbCKOXO3SAUCMEEHHOU MEeXHUKY, A MaKice
OCHOBHbIE KPUMEPUU ONPeoeleHUss NPeoeibHO20 COCMOSHUSL OCHOBHBIX Y3108 U aA2pecamosd CelbCKOX03SUCMBEHHOU
MeXHUKY, YCMAHAGIUBAIOWUE 2PAHUYY YeleCO0OPA3HOCIU NPOBEOeHUsT DEMOHMA, MOOEPHUAYUYU JTUOO YMUuIu3ayuu
KOHKDEMHOU MAWUHBL, ONpedelulu Memoooroeuyeckue nooxoovl 0is peuieHus O0anHo20 eonpocd. (Pezyrvmamer u
o6cyaicoenue) Bolsigunu, umo onpedensiouum dManom 6 CO30aHUY CUCHEeMbl YMUTU3AYUY 8bI60EHHOU U3 IKCHIYaAmAayuu
mexnuxu cman 2012 200, koeda 6bin 86eden ymuau3ayuonHulli coop Ha Koaechyio mexnuky. Cpeocmea om smoco cobopa
npeononazanoch UCHOIb308AMb HA (HOPMUPOSAHUE Ccucmembl ymunuzayuu mexuuxy. (Bwigoow)) Kax noxasvisaem
npaxmuxa u npogedernvie yuenvimu OHAL] BUM ucciedosanus, peuienue smoti 8asxicueliuietl 015 CenbCko20 X035aUcmed
Poccuu 3a0ayu Hocum KOMHAEKCHLIL XApAKmep, 6 MOM 4ucCle MEeXHUYeCKull, MeXHON0SUYeCKull, OUHAHCOB0-
9KOHOMUYeCKUll U IKON02uYeckull. Pewenue ykazanuvix 0cHo8HbIX paxmopos no3eonum 6 Oaudicavuee 2-3 200a cozdamy
8 A2PONPOMBIUIEHHOM KOMIAEKCE IPHEKMUSHYIO CUCEMY YIMUTUZAYUIO CeNbCKOXO3AUCNGEHHOU TMEXHUKU.

Knrouesvle cnosa: memoouxa, peyuxiune, Ymuauzayus, YMuiu3ayuonHuslil coop, CenrbCKOX03alucmeeHHas MeXHUKd,
PEMOHM, IKOA02USL, UHPOPMAYUSL.

s mutupoBanus: Karaes 10.B., 'epacumor B.C., Tumanunos U.A., I'panoB E.A. Pecypcocbeperatommas crcrema
YTUIIM3AIMH  CEJIbCKOXO3SMCTBEHHOM TEXHUKH KaK OJHO W3 BaXHEWIIMX HANpPaBICHHH YKpEIJICHHS TEXHHYECKOTO
MOTEHIIAANIA arpOIPOMBIIIICHHOT0 Komruiekca // Texumueckuid cepsuc mammH. 2023. T. 61. N2(151). C. 75-82. DOI
10.22314/2618-8287-2023-61-2-75-82. KTHOMP.

RESOURCE-SAVING SYSTEM OF RECYCLING OF AGRICULTURAL MACHINERY AS ONE OF THE MOST IMPORTANT
DIRECTIONS FOR STRENGTHENING THE TECHNICAL POTENTIAL OF THE AGRO-INDUSTRIAL COMPLEX

Yuriy V. Kataev, Ph.D.(Eng.), associate professor, leading researcher;
Valeriy S. Gerasimov, leading specialist;



Igor’ A. Tishaninov, junior researcher;
Evgeniy A. Gradov, junior researcher
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. In this paper, the issues of the need to create an effective system for the disposal of agricultural machinery have
been considered, since at present a significant amount of obsolete agricultural machinery, including energy-saturated, is being
operated in the agro-industrial complex, which must either be restored or disposed of. (Research purpose) The research
purpose is identifying the necessity and expediency of creating a system for the disposal of agricultural machinery, justifying
the structure of financial resources for its creation, as well as considering the issue of the limiting condition of machines in
operation beyond their service life, for making decisions about their repair, modernization or disposal. (Materials and
methods) Proposed a methodology for calculating the amount of financial resources needed to create a system for the disposal
of agricultural machinery, as well as the main criteria for determining the limit state of the main components and aggregates
of agricultural machinery, setting the limit of the feasibility of repair, modernization or disposal of a particular machine,
identified methodological approaches to address this issue. (Results and discussion) It was revealed that the defining stage in
the creation of a system for the disposal of decommissioned equipment was 2012, when the recycling fee for wheeled vehicles
was introduced. The funds from this collection were supposed to be used for the formation of a system for the disposal of
equipment. (Conclusions) As practice and research conducted by scientists of FNAC VIM shows, the solution of this most
important task for agriculture in Russia is of a complex nature, including technical, technological, financial, economic and
environmental. The solution of these main factors will allow in the next 2-3 years to create an effective system for the disposal
of agricultural machinery in the agro-industrial complex.

Keywords: methodology, recycling, utilization, recycling fee, agricultural machinery, repair, ecology, information.
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ITOBBILIEHUE Y®®EKTUBHOCTHU NPOLECCA BOCCTAHOBJIEHUS U YITPOYHEHUS PABOUYUX
OPTAHOB NIOYBOOBPABATBIBAIOIINX MAIIWH IIJTASMEHHO-IIOPOIIIKOBOM HATIUIABKOM
TBEPJOCILIABHBIX 3JIEKTPO3PO3UOHHBIX MATEPUAJIOB

!Examepuna Bnaoumupoena Azeeea, 00Kkmop mexnuueckux Hayk,
npogheccop, e-mail: ageeva-ev@yandex.ru;
’Bnaoumup Hcaesuu Cepebpoeckuii, 00Kmop mexnuueckux nayk, npogeccop;
!Eezenuit Bukmopoeuu Azeee, 00Kmop mexnuueckux nayx, npogeccop;
’Bnaoumup Anexceesuu Konuun, acnupanm
11020-3anaonsiii 20cyoapcmeennviii ynusepcumem, 2. Kypck, Poccuiickas ®edepayus
’Kypckaa zocyoapcmeennas cenbcKoXo3aicmeennas akademus
umenu U.U. Heanoesa, 2. Kypck, Poccuiickaa @edepayusn

Pegpepam. Hcnonvsoganue nopouikos, noyueHHbIX U3 OMX0008 meepoblx CNIAB08 8 KAUecmae 8blcOKOMEEepool OUCHEPCHOU
cocmagAwel KOMRo3uyuu O NiasmeHHO-NOPOUWIKOBOU HANIABKU, NO360JUM NOBLICUMb KAYeCME0, HAOeHCHOCMb U
0071208€4HOCIb  NIIA3MEHHBIX NOKPLIMULL pAbOYUX 0peaHO8 NOY8000PAOAMBIEAIOWUX MAWUH C MUHUMYMOM 3ampam Ha
nopowogsie mamepuansvi. OOHAKO c80UcMBaA OAHHBIX NIAASMEHHBIX NOKPLIMULL U3VYeHbl HeOOCMAMOUHO, HOIMOMY
HeobX00UMo nposedeHue KOMNIEKCHbIX —uccredosanuil. (Llenv uccredosanus) Ycosepuiencmeosamv —MmMexXHOIOUIO
80CCMAHOBNEHUA U YNPOUHEHUs pADOYUX OpP2aH08 NOUB00OPAOAMBIBAIOWUX MAWUH NIAZMEHHO-NOPOWKOBOU HANIABKOU
HOPOUIKOBLIX MAMEPUATO8, NOTYUEHHBIX DNEKMPOIPOIUOHHBIM QUCTEP2UPOBAHIEM 0MX0008 mBepoo2o chaasa mapku T30KA4.
(Mamepuanwr u memoout) Hcnonv3osanu 01s ROLYYEHUS NIA3MEHHBIX HOKPLIMULL MEEPOOCHIABHbIE NOPOWIKY, U320MOBNCHHbIE
aneKmpooucnepeuposanuem omxo0os meepoozo cniasa T30K4 6 kepocune. Bvibpanu 0na 06vexma penosayuu cmpeibuanyio
aany Kynemusamopa us aucmogoeo npoxama cmamu 40XC. Ilonyyennvie niasmeHHvle HOKPBUNUA UCCIE008ANU C
UCNONb308AHUEM COBPEMEHHO20 000PYOOBAHUSL U  63AUMOOONOTHAIOWUX MEM0008 (QU3UYECKO20 MAmepuaIo8edeHus.
(Pesynomamol u o6cyscoenue) Paspabomanu, anpobuposany u ucciedo8aiu HOBVH) MEXHOLOUI0 BOCCMAHOGIEHUS U
YNpOuHeHUsA pabouux 0pearos8 No48ooOPALAMBIBAOWUX MAWUH HA NpUMEpe CHMpPenbuamoll 1ansi KyIbmueamopa nymem
NIA3MEHHO-NOPOUIKOBOL  HANIABKY MBEPOOCHIABHBIX  IIeKMPOIPOIUOHHBIX NOPOWKOSHIX Mamepuanos. Tloomeepounu
apexmugrocms paspabomiu c6OUCMBAMU NIAZMEHHBIX NOKPLUMULL MUKPOCIPYKIYPA NOKPLIMUSL UMeem MeIKO3epHUCTOe



cmpoenue, be3 BKII0YeHUl, PASHOMEPHOe pacnpedenerue a3z u OmCymcmsue nop, mpewun u HecniowHocmetl; dnemenmol W,
Ti u Co 6 noxkpuimuu pacnpedenenvi pagHomepro,; npucymcmeyiom ¢hazol kapouoos WC u TiC,; pazmep 3epna nokpoimuil
cocmasnsiem nopaoka 0,3 MuKpomempos, MUKPOMEepoOCmb HOKpuimuil cocmaegisiem nopsoka 14245 mezanacxaneil.
(Bvigoovl) Pesynvmamul nonegvix UCHbIMAanuil HOKA3AAU, YMO Pecypc padoyux opeamnos nougooopadamvleaioujux MAauiuH,
B0CCIMAHOBNCHHBIX U YHPOUHEHHBIX BEPOOCHIABHIMU ITEKMPOIPOIUOHHBIMU MAMEPUATAMY, BbIULe PecyPCd HOBbIX Oemanell
6 1,25 pasa.

Knrouesvle cnosa: pabouuil opean, 60CCMAHOGNIEHUE U YNPOUHEHUe, NIA3MEHHO-NOPOUIKOBAsl HANIABKA,
MBEepOOCNIasHble INIeKMPOIPOIUOHHBIE NOPOUIKU, CBOUCMBA NIAAZMEHHBIX NOKPHIMULL.

Jas uutupoBanus: AreeBa E.B., Cepebposckuii B.M., AreeB E.B., Konunn B.A. Ilosreimenue 3¢dexruBHOCTH
IpoIecca BOCCTAHOBJICHUSI M YIPOYHEHUS pabOuYMX OpPraHOB MOYBOOOPAOATHIBAIOIIMX MAIINH IUIa3MEHHO-IIOPOIIKOBON
HAIUTaBKOU TBEPIOCILIABHEIX AJIEKTPOIPO3UOHHBIX MaTepruanoB // Texauueckuii ceppuc MammH. 2023. T. 61. N2(151). C. 84-
94.DOI 10.22314/2618-8287-2023-61-2-84-94. SMWJHI.

IMPROVING THE EFFICIENCY OF RESTORATION AND HARDENING OF THE WORKING BODIES OF TILLAGE
MACHINES BY PLASMA-POWDER SURFACING OF CARBIDE ELECTROEROSIVE MATERIALS

!Ekaterina V. Ageeva, Dr.Sc.(Eng.), professor;

*Viadimir 1. Serebrovskiy, Dr.Sc.(Eng.), professor;
!Evgeniy V. Ageev, Dr.Sc.(Eng.), professor;

2Viadimir A. Konchin, postgraduate

ISouthwest State University, Kursk, Russian Federation
’Kursk State Agricultural Academy named after I1. Ivanov,
Kursk, Russian Federation

Abstract. The use of powders obtained from solid alloy waste as a highly solid dispersed component of the composition
for plasma-powder surfacing will improve the quality, reliability and durability of plasma coatings of working bodies
of tillage machines with a minimum of costs for powder materials. However, the properties of these plasma coatings
have not been studied enough, so it is necessary to conduct comprehensive studies. (Research purpose) The research
purpose is improving the technology of restoration and hardening of the working bodies of tillage machines by plasma-
powder surfacing of powder materials obtained by electroerosive dispersion of solid alloy waste T30K4. (Materials and
methods) Carbide powders made by electrodispersing solid alloy waste T30K4 in kerosene were used to obtain plasma
coatings. We chose for the renovation object a pointed cultivator paw made of 40XC rolled steel. The obtained plasma
coatings were studied using modern equipment and complementary methods of physical materials science. (Results and
discussion) We have developed, tested and investigated a new technology for restoring and strengthening the working
bodies of tillage machines using the example of a pointed cultivator paw by plasma-powder surfacing of carbide
electroerosive powder materials. The effectiveness of the development was confirmed by the properties of plasma
coatings: the microstructure of the coating has a fine-grained structure, without inclusions, uniform phase distribution
and the absence of pores, cracks and discontinuities, elements W, Ti and Co in the coating are evenly distributed; phases
of carbides WC and TiC are present; the grain size of the coatings is about 0.3 micrometers, the microhardness of the
coatings is about 14245 megapascals. (Conclusions) The results of field tests showed that the resource of the working
bodies of tillage machines, restored and strengthened with carbide electroerosion materials, is 1.25 times higher than
the resource of new parts.

Keywords: working body, restoration and hardening, plasma-powder surfacing, carbide electroerosive powders,
properties of plasma coatings.
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TEXHOJIOTASI BOCCTAHOBJIEHUS HOKEH COCTABHBIX JIEMEXOB UMIIOPTHOI'O
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Anexcandp Muxaitnosuu MuxanibueHKos, 00KmMop MEXHUUECKUX HAYK,
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Pegpepam. Opuenmuposanue cenvckoeo xosaicmea Poccuu ma ucnoiv3osanue UMHOPMHOU MEXHUKU NPUBELO K
He2amusHbIM NOCIe0CMBUAM. Beedenue cankyuil co cmopoHrsl e8poneticKux 2ocyoapcmes noeieKio 3a coootl yseiuieHue
PBIHOYHOU YeHbl CMEeHeMbIX 0emaneil u pocm de@uyumnocmu. Bulxoo u3 noaodjicenus 3aKmodaemcs 8 Opeanu3ayuu
MacmepcKux no 80CCMAaHO8AeHUI0 UsHOueHHbIX demanell. (Llenv uccredosanus) Paspabomams u noopodno onucame (¢
NOSACHSIOWUMU ULTIOCTRPAYUOHHIMU MAMEPUATAMU) MEXHOI0SUYECKULL NPOYECC B0CCNAHOBNICHUsL HOJICEU COCMAGHIX
nemexos niayeos. (Mamepuanvl u memoowt) Onpedenunu, 4mo HeobXo0UMo obecneuums MUHUMATbHbLE IKOHOMUYECKUE
U30epoICcKU,;  NPOCMOmy  GbINOJHEHUs.  ONepayull;,  603MOJICHOCHL — BLINOJIHEHUSl  JJeMEHMO8  MEXHOA02UU
HU3BKOKGANUDUYUPOBAHHBIM NEPCOHANOM, NPOCIOMY U OOCHYNHOCIb MAMEPUANLO8, UHCIPYMEHMA, NPUCROCODICHUTL U
0bopyoosanus. (Pesyrsmamul u o6cyscoenue) Tlonodxcunu 6 0CHOBY MEXHOIOSUHECKO20 NPOYecca Memoo PeMOHMHbIX
6CMABOK, KOMOpble NPUBAPUBAIOMCA K HOMCY BMECMO USHOUIEHHOU obaacmu. Bcmagxku ModicHO uzeomasiusamos u3
8bIOPAKOBAHHBIX JUCHO8 PECcop, UMerwuUx meepoocms okono 45 no wxare Poxeeana. Ycmanoeunu, umo npoyecc
B0CCMAHOGNIEHUSL COCMOUM U3 Mpex >Manog. NOO020MOEKA HONCA K 60CCHMAHOGICHUIO, NOO20MOBKA 6CMABKU,
soccmanosnenue. Ilokasanu, umo MEXHONO2UHECKUN NPOYecc OMAUYAemcsi NpPOCMOmMOU, VHUBEPCATbHOCMbIO,
OMCYMCMBUEM  CAOICHO20 0D0PYO08AHUs U MOJCem Oblmb Peanu308aH 8 YCI0GUAX NPEeONPUsMULl ¢ MUHUMATbHBIM
mexnHuueckum ocHaujenuem. Eeo mooicno adanmuposams 0151 60CCMAHOGAEHUS HOJICEll 1eMEX08 OPY2Ux KOMHAMULL.
Ommemunu, 4umo OaHHAS MEXHONIO2Usl BNUCHIBACICA 8 NPOZPAMMY UMnopmoszameujenus. (Bvieoowt) Paspabomanmnyio
MEXHON02UI0 BOCCMAHOGLEHUS HOJICEll COCMABHBIX 1eMeX08 KOMRAHUY «JleMKeHn» npedCcmasuiu 6 meKcmogom eapuanme
u ¢ unmocmpayusax. Texuwonoeus omauyaemcs HPOCMOMOU UCHOIHEHUS, YHUBEPCATbHOCMbIO U MOdCem Oblinb
aoanmuposana 015 peMoOHma Hoicell Opyeux KOMIAHUIL.

Knroueswle cnosa: cocmagivie iemexa, HONHCU 1EMEX08, MEXHON02US 80CCIMAHOBNIEHUsl, PEMOHMHbIE 6CIMABKU, PECYPC.
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RESTORATION OF KNIVES OF COMPOSITE PLOUGHSHARES
(ON THE EXAMPLE OF THE COMPANY «LEMKEN)
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Natal’ya V. Sinyaya, Ph.D.(Ped.), associate professor;

Maksim O. Leshchev, postrgraduate

Bryansk State Agrarian University, Bryansk, Russian Federation

Abstract. The orientation of Russian agriculture to the use of imported machinery has led to negative consequences.
The introduction of sanctions by European states led to an increase in the market price of replaceable parts and an
increase in scarcity. The way out of this situation is to organize workshops for the restoration of worn parts. (Research
purpose) The research purpose is developing and describing in detail (with explanatory illustrative materials) the
technological process of restoring knives of composite ploughshares. (Materials and methods) We have determined that
it is necessary to ensure minimum economic costs, simplicity of operations, the ability to perform technology elements
by low-skilled personnel; simplicity and availability of materials, tools, fixtures and equipment. (Results and discussion)
The technological process was based on the method of repair inserts, which are welded to the knife instead of the worn
area. Inserts can be made from discarded spring sheets having a hardness of about 45 on the Rockwell scale. It was
established that the restoration process consists of three stages: preparation of the knife for restoration; preparation of
the insert; restoration. They have shown that the technological process is simple, versatile, there is no need for complex
equipment and can be implemented in enterprises with minimal technical equipment. It can be adapted to restore the



knives of ploughshares of other companies. It was noted that this technology fits into the import substitution program.
(Conclusions) The developed technology of restoration of knives of composite ploughshares of the Lemken company was
presented in a text version and in illustrations. The technology is characterized by simplicity of execution, versatility and
can be adapted for the repair of knives from other companies.

Keywords: composite ploughshares, ploughshare knives, restoration technology, repair inserts, resource.
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Peghepam. Pabomocnocobnocms mecmooenumenbHblx Mauut 8aKyyMHO-NOPUHEB020 MUNA ONpeoeisien Mexanu3m
6CACHIBANUS 0EUMENbHO20 YCIMPOUCMBA, NPU UHOCe demarell KOmopo2o Npoucxooum nomeps 6aKyyma, u3-3a 4ezo
Hapywaemcs moOYyHOCMb pasgecosku mecma. Haubonee nepcnexmugnviM MemoooM 60CCMAHOGNEHUS USHOUICHHBIX
nogepxrHocmetl O0emaneil Mexamusma BCACbIBAHUs CIYIHCUM dneKmpouckpogas obdpadbomka. (Llemv uccaedosarnus)
Paspabomams  yuacmox pemonma mecmoOeIUMEnbHbIX MAWUH ¢ 80CCHAHOGICHUEM Oemaineti Memooom
INEKMPOUCKPOBOT. 0OPAOOMKYU U NPEOIONCUMb MEMOOUKY pacuema cucmemvl duepeoobecneuenus. (Mamepuanvt u
Memoowl) Pexomendosanu mapuipym mexHOI02UHecKko2o npoyecca 0Nl PEeMOHMA MeCcmoOeIumenbHblX MAUUH,
KOMOPbLL COCMOUM U3 CAe0VIOuUX Onepayuil. MOeyHou, 0epeKkmo8ouHol, CAeCapHOU, MeXaHU4eCcKol, Haniago4yHol U
KOHMPOAbHOU. AHAMU3 paccmMampugaemozo npoyecca HA ydacmke NOKA3AL, YMO HA 300p06be pabomaiowezo
6030eticmeyem KOMNIEKC GPEeOHbIX NPOU3BOOCMEEHHBIX (DAKMOPO8, MAKUX KAK WiyM, GUOpAYuUl, 3aNbLIeHHOCHD,
ceemogoe gozoelicmeue, 6bl0eNeHUe XUMUYeCKUX eeujecme 6 8030yX pabouell 30Hbl. Beinoanunu 6 npoyecce
IKCNEPUMEHMATLHO2O UCCTIe008AHUS C NOMOUWBIO COBPEMEHHBIX GbICOKOMOYHLIX NPUOOPO8 UMEpeHUsl YPOGHs
nokazamenei OaHHbIX BAKMOPO8 HA YYACMKE PEMOHMA MeCmoOeIumenbHblx mawun. (Pesyiomamol u 06cysicoenue)
H3mepenust 6 yCrosuax peanuzayuy mexHoL02ULecKo20 npoyecca no360aulu cOenams ciedyloujue 3aKa04eHus. YPosetsb
wyma u eubpayuu Hudice NpeodesbHO-00NYCMUMOZ0, 3AZPAZHEHHOCTb 8030YXAd 8 084 pa3d Npesvluiaen HpeoeibHO-
donycmumyio KoHyenmpayuio. Pexomenoosanu Ha OCHOBAHUU NONYHUEHHLIX OAHHLIX ODecneuusamsv pPAOOMHUKOS
cneyooedHcooll u cpedcmeamu UHOUBUOYATbHOU 3awumul. [Ipouszsenu Ha npumepe NPUMOYHO-8bIMANCHOU BEHMUNAYUU
pacuem 8v100pa MEXHUYECKUX NAPAMEMPO8 NeKMpPOoOsuamens U GeHMUIAYUOHHBIX Kananos. Ommemunu, umo
BHEOpeHUE NPeONIONCEHHOU CUCTNEMbL IHEP2O0DECNeUEeHUSl 3HAUUMENLHO CHUNICAET YPOBEHb BPEOHbIX NPUMeCell 8 8030yXe
00 ONMUMATBHBIX U OONYCTNUMBIX 3HAYEHULL U UCKTIOYAem cepbe3tble 3a001e8aHUsL U OMPABTIEHUs OP2AHUZMA Yel08eKd.
(Bvigoowl). Paspabomanuas memoouxa pacuema 3HepeooDecnedeHus Npou3o0CMEEeHHbIX VHUACKO8 NO DEeMOHMY
MEeCOoOenUMenbHbIX  MAWUH — NO3OJIAem  GblA6UMb U YCPAHUMbG — 8peOHble  (PAKMOpbl  HPOEKMUPYEMO20
MEXHON02UYeCcK020 npoyecca. JanHyo MemoouKy MOAICHO NPUMEHSMb 01 ONpedesieHUst ONACHbIX U 8PEOHbIX (haKMOopos
npu NPOEKMUPOBAHUL NPOU3BOOCTNBEHHBIX YUACIKO8 PEMOHMA OPY2UX 00beKmos.

Knrouesvie cnosa: mecmooenumenvHas, MAWUHA, PEMOHM, ONACHble U 6PedHble (aKmopvl, YCi06us mpyod,
BEHMUNAYUSL.
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Abstract. The efficiency of vacuum-piston type dough dividing machines is determined by the suction mechanism of
the dividing device, when the parts of which are worn out, vacuum loss occurs due to which the accuracy of the dough
weight is violated. The most promising method of restoring worn surfaces of parts of the suction mechanism is electric
spark treatment. (Research purpose) The research purpose is developing a repair site for dough-dividing machines with
the restoration of parts by the method of electric spark processing and proposing a methodology for calculating the
energy supply system. (Materials and methods) Recommended the route of the technological process for the repair of
dough dividing machines, which consists of the following operations: washing, defect, locksmith, mechanical, surfacing
and control. The analysis of the process under consideration at the site showed that the health of the worker is affected
by a complex of harmful production factors, such as noise, vibrations, dustiness, light exposure, release of chemicals
into the air of the working area. Performed in the process of experimental research with the help of modern high-
precision instruments measuring the level of indicators of these factors at the repair site of dough dividing machines.
(Results and discussion) Measurements in the conditions of the implementation of the technological process allowed us
to draw the following conclusions: the noise and vibration level is below the maximum permissible; air pollution is
twice as high as the maximum permissible concentration. It was recommended, based on the data obtained, to provide
workers with overalls and personal protective equipment. Using the example of supply and exhaust ventilation, we
calculated the choice of technical parameters of the electric motor and ventilation ducts. It was noted that the
introduction of the proposed energy supply system significantly reduces the level of harmful impurities in the air to
optimal and acceptable values and eliminates serious diseases and poisoning of the human body. (Conclusions). The
developed method of calculating the energy supply of production sites for the repair of dough-dividing machines allows
to identify and eliminate harmful factors of the projected technological process. This technique can be used to determine
dangerous and harmful factors in the design of production sites for the repair of other facilities.

Keywords: dough dividing machine, repair, dangerous and harmful factors, working conditions, ventilation.

For citation: Kravchenko LN., Martynova E.G., Velichko Yu.V., Yarina S.G. Metodika rascheta sistemy
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Peghepam. Oonoti u3 8axcHblx XapakmepucmuK niOCKUX HONMCEU CIYHCUTN pAOUYC 3aKpyeiieHus pexcyueld Kkpomxu. Yem
MeHbue paouyc 3axkpyzieHus, mem dgpexmuenee npoucxooum npoyecc pezarus. C nOMOWbIo pa3iuiyHblx Memooos
VAPOUHEHUST MONCHO 00OUMbCS YMEHbUEHUs] UBHOCA NIOCKUX HOdIcel, 01a200aps yeMmy paouyc 3aKpyeieHus pescyujel
KpOMKU 6yOem QoJbie 0CTA8amvbCsi MAabIM, d HOJC Oyoem d¢hghexmusnee ckauusams mpassnvle Kyibmypsl. Haubonee
nepcnexmugHvle Memooul ynpounenus nodicel — TBY-oopuposanue, TBY-nannasxa FeSi, a maxice KomMOUHUpOBaHHbLIL
Memoo, sxmouarowutl TBY-6opuposanue u snexmpouckpogyio oopabomky. (Leav ucciedosanus) [loxkazams Ounamuxy
UBMEeHeHUsl paduyca 3aKpyeNeHus pedxcyujell KPOMKU NIOCKUX HOJCel 8 3A8UCUMOCTU OM THEeXHOA02UU YAPOYHEHU U
spemenu ux pabomel. (Mamepuanvl u memoowt) Hccrneoosanu nodcu uz cmanu 651 onunoti 125 u 150 munaumempos,
ynpounennvie TBY-6opuposanuem, TBU-nannasxou FeSi, xombounuposannvim memoodom, cocmosiyum us TBY-
O0puUpoBaHUst U INEKMPOUCKPOBOU 0Opabomku, a makdice ynpounenHvle TBY-3axanxoii Ha 3a600e-uzeomosumene.
Paouycol 3axpyenenusn pesicyweii KpomKu NAOCKUX HONCEU USMEPSIU NO pa3pabOmManHoU Memoouke, cocmosuel 6
U320MOGIEHUU CTIeNKO8 HOMHCell U3 CUNUKOHA, NPOCMOMpe NOJYYEHHbIX CLeNKO8 Ha MUKPOCKONE U 8bIYUCTIEHUU PAOUYCaA C
HOMOWbIO CREYUANbHO20 NPOSPAMMHO20 obecneuenus. (Pesynomamvl u obcysxcoenue) Ilokazanu, umo ece mpu
MeXHON02UU CNOCOOCMBYIOM YMEHbULEHUIO OUHAMUKY USMEHEHUSI PAOUyCO8 3aKpYelleHUs PeXCyuux Kpomok. Beiasunu,
YMO HaAuIyduel mexHonio2uell YNpouHeHus OKa3anacs KOMOUHUposantas obpabomxa, a Hauxyouwei — TBY-nannaska
FeSi. (Bvi6oovt) Hsmepunu paouycel ckpyeienus pejicywux kpomox. Ilocmpounu sucmoepammsl cpeonux paouycos
VNPOUHEHHBIX HOMCeU 8 3A8UCUMOCMU OW TNEXHONO2UU YHPOUHEeHUs U CKOWeHHOU naowaou. Onpedenunu, umo
VIPOYHEHUE HOXCell YMeHbUaem OUHAMUKY USMEHEHUsS. PAOUYCO8 CKPY2AEHUSL PENCYUUX KPOMOK.

Knrouesvie cnosa: nooic, paouyc 3axpyeienus pedxicyujeti KpomKu, UsHOCOCMOUKOcmy, pecypc, ynpounenue, TBY-
bopuposanue, 3NeKMpPoOUCKpos8as 0opabomxa.

Jlnsa wumuposanus: Jinaxun B.11., Aynosé B.®@., Poacxos F0.H., Egctokos A.A. Hccrnedosanue paouycoe 3axkpyenenust

PedCyux KpOMOK YNPOUHEHHBIX NIOCKUX HOdCell nocie npou3eoocmeennvix ucnvimanutl // Texnuueckuu cepguc
mawun. 2023. T. 61. N2(151). C. 113-123. DOI 10.22314/2618-8287-2023-61-2-113-123. EIJOBW.
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Abstract. One of the important characteristics of flat knives is the radius of rounding of the cutting edge. The smaller
the radius of rounding, the more efficient the cutting process is. With the help of various hardening methods, it is possible
to reduce the wear of flat knives, so that the radius of rounding of the cutting edge will remain small for longer, and the
knife will mow grass crops more efficiently. The most promising methods of knife hardening are HDPE boring, HDPE
surfacing FeSi, as well as a combined method including HDPE boring and electric spark treatment. (Research purpose)
The research purpose is studying the changes in the radius of the cutting edge of flat knives depending on the hardening
technology and the time of their operation. (Materials and methods) Knives made of 65G steel with a length of 125 and
150 millimeters, hardened by HDPE boration, HDPE surfacing by FeSi, a combined method consisting of HDPE boration
and electric spark treatment, as well as hardened by HDPE quenching at the manufacturer, were studied. The radii of
rounding of the cutting edge of flat knives were measured according to the developed technique, conmsisting in the
production of knife casts made of silicone, viewing the resulting casts on a microscope and calculating the radius using
special software. (Results and discussion) It was shown that all three technologies contribute to reducing the dynamics of
changes in the radii of rounding of the cutting edges. It was revealed that the best hardening technology was combined
processing, and the worst was HDPE surfacing FeSi. (Conclusions) The radii of rounding of the cutting edges were
measured. Histograms of the average radii of hardened knives were constructed depending on the hardening technology
and the beveled area. It was determined that the hardening of the knives reduces the dynamics of changes in the radii of
the rounding of the cutting edges.



Keywords: knife, cutting edge radius, wear resistance, service life, hardening, high-frequency borating, electrospark
machining.

For citation: Lyalyakin V.P., Aulov V.F., Rozhkov Yu.N., Evsyukov A.A. Issledovaniye radiusov zakrugleniya
rezhushchikh kromok uprochnennykh ploskikh nozhey posle proizvodstvennykh ispytaniy [Investigation of cutting edge
radius of hardened flat knives after production tests]. Tekhnicheskiy servis mashin. 2023. Vol. 61. N2(151). 113-123 (In
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Peghepam. B nacmoswee gpemst memanioghopmul 015t OMAUGKU YYSYHHBIX MPYO pabomaiom 8 msicebix memMnepamypho-
0ePOPMAYUOHHBIX YCIIO0BUSX, 68 Pe3VIbIMame 4e20 OHU BbIXOOM U3 CIMPOs U3-3a USHOCA UX GHYMPEHHell NOGEPXHOCU U
obpaszosanuss mam e mpewun u cemxu paseapa. (Llenv uccredosanus) Hzyuumsv 803ModicHOCMb Oe30edexmHoil
80CCMAHOBUMENbHOU HANIAGKU BHYMPEHHEel NOBEPXHOCMU Memaiioghopm Oe3 npedsapumenbHo2o nodocpesa 8 cpeoe
3awumHulx 2a308. (Mamepuansl u memoout) Bce pabomul no ompabomie mexHon02u HanaaeKy Memaniogopm npogoouu
Ha 00pasyax, GblPe3aHHLIX U3 OPUSUHATLHBIX Memannogopm. [lpunaiu 3a 0CHOBY CHOCOO 0Y2080lU HANAABKU & cpede
3awumuuvlx 2a3o8. Onpobosanu 015t HANIAGKU PA3IUYHBIE C8APOUHbIE NPOBOLOKU U 3auumusle cpedvl. OyeHKy Kavecmsa
HANNAGKYU HA HAIUYue Nop U mpewun 00 U NOCie MEeXAHUYecKou oOpabomxu nposoouny GU3VAIbHO C NOCIEOVIOWUM
onpeoeeHueM XUMUYeCKo2o cocmasa u meepooCcmuy HaniaeneHHo2o cios. (Pesyrsmamul u obcyscoenue) Ocyuecmensiiu
HAaN1aeKy Ha GHYMpeHHUe NOBePXHOCMU 00pasyos 6e3 ux npedsapumenbHozo nooocpesd. s Haniagku onpobosanu
paznuynvie npogonoku: Ce-18XI'C, Ce-18XM u Hn-30XI'CA u3 pacuema nonyuenus 6 HANIAGIEHHOM ClO€ COCMABA,
OIU3K020 K COCMABYy OCHOBHO20 Memalid. B pezynomame 015 60ccmanosumenvHol Haniaeku Ovlia 6blOPAHA CEAPOUHAS
nposonoxa Ce-18XMA ouamempom 2,0 munrumempa, a 8 kawecmae 3auumHou cpedbl — CAPOUHASL CMeCb, 0becneyusaouie
HA 8bIOPAHHBIX PEANCUMAX YOOBIEMEOPUNENbHOE POPMUPOBAHUE HANLAGIEHHO20 CN0s 0e3 Nop U Mpeujur ¢ MUHUMATbHbIM
pasopvizeusanuem. Tlpoeenu uccied08anust HO OnpedeneHu0 meepoocmu U XUMUYeCcKo20 coOCmasa HanidgieHHo20 Clos U
0CHOBH020 Memania memaniogopm. (Bvieoowt) [Ipednosicunu mexHono2uro 80CCMAHOSUMENbHOU HANLAGKU GHYMPEHHE
nOBEPXHOCU Memaniogopm 6e3 npedsapumenvHo2o nodozpesd. CpagHumenbHblll aHATU3 MEEPOOCHU U XUMUYECKO20
COCMasa HaNIAGIEHHO20 CIOSL U OCHOBHO20 MEMALA MEMALIOPOPM NOKA3AN 8 HUX CONOCABUMBIL YPOBEeHb MEEPIOCHU U
JlecUpyIowux dJIeMeHmos, Umo NO360Aum obecneyums HeoOXo0umbvle USHOCO- U MePMOCMOUKOCHb 80CCMAHOGIEHHbIX
Memannogpopm.

Knrouesvie cnosa: memaniogopmvi, 60CCMAHOBUMENbHAA HANIABKA, CEAPOUHbIE NPOGOJIOKU, 3AUUMHDBIL 2a3,
HAanAAGIeHHBIIL MEMALI, MEEPOOCb, XUMUUECKULI COCIAS.
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Abstract. Currently, metal molds for casting cast-iron pipes operate under severe temperature and deformation conditions,
as a result of which they fail due to wear of their inner surface and the formation of cracks and a mesh of heat in the same
place. (Research purpose) The research purpose is studying the possibility of defect-free restorative surfacing of the inner
surface of metal molds without preheating in the environment of protective gases. (Materials and methods) All work on the
development of the metalform surfacing technology was carried out on samples cut from the original metalforms. The method
of arc surfacing in the environment of protective gases was taken as a basis. Various welding wires and protective media were
tested for surfacing. Assessment of the surfacing quality for the presence of pores and cracks before and after mechanical
treatment was carried out visually, followed by determination of the chemical composition and hardness of the deposited layer.
(Results and discussion) Surfacing was carried out on the inner surfaces of the samples without preheating them. Various wires
were tested for surfacing: Sv-18XGS, Sv-18XM and Np-30XGSA based on obtaining a composition close to the composition of
the base metal in the deposited layer. As a result, Sv-18XMA welding wire with a diameter of 2.0 millimeters was chosen for
the restorative surfacing, and a welding mixture was used as a protective medium, ensuring satisfactory formation of the
deposited layer without pores and cracks with minimal splashing in the selected modes. Studies were carried out to determine
the hardness and chemical composition of the deposited layer and the base metal of metal forms. (Conclusions) Proposed a
technology for reducing the surfacing of the inner surface of metal molds without preheating. A comparative analysis of the
hardness and chemical composition of the deposited layer and the base metal of the metal forms showed a comparable level of
hardness and alloying elements in them, which will ensure the necessary wear and heat resistance of the restored metal forms.

Keywords: metal molds, recovery surfacing, welding wires, shielding gas, deposited metal, hardness, chemical
composition.

For citation: Slinko D.B., Chavdarov A.V. Vosstanovleniye metalloform dlya tsentrobezhnogo lit’ya trub iz
vysokoprochnogo chuguna dugovoy naplavkoy [Restoration of metal molds for centrifugal casting of pipe from high-strength
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Pecpepam. /[1s ymunuzayuu He3epHOBOU HACMU 80POXA PA3TUYHBIX KVIbMYP 8 COBDEMEHHBIX KOMOAUHAX OCYWeCmEIIaemcs.
UX UsMenvbyeHue, KaxK npasuio, CReYUaibHbIM azpe2amom — usmenvuumenem-pazopacvieamenem conomvl. Ipu e2o pabome
PasopobneHHas conomMa pacceusaemess no noa, Npu dMOM WUPUHA DACCEUBAHUS DPe2yIUpyemcs KOHCPYKIMUBHO U
MEXHONO2UYEeCKU 8 3a8UCUMOCTIU OM WUPUHBL 34X8AMA HCAMKU KOMOAUHA, CKOPOCMU O08UdXCEHU, 000pomos pomopa.
Kauecmso pazopobnenus u pacceusanus pacmumenbHO20 MAMEPUANd 3A8UCUM OM COCMOAHUA pabOyux opeaHos
UBMenbUUmMeNA-pa3opaceleamens ColoMbl — €20 Hodcell, Npu U3Hoce U 3amynieHuy KOmopblx YXYOulaiomcs OCHOBHble
napamempuvl  AzZpOmMexHONI02UY, B803pACMAlOm dHepzo3ampamul, yeeauuusaiomca nomepu. (Llens uccredosanus)
Paccyumamv u meopemuuecku uccnedosams npoyecc pe3anus HOxceu, a MaKxice Onpeoeiums 3a8UCUMOCTNb MOIUUHBL
Jle36Us HOJCA OM  BbICOMbL CHCUMAeM020 (paspesaemozo) croa. (Mamepuanvt u memoowy) Illpunanu 6 xavecmee
paspe3aemozo mamepuand CONOMy SPo8oU RuleHuysl. Bsanu 6 kawecmee ucciedyemozo azpeeama umenbyumenb-
pasbdpacwisamens conroMul 3epHOY60pouH020 Kombauna Acros-590 Plus, 060py006anto20 opueuHaibHbIMU HOMCAMU GUpMbl
MWS (I'epmanus). Beinonnunu pacuemst onmumaibHOU MOAUUHBL NE38USL HONHCA USMENbYUMENA-PA30pAChIBamenst CONOMbl
oM GbICOMbI NOCMYRAIOWE20 8 He2o Cl0s He3epHosou uacmu opoxa. (Pesymvmamwvl u o6cyscoenue) Hccnedosanus
HOKA3GAU, YMO NPU PA3TUYHOU BbICOME UCXOOHO20 CIOSL €20 PA3PEe3aHue HONMCOM ¢ MOMYUHOU pecyuwel kpomku 100
MUKPOMEMPO8 NPOUCXOOUM NpuU 00Cmudiceruu gvicomnl cocamusi 6 1,4 munrumempog oas cios 2 munmumempa u 99,4
munnumempos 0 crosa 100 murnumempos. Beauuuna cocamus UCXoOH020 O8YXMULIUMEMPOBO20 CNOS NPU €20 Pa3Pe3aHUU
cocmasuna 30 npoyenmos (kpamnocmv unu Kodghduyuenm cocamus kcoe npumepno 1,3 pasza), a ons ucxoomoeo
cmomunrumempoeo2o cios — 0,6 npoyenmos (kpamuocmo coicamus npumepro 0,03 paza). (Bvieoowt) U3 mexnonozuueckux
coobpaxcenuti u cywecmsyowei koncmpykyuu nodxca UPC xombaiinoe PCM (Acros-590 Plus) yenecoobpasno 3amavusamo
ux nessue Ha moawury 100 mxm u bonee.



Knroueesvle cnoea: nodwc, KomoOatit, usmenbyumenb-pazopacvleameb COLOMbl, USHOCOCHOUKOCMb, MOAUUHA TIe368U,
DPecypc, YApouHeHue, npoyecc pe3aHusl.
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CALCULATION AND INVESTIGATION OF THE CUTTING PROCESS FOR IMPROVING THE DURABILITY OF KNIVES OF

STRAW CHOPPER-SPREADER

Yuriy N. Rozhkov, junior researcher;

Valentin P. Lyalyakin, Dr.Sc.(Eng.), professor, chief researcher;
Vyacheslav F. Aulov, Ph.D.(Eng.), leading researcher

Federal Scientific Agroengineering Center VIM,

Moscow, Russian Federation

Abstract. For the disposal of the non—grain part of the heap of various crops in modern combines, they are crushed, as a
rule, by a special unit — a shredder-a straw spreader. During its operation, the crushed straw is scattered across the field, while
the scattering width is regulated structurally and technologically depending on the width of the harvester's reaper, the speed of
movement, the rotor speed. The quality of fragmentation and dispersion of plant material depends on the condition of the
working organs of the shredder-straw spreader — its knives, with wear and blunting of which the basic parameters of
agricultural technology deteriorate, energy consumption increases, losses increase. (Research purpose) The research purpose
is calculation and theoretical investigation of the cutting process of the shredder-straw spreader, as well as determining the
dependence of the thickness of the knife blade on the height of the compressible (cut) layer. (Materials and methods) Adopted
spring wheat straw as the cut material. We took the straw shredder-spreader of the Acros-590 Plus combine harvester equipped
with original knives from MWS (Germany) as the unit under study. Calculations of the optimal thickness of the blade of the
straw shredder-spreader knife from the height of the layer of the non-grain part of the pile entering it were performed. (Results
and discussion) Studies have shown that at different heights of the initial layer, its cutting with a knife with a cutting edge
thickness of 100 micrometers occurs when a compression height of 1.4 millimeters is reached for a layer of 2 millimeters and
99.4 millimeters for a layer of 100 millimeters. The compression value of the initial two—millimeter layer when it is cut will be
30 percent (the multiplicity or compression ratio of the CSF is about 1.3 times), and for the initial hundred-millimeter layer -
0.6 percent (the compression ratio is about 0.03 times). (Conclusions) It is advisable to sharpen the blade for technological
reasons and the existing design of the knife IRS combines PCM (Acros-590 Plus) to a thickness of 100 um or more.

Keywords: knife, harvester, straw chopper-spreader, wear resistance, blade thickness, resource, hardening, cutting
process.
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Pegpepam. Ooun u3 Haubonee YHUBEPCANbHLIX U IPOEKMUBHBIX MeMO008 60CCMAHOGLEHUS Oemanell — CHOCoO
INeKMpPouckposoli obpabomru. Ha 6aze dannozo memooa 0wl pazpaboman mexHoi02Udeckutl npoyecc, nO380A0UUL
NOIYHUMb MOICMOCIOUHOE NOKPbIMUe NogbluleHHoU cniowHocmu. HMcnonvsoganue 31ekmpouckposoi 06pabomxu npu
80CCMAHOGIEHUU demaiell npedcmasisen coboll akmyanbHylo 3a0ayy YCMPAHeHus mpewjur 8 Memaiiudeckux 0emansix
mawun. (Lewv uccredosanus) Ilposecmu sxcnepumenmansivle pabomvl o YCMPAHEHUIo MpPewun 6 Memaiiudeckux



O0emansax MAawun cnocoooM INEKMpPOUCKPOBOLl 00pabOmKY, 8 MOM YUCTe 8 YelsaX NOMYUeHUs 2ePMEeMUUHbIX NOKDbIMULL
(Mamepuanvl u memoowt) Bvibpanu 6 kauecmse 0CHOBHBIX 21eKmMpP0o008 bponsy bpKMy3-1, ona anekmpooa oniaeienus —
Medb M1 0nsi sKCnepuMeHmanbHblX padom hno YCMPAHEHUI0 Mpewjur CHOCOOOM IIeKMPOUCKPOBOU 0Opabomku.
Onpedenunu, ymo npoyecc yCmMpaueHus Mpewur NPOXOOUl 34 HEeCKOAbKO Yuknos. (Pesynvmamwi u obcyscoenue)
OKcnepumenmsl ROKA3ANU, YMO, UCNOBb3YS MOILKO NPUEM MOJICHOCIOUHO20 INEKMPOUCKPOBO20 NOKPLIMUS, 803MOICHO,
3aKpbIMb  MpewuHy WUpuHou 00 1,5 Muniumempog 6KIOUUMENbHO, HO NPAKMUYECKU HEBO3MOMNCHO NOLYHUMb
2epmMemuiHoe NOKpblmue. YCcmanosuiu ¢ pe3yivmame uccie008anUll IUSHUS HOBEPXHOCMHOU NIACUYeCKOl 00pabomKu,
YUMo CcpeoHsist MUKPOMEEPOOCHb NOKPLIMUsL, He 00paAbOMAHH020 CNOCOOOM NOBEPXHOCHHO-NIACUYECKOU dedhopmayull,
cocmasuna 250 no Bukkepcy. Makcumanvhas mMukpomeepoocms 0dpazya, 00pabomanHo2o cnocobom noeepxHocmHo-
naacmuieckou oegpopmayuu na enyoune 0,05 muniumempos, cocmasuna 6onee 500 no Buxkepcy. (Bvieoowt) [Iposedennvle
IKCNEPUMEHIMBL RO YCIMPAHEHUIO MPEWUH NOKA3AAU, YMO, UCIONb3YS MOTbKO HPUEeM MOICHOCHEHHO20 NEKMPOUCKPOBO2O
HOKPBIMUSL, HECTOHCHO 3AKPbIMb MPeWUny WUpUHol 00 1,5 MUrIuMempos 6KI0YUMenbHo, HO NPAKMUYLECKU HeB03MONCHO
HONYYUMb  2epMEemudHoe NOKpblmue, MAaK KAK OHO UMeem 3HAYUMenbHylo nopucmocmv. s mex ciyuaes, 2oe
2epMEeMUYHOCHb WBA 00A3aMeNbHA, He0OX00UMA OONOIHUMETbHASL 00PADOMKA CHOCODOM NOBEPXHOCMHO-NIACIMUYECKOL
dechopmayuu.

Knrouesvie cnosa: s1ekmpouckpogas oopabomxa, 21eKkmpod, 60CCMAaHO8NIeHue 0emaetl, mpeuwjuna, N08epXHOCMHO-
nracmuyeckas depopmayus, NOPUCMOCHb, 2ePMEMU3AYUSL.
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ELIMINATION OF CRACKS IN METAL PARTS

Aleksandr Yu. Kostyukov, Ph.D.(Eng.), leading researcher;
Vyacheslav F. Aulov, Ph.D.(Eng.), leading researcher;
Aleksey A. Evsyukov, engineer

Federal Scientific Agroengineering Center VIM,

Moscow, Russian Federation

Abstract. One of the most versatile and effective methods of restoring parts is the method of electric spark processing.
On the basis of this method, a technological process was developed that allows to obtain a thick-layer coating of
increased continuity. The use of electric spark processing in the restoration of parts is an urgent task of eliminating
cracks in metal parts of machines. (Research purpose) The research purpose is eliminating cracks in metal parts of
machines by the electric spark processing to obtain sealed coatings. (Materials and methods) BRKMTS3-1 bronze was
chosen as the main electrodes, M1 copper was chosen for the reflow electrode for experimental work to eliminate cracks
by electric spark treatment. It was determined that the process of eliminating cracks took place in several cycles. (Results
and discussion) Experiments have shown that, using only the reception of a thick-layer electric spark coating, it is
possible to close a crack up to 1.5 millimeters wide inclusive, but it is practically impossible to obtain a sealed coating.
It was established as a result of studies of the effect of surface plastic treatment that the average microhardness of the
coating, untreated by the method of surface plastic deformation, was 250 according to Vickers. The maximum
microhardness of the sample treated by the method of surface plastic deformation at a depth of 0.05 millimeters was
more than 500 Vickers. (Conclusions) The experiments carried out to eliminate cracks have shown that using only the
reception of a thick-walled electric spark coating, it is easy to close a crack up to 1.5 millimeters wide inclusive, but it
is almost impossible to obtain a sealed coating, since it has significant porosity. For those cases where the tightness of
the seam is mandatory, additional processing by the method of surface plastic deformation is necessary.

Keywords: electrospark machining, electrode, restoration of parts, crack, surface plastic deformation, porosity,
sealing.
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Peghepam. Cpedu nopowkosvix HANIA8OUHbIX MAMEPUALO8, 00NA0AIOUUX BLICOKOU MEEPOOCTBIO U CIOUKOCHbIO K
abpasuBHoOMy UHOCY, OOHU U3 Hauboaee nepcneKmusHblx — nopouku Ha ocrhoge cucmem WC-TiC-Co, npedcmasnsiowue
coboul ocHogy meepovix cniasos. (Llenv uccredosanus) I[lonyuums u ucciedosamv U3HOCOCMOUKUE HOPOUIKOBbIE
mMamepuanel 05l NIA3MEHHO-NOPOUIKOBOU HANIABKU IAEKMPOOUCNEPSUPOBAHUEM OMX0008 MEepi020 CHAA8A MAaPKU
T30K4 6 xepocune. (Mamepuanvl u memoosl) Bvloparu 68 kawecmee UCXOOHO20 MAMepuanld HeKOHOUYUOHHbLE
meepoocniaeusie niacmunvt mapxu T30K4; 6 xauecmee pabouell xcuokocmu — oceemumenvhbli kKepocut. Pewanu
nocmasiienHvle 8 pabome 3a0auu HO UCCIE008AHUI0 COCMABA, CHMPYKMYPbL U CEOUCME NOJYUEHHbIX MBEPOOCHAABHBIX
NOPOWKO8 C UCNOTL30BAHUEM COBPEMEHHO20 000pYO008AHUL U  B3AUMOOONOIHAIOWUX MEMOo008 UUUECKO20
mamepuanosedenuss.  Ocywecmenany NeKmpoOUCnepeUposanue 0mxo008 meepoo2o CHiaead HA OpPUSUHATHLHOU
VCMAHOBKe, UCCAe008AIU GOpMY U MOPPONI02UI0 NOBEPXHOCU HACMUY HA NeKMPOHHO-UOHHOM CKAHUPYIOWEM
MuKpockone ¢ noaegoi smuccueu dnekmponos QUANTA 600 FEG,; zpanyromempuueckuti cocmas wacmuy — Ha
nazepHom auanusamope pazmepos yacmuy Analysette 22 NanoTec; penmeeHOCheKmMpanbHblll MUKPOAHATU3Z HACHUY
nPOBOOUNU HA IHEP2OOUCTIEPCUOHHOM AHAIUZAMOPe DEHM2eHO8CK020 usiyyeHus ¢Gupmolt EDAX, ecmpoennom @
pacmposwiti snekmponnsitl mukpockon QUANTA 200 3D; ¢hazosviti ananus yacmuy GbINOAHAIU HA PEHMEEHOBCKOM
ougppaxmomempe Rigaku Ultima 1V. (Pesyromamul u obcysxcoenue) Paspabomanu u ucciedoanu Ho8YH0 mMexHop02U0
NOYYeHUss MeepOOCHIABHO20 INEKMPOIPOIUOHHO20 NOPOUIKA, NPUSOOHO20 O/ NAA3MEHHO-NOPOUIKOBOU HANIABKU,
apphexmusnocms KOMOPOL NOOMEEPACOAEMCS CEOUCMEAMU NPEOTONCEHHO20 NOPOUKOBO20 MAMEPUANa: chepuyeckas
Gopma yacmuy nopowika, cpeOHUll pasmep 4acmuy NOpowka cocmagisem 58,4 MUKpomempos, 4acmuysbl NOPOUWKA ¢
pasHomepuvim pacnpedenenuem aecupyiowux snemenmos: C, Co, Ti u W, wacmuywt nopowxa sxmouaiom 6 ceds ghazvl
xkapouoos WC u TiC. (Buvieoowvl) I[lposedennvie uccied08anus NOKA3AMU, HMO CHOCOOOM INEKMPOIPOZUOHHO2O0
oucnepauposanus omxo008 meepoozo cniaga mapku T3I0K4 603mM0xcHO nOIYyHUMb USHOCOCOUKULL NOPOULOK-CHIAB C
PABHOMEDPHBIM pAcnpedeneHuem Ae2upyrouux 31emMeHmos.

Knrouesvie cnosa: niasmenHo-nopowiKosdas HANIAA6KA,  USHOCOCMOUKUE NOPOWIKU, 3JeKMpooucnepeuposanue,
0mMX00bl MEEPO02O CHAABA, SPAHYIOMEMPULECKUll cocmas, cghepuyeckas opma.
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WEAR-RESISTANT POWDER MATERIALS FOR PLASMA-POWDER SURFACING
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Abstract. Among powder surfacing materials with high hardness and resistance to abrasive wear, powders based on
WC-TiC-Co systems, which are the basis of hard alloys, are among the most promising. (Research purpose) The
research purpose is investigating wear-resistant powder materials for plasma-powder surfacing by electrodispersing
solid alloy waste of the T30K4 brand in kerosene. (Materials and methods) We chose substandard carbide plates of the
T30K4 brand as the starting material; lighting kerosene as the working fluid. We solved the tasks set in the work on the
study of the composition, structure and properties of the obtained carbide powders using modern equipment and
complementary methods of physical materials science. Electrodispersion of solid alloy waste was carried out on the



original installation; the shape and morphology of the particle surface were studied on an electron-ion scanning
microscope with field emission of electrons QUANTA 600 FEG; particle size composition — on a laser particle size
analyzer Analysette 22 NanoTec; X-ray spectral microanalysis of particles was carried out on an energy dispersive X-
ray analyzer of EDAX company, integrated into a scanning electron microscope QUANTA 200 3D; phase analysis of
particles was performed on an X-ray diffractometer Rigaku Ultima IV. (Results and discussion) A new technology for
producing a carbide electroerosive powder suitable for plasma-powder surfacing has been developed and investigated,
the effectiveness of which is confirmed by the properties of the proposed powder material: the spherical shape of powder
particles; the average size of powder particles is 58.4 micrometers, powder particles with a uniform distribution of
alloying elements: C, Co, Ti and W, powder particles include phases of carbides WC and TiC. (Conclusions) The
conducted studies have shown that it is possible to obtain a wear-resistant powder alloy with a uniform distribution of
alloying elements by the method of electroerosive dispersion of solid alloy waste of the T30K4 brand.

Keywords: plasma-powder surfacing, wear-resistant powders, electrodispersion, hard alloy waste, particle size
distribution, spherical shape.
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IMPROVING T HE EFFICIENCY OF RESTORATION AND HARDENING OF THE WORKING BODIES OF TILLAGE
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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 improve the quality, reliability and durability of plasma coatings of working bodies of
tillage machines with a minimum of costs for powder materials. However, the properties of these plasma coatings have not
been studied enough, so it is necessary to conduct comprehensive studies. (Research purpose) The research purpose is
improving the technology of restoration and hardening of the working bodies of tillage machines by plasma-powder
surfacing of powder materials obtained by electroerosive dispersion of solid alloy waste T30K4. (Materials and methods)
Carbide powders made by electrodispersing solid alloy waste T30K4 in kerosene were used to obtain plasma coatings. We
chose for the renovation object a pointed cultivator paw made of 40XC rolled steel. The obtained plasma coatings were
studied using modern equipment and complementary methods of physical materials science. (Results and discussion) We
have developed, tested and investigated a new technology for restoring and strengthening the working bodies of tillage
machines using the example of a pointed cultivator paw by plasma-powder surfacing of carbide electroerosive powder
materials. The effectiveness of the development was confirmed by the properties of plasma coatings: the microstructure of
the coating has a fine-grained structure, without inclusions, uniform phase distribution and the absence of pores, cracks
and discontinuities; elements W, Ti and Co in the coating are evenly distributed; phases of carbides WC and TiC are
present,; the grain size of the coatings is about 0.3 micrometers, the microhardness of the coatings is about 14245
megapascals. (Conclusions) The results of field tests showed that the resource of the working bodies of tillage machines,
restored and strengthened with carbide electroerosion materials, is 1.25 times higher than the resource of new parts.

Keywords: working body, restoration and hardening, plasma-powder surfacing, carbide electroerosive powders,
properties of plasma coatings.
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Pegpepam. Ouenv wacmo 6 mexnono2uax pemMoHma u 60CCmMaHoGlenus Oemanell, a Maxdice npu cO30aHUU HOGblX Oemaretl,
UCNONL3YIOM NOPOWIKY Memanos u cniagos. C pasgumuem MAWUHOCMPOEHUs K MAKUM Mamepuaniam npeovagiaomcs GblcoKue
mpebo6anus, KOmopuvle C6A3aHbl C ONPEOeNeHHLIMU YUIUKO-XUMUYECKUMY U 2PAHYIOMEmpUYecKuMy noxazamensimu. B
Hacmosujee pemMs U3BECHHO HONbUIOE KOIUYECTIBO PAZHOOOPA3HBIX CNOCOO0B NOIYYEHU MEMATIUUECKUX Nopowkos. MHozaue u3
HUX UMelom pad HeOOCMAmMKO8. 6bICOKUE IHep203ampamvl, HenpaguibHas @opma uacmuy, Haamuuue npumecei. Memoo
9NEKMPOIPOSUOHHO20  OUCNEPUPOBANUSA  CIYHCUM  OOHUM U3 HAubonee IHepeOIPPeKMusHbIX U NO360154em NOLYYAMb
MemaniuiecKue NOPouKY ¢ Yacmuyamu npasunbHot popmel u manwix pasmepos. OOHAKo cywecmsyouue YCmanosKu He 0arom
BO3MOJICHOCU BbIBECUL NPOYECC HA NPOMBIULICHHBII YPOGEHb 8 CA3U C VYCMAPEGUIUMU U MATOMOWHBIMU KOMROHEHMAMU
anekmpuueckux cxem. (Llens uccredosanus) Yeenuuumo npouzgooumensHocms u Ko uyuenm noiesHo2o 0eticmeaus yCmaHoeKu
0711 2EKMPOIPOIUOHHO20 OUCHEPSUPOBAHUS, A AKHCE YIIYHMUMb KAYeCMBEHHbIE XaPAKMEPUCTUKU MEMALTUYECKUX NOPOUIKOS,
nonyyaemvix ¢ ee nomowpwlo. (Mamepuansl u memoowr) M3yuunu numepamyphuvle UCTOYHUKY, HAVYHbIE PAOOMbL U NAEHMb,
ucnomv3o8aiu nabopamopuyio yemanosxy LIKII «Hano-Lenmpy DOHAL] BUM. (Pesynomamut u 0b6cyscoenue) Onucanu npoyecc
SNEKMPOIPOIUOHHO20 OUCTIEPSUPOSANUS, PACCMOMPENY NPUHYUN PAOOMbL Cyuyecmayioujetl 1ao0pamopHotl ycmanosxku. Beisieunu,
Ymo OGHHASL YCMAHOBKA UMeem P HeOOCIMAmK08, KOMopble CYWeCMEEeHHO GUAIOM HA NOKA3AMeNU NPOU3600UmensHOCU U
ko3 uyuenm nonesnoeo delicmsus. Ilpednodxcunu 6apuanmol MOOEPHU3AYUY U PAZPADOMATU HOBYIO DNEKMPUUECKYIO CXeMy
Haubonee BadiCHO20 Y31a YCMAHOBKY, KOMOPYI0 OONOTHUNY 6CHOMO2AMENbHBIMY DNEKMPOHHLIMU KoMnonenmamu. OcHacmuau
KOHCMPYKYUIO NPUHYUNUATIbHO HO8biMu V3namu. (Buvieoowvl) Ilpeonoowcennas cxema MOOepHUBUPOBAHHOU VYCMAHOBKU O
9NIEKMPOIPO3UOHHO20  OUCHEPeUPOBatUs  obecneuusaem nogviuleHue nPOU3BOOUMeTbHOCIU U KOIQ@uyuenma nonesHozo
Oeticmeus u omeeuaem cogpemMeHHbIM NPOMbIULIEHHBIM MPeDOBAHUM.

Kniouesvie cnosa: >1ekmpospo3uonnoe  oucnepauposanue, 1aOOPAMOPHAs  YCMAHOBKA, MOOEPHU3AYU,
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MODERNIZATION OF THE INSTALLATION FOR ELECTRIC EROSION DISPERSION

I’ya V. Romanov, junior researcher;
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Elizaveta Yu. Kudryashova, Ph.D.(Eng.), research assistant
Federal Scientific Agroengineering
Center VIM, Moscow, Russian Federation
Abstract. Very often, powders of metals and alloys are used in the technologies of repair and restoration of parts, as well
as when creating new parts. With the development of mechanical engineering, high requirements are imposed on such
materials, which are associated with certain physico-chemical and granulometric indicators. Currently, a large number of
different methods for producing metal powders are known. Many of them have a number of disadvantages: high energy
consumption, irregular particle shape, the presence of impurities. The method of electroerosive dispersion is one of the most
energy-efficient and allows to obtain metal powders with particles of the correct shape and small sizes. However, existing
installations do not make it possible to bring the process to the industrial level due to outdated and low-power components
of electrical circuits. (Research purpose) The research purpose is increasing the productivity and efficiency of the installation
for electroerosive dispersion, as well as improving the quality characteristics of metal powders obtained with its use.
(Materials and methods) Studied literary sources, scientific papers and patents, used the laboratory installation of the CCP
"Nano-Center" FNAC VIM. (Results and discussion) Described the process of electroerosive dispersion, examined the
principle of operation of the existing laboratory installation. It was revealed that this installation has a number of
disadvantages that significantly affect performance indicators and efficiency. They proposed modernization options and
developed a new electrical circuit of the most important unit of the installation, which was supplemented with auxiliary
electronic components. The structure was equipped with fundamentally new nodes. (Conclusions) The proposed scheme of
an upgraded installation for electroerosive dispersion provides an increase in productivity and efficiency and meets modern
industrial requirements.
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ABHUAIIASI HA CJIYKBE CEJIbCKOI'O X03SMCTBA CCCP: HCTOPHSA BOITPOCA
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eeoyuiuil HayuHblil compyonuk, e-mail: dasoll152@mail.ru
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Pegpepam. Cosemckuii Corw3 Ovin nepgoti cmparol, 20e Ha 20CYO0apCmEeHHOM YPOBHe 8eNUCy pabOmbvl N0 ONbLICHUIO
XUMUKAMAMU U Ce8Y CeNbCKOXO3ANUCMBEHHBIX KYAbMYp ¢ 8030yxa. (Llenv ucciedosanus) Ilposecmu noanoyennwiti 0030p no
ucmopuu npumenenust asuayuu 6 Hapoorom xosaticmee CCCP noumu 3a 70 nem; onucamv Munvl 1emamenbHuIX
annapamos 0ji onvlieHus pacmenuti u 60pvObl ¢ 8pedHviMu Hacekomvimu — «Kouék-Iopoynoxy, AIll, An-2CX, M-15,
nezkue gepmonemot «Muy u «Kay. (Mamepuanvt u memoowt) Hanucanu pabomy na ocnoge c60pa u ananu3a apXugHix
OOKYMEHMO08 U MeMyapHoll qumepamypsl no O0anuot meme. (Pezyiomamer u obcyscoenue) Ilokazanu ownbounocmo
peuienus 0 npuMeHeHuu peakmueHou asuayui O CelbCKOXO3AUCMEEHHbIX 3a0ay. [annas uoes 603HUKIA 6 CA3U C
Jcenanuem NnogcemMecmno nepetimu Ha UCNONb308aHUe KePOCUHA 8Mecmo 6Gonee 00p020 ABUAYUOHHO20 OeH3UHd, HO
0cobeHHOCU  MYpOOPeakmugHo20 08u2amens OKA3AIUCH HECOBMECUMbL C 3A0a4amMu  CelbCKOXO03AUCMBEHHbIX
asuapabom. Ommemunu — no ceOeCMOUMOCIU UCNOTLI0BAHUSL CAMBIM YOauHbIM Obla Ounian An-2 — om 1,2 pyoas ma
2exmap, 4mo 3amemuo oewesne no cpasuenuto ¢ M-15 u gepmonemamu. Ha cozoanue camonema yxoouno oxono 10 aem,
a NpUMEHSANCS OH 8 cenbCcKoxosslcmeenHol asuayuu oonee 40 nem. (Bvieoowv). Cocmagunu ouazpammy aguayuoHHOU
o0bpabomxu noneti u necog 8 1932-1990 200ax no pesyromamam omuemos Munucmepcmsea epadcoaHCKou aguayuul.
Buidenunu mpu smana 6 ucmopuu aguayuoHHbIX ceabcKoxosatcmeenuvix pabom: 1932-1952 200vl — sman 02paHuyenHozo
NPUMEHeHUs U3-3a Hedocmamounozo unancuposanus, 1953-1985 20061 — sman 6vicmpoeo pocma odvema asuapadbom,
1986-1990 20061 — pe3koe 08YKpaAmMHOe CHUJICEHUE NOKA3amenel U3-3a 00uje20 IKOHMUYECKO20 Kpusuca 8 cmpate,
NOBbILEHUS YeH HA XUMUKANbL U 20plodee, d MAaKice YyCmapesanusl deuanapka.

Knwowuesvie cnosa: camonem, Xxumukamvl, OUNIAH, CENbCKOXO3AUCMBEHHAs asuayus, obpabomka noael,
pacnvliumen.
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AVIATION AT THE SERVICE OF AGRICULTURE IN THE USSR: BACKGROUND

Dmitriy A. Sobolev, Ph.D.(Eng.), leading researcher
Institute for the History of Science and Technology
Russian Academy of Science, Moscow, Russian Federation

Abstracts. The Soviet Union was the first country where chemical pollination and aerial sowing of agricultural crops were
carried out at the state level. (Research purpose) The research purpose is a full review of the history of the aviation in the
national economy of the USSR for almost 70 years; description of the aircraft for pollination of plants and control of harmful
insects — "Humpback Horse", AP, An-2SH, M-15, light helicopters "Mi" and "Ka". (Materials and methods) Wrote a paper
based on the collection and analysis of archival documents and memoir literature on this topic. (Results and discussion) They
showed the fallacy of the decision on the use of jet aircraft for agricultural tasks. This idea arose in connection with the desire
to switch everywhere to the use of kerosene instead of more expensive aviation gasoline, but the features of the turbojet engine
turned out to be incompatible with the tasks of agricultural aircraft. They noted that the An—2 biplane was the most successful
at the cost of use - from 1.2 rubles per hectare, which is noticeably cheaper compared to the M-15 and helicopters. It took about
10 years to create the aircraft, and it was used in agricultural aviation for more than 40 years. (Conclusions). We made a
diagram of the aviation processing of fields and forests in 1932-1990 based on the results of the reports of the Ministry of Civil
Aviation. Three stages in the history of aviation agricultural work were identified: 1932-1952 — the stage of limited use due to
insufficient funding, 1953-1985 - the stage of rapid growth in the volume of aircraft work; 1986-1990 — a sharp twofold decline



in indicators due to the general economic crisis in the country, rising prices for chemicals and fuel, as well as the obsolescence
of the fleet.
Keywords: aircraft, chemicals, biplane, agricultural aviation, field treatment, sprayer.
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Pegpepam. Tpyov: akademuxa B.I1. I'opauxuna, 8 mom uucie co30auHas um «3emnedenvyeckdas MexaHukay, ROCIYHCUU
pyHOamenmom u 0OCHOBOU UUPOKO2O PA3BUMUS UCCTI008AHUIL NO PeueHUio nPodaeMbl NOGbLIUUEHUS PADOUUX CKOpOCmell
MAWUHHO-MPAKINOPHBIX A2Pe2amos, UX HAyuyHolM U memoouyeckum s0pom. QOOHOU U3 e20 BAJCHEUUWUX HAYUHBIX
pazpabomox cmaia meopus MAcc U CKOpocmell, KOMOpasi NO360MUNA KOPEHHbIM 00paA30M UMEHUmMb HAnpagieHue
Passumusi  SHepeemuyeckux U MmexHoaocudeckux cpedcme 011 obpabomxu nouswl. (Llenv uccredosamus)
Ipoananuzupoeams pearuzayuio udei B.I1. I'opsauxuna @ pewienuu 00HOU U3 KPYRHEUMUX HAYYHO-TNEXHUYECKUX NPoOem
— npobneme nosvlle s pabouUxX CKOPOCMel MAWUHHO-MPAKMOPHbIX azpecamos. (Mamepuanvl u memoowt) [Iposenu
aHanu3 JIUMEpamypHuiX UCHOYHUKOS NYMEM NPUMEHEHUs UCIMOPUKO-AHATUmMUYeckoeo memooda. Hcnonvzosanu 6
Kayecmee 00beKmos UCC1e008anUs OPUSUHATbHbIE PAOOMbL OMEYECBEHHbIX ABMOPO8: MOHOSPAPDUL, OMYUembl HAYUHO-
UCCTe008AMENbCKUX  YYPENCOCHUL, HAYYHble JiCYPHATbL, Mamepudnvl KoHgepenyuil. (Pezyrtomamer u o06cyicoerue)
Boissunu, umo ycnewnoe gneopenue 08yx noKoaeHull CKOPOCMHOU MEXHUKU CHOCOOCMBOBAN0 NOCMAHOBKE 8ONPOCA O
OoanvHeluweM ROBLIUEHUU CKOPOCU PabOmbl MAWUHHO-MPAKMOPHbIX azpeeamos.  Onpedenuny ORMUMATbHbIE
napamempul NEPCREKMUGHOU CKOPOCMHOU CEbCKOXO3AUCMBEHHOU MEXHUKU, PeNCUMbl ee pabombl, payuoHdlbHble
OUana3oHbl NOBbIUUEHUS PADOYUX CKOpOCHmell, HAMEemUIu nymu ee KOHCMPYUpOSaHus U UCNONb308AHUS, YOeOUmenbHO
odokazanu I¢hpexmueHocms U MEXHUUECKYIO B03MONCHOCHb CO30AHUS, 6HEOPEeHUs U PAYUOHATBLHO20 UCHOIb306AHUSL
ckopocmuot mexuuku. Ommemuay, Ymo 8 mexHuU4ecKoll NoAUmuKe 8 001acmu mpaKmopHO20 U CelbCKOXO3AUCTNBEHHO2O0
MAWUHOCPOeHUs ObLI COBEPUIEH PEUUUMETbHBILI NOBOPOTH 8 CIOPOHY CO30AaHUSL CKOPOCIMHOU MEeXHUKU, obecneyusaiouel
cyujecmeenHoe nosvliieHue nPoU3800UMeETbHOCIU MAWUHHO-MPAKMOPHLIX azpe2amos. (Bvigoovl) Ycnex Kpynuuvix
HAYYHO-MEXHUYECKUX NPOEKMO8 0a3upyemcs Ha PeemMcmeenHOCU HAYYHbIX pa3pabomoK U MeXHUYeCKUxX OOCIMUNCEHULL
nPeouecmeeHHUKOS, UX Peaiu3ayuu U PA36UmuL ¢ Y4emom NOCIEOHUX COBDEMEHHBIX OOCHUNCEHU.

Knrouesvie crosa: nosviuienue pabouux ckopocmeti, meopus Macc u CKOpocmet, MAuUHHO-mMpaKmopHule azpe2amal,
CeNbCKOX03AUCNBEHHOE NPOUZBOOCBO, YEeIUUeHUe CMEHHOU NPOU3800UMENbHOCU, CKOPOCMHAS MEXHUKA.
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IMPLEMENTATION OF V.P. GORYACHKIN'S IDEAS IN INCREASING
THE WORKING SPEEDS OF MACHINE-TRACTOR UNITS

Yulia S. Tsench, Dr.Sc.(Eng.), associate professor, chief researcher;
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Abstract. The works of academician V.P. Goryachkin, including the "Agricultural Mechanics" created by him, served as the
foundation and basis for the broad development of research to solve the problem of increasing the working speeds of machine-
tractor units, their scientific and methodological core. One of his most important scientific developments was the theory of
masses and velocities, which made it possible to radically change the direction of development of energy and technological
means for tillage. (Research purpose) The research purpose is analyzing the implementation of Goryachkin’s ideas in solving
one of the largest scientific and technical problems, the problem of increasing the working speeds of machine-tractor units.
(Materials and methods) Conducted an analysis of literary sources by applying the historical-analytical method. Original
works of Russian authors were used as objects of research: monographs, reports of research institutions, scientific journals,
conference materials. (Results and discussion) It was revealed that the successful introduction of two generations of high-
speed equipment gave reason to raise the question of further increasing the speed of machine-tractor units. We determined
the optimal parameters of promising high-speed agricultural machinery, its operating modes, rational ranges of increasing
operating speeds, outlined the ways of its design and use, convincingly proved the effectiveness and technical feasibility of
creating, implementing and rational use of high-speed machinery. It was noted that in the technical policy in the field of tractor
and agricultural engineering, a decisive turn was made towards the creation of high-speed equipment that provides a
significant increase in the productivity of machine-tractor units. (Conclusions) The success of major scientific and technical
projects is based on the continuity of scientific developments and technical achievements of their predecessors, their
implementation and development taking into account the latest modern achievements.

Keywords: increase of working speeds, theory of masses and veloscities, machine-tractor units, agricultural
production, increase of shift productivity, high-speed machinery.
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