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Peghepam. Oona u3 2nagHuix meHOCHYUL COBPEMEHHO20 HAYYHO-MEXHUYECKO20 NPO2Pecca 3aKI0Yaemces 8 paspabomie
U 6HeOpeHUuu UHHOBAYUOHHLIX HAYKOEMKUX mexHonosudeckux npoyeccos. (Llenv uccredosanus) Buvinoanums
UCCIe008a sl NPOYeCcca YIbMpPA38yYKOB020 BbI2NANCUBANHUSA NOGEPXHOCHEN OOPOICEK KAUEHUs NOOWUNHUKA ONOPbl MUNa
1118-2902840, nozsonaowue 2ryboce NOHAMb KUHEMAMUKY 3020 HPOYeccd, U npeodiodcums CNOCo0 yeeaudeHus e2o
pecypca u xavecmsea npooykyuu 6 yeiom. (Mamepuanvr u memoowvt) Ommemunu, ymo HaAyyHble UCCICO08AHUS U
KOHCMPYKMOPCKAsA MbIClb NOCMOSHHO PA38UBAIOMCA, C pA3PAOOMKOLU HOBbIX Memo008 00pabomKu u 6HeOpeHuem
NPOSPECCUBHBIX MEXHOJ02UL NOBbIUAENCA KAYecmeo U30eull wapukonooOuunHuKo8020 npouzeoocmed. Buiasunu 6
pe3yivmame npo8edeHHbIX IKCHEPUMEHMATILHBIX UCCIe008AHULI 3HAYUMENbHOE BIUAHUE 8030€liCIBYIoWec0 YCUNUl Ha
gopmuposanue paduyca OOpoXHCKU KaueHus. YCMAHOBUIU, UMO C 603pACMAHUEM B030elCmBYIoue20 YCUuius
VeeUUUBAemcst paouyc npo@uist 0opodcku kavenus. (Pesynomamul u 06cysicoenue) Ilposenu cmenoosvie ucnvlmanus
Ha obpazyax noowunnuxoe muna 1118-2902840. Buissuiu pakmuueckoe 3naienue OUHAMUYECKOU 2PY30R00bEeMHOCTI,
cocmasusuiee bonee 55400 nvtomonos (ceviute 100 npoyenmos), paxmuyeckoe 3HaueHue CKOPPEKMUPOBAHHO20 pecypca
NOOWUNHUKO8 NpU 0esIHOCHONPOYeHMHOU HadedxcHocmu — 6bonee 419 uacoe (124 npoyenma). Iloxazanu, umo
npeonpusimue npu YIy4uleHuy Kauecmeda npooyKyuu noayyaem 3KOHOMUYECKVIO ble0dy Om VeeludeHusi GulnycKa U
peanuzayuu npooOyKyuu, pocma NpPoOAdCHOU YeHbvl, CHudceHusi opaxa. Ilpedocmaeunu Gopmynst 01s pacuema
O0ONOIHUMENbHOU NPUOBLIU, 20008020 IKOHOMULECKO20 3hghekma om YayuueHus Kavecmaea npooyKyuu, adcoomno2o
K03 huyuenma s3¢pghexmusrnocmu kanumanbHulx er0xcenutl. (Boisoovt) B cospemeHHbIX YC08UAX PLIHOYHOU IKOHOMUKU
npobreMa nogvlieHUs Kayecmea npooyKyuu u obecneuenus ee KOHKypeHmocnocoonocmu ons cmpan Eepasutickozo
IKOHOMUUECKO20 COI03A CIMAHOBUMCS HaUboAee aKMyarbHOll.

Knrwouesvie cnosa: ynompaseyx, yibmpazgyKkogoe 6bl2ladCuganue, NOOUUNHUK ONOpbl, OO0J206EYHOCHb, PAOUyC
00POHCKU KAYEeHUsI NOOUUNHUKA.
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THE EFFECTIVENESS OF ULTRASONIC NON-ABRASIVE SMOOTHING OF BEARING RINGS OF
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Abstract. One of the main trends of modern scientific and technological progress is the development and implementation of
innovative high-tech technological processes. (Purpose of the study) The research purpose is in studying the process of
ultrasonic smoothing of the raceways surfaces of the bearing 1118-2902840 type, allowing a deeper understanding of the
kinematics of this process, and proposing a way to increase its resource and product quality in general. (Materials and methods)



Scientific research and design ideas are constantly developing, with the study of new processing methods and the introduction
of advanced technologies, the quality of ball bearing products is improving. As a result of the conducted experimental studies,
there was revealed a significant influence of the force on the formation of the raceway radius. The radius of the raceway profile
increases with increasing impact force. (Results and discussion) Bench tests were carried out on samples of bearings of 1118-
2902840 type. The actual value of the dynamic load capacity was revealed, amounting to more than 55400 newton (more than
100 percent), the actual value of the adjusted bearing life with ninety percent reliability was more than 419 hours (124 percent).
The company, while improving the quality of products, receives economic benefits from an increase in output and sales of
products, an increase in the selling price, and a reduction in product defects. The article presents equations for calculating
additional profit, the annual economic effect of improving product quality, and the absolute efficiency coefficient of capital
investments. (Conclusions) In modern conditions of a market economy, the problem of improving the quality of products and
ensuring their competitiveness for the countries of the Eurasian Economic Union is becoming the most urgent.
Keywords: ultrasound, ultrasonic smothing, support bearing, durability, bearing raceway radiu.
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Pegpepam. B pabome npoananuzuposany onvim psoa Cmpar no CO30aHUI0 MeXanusma peyukiuHea 0mxo008 u OmoeIbHbIX
e2o anemenmos. (Llenv ucciedosanus) Ilposecmu ananuz cyujecmeyioujeii cucmemuvl peyuxiunea omxooog 6 Poccuu u 3a
pybescom,  packpeimv  cymv  npobrem, — npenamcmeyiowux — co3danuro 6  Poccuu  pecypcocbepezaiowye,
9KON0200PUEHINUPOBAHHOU  CUCTEMbl VIMUIUZAYUU 6bI8e0eHHOU U3 IKCHIyamayuu mexuuxu. (Mamepuansl u memoost)
Ommemuny, Ymo ucnonb3o8aue dPHeKMusHbIX NPUHYUNOE CUCHIEMbl DEYUKIUH2A OMX0008 NepedogbiMU CIMPAHAMU Yiice
cetiuac npugeio K 6ypHOMY pasgumuio npou3eo0cmed NPOOYKYUL U paculuperuio accopmumenma moeapos. Onpedenunu, 4mo
0CODEHHO ocmpbIMU NpodieMamu Ha nymu cmauosienus HuOycmpuu peyuxiuHea o0mx0008 CIyHCAm COKpAujeHue
80300HOBTIAEMBIX NPUPOOHBIX PECYPCO8 U YXYOuleHue IKON02UU NAAHEMbl 3d Cuem U3MeHeHUs ee Nandwagdma uz-3a 000wIYU
pecypcos u pacmyuux 06emo8 omxo008 npouzsoocmsa u nompeodaenus. llpoananusuposanu cocmosnue napka MmexHuxy u
UHIICEHEPHOU CILYIICObI A2PONRPOMBIULTIEHH020 Komnaekca. Tlokazanu, ymo cpoku ciyacovl Oonee noNOBUHbI OCHOBHBIX BUN0G
mexHuxu (mpaxmopul, komobaiinwv) npesvimarom 10-12 nem. (Pezynomamol u o6cyscoenue) Kax noxazan ananuz cmpykmypbol
cucmembl Ymunu3ayuu 8b186e0HHOL U3 HKCHLYAMAYUU MEXHUKY, OCHOBHOL YNOp 8 ee paspabomxe ciedyem coelams Ha nepeom
amane — obpabomke OmMx0008 oM YMULUIUPYEMOU MEXHUKY. Yemanoguau, umo 0OHa u3 6A308bIx 3a0ay 3aKI04AemCs 8
MOOEPHUAYUY PEMOHMHO-00CIYAHCUBAIOUell Da3bl A2PONPOMbIUIEHHO20 KOMIIEKCA 00 YPOBHS, NPU KOMOPOM OHA CMO21A Obl
UCNONb306aMb YUPKVIAPHYI0 SIKOHOMUKY HA 6CeX SMANAX MEXHUYECKO20 CONPOBONCOCHUS MAUWUH, BKIIOYASL U YMUTUZAYUIO
mexHuku. (Bvlgoowvl) B pesyivmame uccnedo8aHull npumiy K 8bl800y, Ymo yeiecooopasHo paspabomams u peanu308ams
RUTOMHBLU NPOEKM 8 MACWUMAde CelbCKOXO3ANUCMBEHHOU OMPACTU.

Knrouesvie cnoea: peyuxiune, ymunusayus, Omxoosl, UHOYCMPUs, YUDpou3ayus, YUPKYIAPHASL IKOHOMUKA,
npeonpuamue, azpoKOMNIEKC, CeNbX03MEXHUKA.
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RECYCLING OF AGRICULTURAL MACHINERY
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Abstract. The paper analyzed the experience of countries in creating a waste recycling mechanism and its individual
elements. (Research purpose) The research purpose is analyzing the existing waste recycling system in Russia and
abroad, revealing the essence of the problems preventing the creation in Russia of a resource-saving and
environmentally-oriented system for the disposal of decommissioned equipment. (Materials and methods) The use of
effective principles of the waste recycling system by the leading countries has already led to the rapid development of
production and the expansion of the goods range. The reduction of renewable natural resources and the deterioration
of the planet's ecology due to changes in its landscape due to resource extraction and growing volumes of production
and consumption waste are particularly acute problems on the way to the formation of the Waste Recycling Industry.
The article analyzes the state of the equipment fleet and the engineering service of the agro-industrial complex. The
service life of more than half of the main types of equipment (tractors, combines) exceeds 10-12 years. (Results and
discussion) The article presents the structure of the disposal system of decommissioned equipment, the main emphasis
in its development should be made at the first stage, the treatment of waste from the disposed equipment. One of the
basic tasks is to modernize the repair and maintenance base of the agro-industrial complex to the level at which it would
be able to use the circular economy at all stages of technical support of machines, including the disposal of equipment.
(Conclusions) It is advisable to develop and implement a pilot project on the scale of the agricultural industry.

Keywords: recycling, disposal, waste, industry, digitalization, circular economy, enterprise, agricultural complex,
agricultural machinery.
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Pegpepam. B nacmoswee epems @ X03UCmeax azponpomMbluiIeHHO20 KOMHIEKCA CeNbCKOXO3AUCMEEHHbIE Padombl
BbINONHAIOMCS HA COBPEMEHHBIX OMEYeCMBEHHbIX U UMNOPMHBIX MAWUHAX (mpakmopax, komobatinax). [lpu pemonme u
MEXHUYECKOM Cepeuce MAWuH 6 MACMEPCKUX U HA NPOU3800CMEEHHBIX YUACMKAX Heo0Xo0umo cobaooams
mpebosanus 6esonacnocmu. (Llenv uccnedosanus) Buisagums ucCmOYHUKU ORACHOCMU HA NOCMY MEXHUYECKO20
OUACHOCMUPOBAHUA MPAKMOPOE U KOMOAUHOE 8 MACMEPCKUX XO3AUCTE U NPEONPUAMULL U NPEONONCUMb PEKOMEHOAYUU
no obecneueHuro 0e30NACHOCMU NPU OP2AHU3AYUU U NPOBeOeHUuU padom Ha NpoU3GOOCHEEHHOM YUdCMKe
OJuaznocmuposanus. (Mamepuanvt u  memoovt) Hcnonv3oganu  HOPMAMUBHO-MEXHUYECKYIO — TUMepamypy,
UHDOPMAYUOHHBIE MAMEPUATbL, CMamvU U analumuyeckue oo3opvl 3a nepu-o0 2013-2020 20006 npu nposederuu
uccnedosanutl. (Pesynomamuvl u o6cysicoenue) Buviseunu 6 pesyrvmame ananumuuecko2o 0030pa UCMOYHUKU
ONACHOCMU HA NOCMY MEXHUYECKo20 OUASHOCTHUPOBAHUS MPAKMOPO8 U KOMOQUHO8 6 MACMEpCKUx XO3sAucme u
npeonpusamuii. Ilpueenu HoOMeHKIamypy KOHMPOIUPYEMbIX NApPAMEMPO8 U PEKOMEHOYEeMbIX CPeOCme KOHMPOISL No
obecneuenuio MexHUYecKou U IK0I02UHECKOli De30NACHOCMU HA NPOU3E00CHEEHHBIX YUACMKAX OUASHOCMUPOGAHUS.



Mpakmopo8 U CAMOXOOHbIX CelbCKOXO3AUCMEEeHHbIX MawiuH. I[Ipedcmasuiu pexkomeHOayuu no obecneueHuro
be3onacHocmu npu opeaHu3ayuu U npogedeHuu pabom HA NPOUIBOOCHBEHHOM YYdCmKe OUASHOCMUPOBAHUA U
cpeocmea KOHMpOJisl COBPEMEHHO20 MeXHU4ecko2o ypoeHusa. (Bvieoowi) Ilokazanu, yumo obecneuerue 6e3onacHocmu
mpyoa Macmepos-OudeHOCO8 U MeXaHUu3amopos Onpeoeisiemcs NpasuibHol opeanusayuel paboyeco mecma,
npuUMeHeHuem cpeocme UHOUBUOYATbHOU 3auumel; CoON00eHUeM NPAGUL NOAb30BANHUS UCTIPABHBIM UHCIPYMEHMOM U
npucnocobnenuamu. Pexomenoosanu nposooums mexnHuueckoe o0CIylcUBanue 6cex 6uUd08, a MmMakdlce MeKyuwull
PEMOHM 8 YCI0BUAX UHHOBAYUOHHO20 CEPBUCHO20 YEHMPA, YKOMNIEKMOBAHHO20 He00X00uMblM 060py0osaHuem u
pacnonazaroue2o KOMNIEKCOM COOPYHCEHU.

Knroueesnle cnosa: nocm mexuuiecko2o OUaeHOCMUposanus, mpebosanus 6e3-onacHOCmu, UCMOYHUKU ONACHOCTU,
cpeocmea KOHMPOIA, UHHOBAYUOHHBIU CEPBUCHBIT YEHMP.
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SAFETY ASSURANCE IN THE PRODUCTION AREA
OF TECHNICAL DIAGNOSTICS IN FARM WORKSHOPS

Vera A. Kazakova, junior researcher
Federal Scientific Agroengineering Center VIM
Moscow, Russian Federation

Abstract. Currently, in the farms of the agro-industrial complex, agricultural work is carried out on modern domestic
and imported machines (tractors, combines). When repairing and servicing machines in workshops and at production
sites, it is necessary to comply with safety requirements. (Research purpose) The research pur-pose is in identifying the
sources of danger at the post of technical diagnostics of trac-tors and combines in the workshops of farms and
enterprises and offering recom-mendations for ensuring safety in the organization and conduct of work at the pro-
duction site. (Materials and methods) The article presents regulatory and technical lit-erature, informational materials,
articles and analytical reviews for the period 2013-2020 used when conducting research. (Results and discussion) The
sources of danger were identified at the post of technical diagnostics of tractors and combines in work-shops of farms
and enterprises. The article presents the list of controlled parameters and recommended controls to ensure technical
and environmental safety at production sites for diagnosing tractors and self-propelled agricultural machines. Also, the
article presents recommendations on ensuring safety in the organization and conduct of work at the production site of
diagnostics and means of control of modern technical level. (Conclusions) Ensuring the safety of work of master and
machine operators is determined by the correct organization of the workplace; the use of personal protec-tive
equipment; compliance with the rules for the use of serviceable tools and devices. It is recommended to carry out
maintenance of all types, as well as the current repair in the conditions of an innovative service center equipped with
necessary equipment and having a complex of facilities.

Keywords: post of technical diagnosing, safety requirement, sources of danger, control device, innovative service
center.
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Peghepam. /[annbie o noe30kax naccaxcupos 3a cMeHy Ha 00WecmeeHHOM HA3eMHOM MPAHCROpme npeodCcmasisaiom
€060t 8adCHYI0 UHGOpMAYUIO OISl NAAHUPOBAHUS U AHAIU3A €20 pabomvl 8 YeioM, OYeHKU IPexmusrocmu
deticmaylowell Mapupymuol cemu, a maxdce 0 HeobXooumMocmu ee akmyaausayuu. Jlelicmeyiowue paree
nepuoouyeckue HamypHvle HabIo0eHUs 8 HACMOoAuee BpeMs He OTNBEYAON COBPEMEHHbIM MPeDdOBAHUIM YNPAGICHUS
NACCANCUPCKUMU  NEPEeBO3KAMU U3-3d HU3KOU OOCMOBEPHOCIU DPe3VIbmMamos, OIUMENbHOCU UX HOIYYeHUs U
dopozosustbl. B nocneouue 2001 Ha 00wecmeeHHOM NACCANCUPCKOM MPAHCHOpME CMANU NPUMEHAMb Yudpogsule
cucmemsl UOSHMUDUKAYUU RACCAICUPOS, KOMOpble NO3BONAIOM C  GbICOKOU MOYHOCMbIO HOAYYAMb OAHHbIE
npakmuyecku cpaszy nocie npogedenus uabniooenuu. (Llenv uccnedosanus) Buiasumb ONMUMATLHGIL MEMOO
ONpeodeneHUsi NACCANCUPONOMOKA HA NACCANCUPCKOM MPAHCHOPME C UCNOAb308AHUEM COBPDEMEHHbIX CUCTEM
uoenmuguxayuu naccaxcupos. (Mamepuanvi u memoowt) Ipumenuau memoovt 0000weHUsE OGHHBIX PAZTUUHBIX CYHCO,
KOHMPOIUPYIOWUX pabomy o0OWeCmeeHH020 NACCANCUPCKO20 MPAHCNOPMA, AHATU3 NPAKMUYECKO20 NPUMEHEHUs.
cucmemvl UOSHMUPDUKAYUU RACCANCUPOS ONEPATNOPOM HAZEMHO20 20POOCKO20 NACCANCUPCKO2O MPAHCROpMA 20p00d
Mockebl. (Pesyromamosl u obcyacoenue) Onpedenuny, umo HENOIHOMA OAHHBIX, BbICOKAS NOZPEUHOCMb 8
udeHmuuUKayUU  NAcCcadcupos Ha oOWECMBEeHHOM MPAHCHOPME CYWEeCMBEHHO 3ampyOHsem OYeHKY e20
Odesmenvrocmu. Paccmompenvie 6 Odannoli cmamve cywjecmeylowjue yu@posvle cucmemvl udeHmupurayuu
naccaxcupos No360NAI0M  OYEHUMb ORMUMAIbHBIL  CHOCOO udenmu@urayuy naccaxcuponomokos. Illposenu
CPABHUMENbHYIO XAPAKMEPUCTUKY CYUWECMEYIOWUX MOOenel U Memooo8 MOHUMOPUHSA NACCANCUPONOMOKOS.
(Bb1600v1) B pezynbmame ucciedosanuil 6blopanu Hauboiee nooxoosiuue mMemoosbl ONpeoeieHUs NACCaXCUponomoKos,
KOmMopble 0meeuaiom co8peMenHbiM mpebo8aHUsIM UX OYEHKU, CHOCODCMEYIouUe peulams 3a0ayiu MOHUMOPUHEA 8Cell
MPAHCROPMHOU  CUCTHEMbL  20P00d 8 PEeNCUMEe PeanibHO20 BPEeMEHU, NPeONONCUIU C8OU Memod HnoocHema
naccancuponomoxd, OCHOBAHHbIU HA NOJYYEeHHOU UHGOpMayuu.

Knrouesvie cnosa: moHumopune, naccanxcuponomox, mpaHCnopmuas UHGpAcmpykmypa, mpaucnopm, 20poocKue
aznomepayuu, 06C1e008aHUe NACCANCUPONOMOKO8, NACCANCUPCKUTL MPAHCIOPT, 8UOCOKAMEDDL, BATUOAMOP.
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Abstract. Data on passenger trips per shift on public land transport is important information for planning and analyzing
its work in general, evaluating the effectiveness of the existing route network, as well as the need to update it. The previously
existing periodic field observations currently do not meet the modern requirements of passenger transportation
management due to the low reliability of the results, the duration of their receipt and the high cost. In recent years, digital
passenger identification systems have been used on public passenger transport, which make it possible to obtain data with
high accuracy almost immediately after observations. (Research purpose) The research purpose is in identifying the optimal
method for determining passenger traffic on passenger transport using modern passenger identification systems. (Materials
and methods) During the study there were used methods of data generalization from various services that control the
operation of public passenger transport, analysis of the practical application of the passenger identification system by the
operator of ground urban passenger transport in Moscow. (Results and discussion) The incompleteness of the data, the
high error in the identification of passengers on public transport significantly complicates the assessment of its activities.
The existing digital passenger identification systems discussed in this article allow us to evaluate the optimal way to identify
passenger flows. The article presents a comparative characterization of existing models and methods of passenger traffic
monitoring. (Conclusions) Based on the results, the article proposes the most suitable methods for determining passenger
flows that meet the modern requirements of their assessment, contributing to solving the tasks of monitoring the entire
transport system of the city in real time, and proposes method of calculating passenger traffic based on the information
received.
Keywords: monitoring, passenger traffic, transport infrastructure, transport, urban agglomerations, passenger traffic
survey, passenger transport, video cameras, validator.
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Peghepam. Hnowcenepro-mexuuueckas cucmema 8 acpoOnpOMbIULIEHHOM KOMNWIEKce npedcmasisem 6 Hacmosyee
8peMsi HeOOCMAMOYHO U3y4eHHOe Hanpasienue 0essmerbHOCHU U He0OX0OUMOCTNb AHATU3A COCIMOSIHUSL IMOU CUCTNEMb]
oveguona.  (Lenv  uccnedosanus).  Paccmompemv — cocmosnue — UHICEHEPHO-MEXHUHECKOU  CUCTNeMbl
ACPONPOMBIUACHHO20 KOMNIEKCA U Onpedelums nymu ee cogepuieHcmeosanus. (Mamepuanvt u memoosi).
Yemanosunu, umo peanuzayus mexnonocuueckux npoyeccos NoO0OepICUBAHUL U BOCCHIAHOGIEHUL NAPAMEMPOs
MEXHUUECKO20 COCOSHUSL CEeNbCKOXO3AUCMBEHHOU MEeXHUKU C HAONeHCAWUM KAYeCmBOM 603MOJICHA MONbKO Npu
yeaosuy  HeoOXo0uUM020 — HAAUYUSL  HA  CHeYUATUBUPOBAHHBIX — NPEeONPUSIMUSAX — UHICEHEPHOU  CUCHEeMbl
AZPONPOMBIUAEHHO20 KOMIIEKCA UHMELIeKMYAIbHO20 MeXHOL02UYeCcK020 000py008aHus, Komopoe obecnedum
BbICOKOPECYPCHBIIL  pemoum U obcayacusanue. Ilpednodcunu cocmasums NOAHBIL peecmp  OeUcCm8yioujux
pemnpeonpusimuil 6cex YyposHeti COOCMBEHHOCHIU, 8bIIEUMb UX NOMEHYUAT U PA3PAOOMAams CMpame2uio MOOePHU3AYUY
OaHHOU  cucmembl. (Pe3ynomamol u o6cyscoenue). Ilpeocmasunu 0ns  paccmompenuss Meponpusmus no
COBEPULEHCTNBOBANUIO  UHIICEHEPHO-MEXHUYECKOU COCMAsisiiowell 6 azponpoMuluiienHoM Komniekce Poccuu.
Onpedenunu 6 pesyibmame UCCIeO08AHUL, YMO 8 HACMOAujee 8peMs CUCMeMd Xapakxmepusyemcs ociadieHuem
Kauecmea mexHuuecko20 CONPOBONCOCHUsL CeNbCKOXO3AUCMBEHHIX MAWUH HA NPOMSIICEHUU 6CE20 UX HCUSHEHHO20
yukia. OOHA U3 BAJCHBIX NPUYUH, CEA3AHHLIX C NPOBeOeHUeM OAHHbIX UCCAEO008AHUL, 3AKIIOYAEMCs 8 MOM, YMO
obecneuenue IKCHIYAMAYUOHHOU HAOEHCHOCMU CEeNbCKOXO3SAUCMEEHHOU MEeXHUKU K CEe30HHbIM NOAE8bIM pabomam
BbINOHACMCSL 6 OCHOBHOM CUNAMU  CelbXO3MOBAPONPOU3800umenci, OONbUWUHCMEO U3 KOMOPLIX He UMeom
B803MOACHOCIU NPOBOOUMDB HA BbICOKOM YPOBGHE ONepayull N0 MexHU4ecKomy ConpogodcoeHuto mawun. (Boigoowr). Kax
NOKA3anU pe3yIbmambl NPOGEOeHHbIX UCCAeO08AHUN, HaAUbOIee NePCHEKMUHbIE NPeONPUSMUS UHICEHEPHOU chepbl
ACDONPOMBIUAEHHO20 —~ KOMIIEKCA 0Nl HYHCO — CenbXO3MOBAPONPOU3sooumenell  OCHAWeHbl  COBPEMEHHbIM
MEXHOI02UHeCKUM 0O0PYOOBaAHUEM, UHMENTIEKMYATbHBLMU MEXHOL02UIMU U BbICOKOKAACCHLIMU CNEYUATUCTIAMU.

Knrouesvie cnosa: mexnuyeckoe 00CIyiCUBAHUE, DEMOHM, PEeMNpPeOnpusmue, CeibCKOXO3AUCMEEHHAs MeXHUKA,
PeYUKIUHS, PEMOHMHAS CTLYIHCOA.
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WAYS TO IMPROVE THE ENGINEERING AND TECHNICAL SYSTEM IN THE AGRO-INDUSTRIAL
COMPLEX
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Abstract. The engineering and technical system in the agro-industrial complex is currently an insufficiently studied area of
activity and the need to analyze the state of this system is obvious. (Research purpose). The research purpose is in considering
the state of the engineering and technical system of the agro-industrial complex and determining ways of its improving.



(Materials and methods). The implementation of technological processes for maintaining and restoring the parameters of the
technical condition of agricultural machinery with proper quality is possible only with the availability of intelligent
technological equipment at specialized enterprises of the agro-industrial complex engineering system, which will provide high-
resource repair and maintenance. The article proposes a complete register of operating service enterprises at all levels of
ownership, identifying of their potential and developing a strategy for the modernization of this system. (Results and discussion).
The article presents for consideration the measures to improve the engineering and technical component in the agro-industrial
complex of Russia. At present the system is characterized by a weakening of the quality of technical support of agricultural
machines throughout their entire life cycle. One of the important reasons associated with these studies is that ensuring the
operational reliability of agricultural machinery for seasonal field work is carried out mainly by agricultural producers, most
of whom do not have the ability to carry out high-level operations for technical service of machines. (Conclusions). The most
promising enterprises in the engineering sphere of the agro-industrial complex for the needs of agricultural producers are those
equipped with modern technological equipment, intelligent technologies and highly qualified specialists.
Keywords: maintenance, repair, service enterprise, agricultural machinery, recycling, repair service.
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Pegpepam. Ceco0nsn npaxmuyecku 000l Npoyecc 6 CeibCKOM XO03AUCMEe HYHCOAemcs 6 NPUMEHEHUU K Hemy
NPOZPAMMHO20 0DeCneyenus pa3IuIHO20 8Udd, YMo NO360JAem NOIYYUMb Oolee MOYHOEe ONUCAHUE PATUYHBIX 0eUCmEUl.
(Lenv uccneoosarnus) Ocywecmeums yugposyro oyeHKy cpe3a epyHma 4epHO3eMHOU HOUEbl ¢ NOMOWDBIO NPOSPAMMHOSO
obecneuenusi Gwyddion. (Mamepuanvt u memoowst) Yxazanu, umo ucnoavzosatnue npoepammuo2o obecneuenuss Gwyddion
nO360751eM ONpedeunb (PPAKmanbiyl0 PAZMEPHOCHb DedlbHbIX HOUE PA3IUYHO20 XAPAKmMepa (euHUCmAs, necuanas,
Cynecuanas, CyenuHUCmas, u3eecmrosas, mopgsanas, ueprozemvl). [lpedcmagunu mamepuanr aHamusa cpesa nousvl 8
yepHozemuom patiote. (Pezynomamor u oocyscoenue) Ilokazanu, umo wepHozemHuble HOYEbL 001A0AIOM GPAKMATLHBIMU
cgoticmeamu, U, COOMEEMCMEEHHO, 05l UX AHATU3A NPUMEHUMb] (hpakmanbHble Memoovl. CoCmaguau Mamemamuieckyo
MOOenb 00pabomKY SPYHMA PA3TUYHBIMU CEbCKOX03AUCMBEHHBIMU Mauunamy u acpecamamu. Onpedenunu u noCmpouiu
mMpexmepHble Kapmvl pa3MepHOCIU YEPHOZEMHbIX NOU8 ¢ NOMOWbI0 Npocpammuozo obecneuenus Gwyddion. Ilposenu
OYEHKY CpPe308 C PA3TUYHbIMU PACIUMENbHbIMU BKIIOYEHUSMU U NOAHOCHbIo be3 nux. (Bvisoodwt) I[lo peszynomamam
UCCNED08AHUsL HAUMEHbUWIAS (ppakmanvHas pasmephocmsy paena 1,61, a maxcumanvuas — 1,8, umo obwschsemces
PA3TUYHBIMU PACIIUMENTbHBIMU GKIOYCHUAMU 6 nougy. Hcnonv3osanue yupposvix uHCMpyMenmos O OpeanHu3ayuu
NPOEKMHOU 0essmeNbHOCMU N0380Jen 000UMbCS 3HAYUMETbHBIX USMEHEHU Pe3YIbMamos UCCle008aHUsL NOUGEHHbIX
cmpykmyp. Llugposvie mexrnonoeuu 0arom 803MONCHOCHb GU3YATUSUPOSAND CIONCHBLI 0115 6ocnpusmus npoyecc. Tpebyem
OanbHeuue20 uzyuenuss Memoouka npumenenus Kk epyumam IV kamezopuu (2nuna msicenas). Jns ananuza uzmeneHus
OUCCUNAMUBHBIX CUCTHEM HEOOXO0UMO CO30amMb MAMEMAMUYecKylo mooeivb 2mozo npoyecca. Ilpeumywecmea 110 —
epaghuueckuli unmepgheiic, OCHOBAHHbII HA NONYTAPHOM Habope uncmpymenmos unmepgeiica GTK +.

Knrwuesvie cnoea: ¢ppaxman, ¢paxmanvras pasmeprocmo, Gwyddion, ueprozemHble nOYGLL, pacmumenbHbule
BKIIOYEHUS], 2PYHM, MAMEeMAMUYEeCKasi MOOeb.
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DIGITAL EVALUATION OF BLACK SOIL SLICE



WITH GWYDDION SOFTWARE
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Federal Scientific Agroengineering Centre VIM, Moscow, Russian Federation

Abstract. Today, almost any process in agriculture needs to be applied to it by various kinds of software, which allows you
to get a more accurate description of various actions. (Research purpose) The research purpose is in conducting a digital
assessment of the slice of the black soil using the Gwyddion software. (Materials and methods) The use of Gwyddion software
makes it possible to determine the fractal dimension of real soils of various types (clay, sandy, sandy loam, loamy, calcareous,
peat, black). The article presents the material of the analysis of the soil section in the black soil region. (Results and discussion)
Black soils have fractal properties, and, accordingly, fractal methods are applicable for their analysis. We have compiled a
mathematical model of soil treatment with various agricultural machines and aggregates. Three-dimensional maps of the
dimension of black soils were determined and constructed using the Gwyddion software. There were evaluated sections with
various plant inclusions and completely without them. (Conclusions) According to the results of the study, the smallest fractal
dimension is 1.61, and the maximum is 1.8, which is explained by various plant inclusions in the soil. The use of digital tools
for the organization of project activities makes it possible to achieve significant changes in the results of the study of soil
structures. Digital technologies make it possible to visualize a process that is difficult to perceive. The method of application to
soils of category 1V (heavy clay) requires further study. To analyze changes in dissipative systems, it is necessary to create a
mathematical model of this process. The advantages of the software are a graphical interface based on the popular GTK+
interface toolkit.

Keywords: fractal, fractal dimension, Gwyddion, black soils, plant inclusions, soil, mathematical model.
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!Hukonain Heanosuu J[yoko, kanouoam mexnuueckux HayK, npogeccop;
'Bukmop Bacunveeuu Amenuues, acnupanm;

’Bacunuit Muxaiinoeuu Ky3iop, kanouoam mexnuueckux HayK, 00uenm;
2Cepzeit Heanoeuu Byoko, kanoudam mexnuueckux Hayk,

oouenm, e-mail: s.budko.32@bk.ru;

!Benopycckas 20cy0apcmeennas cenbcKkoxo3aiicmeennan aKkaoemus,
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Pepepam. [lpu 6030envieanuu CenbCKOXO3AUCMBEHHBIX KYIbMYP 6adiCHeliuee 3HAYeHUe UMeiom NpeonocesHds
0b6pabomka nougvl u noces. /s y3KopsAOH020 NOCEBA CENbCKOXO3AUCMEEHHBIX KYIbMYp NEPCHeKMUGHO NpUMeHeHUe
KOHCIPYKYUU  KOMOUHUPOBAHHO2O OOHOOUCKOBO20 COWHUKA C CUMMEMPUUHO PACNOLONCEHHBIMU Pebopoamu-
00po30K00bpazosamenamu, pabomaiowezo npu Hyieeom yeie amaxu. (Llenv uccredosanus) Onpedenums ypagueHue
mpaexmopuil 08UNCEeHUsT 08YXOUCKOB020 COUHUKA C KOHUYeCKUMU pebopdamu-6oposdoobpazoeamenamu. (Mamepuans
u Memoovt) Ommemuiu, Ymo ypoucall CebCKOX03aUCMEeHHbIX Kynbmyp Ha 25-30 npoyenmos 3asucum om Kavecmeda
nocesa. Yxasaau, umo 6 macmosiyee 8pems Npu KOHCMPYUPOBAHUU HOCEBHLIX MAWUH NPEeUMYWEecmeo Omoaemcs
OUCKOBLIM KOMOUHUPOBAHHBIM COUHUKAM, KOMOpble XOopowio pabomaiom Ha a0bblx munax nous. (Pesynomamol u



obcyacoenue) Tloxkasanu, umo KOMOUHUPOBAHHBIE OUCKOBbIE COUMHUKU GBINOIHSIOM HECKOAbKO onepayuil. Onu obpazyrom
00po30KU 0151 pasmewerHus cemenu, YHIOMHIonm OHO OO0pO30KU, NPUKAMBIBAIOM (8bIPAGHUBAION) CeMeHd 6 N0Jice
00p0o30KU U 3aKPLIEAIOM OOPO3OKY PHIXIOU NOUEOU. [JUCKOBblE COUHUKU XOPOUO pabomaiom 6 mpyoHbIX YCI08USX HA
MANCENbIX U GIANCHLIX noueax. llpusenu memoouxy pacuema mpaexmopuil O8UICEHUs 08YXOUCKOBO20 COWHUKA C
KOHUYecKumu pebopoamu-6opo30ooopazosamenimu. Boigsunu, umo pazpabomrka 08yXOUCKOBbIX COUHUKO8 Oe3 yend
amaku U Kpeua OUCKO8 npedcmasisiem cobol nepchnekmueroe HanpaesieHue (Bvieoowl) Ilpednazaemas memoouka
pacuema 08yXOUCKOBO20 COUHUKA ¢ peOopOamu-60po30Kkoobpazoeamensmu OJis 8blCE8A CEMSIH RO360J5em YCIMAHO8UMb
CB53b MeHCOy KOHCMPYKMUBHBIMU NAPAMEMPAMU npeodlaeaemo20 COUHUKA U MEXHONO2UMeCKUMU NaAPaAMempamu
U3yuaemMo2o npoyeccd, aiOpUmmMU3UpOsams pacuemsl No OYeHKe (POpMbl, pA3Mepos U 3a2iyONeHU0 AEeMEeHMO8
COWHUKA U 0OPA308AHHOU UM HOYBEHHOU WeU.
Kniouesvie cnosa: cownux, ouck, pebopoa, 60po30006pazosamens, yceyeHHbll KOHYC.
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THE EQUATION OF MOTION TRAJECTORIES OF A TWO-DISC COULTER WITH CONICAL
FURROW-FORMING RIDGES
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Abstract. When cultivating agricultural crops, pre-sowing tillage and sowing are of the utmost importance. For narrow-
row sowing of agricultural crops, it is promising to use the design of a combined single-disc coulter with symmetrically
arranged ridges-furrowers operating at zero attack angle. (Research purpose) The research purpose is in determining the
equation of the trajectories of a two-disc coulter with conical ridges-furrowers. (Materials and methods) The yield of
agricultural crops depends on the quality of sowing by 25-30 percent. At present, when designing sowing machines, the
advantage is given to disk combined coulters that work well on all types of soils. (Results and discussion) The combined disk
coulters perform several operations. They form grooves to accommodate the seed, seal the bottom of the groove, roll (align)
the seeds in the groove bed and close the groove with loose soil. Disc coulters work well in difficult conditions on heavy and
moist soils. The article presents the methodology for calculating the trajectories of a two-disc coulter with conical ridges-
furrowers. The development of two-disc coulters without attack angle and tilt of the discs is a promising direction.
(Conclusions) The proposed method of calculating a two-disc coulter with ridges-furrows for seeding allows us to connect
the design parameters of the proposed coulter and the technological parameters of the process under study, algorithmize

calculations to assess the shape, size and deepening of the elements of the coulter and the soil gap formed by it.
Keywords: coulter, disc, rib, furrow-forming device, truncated cone.
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Pegpepam. Cospemennas menoenyus pazeumust HAy4HO-MeXHUYECK020 Npopecca XapaKkmepusyemces papabomxou
U 8bINYCKOM OSPOMHO20 KOIUYECMEA A8MOMAMUUPOBAHHOU CElbCKOX03SUCMBEHHOU MeXHUKUY. JJOCKOHATbHOE 3HaHue
U NOHUMAHUE COOEPIUCANUS U CYUWHOCU ABMOMAMUZUPOBAHHOUL CEbCKOXO3AUCMBEHHOU MEXHUKY Oaem 603MONCHOCTID
npogeccuonanvrHo u 3¢pexmusno ee sxcnayamuposamo. (Llenv uccaedosanus) Ilodcomosums pexomenoayuu no
BbIAGICHUI0 NPUYUH BO3HUKAIOWUX OMKA308 U HEUCHpasHocmeu, a maxdxce No 3PhekmusHol IKCHIyamayuu
ABMOMAMUIUPOBAHHOU CeNbCKOX03AticmEeHHoU mexHuxku. (Mamepuanvt u memoowvy) Ommemunu, ymo cucmema
asmomamuzayuu 0popmasiemcs 8 8ude paseepHymoll CMpYKmypPHOU cXembl, a ee dNeMEeHmbl U300padcaomcs
VCIOBHBIMU CUMBONIAMU, KOMOpble pa3leisilomcs Ha epaguueckue u OykeeHHble 0003HayeHus. Buviasuiu, umo
CMPYKMYPHbIE CXeMbl HOKA3bIEAIOM MEXAHU3MbL (DOPMUPOBAHUS 8 CUCHEMAX ASMOMAMUAYUU  YAPAGTSIOUUX
CUCHANI08, KOMAHO U BO30elcmeull, KOHMYPO8 YNPAGLEeHUs, PpecyIupo8aHus, KOHMPOSL U CUCHATUZAYUU,
ABMOMAMUYECKUX Pe2YNIAMOPO8 YNPAasie s, KOHMpOos u cuenanuzayuu. (Pezynomamut u o6cyscoenue) Yrazanu, umo
npu CMpyKmypHOM aHaiuze HeodX00UMO onpeoerums 8 KaXCOOU U3yuaemou cucmeme asmomMamuzayuy NoOJHbl
COCMAa8 CMPYKMYPHLIX DleMeHmos. Bulnonuss pazgepuymulii CHMPYKMYPHOIL AHAAU3  HYHCHO UCNOTb308AMD
pe3yrpmamuvl YNpouweHHo20, d 00beKm A8MOoMAMU3AyUY paccmampueams Co GCeMu €20 6XOOHbIMU U BbIXOOHBIMU
Quzuueckumu napamempamu. Aemomamuyeckue pecyisimopsl CUCTHEMbl He0OX00UMO No08ep2amy OONOTHUMENTbHOMY
cmpykmypHomy ananuzy. (Bvieoovl) PazgepHymulii CmMpYKMYpHbI AHAIU3Z CHYIHCUM CAMBIM 80CHPEDOBAHHBIM
HanpasienueM u 8 NOJHOU Mepe PACKPbleaem CImpyKmypy cucmem asmomamusayuu. Mcnonvzosanue pazgepuymozo
CMPYKMYPHO20 AHAU3A NPUBOOUM K NOHUMAHUIO CYMU ABMOMAMUYECKO20 YPasieHus 00beKmamu 6 0OHUX 8UOAX
cucmem agmoMamu3ayuu U Cymu ademoMamuieckoe0 KOHmMpOJisi 3a4 COCMOSIHUEM 00beKmos8 6 Opyaux 8UOax Cucmem
aemomamuzayuu. Beinoanenue pazeepHymoco  CMPYKMYPHO20 AHAIU3A OOCMAMOYHO NOAHO  PACKPLIEAem
ONUCAMENbHO-NO3HABAMEIbHBII XAPAKMED NPOYECCa U3YHUeHUs. CUCTEeM a8MOMAmu3ayuu.

Knrouesvie cnoea: asmomamusayus, CMpYKIMYypHuLiL QHATU3, ABMOMAMUYECKUe pe2yisimopul, CIMPYKIMypHas cxemd,
CMPYKMYpHbLe d1eMeHMbl, NAPpAMempuyecKull UsmMepumenbHulil npeoopazoeame.

Jast murupoanusi: Kosznos C.U., boptauk C.A., Ky3top B.M., bynko C.U. Pa3BepHyTblil CTpYKTYPHBII aHAIN3 CHCTEM
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DETAILED STRUCTURAL ANALYSIS OF AGRICULTURAL MACHINERY AUTOMATION SYSTEMS

IStepan I. Kozlov, Ph.D.(Eng.), associate professor;
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Abstract. The current trend in the development of scientific and technological progress is characterized by the
development and production of a huge number of automated agricultural machinery. Thorough knowledge and
understanding of the content and essence of automated agricultural machinery makes it possible to operate it
professionally and effectively. (Research purpose) The research purpose is in creating recommendations on identifying
the causes of failures and malfunctions, as well as on the effective operation of automated agricultural machinery.
(Materials and methods) The automation system is designed in the form of an expanded block diagram, and its elements
are represented by conventional symbols, which are divided into graphic and alphabetic designations. The structural
diagrams show the mechanisms of formation of control signals, commands and actions in automation systems, control
circuits, regulation, control and signaling; automatic control regulators, monitoring and signaling. (Results and
discussion) During the structural analysis it is necessary to determine the full composition of structural elements in
each automation system under study. When performing a detailed structural analysis, you need to use the results of a
simplified one, and consider the automation object with all its input and output physical parameters. The automatic
regulators of the system must be subjected to additional structural analysis. (Conclusions) Detailed structural analysis
is the most popular direction and fully reveals the structure of automation systems. The use of detailed structural
analysis leads to an understanding of the essence of automatic control of objects in some types of automation systems
and the essence of automatic control of the state of objects in other types of automation systems. Performing a detailed



structural analysis sufficiently fully reveals the descriptive and cognitive nature of the process of studying automation
systems.

Keywords: automation, structural analysis, automatic regulators, block diagram, structural elements, parametric
measuring converter.
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HOBBIA CTAHJAPT HA TEXHUYECKHUE YCJIOBUA PEMOHTA
3EPHOYBOPOYHBIX KOMBAWHOB

Bepa Anekcanoposna Kazakoea, mnaouiuii Hay4Hlii cOmpyoHux,
e-mail: lab-stand@mail.ru

Deoepanvhplit HayuHbBLIL azpoundcenephsiii yenmp BUM,
Mockea, Poccuiickan @edepayusn

Peghepam. B nacmosiyee 6pems GO3HUKIA HEOOXOOUMOCMb AKMYAIU3UPOBAMb NEPEedeHb HOPMAMUGHBIX
O0OKYMEHMO8, Heo0X0OUMbIX NpU CepMUpUKayuU U MeXHUYeCKOM OOCIYICUBAHUU CETbCKOXO3AUCMBEHHOU MEXHUKU,
Haxooawetics ¢ sxcnayamayuu. Paspabomxa T'OCT «Kombaiinbl camoxooHvle 3epHOYOOpOUHble U UX COOPOUHDLIE
eounuywl. Coava @ pemMoum U 6bINYCK U3 peMoHma. Texuuueckue yciosusy cmaia yeiecooOpasHol, nOmomy 4mo
peKomeHOayuy no OpeaHu3ayuu U HPOBEOCHUI0 MEXHUYECKO20 OOCIYICUBAHUS MAUUHHO-MPAKMOPHO20 NAPKA
AZPONPOMBIUNEHHO20 KOMIAEKCA NEPECMANU 6 NOTHOU Mepe COOMBEMCmE08amy cogpemennbim mpebosanusam (Lleaw
uccnedosanus) Mznoxcums 0CHOBHbIE NONOJICEHUST CMAHOAPMA HA MEeXHUYECKUe YCIL08US PEMOHIMA 3ePHOYOOPOYHbIX
Kombaiinoe (Mamepuanvt u memoost) Hcnonvzosanu memooonozuto paspabomxu u 2apMOHU3AYUU CMAHOAPMO8
Medrceocyoapcmeennoco yposHs. Ommemunu, 4mo cneyuguxa OaHHoOU pabomovl COCMOUmM 8 NPOXOHCOeHUU NYOTUYHO20
00CYsicOeHUsi NPOeKma CMandapma u IKCnepmu3e CneyuarucCmamy UHNCEHEPHOU CyicObl U 3aUHMEPECOBAHHBIMU
opeanuzayusmu u npeonpusmusmu P® u cocyoapcme — unenos Mesczocyoapcmeenno2o cosema no Cmanoapmu3ayuu,
memponocuu u cepmugpuxayuu Coopyawcecmea Hezasucumvix T'ocydapcms, a makoce 6 0emarbHOM aHATU3E
nOJy4eHHbIX npedaodxcenull. (Pezynomamol u obcyscoenue) Hzyuuiu pekomeHoayuu u NOIYHEHHbIE NPEONONHCEHUS.
BAUHMEPECOBAHNBIX OP2AHUZAYUL, NOO2OMOBUNU NPOEKM CIMAHOAPMA, COOMBEMCMEYIOWULL YCIIOBUIM COBPEMEHHO20
COCMOSIHUSL MAWUHHO-TPAKMOPHO20 NAPKA U UHICEHEPHOU CIYXHCObL, U HANPAsuu Ha ymeepaicoenue 6 Poccmanoapm.
(Bb1600v1) Peanuzayus mpebosanuii cmanoapma, 8 KOmopom enepavie OulLiu YHUDUYUPOBAHDbL 8UObL, OCHOBHbIE NPABUILA
U mexnudecKue mpedosanus K npogedeHuro npoyedypbl cOauu 8 PEMOHM U GbINYCKA U3 PEMOHMA KOMOAUHO8, NO3601UM
NOBbICUMb  KAYECMB0 pPEeMOHMA, HAOENCHOCHb U MENCPEMOHMHBIL  Pecypc MAWUHHO-MPAKMOPHO20 NAPKA
AZPONPOMBIUAEHHO20 KOMIAeKca. | apMOHU3ayus cCmanoapmos Ha cO8peMeHHble Memoobl OP2aHU3AyUU U npuemsl
MEXHUYECKO20 0OCTYHCUBAHUSL CETbCKOXOZSUCMBEHHbIX MAWUH AKMYATUZUPYem NepedeHb HOPMAMUBHBIX OOKYMEHMO8,
He0OX00UMBIX NPU CEPMUPUKAYUU U THEXHUYECKOM OOCIYHCUBAHUU 3EPHOYOOPOUHBIX KOMOAIIHOG.

KimioueBble CJIOBA: mexHuyeckoe o0CIyHcUusanue, 3epHoybopounsie KomMoOalusl, cmanoapm, 00cyxcoeHue npoeKma,
mpebosanusi 6€30nacHoCmu.
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NEW STANDARD FOR REPAIR SPECIFICATIONS
OF COMBINE HARVESTERS

Vera A. Kazakova, junior researcher
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation



Abstract. Currently, there is a need to update the list of regulatory documents required for certification and maintenance of
agricultural machinery in operation. Development of GOST "Self-propelled combine harvesters and their assembly units. Putting
into repair and release from repair. Technical conditions"” became expedient because the recommendations for the organization
and maintenance of the machinery and tractor fleet of the agro-industrial complex ceased to fully meet modern requirements
(Research purpose) The research purpose is outlining the main provisions of the standard for the technical conditions for the repair
of combine harvesters (Materials and methods) There was used the methodology for the development and harmonization of
interstate standards. The specifics of this work consists in passing a public discussion of the draft standard and examination by
specialists of the engineering service and interested organizations and enterprises of the Russian Federation and the member states
of the Interstate Council for Standardization, Metrology and Certification of the Commonwealth of Independent States, as well as
in a detailed analysis of the proposals received. (Results and discussion) The article presents the recommendations and proposals
received from interested organizations, The article describes a draft standard that meets the conditions of the current state of the
machine and tractor fleet and engineering service, that was sent to Rosstandart for approval. (Conclusions) The implementation of
the requirements of the standard, which for the first time unified the types, basic rules and technical requirements for the procedure
of putting into repair and release from repair of combines, will improve the quality of repair, reliability and inter-repair resource
of the machine and tractor fleet of the agro-industrial complex. The harmonization of standards for modern methods of organization
and techniques of maintenance of agricultural machinery updates the list of regulatory documents required for certification and
maintenance of combine harvesters.

Keywords: maintenance, combine harvesters, standard, project discussion, safety requirements.
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Pegpepam. B nacmoswee 6pems UCHPABHOCMb HACOCO8 2UOPONPUBOOA OUEHUBAIOM MONbKO NPU pPecypCHOM
Juacnocmupoganuu cmamonapamempuyeckum memooom coenacho I'OCT 29015-91, T'OCT 14658-86. Jina
COBEPULEHCBOBANUSL  NPOYeccd OUASHOCMUPOBAHUSL HACOCA 2UOPONPUBOOd NOMUMO CIMAMONAPAMEMPUYECKO20
Memooa PeKOMEeHOYemcs. UCHONb306AMb Memoo0 aMIAUMYOHO-(azoebix xapaxmepucmuk. (Llenv uccredosanus)
Ilposecmu ananuz oeticmayiowell HOPMAMUBHOU OOKYMEHmMayuu u paspadbomams IKCHEPUMEHMANbHBIL HPOMOMUN
OUASHOCTNUYECKO20 CHeMYUKa-UHOUKAMOpA, NO360JAI0WE20 OYeHUBAMb MEeXHUYecKoe COCMOSHUE SUOPAGTULECKUX
HAcoco8 no Memoody aMnIumyOHO-(hA308bIX XAPAKMEPUCIUK U PecypCHble NoKA3amenu no Yukiam pabomol.
(Mamepuanvt u memoow) Ilpogenu ananuz I'OCT no npobremam OuaeHOCMUPOBAHUS azpe2amos 2UOPonpusooda Os
ONpedeneHUst B03MONICHOCHU OYEHKU MEXHUYECKO20 COCMOSHUS, BbINOJHULU IKCNEPUMEHMATbHbIE UCCIe008AHUL NO
KOHMpOIo pabomsl wiecmepennoz2o nacoca Ha cmende KH-28256. (Pesynomamul u obcyscoenue). Ocywecmseunu
000CHOBaHUE NPOYecca OUASHOCHUPOBAHUS U BbISAGUIU NPOMUBOPEYUsl 8 KOHCIMPYKYUU MPAKMOPO8 U OeliCMEYIOuuUx
HT/ u I'OCT, npeonooicunu sapuanm ucnoib308aHus CHemuuKo8-uHOUKAmopos npu MoOepHU3Ayuy mpaKmopos 8
Kayecmee Ccucmemvl GCMPOEHHLIX cpedcmé online oOuacnocmupoganus. Hcnoav3o6anu Muxponpoyeccoptoe
npoepammupyemoe ycmpoticmeo cepuu AVR 015 paspabomru 3KChepumMenmanbHo20 00pazya cuemuuKa-uHOuKamopd.
Cozoanu 0151 nposedenus HamypHuIx ucnvimanul 6 ycnosusx OHAI] BUM skcnepumenmanvhyro yCmanosky na oase
euopasnuueckozo cmenoa KU-28256 ¢ u eudpasiuueckum nacocom HIII-32. (Bvieoowt) Ilpumenenue pazpabomannozo
npomomuna - CHemuyuKa-uHOUKAmopa  NO360AUNO  NOBbICUMb  ONEPAMUSHOCb — HPOBeOeHUs  npoyeccd
OUASHOCTNUPOBAHUS, OYEHUMb VYPOBEHb 3A2PY3KU UOPONPUBOOd, GbISIBUMb YPOBEHb DPACX0006AHUS HAZHAYEHHO20
pecypca. Paspabomannviii npomomun cuemyuka-uHOUKAMOPA MONCHO UCNOIb308AMb 8 KAYeCmee OMOeIbHO2O
OUASHOCTNUYECKO20 YCMPOUCMEA, NPUMEHIeMO20 Npu KOHMPOJe Ka4ecmeda PeMOHmd, U KAk 6CMPOeHHOe CPedCmeo
QUASHOCTNUPOBAHUSL 8 COCMAse cucmemsvl online OUAcHOCMUPOBAHUsL MEXHUYUECKO20 COCTMOSIHUSL



Knroueevle cnosa: mexHuueckoe ooOcuyxHcusanue, 2uOponpusod, amniudyoHo-ghazosvie XapaKmepucmuku,
JuasHoCmuposanue, CHemyuKk-uHOUKamop.
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EXPERIMENTAL INDICATOR COUNTER FOR ESTIMATING THE TECHNICAL STATE OF A
HYDRAULIC DRIVE PUMP BY AMPLITUDE-PHASE METHOD

Aleksandr S. Sayapin, junior researcher
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. Currently, the serviceability of hydraulic drive pumps is evaluated only with resource diagnostics by the
static-parametric method according to GOST 29015-91, GOST 14658-86. In order to improve the process of diagnosing
a hydraulic drive pump, in addition to the static-parametric method, it is recommended to use the method of amplitude-
phase characteristics. (Research purpose) The research purpose is in analyzing the current regulatory documentation
and develop an experimental prototype of a diagnostic indicator counter that allows assessing the technical condition
of hydraulic pumps by the method of amplitude-phase characteristics and resource indicators for work cycles.
(Materials and methods) There were conducted an analysis of GOST on the problems of diagnosing hydraulic drive
units to determine the possibility of assessing the technical condition, performed experimental studies to control the
operation of the gear pump at the KI-28256 stand. (Results and discussion) The article presents the justification of the
diagnostic process carried out and contradictions in the design of tractors and the existing NTD and GOST identified.
The article proposes the option of using indicator counters when upgrading tractors as a system of built-in online
diagnostic tools. A microprocessor-based programmable device of the AVR series was used to develop an experimental
sample of an indicator counter. An experimental installation based on a hydraulic stand KI-28256 with a hydraulic
pump NSH-32 was created for conducting field tests in the conditions of FNAC VIM. (Conclusions) The use of the
developed prototype of the counter-indicator made it possible to increase the efficiency of the diagnostic process, to
assess the level of hydraulic drive loading, to identify the level of expenditure of the assigned resource. The developed
prototype of the indicator counter can be used as a separate diagnostic device used for quality control of repairs, and
as a built-in diagnostic tool as part of the online diagnostics system of technical condition.

Keywords: maintenance, hydraulic drive, amplitude-phase characteristics, diagnostics, indicator counter.
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Pegpepam. Ilpeonoosicunu mun KOHCMPYKYUU MOPOBO2O HIAHEMAPHO20 O08YXPAOHO20 6apuamopd, 8apudaHmol
KOHCIMPYKYUU YNPABAAIOWUX Y3108 OGHHBIX 8APUAMOPOS8 U MEMOO pacyema NAAHEeMAaPHbIX MeXAHUIMO8 C HAKIOHHbIMU



ocamu camennumos. (Llenv uccredosanus) Pazpabomams KuHeMamuyecKkyro U nPUHYUNUALLHYIO CXeMbl 08YXPAOHO20
NJIGHemapHo2o 8apuamopd; CHOPMyaIuUposams U npedyiodcums MemoouKy pacuema nepeoamoyHbix Yuces, Yel08bix
CKOpocmel cameiumos U 2eoMempuideckux napamempos nepedaiu, NpeonodHCUums 8apuanmol YNpasiaoue2o y3id
8apuUAMOpPA € Yervbl0 603MONCHOU A0anmayuu Uil YHupurayuu ¢ azpecamamiu CenbCKOXO3AUCMEEHHBIX MAUUH.
(Mamepuaner u memoovr) Hcnonv3oeanu OanHbie OMEYECMEEHHLIX U 3aPYOEICHBIX ABMOpOs8, Kacarouuecs
NPOEKMUPOBAHUs U MEOPEeMULecKo20 ONUCAHUS PAOHBIX U NAAHEAPHBIX DPUKYUOHHBIX 6APUATNOPO8, KOHCMPYKYUU
KOMOpyIX 6KM04aiom mopouodnsie. llposenu namenmuoe ucciedoamue Sapuanmosd KOHCMPYKYUU QPUKYUOHHbIX
NIAHeMAapHbIX  8aApUAMOpPO8, UMEHeHUue NepeoamoyHo20 HYUCIA KOMOPLIX HPOU3BOOUMCS HYymeM U3MeHeHUs
nonodcenus: oceu camennumos. Cocmasunu KUuHeMamuyeckue cxemvl npeonasaemsblx 6apUAHMo8 KOHCIMPYKYUU C Yeabio
paspabomku memooa paciwema nepedamounvix uucen. (Pesynomamot u obcyscoenue) Ilpednodicunu KoncmpyKyuro,
KOMOPYIO MOJCHO NPUMEHAMb 8 MPAHCMUCCUAX MPAHCNOPMHBIX U MA208bIX MAUWIUH, PAOOMAOWUX 8 OMPACIAX
cenbckoeo xosatcmed. OHA 6bl20OHO OMAUYAEMCS OM AHA0208 MANbIM OCE8bIM U 2a0APUMHBIMU PAZMEPAMU,
MEHBUIUM USHOCOM (PPUKYUOHHBIX NOBEPXHOCMEN, DOTbUUM OUANA30HOM pe2yaupodanust. Ommemunu, Ymo Ouana3on
NOOOOHbIX NIIAHEMAPHBIX 8APUATOPO8, CKOHCMPYUPOBAHHBIX HA OCHOBE KOMOUHAYUYU NOBLIULAIOWE20 U NOHUNCAIOUE2O
PA008, 8bI200HO OMAUYAECTHCS OM OUANA3OHA PPUKYUOHHBIX 8APUATIOPOE ¢ MOPOUOHbIMU meaamu Kauerus. Coz0anu
MemoOuKy pacyema nepedamoyHvlX Hucenl, KOMOPYH MOJCHO UCNONb308aMb Ol NJIAHEMAPHbIX MeXAHUIMO8 C
HEnapaiieibHbIMU  2IA6HOU OCU MeXanuzma ocamu cameiiumos. I1Ipednodcuny napamempudeckyro cxemy,
NO36ONAOWYI0 HE MOLLKO NOLYYAMb 3HAYEHUs NepedamoyHbIX YUCel 8apuamopa npu 3d0AHHbIX 2e0MempuiecKux
napamempax, HO U ABMOMAMUIUPOBAHO BbIYUCIAMb dMU NAPAMEmMpPbl NpUu mpedyemvlx nepeoamodHblX HUCHAX.
(Bb1600vl) Paszpabomanuylo KOHYenyur) KOMOUHAUUU NEePeOamoyHbiX Yucel psA008 MOJICHO HPUMEHAMb 6
KOHCIPYKYUAX NIAHEMAPHBIX 8APUAMOPO8 U UCHONIb308AMDb 8 KAYECH8e OCHOBbI 8 OAbHEUUUX HAYYHbIX PA3PAOOMKAX.
Knrouesvie cnosa: ppuxyuonnviii gapuamop, CKOIbICeHUE PPUKYUOHHBIX NOGEPXHOCHEN, O8YXPIOHLI NIAHEMAPHbILL
Mexanusm, nepedamoynble YUcid, CO21acO8anue KUHeMAmuKU, SUnOYUKIouod.
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THE DESIGN OF THE TOROIDAL PLANETARY TWO-ROW VARIATOR OF VEHICLES WITH
INCREASED
REQUIREMENTS FOR THE RANGE OF GEAR RATIOS
AND SMOOTH RUNNING
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Abstract. The article presents the design of the toroidal planetary two-row variator, variants of designs of control units
of this variators and a method for calculating planetary mechanisms with inclined axes of satellites. (Research purpose)
The research purpose is in developing kinematic and schematic diagrams of a two-row planetary variator, formulating
and propose the methodology for calculating gear ratios, angular velocities of satellites and geometric transmission
parameters, proposing variants of the variator control unit for the purpose of adaptation or unification with agricultural
machinery units. (Materials and methods) The research used data from domestic and foreign authors concerning the
design and theoretical description of in-line and planetary friction variators, including toroidal. Authors conducted a
patent study of design options for friction planetary variators, the gear ratio of which is changed by changing the position
of the satellite axes. Kinematic schemes of the proposed design options were compiled in order to develop a method for
calculating gear ratios. (Results and discussion) The article presents the design that can be used in transmissions of
transport and traction machines operating in the agricultural sectors. It favorably compares with analogues in small axial
and overall dimensions, less wear of friction surfaces and a large range of regulation. The range of such planetary
variators, designed on the basis of a combination of increasing and decreasing rows, favorably compares with the range
of friction variators with toroidal rolling bodies. The article also presents the methodology for calculating gear ratios that
can be used for planetary mechanisms with satellite axes that are not parallel to the main axis of the mechanism. A
parametric scheme allows you not only to obtain the values of the variator gear ratios for given geometric parameters,
but also to calculate these parameters automatically at the required gear ratios. (Conclusions) The developed concept of
a combination of series gear ratios can be applied in the designs of planetary variators and used as a basis in further
scientific developments.



Keywords: friction variable-speed drive, slippage between friction surfaces, double-row planetary gear, ratios,
kinematics matching, hypocycloid.
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COBEPHIEHCTBOBAHHME TEXHOJIOI'MX U OCHACTKMU INIOBbIINEHUA
KAUYECTBA PEMOHTA TWJIb3 IAWJIUHJIPOB ABTOTPAKTOPHBIX IBUTATEJIEN
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Cmaspononbckuii 20Cy0apcmeentblil azpapHiuvlii YHUGEPCUNLEN,

2. Cmaepononw, Poccuiickaa @edepayusn

Pegpepam. Hamu paspabomana mexuono2us u ocHacmka O SUOPAYUOHHO20 XOHUH208AHUS 2UNb3 YUIUHOPOS
asmompaKkmopHuix 0gueamerneti. Y cmpoucmeo Kpenumcsi K WNUHOEIbHOU 20J108Ke CIAHKA MeHCOY WnuHoerem i XoHou
XOHUH208ALHO20 CMAHKA. B pe3ynomame cuudicaemces wepoxoeamocms 06pabomantol paboueti NOBEPXHOCU SUNb3
U YIyUWaromes  YCAo6Us CMA3KU  CONPSNCEHUs  2UNb3A—TNOPUWHEBoe KOIbYO WAMYHHO-NOPUHEGOU  epynnbvl
a8mMompakmopHulx O0gueameneii nocie pemonma. (Lenv uccnedosanus) YcosepuieHcmeosams MeXHOIOSUUECKUL
npoyecc XOHUHSOB8AHUS 2UNb3 YUTUHOPOG C YENbl0 CHUICEHUS 8peMeHl HA 00pabomKy GHYmpeHHell NOGePXHOCMU U
VAVUUeHUs. MeXHOo02uYecKux napamempos. (Mamepuanvl u memoowt). Ocyujecmeuiy OKOHYAMeAbHOE XOHUH208AHUE
BHYMPEHHE NOBEPXHOCIU 2UNb3 YUTUHOPOE MEMOOOM NIOCKOBEPULUHHO20 XOHUHLOBAHUS C 2PAPUMHBIM HACBIUYEHUEM
6HYmMpeHHell nogepxHocmu 2uv3. Pazpabomanu KOHCMPYKYUio XOHUH2O8ANbHOU 20JI08KU C AOPA3UBOHANOIHEHHbIMU
NOAUAMUOHBIMU  HUMSAMU O NAOCKOGEPUUHHO2O XOHUHSOBAHUSL GHYMPEHHEU NOGePXHOCMU 2UTb3 YUTUHOPOG
agmompakmopuwix osueamenei. Ommemuny, 4mo npuMeHeHue npeaﬂazaeMoﬁ XOH2OIOGKU NO3G0IACN CHUSUMY

22222722222 7777 PP272 2722227222222 222272222722227 272222222 2 7272272722272 272722272722 (2227272277
222272 27222272222, (2272722) 727222727222 222727227277 ??????????????? ? ???????????????? ??????????

A3-740 npu pemonme. (Pezyromamul u obcyscoenue) [lpednosxcunu O nosbiueHUsT USHOCOCTNOUKOCMU 2Ub3
YUTUHOPOG ABMOMPAKMOPHLIX O8u2amenell 6 npoyecce pPeMOHMA OONOIHUMENbHO HPOBOOUMb NAMYHUPOBAHUE
eHympennell nogepxwocmu. Hanecennwili cnou umeem CMONPOYEHMHYIO NPOMUBO3AOUPHYIO CMOUKOCMb  C
KOHMPOemaivbio CONPsdiCeHUs (NOPUIHe8biM Koabyom). Mcnvimanus npu obkamke u sxcnayamayuu osueameneil /-240
nokaszanu evicokyio (6 1,2-1,4 pasa) usnHococmouxocms 2uib3 YuruHOpo8 nocie JamyHUpOBaHusi 6 CPAGHEHUU C
SUTL3AMU, 60CCIAHOBNICHHBIMU O MUNOBOU mexHono2uu. (Bvieoowvr) Pesynbmamul ucciedosanus caudemenscmeayiom
0 YenecooopasHocmu npuMeHeHUs paspadoOmaHHbIX PEKOMEHOAYUl N0 COBEPULEHCTNBOBANUIO THEXHONIOSUU U OCHACTKU



HA DPEeMOHMHO-MEXHUYECKUX NpeoOnpusmusx azponpomviuiiennozo komniekca Cmaspononvckozo kpas. Pacuem
OKOHOMUYECKOU  dPhHeKmUeHoCmuy  coOBePUIeHCMEO8AHUSL MEXHON02UU U OCHACMKU DPEMOHMA 2UIb3 YUIUHOPOS
asmompaxmopuwix o0gueameneti ha yuyacmke 6 AOOT «PemoHmMHUKY NOKA3AL YelecooOpa3sHoCmb HOBbIUEHUS UX
UBHOCOCMOUKOCIU U pecypca WAmMyHHO-NOPUIHEBOU 2PYNNbL.

Knrouesvie cnosa: mexuonocus, 6uOpAyUOHHOE XOHUH208AHUE, WEPOXOBAMOCHb NOBEPXHOCMU, ZUlb3d, YUIUHOPD,
JIamMyHUposanue GHympenHell no8epxXHOC.

s uurupoBanusi: baranos H.A., IlaBmrok P.B., 3axapun A.B., 3yb6enko E.B., XeBopa FO.M., I'meGoa E.H.
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IMPROVEMENT OF TECHNOLOGY AND EQUIPMENT FOR INCREASING THE REPAIR QUALITY
OF CYLINDER LINERS OF AUTOMOTIVE ENGINES
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Roman V. Pavlyuk, Ph.D. (Eng.), associate professor;
Anton V. Zakharin, Ph.D. (Eng.), associate professor;
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Yuriy I. Zhevora, Ph.D. (Eng.), associate professor;
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Stavropol State Agrarian University,

Stavropol, Russian Federation

Abstruct. The article presents the developed technology and equipment for vibration honing of cylinder liners of
automotive engines. The device is attached to the spindle head of the machine between the spindle and the hone of the
honing machine. The roughness of the treated working surface of the sleeves is reduced and the lubrication conditions
of the sleeve—piston ring coupling of the connecting rod-piston group of automotive engines are improved after repair.
(Research purpose) The research purpose is to improve the technological process of honing cylinder liners in order to
reduce the time for processing the inner surface and improve technological parameters. (Materials and methods). The
final honing of the inner surface of the cylinder liners was carried out by the method of flat-topped honing with graphite
saturation of the inner surface of the liners. The article presents the design of a honing head with abrasive-filled
polyamide threads for flat-topped honing of the inner surface of the cylinder liners of automotive engines. The use of
the proposed head makes it possible to reduce mechanical losses and increase the service life of the sleeve-piston of
KAMAZ-740 engines during repair. (Results and discussion) In order to increase the wear resistance of the cylinder
liners of automotive engines, it was proposed to additionally carry out patching of the inner surface during the repair
process. The applied layer has one hundred percent extreme pressure resistance with a counter-coupling part (piston
ring). Tests during the running-in and operation of the D-240 engines showed high (1.2-1.4 times) wear resistance of
cylinder liners after brassing in comparison with liners restored according to standard technology. (Conclusions) The
results of the study indicate the expediency of applying the developed recommendations for improving technology and
equipment at repair and technical enterprises of the agro-industrial Stavropol Territory. The calculation of the
economic efficiency of improving the technology and equipment for repairing the cylinder liners of automotive engines
at the site in the AOOT "Repairman" showed the expediency of increasing their wear resistance and the resource of the
connecting rod-piston group.

Keywords: technology, vibration honing, surface roughness, liner, cylinder, brassing of the inner surface.
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CTATUCTUYECKHUMN AHAJIN3 OTKA30B TPAKTOPOB
«KAPOBEIl» B YCJJOBUAX HOBOCUBUPCKOM OBJIACTH
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’Hosocubupckuii 20cydapcmeennolii mexnuuecKuil yuugepcumen,

2. Hosocubupck, Poccuiickas @edepanusn

Pepepam. [[nsa obecneuenus sghexmusnoil sKcnayamayuy mpaKxmopog 8 CenbCKOM X035Ucmee HeobXxoouma
unpopmayus no omxazam azpeeamos u cucmem. B cenvckoxossiicmeennom npousgoocmee Poccuu ceputinvie
MpaAKmopvl IKCHAYAMUPYIOMCS 8 PATUYHBIX HPOUIEOOCNBEHHBIX U NPUPOOHO-KIUMAMUYECKUX YCIO0BUSX, 0COObLU
unmepec npeocmagniem chneyupuka omrazo8 8 Komkpemuwix pecuonax. Tpaxmopa mapxu «Kupogey» — naubonee
pacnpocmpanennvle 8 azponpomviuLieHHom komnaexce Hosocubupcroti oonacmu. (Lenv uccnedosanus) Coopams u
NPOAHATUUPOBAMb Ccmamucmudeckue Oanuvle NO OmKasam mpaxkmopos «Kupoeey», oxcniyamupyemvix @
CenbeKoxXo3aticmeenHom npouzeodcmee Hosocubupcroil obnacmu. (Mamepuanst u memoowvr) Pecucmpuposanu omxassi
mpaxkmopos «Kupoeey» no mecmy nosenenus u Hapabomxe mpaxkmopa 6 meuerue mpex jem. Onpedenuiu, umo oo6vem
sbloopku cocmasun 129 mpaxmopos. Ocywecmensiiu 00pabomKy nOIYUeHHbIX OAHHBIX MemOoOaMU MAMEMAMUYecKoll
cmamucmuxu. (Pesynomamot u obcyscoenue) Yemanosunu, umo 41 npoyenm omrazos npoucxooum 8 umnmepsdie
napabomku 0-500 momo-uacos. Ommemunuy, 4mo MAKCUMALbHOE KOJIUUECMB0 OMKA308 NPUXOOUMbCA HA X0O008YI0
yacme mpakmopa u azpezamol mparncmuccuu, 37 u 32 npoyenma coomseemcmeento. Boiseunu: 46 npoyenmos omxazos
6bI36AHbI HAPYULEHUEM NPABU SKCHIyamayuu, 8 — Kiumamudeckumu ghaxmopamu, 46 npoyenmos — HedoCmamoyHbim
Kauecmseom camozo mpaxkmopa. (Bwvieoowr) Habmooanu onpedenenuyro cneyuduky omkazoe ucciedyemvix mpakmopos
6 ycnosusix Hosocubupckoii oonacmu. OCHOGHAS NPUYUHA OMKA308 3AKIIOYAEMC 8 HUZKOM Kadecmee cOOpKu u
UCNOML30BAHUU HEKAYECTNECHHbIX MAMEPUAios npu npouszsoocmee. Pexomenoosanu 0nsi nosblueHUs: Ha0erCHOCHU
mpaxkmopa «Kuposey» pazpabomamsb npeodnodiceHus NO KOPPEKMUpOsKe MNePUOOUYHOCIU U  COOEPHCAHUIO
MEXHUUECKO20 OOCIYICUBAHUSA C YHUEeMOM PecUOHATbHOU cheyuduru. 3a600y-u320mosument0 HeobXo0umo yoeusimy
OONbULE BHUMAHUS KOHMPOTIO KAYeCmea COOPKU Y3108 U aspe2amos U 6X00uemy KOHmMpOoo Kauecmed Mamepuaios,
UCNOML3YEMBIX NPU RPOU3BOOCHIBE MPAKMOPA.

Knrouesvle cnosa: ycnosus skcniyamayuu, OmKazvl, HU3Koe kawecmeo, mpaxmop «Kupoeeyy, eapammuiinas
Hapabomka.

Jass nurupoBanms: onrymus A.A., Yepnyxun P.B., Kugmo T.M. Cratuctudeckuil aHaiu3 OTKa3oB TPaKTOPOB
«Kupogerny» B ycnoBusix HoBocuOupckoi odnactu // Texumueckuii ceppuc mammH. 2021. T. 59. N4(145). C.103-109. DOI
10.22314/2618-8287-2021-59-4-103-109

STATISTICAL ANALYSIS OF "KIROVETS" TRACTOR FAILURES

IN THE NOVOSIBIRSK REGION
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’Roman V. Chernukhin, Ph.D.(Eng.), associate professor;
!Tat’yana I. Kidlo, master student

!Novosibirsk State Agrarian University, Novosibirsk,
Russian Federation

’Novosibirsk State Technical University, Novosibirsk,
Russian Federation

Abstract. For ensuring of the efficient operation of tractors in agriculture, there is a need of the information on failures
of aggregates and systems. In the agricultural production of Russia, serial tractors are operated in various production
and climatic conditions, the specifics of failures in specific regions are of particular interest. Kirovets tractors are the
most common in the agro-industrial complex of the Novosibirsk region. (Research purpose) The research purpose is to
collect and analyze statistical data on failures of Kirovets tractors operated in agricultural production in the
Novosibirsk region. (Materials and methods) Failures of Kirovets tractors were logged at the place of appearance and
operating time of the tractor for three years. The sample consists of 129 tractors. The data obtained were processed by
mathematical statistics methods. (Results and discussion) Forty one percent of failures occur in the operating time
interval of up to 500 moto-hours. The maximum number of failures accounted for the chassis, 37 percent, and
transmission units, 32 percent. Forty six percent of failures are caused by violation of operating rules, 8 by climatic
factors, 46 percent by insufficient quality of the tractor itself. (Conclusions) The article describes a certain specificity
of failures of the studied tractors in the conditions of the Novosibirsk region. The main reason for failures is the low
quality of assembly and the use of substandard materials in production. The article recommends for improving of the



reliability of the Kirovets tractor to develop proposals to adjust the frequency and content of maintenance, taking into
account regional specifics. The manufacturer needs to pay more attention to the quality control of the assemblies and
components and the incoming quality control of materials used in the production of the tractor.
Keyword: operating conditions, failures, low quality, Kirovets tractor, warranty operation.
For citation: Dolgushin A.A., Chernukhin R.V., Kidlo T.I. Statisticheskiy analiz otkazov traktorov «Kirovets» v
usloviyakh novosibirskoy oblasti [Statistical analysis of "Kirovets" tractor failures in the novosibirsk region]. Tekhnicheskiy
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Momopmexnonozusa, Mockea, Poccuiickaa @edepayus

Peghepam. Cogpemennvle 8bICOKOMOUHBIE CMAHKU OISl MEXAHUYeCKou obpabomku 0a306bix Oemanei dgueamers
NO38ONAIOM NPOBOOUMb KAYECMBEHHOE 80CCMAHOGICHUE WUPOKOU HOMEHKIAMYPbl DA3IUYHBIX Oemaneti MAuwuH u
mexanusmos. Paccmompenu 6occmanosienue wamyna — 00HOU U3 6a308bIX U HAuboiee MHOSOUUCTEHHLIX Oemanell
wamyHnHo-nopuinesot epynnul. (Llenv uccnedosanus) Ilpoananu3upoeams 603MOMCHOCHU PATUYHBIX MEXHOL02UL OIS
B0CCMAHOBNIEHUS (KOLOMBIXY WAMYHO8 U 0AMb MEXHOI0SUYECKUE NPEOI0ANCEHUs NO UX 60CCIMAHOBLEHUIO 015 KOMNAHUU
«Momopmexuoxzozu;z» (Mamepuanvl u memoost) Bbl6paﬂu 00beKm UCCce008anUsi — «KOAOMbILY WamyH 0sueamens

????????????????? 222222 222222227 ????????. A3. Hpedﬂoofcwzu dﬂﬂ B80CCIMAHOBIEHUST HUJICHEl 207I08KU
«KOJIOMO20» WAMYHA UCNOIb308AMb MEXHONIO0SUIO INEKMPOUCKPOBOL 00pabomKu, ¢ NOMOWbIO KOMOPOU 803MONCHO
NONYYUMb HOBbLL CIOU C NPOSHOZUPYEMBIMU XAPAKMEPUCMUKAMU 8 3A8UCUMOCIU OM NAPAMEMPO8 UCKPOBO2O pa3pAoa,
cocmasa deKmpooOH020 Mamepuad, mamepuaia oopabameiéaemorli oemanu u opyaux gpakmopos. Ommemunu, 4mo
nOyYeHHoe NOKpbimue 6yoem umems OMIUYHbIE OM MAMEPUAId OCHOBbL CEOUICMEA, KOMOPLIMU MOICHO YNPAGIAMb 6
WUPOKUX npedenax u obecneuusams mpebdyemvle KA4ecmed: NOBbIUUEHHYIO MUKPOMBEPAOCHtb, USHOCOCMOUKOCb,
arcapocmotikocms. Onpedenuniu, 4mo BAHCHLIM OOCIMOUHCHBOM MEXHOA02UU INEKMPOUCKPOBOU 0OPAOOMKU CIYHCUM
omcymcmaue 3HaYUMeIbHO20 MEeNni08020 GIUAHUA HA 0emalb 8 npoyecce 00pAbOMKU, NOIMOMY UCKIIOUEHA MEeNI08ds
ocmamounasn Oegopmayus demanu. (Pesynomamol u obcyscoenue) Ilpeocmasunu Oaunvie 06 3¢hgexmugHocmu
60CCMAHOGNIEHUA «KOJIOMBIX» WAMYHO8 C NPUMEHEHUeM IIeKMPOUCKPOBOU MEXHON02UU KAK CAMOCMOSMENIbHO20
MeXHOI02UNEeCK020 npoyecca, maxk u npu UCNONb308AHUU PASIUYHBIX KOMOUHUPOBAHHBIX NoKpbimuu. (Beisoowl) [
VAVYUEHUSA PUBUKO-MEXAHUYECKUX CBOUCME NOKPbIMUS NPU 80CCMAHOBNEHUU «KOTOMbIX» WAMYHOE C USHOCOM Donlee
100 muxpomempos yenecoobpasHo 60CCMAanagIUEaAmMs UX KOMOUHUPOBAHHBLIM CNOCOOOM, 20e nepevlil Clou —



INEKMPOUCKPOBOE — NOKPbIMUE, — GMOPbIM — CIOeM — Modicem — Oblmb  2A300UHAMUKA,  MEMALIONOIUMEPbL U
INEKMPOXUMUYECKULL CNOCOD HAHECEHUSI NOKPbIMUSL.

Knrouesvie crosa: «konomulily wiamyH, HUNCHSIS 20/106KA WAMYHA, 80CCMANOBIEHUE, IIeKMPOUCKPO8asi oopabomia,
HOMUHANILHBLUL pasmep, 2a300UHAMUYeCKas 00pabomxa, 31eKkmpoxumuieckas oopabomxa.

Jast umtuposanus: Jisusikuna B.I1., KoctiokoB A 1O., lanunmuue .M. BoccranoBieHne HUKHEH TOJOBKU «KOJIOTBIX)»
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RESTORATION OF THE LOWER HEAD OF "CHIPPED"
CONNECTING RODS
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’Igor I. Danilichev, technical director

!Federal Scientific Agroengineering Center VIM,

Moscow, Russian Federation

zMotortechnology, Moscow, Russian Federation

Abstract. Modern high-precision machines for machining basic engine parts allow for high-quality restoration of a wide
range of various machine parts and mechanisms. The article considers the restoration of the connecting rod, one of the
basic and most numerous parts of the connecting rod — piston group. (Research purpose) The research purpose is in
analyzing the possibilities of various technologies for the restoration of "chipped" connecting rods and giving
technological proposals for their restoration for the company "Motortechnology". (Materials and methods) The research
object is the "chipped" connecting rod of the Cummins engine as one of the most massive engines used on KAMAZ vehicles.
1t was proposed to use electric spark processing technology to restore the lower head of the "chipped" connecting rod. It
is possible to obtain a new layer with predictable characteristics depending on the parameters of the spark discharge, the
composition of the electrode material, the material of the work piece and other factors. The resulting coating will have
properties different from the base material, which can be controlled within a wide range and provide the required qualities,
such as increased microhardness, wear resistance, heat resistance. The important advantage of the electric spark
processing technology is the absence of a significant thermal effect on the part during processing, therefore, thermal
residual deformation of the part is excluded. (Results and discussion) The article presents the data on the effectiveness of
the restoration of "chipped" connecting rods with the use of electric spark technology as an independent technological
process, and when using various combined coatings. (Conclusions) To improve the physical and mechanical properties of
the coating when restoring "chipped" connecting rods with a wear of more than 100 micrometers, it is advisable to restore
them in a combined way, where the first layer is an electric spark coating, the second layer can be gas dynamics, metal
polymers or an electrochemical coating method.

Keywords: "chipped" connecting rod, lower connecting rod head, restoration, electric spark treatment, nominal size,
gas dynamic treatment, electrochemical treatment.
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Mockesa, Poccuiickaa Deoepayusn

Peghepam. Ananusz pvinka 0gueameneii 6HYMpPeHHe20 C2OPAHUs, POCH KOHKYPEHYUU U HeNpepbleHO 803PACMaiouue
9KOI02UYeCKUe MPedOBaHUsl ROKA3LLEAIOM HE0OXOOUMOCTE NOCMOSHHO20 NOGbIUUEHUS KAYeCEd U COKPAUEHUsL CPOKOG
€030anus (Ucciedo8anus, NPOEKMUPOBAHUs U NPOU3BOOCEA) HOBLIX KOHCMPYKYULL Osueamenel, a Maxice CHUNCeHUs
3ampam Ha 8cex CMaOoUsIX OJICUSHEHHO20 YUKIA U30eIus 3a CHem UCNONb3068AHUS UHHOBAYUOHHBIX MEXHON02UL,
0becneuusaloumux MUHUMU3AYUIO NOMPeONAeMblX MPYOOBbIX U MaAMepUanvbivlx pecypcos. OOHa u3 akmyaibHbix 3a0ay
6 0bnacmu nOpUIHe8o20 O8Uamenecmpoerus — NPUMeHeHUe CIAB08 ATIOMUNUS NPU U320MOBNEHUU 2UTb3 YUTUHOPOG
u be32unb308vix 610K08 Yurunopos (Llenv uccredosanus) Hzyuums mexnonocuyeckue peuieHus 0l peMoHma 3epKaid
2UNbL3bL YUTUHOPOS OjloKa Osuecamenell eHympeHnne2o ceopanus. (Mamepuanvt u memoowt) [Ipogenu ucciredosanue
€cnocob08 nosvlue s USHOCOCMOUKOCMU paboyeti NO8epXHOCTNU YUIUHOPA, PACCMOMPeNU KOHYenyuu NnoebiuleHUs.
HaodescHocmu OJI0K08 YUNUHOPOS U3 ATIOMUHUEBBIX CHIAB08, OMMEMUIU 0COOEHHOCU 80CCMAHOBLEHUsL U YNPOUHEHUS.
anomunuesslx 6J10Kk08 yunuHopos. (Pesynomamot u obcyscoenue) Onucanu cnocobwvt nogvlueHUs U3HOCOCMOUKOCMU
mpywuxca noeepxwocmeti.  Ilokazanu o00un U3 NEPCNEKMUBHbIX CHOCO008 NOBbIUEHU pecypca Oemaeli
YUTUHOPONOPUIHEGOU 2PYNNbL U3 ATIOMUHUEBbIX CNIAB08 — MUKPOOY2080€ OKCUOUPOBAHUe. YCmaHo8uu, ymo
MeXHON02UYeCKUe MEPONPUMUsL  3aKTIOYAOMCS 8 NPUMEHEHUU USHOCOCMOUKUX NOKPbIMUll, 00beMHO20 U
nosepxHocmuozo aecupogarus. Ommemuau, umo ¢ 90 npoyenmax 015 6a0k086 /[BC ucnonv3yiom 2uib3sl U3 CHIAB08
Jrcene3a unu Opyeux U3HOCOCMOUKUx mamepuanos. (Bovieoowi) Pezynibmamul ucciedo8anus nokazaiu, 4mo 8 Hacmosuee
8peMsi OMCYMCMEYIOM MEXHOI02UYecKUe peuleHUuss U KOMNIeKmsl 000py008anus Oisi PeMOHMA 3epKald 2Ulb3bl
YUTUHOPOB 8HE 3ABUCUMOCMU OM MAMepudla U cnocoba u3eomosienus OI0Ka 08ucamens 6HYMPEHHE20 C2OPAHUSL.
Boszmooichocmu  npumenenus memooa MUKpPOOYy208020 OKCUOUPOBAHUSL Ol NOGLIUEHUS HAOEHCHOCMU Oemanell
YUTUHOPONOPWHEBOU PYNNbl 08Ueamenell 6HYMPEHHe20 C2OPaAHUsl MALOU3YYeHbl HA OAHHBIL MOMEHN.

Knrouesvie cnosa: osucamens HympeHHe20 ceopanus, MexHoI0cuiecKue npuemvl 60CCMAHOBLEHUS, 3ePKAI0 SUTb3bl
YUTUHOPA, MUKPOOY2080€ OKCUOUPOBAHUE, USHOCOCMOUKOCHb, HAOEIHCHOCTD.

Jdast uutupoBanusi: Yasnapos A.B., Tonkaués A.A. TexHoIOrM4eckue NpUEMbl BOCCTAHOBJIEHMS 3€pKaja TMIb3bl
muuHapoB // Texumuaeckwii cepsuc MammH. 2021. T. 59. N4(145). C. 119-127. DOI 10.22314/2618-8287-2021-59-4-119-
127

TECHNOLOGICAL METHODS FOR RESTORING
THE CYLINDER LINER MIRROR

Anatoliy V. Chavdarov, Ph.D.(Eng.), leading researcher;
Aleksey A. Tolkachev, junior researcher

Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. The analysis of the internal combustion engine market, the growth of competition and continuously
increasing environmental requirements show the need for continuous quality improvement and reduction of the
production time of new engine designs, as well as cost reduction at all stages of the product life cycle through the use
of innovative technologies that minimize the labor and material resources consumed. One of the urgent tasks in the field
of piston engine engineering is the use of aluminum alloys in the manufacture of cylinder liners and linerless cylinder
blocks (Research purpose) The research purpose is in studying the technological solutions for repairing the cylinder
liner mirror of the internal combustion engine block. (Materials and methods) The article presents the ways to increase
the wear resistance of the working surface of the cylinder, considers the concepts of improving the reliability of cylinder
blocks made of aluminum alloys, notes the features of restoration and hardening of aluminum cylinder blocks. (Results
and discussion) The article describes the ways to increase the wear resistance of rubbing surfaces. One of the promising
ways of increasing the life of the cylinder—piston group of aluminum alloys is the micro-arc oxidation. Technological
measures consist in the use of wear-resistant coatings, volumetric and surface alloying. Ninety percent of all ICE blocks
use liners made of iron alloys or other wear-resistant materials. (Conclusions) The results of the study showed that
there are currently no technological solutions and sets of equipment for repairing the cylinder liner mirror, regardless
of the material and method of manufacturing the internal combustion engine block. The possibilities of using the micro-
arc oxidation method to increase the reliability of parts of the cylinder-piston group of internal combustion engines are
not sufficiently studied now.

Keywords: internal combustion engine, technological methods of recovery, cylinder liner mirror, micro-arc oxidation,
wear resistance, reliability.
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HCCJIEJIOBAHUE MEXAHUYECKHUX CBOMCTB MATEPHUAJIOB C PE3KO
BBIPAYKEHHOM AHU3OTPOIIUEN CTPYKTYPBI

!Hzopv Hukxonaesuu Kpasuenko, 00Kkmop mexunuueckux nHayx, npogeccop;
2Cepzeii Bacunvesuu Kapuyes, kanouoam mexnuueckux HayK, 0oyenm,
Hayunbvlit compyonux, e-mail: kazo6l@mail.ru;
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Maxkcum Cepzeeeuu Ilyzaues, nayunvlii compyoHuK;

’Hean Cepzeesuu Kapuees, acnupanm

IPoccuiickuit 2ocyoapcmeennviit azpapustit ynueepcumem — MCXA
um. K.A. Tumupsazeea, Mockea, Poccuiickaa @edepayusn

Hncmumym mawunosedenus um. A.A. bnazonpasosa

Poccuiickont akademuu nayx, Mockea, Poccuiickaa @edepayusn

Pegpepam. B nocneonee epems xauecmeo 3epHa, NOCMynarnujezo Ha nepepadbomky, yXyoulunocb. Jmo cea3aH0 CO
CHUdIceHuem mpebosanuii Kk e2o Kawecmsy. Haubonee xapaxmepHviM Npumepom CIYJiCUM 3EPHO SAUMEHS C Pe3KO
BBIPAJICEHHOU AHUZOMPONUELl CEOUCME U HEOOHOPOOHOCHbIO cmpykmypbl. OcobeHHocmb nepepabomxu 3epHa SYMeHs
3aKNIOYACCS 8 e20 pasoelieHuy HA (Gpakyuu no KpynHocmu neped nepepabomxou. AKmyanbHo ucciedogauue
MexaHuuecKkux cgeoticme ykazauuwvlx paxyuii. (Llenv uccredosanus) Hccredosamv dKCnepumMeHmManbHO Mexanuyeckue
CBOUCBA 3ePHA AUMEHSL C NOMOUBIO 00Ue00CMYNHBIX Memooux u obopydosanus. (Mamepuaivt u memoost) Hcnonvzosanu
pazoenentvlie neped nepepadomKol Gpakyuu 3epHa AYMeHs no KPYNHOCMU N0 U3BeCHHOU MeXHOL02UU, cOOpanHble Ha
pasnunnotl yacmu benzopodckoii obnacmu Llenmpanvroeo ghedepanvroco okpyea Poccuiickoti @edepayuu 6 aszycme 2020
200a u coomeemcmayiouue mpebosanusm HopmamusHou ooxymenmayuu. Omobpanu Onsl UCCAed08aHuUsi 00pasybl,
npoweoutue sman memnepamypuotl oopabomku. (Pesynomamol u oocyacoenue) [lposenu ucciedosanue mexanudeckux
CBOUCME 3epeH suMenss mpex (paxyuii no KpYNHOCMU nocie Xpauenus. Pezynvmamul ucciedoganuil noxKasaiu, 4mo
NPOYHOCHb 3€PHA SAYMEHsl, umerowe2o eraxcHocms 14,3 npoyenmos, npu ucnvlmavuu Ha cocamue cocmagnsem 20
Mez2anackaneil u He 3a6UCUm OmM pasmepa 3epHd, a Camo 3epHo umeem anuzomponuio. Teepdocmo 3epHa sSuMeHs
YMeHbuaemes ¢ yseauueHuem pasmepa sepha. (Buleoowr) Hepopmayus npu naubonvuiem paspyuarouem Hanpaicenuu
colcamusi He 3a6Ucum om pasmepa 3epua, Ho umeem 8 1,6 paza 6onvuiee 3navenue npu 6ePMUKAIbHOM HAZPYICEHUU, YeM
npu 20pu3oHmaibHoM. Mccnedosanus nokazanu 603MOICHOCHb ONpedeneHusi MEXAHUYECKUX C8OUCME 3EPHOBBIX KYIbMYp C
NOMOWbIO CMAHOAPMHBIX MEMOOUK HA COBPEMEHHBIX YHUBEPCANbHBIX UCHbIMAMENbHbIX YCMAHOBKAX, NO0380AIOUUX
nPOoBOOUMb USMEPEHUS C BbICOKOL MOYHOCHBIO.

Knrouesvle cnosa: mexaumuueckue c80UCMBA 3epHA AUMEHS, HNPOYHOCMb, MEEPOOCHb, MUKPOMEEPOOMED,
UCHnbLIMAamenbHas Mauuna, ouazpammd.
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’Ivan S. Kartsev, postgraduate

! Russian State Agrarian University — K.A. Timiryazev Moscow State Agricultural University, Moscow, Russian Federation;



2 Institute of Machine Science named after A.A. Blagonravovy
of the Russian Academy of Sciences, Moscow, Russian Federation
Abstract. Recently, the quality of grain that comes for processing has deteriorated. This is due to a decrease in the
requirements for its quality. The most characteristic example is a grain of barley with pronounced anisotropy of properties
and heterogeneity of structure. The feature of processing barley grain is its separation into fractions by size before further
processing. The study of the mechanical properties of these fractions is relevant. (Research purpose) The research purpose
is in studying experimentally the mechanical properties of barley grain using publicly available techniques and equipment.
(Materials and methods) For the experiments, there were used fractions of barley grain divided by size before processing
according to the known technology, collected in the flat part of the Belgorod Region of the Central Federal District of the
Russian Federation in August 2020 and meeting the requirements of standards. Samples that have passed the stage of
temperature treatment were selected for the study. (Results and discussion) The article presents the study of the mechanical
properties of barley grains of three fractions by size after storage. The results of the research showed that the strength of
barley grain having a moisture content of 14.3 percent, when tested for compression is 20 megapascals and does not depend
on the grain size, and the grain itself has anisotropy. The hardness of the barley grain decreases with increasing grain size.
(Conclusions) Deformation at the highest destructive compression stress does not depend on the grain size, but has a 1.6
times greater value under vertical loading than under horizontal. Studies have shown that it is possible to determine the
mechanical properties of grain crops using standard techniques on modern universal testing facilities that allow
measurements to be carried out with high accuracy.
Keywords: mechanical properties of barley grain, strength, hardness, microhardometer, testing machine, diagram.
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Anamonuii Banenmunosuu Yasoapoe, kanouoam mexHuueckux HaykK,
6e0yuiuil HayYHblil COMPYOHUK, e-mail: info@firma-tom.ru;
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Mockea, Poccuiickan @edepayusn

Pepepam. Hanecenue pasnuynvix munos yHKYUOHATLHBIX U 3AUUTHHBIX NOKPLIMULL U3 HEOP2AHUYECKUX MAMEPUAnos Ha
oemanu, U320MOBNEHHbIE U3 OOLIUHBIX KOHCMPYKYUOHHLIX MAMEPUANOs, CMONCEm peuiums 60HpoC obecnedeHus
NAAHUPYEMO20 pecypca padomvl COBPEMEHHbIX YCMPOUCNG, MAWUH U MEXAHUIMO8. DNeKmpooy206as Memaiiu3ayus,
OMIUYAIOWASACA CPABHUTNENLHO BbICOKOU NPOU3BOOUTNETbHOCBIO U HUSKOU CIOUMOCIbIO, CIAYICUT OOHUM U3 CHOC0008
Hauecenus 2azomepmuyeckux nokpvimutl. OOHAKO 6bICOKAS NOPUCTHOCHIb NOTYYAEMBIX NOKPLIMUL, UX HUSKUE NPOYHOCTD
CyenyieHuss ¢ OCHOBOU U NAACTUYeCKUe CEOUCMBA NPensamcmeyom WUpoKoOMy npumMeHenulo 0anHozo cnocoba. (Llenw
uccnedoganus) Mzyuums pe3yismamol XUMUKO-MEPMULECKO20 U MEXAHUYECKO20 8030elCmeUs Ha 0bpasybl, NOJYUeHHbLe
91eKMPOoOY2080li Memaiiusayuel, Ha ao2e3UOHHble, KO2E3UOHHble U NPOYHOCHIHbIE CEOUCMBA NOKPbIMUSL U 30HbL
coedunenuss noxpvlmusi ¢ O0cHogou. (Mamepuanvt u memoowt) I[IpumeHunu 31eKmMpooy208yI0 Memaiiu3ayuio u
2a300uHamMuyecKoe HanolieHue 0l NOLY4eHUss HeobXooumbix nokpeimuil. Ocywecmsuiu mMexanuieckoe gosoeticmaue Ha
nokpvimue nHa cmauke VDK-250TB; ucnonv3osanu cneyuanbHoe ucciedo8amenbckoe 000py0osanue Oisi OnpeoeneHus.
ceoticme nokpwvimuil u ocHogwl. (Pesyriomamur u obcyscoenue) Ommemunu, Ymo 2azomepmuieckue noKpoulmus mMocym
YCNEWHO NPUMEHAMbCA NPU U320MOGACHUU HOBbIX U B0CCMAHOBICHUU USHOWEHHBIX Oemaiell CelbCKOXO3SAUCHEEHHbIX
Mawius. Yemanosunu yenecooopasHocms u HeobxooumMocns 00pabomKy Memaiiu3upoO8ALHbIX 00PA3Y08 NOBEPXHOCHIHBIM
naacmuueckum oegpopmuposanuem. Ilokasanu, ymo Xumuxo-mepmuieckas 00pabomra NONOHCUMENbHO CKA3bIBACTNCS HA
CBOUCMBAX NOKPLIMUS U OCHOBbI, YequuUBas 3Hauenue muxpomeepoocmu na 50-70 npoyenmos. Ycmanosunu, 4mo
UCNONIb308AHUE C8EPX3BYKOBBIX MEMALIUIAYUOHHBIX ANNAPATNOE NPUBOOUM K YEeNUUEHUIO a02e3UoHHOU npoyHocmu Ha 30-
35 npoyenmos. (Bvigoowl) Pezynbmamol ucciedo8anus NOKA3AU, YO XUMUKO-MEPMUYECcKas 00pabomKa noI0#CUMeNIbHO
cKasvigaemcss Ha cgoucmeax nokpvimus. Iliacmuueckoe Oeopmuposanue HANBLIEHHBIX NOBEPXHOCHEU NO C8OeMY



aphexmy  npakmuyecku — PAGHOYEHHO  MEPMOOUHAMUYECKOMY  6030elicmeuto.  Pexomendyemcs  ucnonvsosamo
niacmuyeckoe 0eghopmuposanue 0as HAnbvlieHUs YUIUHOPULECKUX NOBEPXHOCHE.

Knrouesvle cnoea: cazomepmuieckoe HanvlieHue, 2a30mepmuyecKoe NOKpvlimue, NOBEPXHOCMHOE NIACHMUYECKOoe
depopmuposanue.

Jos murupoBanusi: Yasnapos A.B., Tomkaués A.A. Pa3paboTka TEXHOIOTHH MOBHIIICHUS TPOYHOCTHBIX XapaKTEPUCTHK

ra3oTePMHUYECKUX MMOKPBITHI ITPH HCITOJIB30BAHIH TEPMOIMHAMUYECKOTO Bo31ericTBus // Texuudeckuii cepuc MammmH. 2021.
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DEVELOPMENT OF THE TECHNOLOGY FOR IMPROVING THE STRENGTH CHARACTERISTICS

OF GAS-THERMAL COATINGS USING THERMODYNAMIC EFFECTS

Anatoliy V. Chavdarov, Ph.D.(Eng.), leading researcher;
Aleksey A. Tolkachev, junior researcher

Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. The application of various types of functional and protective coatings made of inorganic materials to parts made
of conventional structural materials will be able to solve the issue of ensuring the planned service life of modern devices,
machines and mechanisms. Electric arc metallization, characterized by relatively high productivity and low cost of coating,
serves as one of the methods of applying gas-thermal coatings. However, the high porosity of the resulting coatings, their
low adhesion strength to the substrate and plastic properties prevent the widespread use of this method. (Research purpose)
The research purpose is in studying the chemical, thermal and mechanical effects on samples obtained by electric arc
metallization, on the adhesive, cohesive and strength properties of the coating and the areas of connection of the coating
with the substrate. (Materials and methods) The authors used electric arc metallization and gas-dynamic spraying to obtain
the necessary coatings. A mechanical effect on the coating was studied using the machine IZH-250TV and special research
equipment to determine the properties of coatings and substrates. (Results and discussion) Gas-thermal coatings can be
successfully used in the manufacture of new and restoration of worn parts of agricultural machinery. The processing of
metallized samples by surface plastic deformation are expedient and necessary. Chemical and thermal treatment has a
positive effect on the properties of the coating and the substrate, increasing the value of microhardness by 50-70 percent.
The use of supersonic metallization devices leads to an increase in adhesive strength by 30-35 percent. (Conclusions) The
study showed that chemical and thermal treatment has a positive effect on the properties of the coating. Plastic deformation
of the sprayed surfaces is practically equivalent to thermodynamic effect. It is recommended to use plastic deformation for
spraying cylindrical surfaces.

Keywords: gas-thermal spraying, gas-thermal coating, surface plastic deformation.
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HOBASI METOJIUKA OIIPEJIEJIEHUSA JOITYCKAEMBIX U3HOCOB JIETAJIEM,
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Pegpepam. Texnuueckas OOKyMeHmMAYUs COOEPAHCUM HOPMAMUE HO OONYCKAEMbIM UZHOCAM Oemanell MAUUH.
Tokazamenem mexHu4eCcK020 COCMOAHUSA CIAYHCUM PECYPCHBILL NApaAMemp, 3d8UCAWULL OM HAPAOOMKU UIU 8peMeHU
pabomul evlOpanuou Odemanu unu ysia. (Lenv uccnedosanus) Paspabomamsv HOBYIO MeMOOUKY ONpedeiensl
donyckaemuix UsHoco8 demaneti mauwiun. (Mamepuanvt u memoowt). Ommemunu, Ymo npu papabomke memood Ha
nepeom smane NbIMANUCH PeUUmb YKAZAHHYIO 3a0a4y IKOHOMUYECKU, CHUNCASL PACYEMHbIM NYmMeM U30epHCKU Npu
npocmoe, ONMUMUIUPYS NpU SMom oonyckaemviti usnoc. Onpedenunu, ymo 01 0OHOUMEHHLIX Oemanetli pe3yibmam



dasan Oonbulle NOSPEUWHOCIU Paciemd, NOCKONIbKY He YUUMbleAIU 6IUsHUe PAIUYHOU CKOPOCMU USHAWUBAHUS HA
NOKA3ameny HA0eICHOCMU, HA 6ePOSIMHOCHb OMKA3A U CPOK CIAYocOvl. Bulagunu, umo npu pocme CKOpOCmu
USHAWUBAHUST BEPOSTNHOCHb OMKA3A NEPexoounm 6 8epOsimHOCHbL NPeOynpeOumenvHol 3amenvl. Ykazanu, 4mo 01
NOBbIUEHUSL OOCTNOBEPHOCU  PE3VIbMAMO8 UCCIe008aHUsL He0OX00UMO YUUMbI6AMb KIUMAMUYECKUe YCI06Us
axcnayamayuu. Tax kKax HOPMAMuU8 NOCMOSHeH 05 6ceX PatloH08 CIMPAHbl, O He0OX00UMO OJisl PA3IUYHBIX PAIOHOG
YACTNUYHO MeHAMb e20 3HayeHue. (Pezynomamul u obcyscoenue). Boiasuau 3a8UcumMocms y@eaudeHus Hapabomxy om
CKOPOCMU UBHAWUBAHUS V' SPYINbI OOHOUMEHHbIX O0emanell, YeM MeHbuie CKOpPOCMb USHAWUBANHUs, meM 0oivule
Hapabomka y no0oOHvIx demanei. Beposmnocmy omKkaza mojce usmMeHsaemcs, UsMeHss pecypc YKa3anHuovlx oemarell.
(Bb1600v1). [lannas memoouka no3eonsem  namo u 0Oojee pas CHU3UMb 8POSIMHOCIb OMKA3A 30 MENCKOHMPOIbHBLI
nepuood. 3mo 06CmoAmMenbCcmeo Modcem coeramsb OUASHOCTUPYEMYIO MAWUHy 0e30mKA3HOU Npu  YClosuu
000pY006aHUsL ee COBPEMEHHBIMU CPEOCMBAMU KOHMPOIS MEXHUYECKO20 COCMOSIHUSL.

Knrouesvie cnosa: seposmnocms 0mKasa, usHoc demaet, CKOpoCmy USHAWUBAHUSA, CPOK CIYIHCObl, OONYCKAeMbll
usHoC.
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A NEW METHOD FOR DETERMINING THE PERMISSIBLE WEAR OF PARTS, CONNECTIONS,
MACHINE CONDITION PARAMETERS

Aleksey A. Solomashkin, leading specialist
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. The technical documentation contains a standard for permissible wear of machine parts. An indicator of the
technical condition is a resource parameter that depends on the operating time or operating time of the selected part or
node. (Research purpose) The research purpose is in developing a new methodology for determining the permissible
wear of machine parts. (Materials and methods). When developing the method at the first stage, they tried to solve this
problem economically, reducing the calculated costs of downtime, while optimizing the allowable wear. For the parts
of the same name, the result gave large calculation errors, since they did not take into account the influence of different
wear rates on reliability indicators, the probability of failure and service life. With an increase in the rate of wear, the
probability of failure turns into the probability of preventive replacement. In order to increase the reliability of the
results of the study, it is necessary to take into account the climatic conditions of operation. Since the standard is
constant for all regions of the country, it is necessary to change its value for different regions. (Results and discussion).
The article presents the dependence of the increase in operating time on the wear rate of a group of the same name; the
lower the wear rate, the greater the operating time of such parts. The probability of failure also changes by changing
the resource of these parts. (Conclusions). This technique makes it possible to reduce the probability of failure by five
or more times during the inter-control period. This circumstance can make the diagnosed machine trouble-free,
provided it is equipped with modern means of monitoring the technical condition.

Keywords: probability of failure, wear of parts, wear rate, service life, permissible wear.
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Deodepanvuslit HayuHbll azpounycenepuvlii yeump BUM,
Mockea, Poccuiickaa @edepanus

Pegpepam. Ananuz numepamypuvix UCMOYHUKOE NOKA3AN NEPCHEKMUSBHOCHb U MEXHUYECKYIO B03MOICHOCHIb
B0CCMAHOGICHUS U YIPOUHEHUS. 0emanell Mauut CenbX03MexXHUKY KOMOUHUPOBAHHOU MEXHON02Uell ¢ NpUMeHeHUeM
MEMOo008 2a30MEPMUUECKO20 HANBLICHUS U MUKPOOY208020 OKCUOUPOBaHUs. H32o0moenenue Mamepuanog oCHO8bl U3
CHAB08, He UCHONb3YeMbIX NpU MUKPOOY2080M OKCUOUPOBAHUU, 00YClasiusaem HeoOX00UMOCMb 6 OnpedeieHul
MUHUMATBLHO OONYCMUMOL MOJUWUHbL HANBLIEHHO20 Cl0A 018 OdlbHeliue20 B8edeHUs npoyecca MUKpPoOy208020
oxcuoupoganus. (Llenv ucciedosanus) Bouinoanums meopemuueckue uccie008anus 060CHOBAHUA COCMABA U MOIUUHDbL
HANbLIAEMO20 CN05L, IKCHEPUMEHMATIbHO ONpedesiums GIUAHUE PEXHCUMO8 U COCIABO8 JIeKMPOAUmMOo8 MUKpOOy208020
OKCUOUPOBAHUsL HA Xapaxmep U MOPPON0cUio NOGEPXHOCMU NepPexo0HOl 30HbL 0CHO8a—NoKpvimue. (Mamepuansl u
Memoobwl) Hcnonv3zosanu aHOOHO-KAMOOHLIL Memood MUKPOOY208020 OKCUOUpoBanus. B kavecmee usmeHnsemvix
napamempos NpuHAIU: 6 pacmeope — KouwyeHmpayuro eoxkozo kanus KOH u memacunuxama nampus Na2SiO3,
KOUYeCmE0 HAHONPUCAOKU 8 8Ude NOPOWKA AIMA3d, 8 MEXHOI02UU — 8peMst MUKPOOY208020 OKCUOUpogarus. Mzmepsiu
MUKDPOMBEPOOCHb ¢ noMOwblo mukpomeepoomepa KMT-3; moawuny cios onpedeisiiu ¢ HOMOWbIO ONMULECKO20
muxpockona OLYMPUS GX51 npu ysenuuenuu ¢ 100 pa3. (Pesynomamsi u 00cysicoenue) Ommemunu, umo ocobeHnocmu
NPOMEKAHUsL NPOYecca MUKPOOY208020 OKCUOUPOBAHUS 00VCIABAUBAION HA NOBEPXHOCHIU CONPSICEHUS OCHOBHOU
Memani—noKpuimue Haiuyue MUKPOHepOBHOCEL, bICOMA KOMOPBIX 3A8UCUM OM MOUWHOCTIU NPOOUBAEMOU MUKDPOOYeU
U cocmasa INEeKMpoIuma. Ycmanosunu, umo Hauboabuias meepoocims NOKPLIMuUs O0CMU2Aemcsi npu UCNOoab308aHUU
HAHOAIMA308 6 Kauecmee 000a6KU U OIUMenbHoOM epemenu obpabomku. (Bvieoodwt) Ilpu soccmarnosnenuu oemanel u3
BEHMUTLHBIX MEMALI08 MUHUMATbHASL MOJWUHA CNOSL HANBLIEHHO20 CNIABA NOCAE MEXAHUYECKOU 00pabdomKu 00IHCHA
cocmagnams He Menee 150 npoyenmos om 3a0aHHOU 8 MEXHOAO2UYECKOM Npoyecce MONWUHbL C0SA MUKPOOY208020
OKCUOUPOBAHUS, NPU 80CCMAHOBAEHUU Oemanel U3 He 6eHMUTbHBIX Memanos — He meHee 250 npoyenmos.

Knrouesvle cnoea: cazomepmuieckoe Hanvlienue, MUKpPOOY2080e OKCUOUPOBAHUE, MUKPOHEPOBHOCU, MOMUUHA
HAaNbLIEHHO20 CNOsl, MUKPOMBEPOOCMb, HAHOAIMAZYL.
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EXPERIMENTAL STUDY TO DETERMINE THE OPTIMAL COMPOSITION AND THICKNESS OF THE
SPRAYED LAYER FOR FURTHER IMPLEMENTATION OF THE MAO PROCESS

Anatoliy V Chavdarov, Ph.D.(Eng.), leading researcher
Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. The analysis of literary sources has shown the prospects and the technical possibility of restoring and
strengthening parts of agricultural machinery with combined technology using methods of gas-thermal spraying and micro-
arc oxidation. The use of base materials made of alloys not used in micro-arc oxidation necessitates the determination of the
minimum allowable thickness of the deposited layer for further conducting the micro-arc oxidation process. (Research
purpose) The research purpose is to carry out theoretical studies of the composition and thickness of the sprayed layer; to
determine experimentally the effect of modes and compositions of micro-arc oxidation electrolytes on the nature and
morphology of the surface of the base—coating transition zone. (Materials and methods) The anode-cathode method of micro-
arc oxidation was used. The following parameters are variable: in solution — the concentration of caustic potassium KOH and
sodium metasilicate Na2SiO3, the amount of nano addition in the form of diamond powder; in technology — the time of micro-
arc oxidation. Microhardness was measured using a KMT-3 microhardness meter; The thickness of the layer was determined
using an OLYMPUS GX51 optical microscope at a magnification of 100 times. (Results and discussion) The features of the
micro-arc oxidation process cause the presence of micro-roughness on the surface of the base metal-coating, the height of
which depends on the power of the punched micro-arc and the electrolyte composition. The greatest hardness of the coating
is achieved when using nano diamonds as an additive and a long processing time. (Conclusions) When restoring parts from
valve metals, the minimum thickness of the deposited alloy layer after machining should be at least 150 percent of the thickness
of the micro-arc oxidation layer specified in the technological process; when restoring parts from non-valve metals, at least
250 percent.

Keywords: thermal spraying, micro-arc oxidation, microroughness, thickness of the sprayed layer, microhardness,
nano diamonds.
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Pecnybauka Mopoosus, Poccuiickaa @edepayus

Pecpepam.  Ananuz  cospemeHHbIX  MEHOEHYULl  COBEPULEHCMBOBAHUS  KOHCIMPYKYULL — MpubOCconpsiceHull
CeNbCKOXO3AUCTNBEHHOU TEXHUKY NOKA3AT, YO UCNOAb308AHUE NOAUAMUOA O 8 KauecTnge aHMUGPUKYUOHHO20 Mamepuana
02PAHUYUBACTNCS €20 HU3KOU 81A20CMOUKOCMbIO, NPUBOOsAUel NpU G1ALOHACBIEHUU K CYUWECMBEHHOMY VYXYOUEHUIO e20
VAPY20-NPOYHOCMHBIX U MPUOOIO2UYEcKUX Xxapaxkmepucmuk. B pabome nokazana 603MOMCHOCHb NPUMEHEHUS]
CBEPBLICOKOMONEKYNAPHO20  NOTUIMULECHA 6 Kayecmee €20 aHAN02a, HNO360AAI0We20 NOGLICUMb  O0A208EYHOCHIb
mpuboconpsicenull 2uopocucmem ceabckoxosaticmeennou mexuuxu. (Llenv uccredosanus) Hzyuumo npoyeccol mpenus u
UBHAUUBAHUS KOMNO3UMOE noauamuo 114 6 u HaHOKOMNO3UMOE C8EPXBbICOKOMONECKYIAPHO20 ROTUIMULEHA C NOTYYEHUEM
3a6ucuMocmen, CEA3bIGAIOWUX MPUOOROcUYEcKUe Xapakmepucmuku (Kodgguyuenm mpenus U  UHMEHCUBHOCTDb
UBHAWIUBAHUS) ¢ IKCAIYAMAYUOHHLIMU hakmopamu (MmemMnepamypou, CKOPOCMbIO CKOIbIICeHUs U  KOHMAKMHBIM
oaenenuem). (Mamepuanvr u memoowt). Hcnoavzosanu 6 pabome noauamud 114 6 mapxu 210/310; xomnosum mapxu YIIA
6-154, cocmoswuii us 85 npoyenmog noauamuda 1A 6 u 15 npoyenmos 60IOKHUCHO20 YeNEPOOHO2O0 HANOTHUMENSL,
€8epX8biCOKOMONEKYAsPHbIL noausmuner mapku I'VP 4120, konyenmpam Tuballmatrixbeta akmugupoganuvix y2iepooHvix
HAHOMPYOOK,; 2UOpopOOHbII HAHOKPUCMAIIUYECKUT OUOKCUO KpeMHUsL oucnepcHocmuio 2(0) HaHOMempos, HAHOBOLOKHO
oxcuoa anomunua mapku Nafen oucnepcrocmoro 10-20 nanomempos. Hzzomosunu 06pasysi 05l UCCIEO08AHUS YNPY2O-
NPOYHOCTIHBIX U MPUOOIOSUNECKUX XAPAKMEPUCUK KOMNO3UMO8 MEMOOOM MEPMONPECCOBAHUS HA 2UOPABIULECKOM
npecce Gibitre. Iposeru ucnvimanus obpasyos na paspwisho mawune UAI-7000 M u peomempe Haake MARS IlI.
(Pezynomamot u obcysicoenue) Onpedenunu 015 YCA0SULL CYX020 MPEHUs U MPEHUS CO CMA3KOU 3HAYEHUS UHMEHCUSHOCMU
JUHEIIH020 UBHAWUBAHUSL U 3ABUCUMOCHIU KOIPDDUYUEHMO8 MPEHUsL KOMNO3UMO8 O CKOPOCTIU CKOTbICEHUSL, KOHMAKMHOZ0
odasnenus u memnepamypuvl unoycmpuaivrozo macia HU-20A4. (Bvigoowvt) Pe3yrbmambl uUcCie008aHUll NOKA3AAU, UMO
npUMeHeHUue CEepxXEbiCOKOMONEKVIAPHO20 NOAUIMUNIEHA U HAHOKOMNO3UMOB HA €20 OCHOB8e 8 Kayecmee KOMMEePUEeCKUx
AHMUDPUKYUOHHBIX MATNEPUATOE MPUOOCONPANCEHUT NEPCHEKMUBHO U Mpebyem 0aNbHeliue20 Uu3yueHus.

Knrouesvle cnosa: caepxebicOKOMONEKYIAPHII NOTUIMUNEH, NOTUAMUO, MOOUDUKAMOPbL, KOIDPuyuenm mpenus,
UHMENHCUBHOCTb USHAUUBANHUS/
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TRIBOLOGICAL CHARACTERISTICS OF ANTIFRICTION COMPOSITES OF POLYAMIDE AND

ULTRA-HIGH MOLECULAR WEIGHT POLYETHYLENE

Viadimir N. Vodyakov, Dr.Sc.(Eng.), professor;

Vyacheslav V. Kuznetsov, Ph.D.(Eng.), associate professor;
Kseniya A. Kulikovskaya, postgraduate

National Research Mordovia State University,

Saransk, Republic of Mordovia, Russian Federation

Abstract. Analysis of current trends in improving the designs of tribo-couplings of agricultural machinery has shown
that the use of polyamide 6 as an antifriction material is limited by its low moisture resistance, which leads to a significant



deterioration in its elastic-strength and tribological characteristics during moisture saturation. The paper shows the
possibility of using ultra-high molecular weight polyethylene as its analogue, which allows increasing the durability of
tribo-couplings of hydraulic systems of agricultural machinery. (Research purpose) The research purpose is in to study
the processes of friction and wear of polyamide PA 6 composites and ultra-high molecular weight polyethylene
nanocomposites with obtaining dependencies linking tribological characteristics (friction coefficient and wear intensity)
with operational factors (temperature, sliding speed and contact pressure). (Materials and methods). Polyamide PA 6 of
the 210/310 brand was used in the work,; composite of the UPA 6-15A brand, consisting of 85 percent polyamide PA 6
and 15 percent fibrous carbon filler; ultrahigh molecular weight polyethylene of the GUR 4120 brand; Tuballmatrixbeta
concentrate of activated carbon nanotubes; hydrophobic nanocrystalline silicon dioxide with a dispersion of 20
nanometers, Nafen grade aluminum oxide nanofiber with a dispersion of 10-20 nanometers. Samples were made to study
the elastic-strength and tribological characteristics of composites by thermal pressing on a Gibitre hydraulic press.
Samples were tested on the UAI-7000 M bursting machine and the Haake MARS 111 rheometer. (Results and discussion)
The values of the intensity of linear wear and the dependence of the friction coefficients of composites on the sliding
speed, contact pressure and temperature of industrial oil I-204 were determined for the conditions of dry friction and
friction with lubrication. (Conclusions) The research results have shown that the use of ultrahigh molecular weight
polyethylene and nanocomposites based on it as commercial antifriction materials of tribo-couplings is promising and
requires further study.

Keywords: ultra-high molecular weight polyethylene, polyamide, modifiers, friction coefficient, wear intensity, sliding
speed, contact pressure, temperature, industrial oil.
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BJIMAHUE JOBABOK K CMA30OYHBIM CPEJIAM U TOIIJIMBY HA
SKCILTYATAIIUIO ABTOTPAKTOPHOM TEXHUKH
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Peghepam. Bonvuuuncmeo cenbCKOX03AUCMEEHHBIX NPeOnpusmuill CIAIKUGaemes ¢ npoonemamu, 6b136aHHbIMU
NpeoerbHbIM USHOCOM 000PY008aHUs, YCMAPESUIUMU MEXHOI0UAMU, HEOOCMAMKOM CPeOCme Ha NepegoopyiceHue u
00HOBNIeHUEe MAWUHOMPAKMOPHO20 NAPKA U MEXHOA02U. MO OmpuyamenbHo CKA3bl8AeMcs Ha UX XO3AUCEEHHO
desmenbHOCmU U He0OCMamo4HOU KOHKYPEHMOCHOCOOHOCIU POCCULICKOTU CelbCKOX035tcmeenHol npodykyuu. OOHuM
uz nymei  nOGbIUEHUS — IPOEKMUSHOCU — NPOU3BOOCMBEHHOU — OCIMENbHOCMU — XO3UCME  CMAHOBUMCS
COBEPUIEHCNBOBAHUE MEXHONO02ULL IKCHIYAMAYUY MAawuH U MEeXaHU3MO8, NO8blUleHUe pecypcd MOmoudcos
agmompaxmopnoti mexuuxu. Cogepuiencmeosanue u pazpabomra nepCneKmuHbIX 000A80K K CMA30UHbIM CPEOCMEaAM
u monausam npeocmasasem cooou akmyanviyio 3adayy. Ocobenno IPHeKmusHbIMU MO2YIM OKA3AMbCSL PA3PAOOMKU
MEXHON02ULl NONYYEHUs] CMA30YHLIX Mamepuanos, 00ecnedu8aiowux MUHUMATbHLIL KOI(p@uyuenm mpeHus,
bezvlzHOCHOCMbL U 6occmaHogumenvHulll  apexm.  ObOCHOBaHUE — PAYUOHATLHBIX — HOOX0008  peulenus
mpuboOmexHuuecKux 3a0as mpeoyem 4emro20 NOHUMAHUSA NPUPOObL USHOCA U BO3MOJICHOCMU um ynpasismo. (Llenw
uccreoosanus) Joxazame 3¢QphexmusHocms npUMeHeHUs PeMOHMHO-80CCMAHOBUMENbHBIX MPUOONPEenapamos 8
80NPOCAX NPOOTEHUSL CPOKA CIYHCObI NPedebHO USHOULEHHO20 000pYO08AHUS U MEXHUKU, d Maxdce 000CHO8aAmMb
B03MONCHOCTb OMKA3A OM  €XHCe200H020 WNIAAHOBO-NPOPUIAKMULECKO20 OCMOMPA 000pYO08aHUs, CBAZAHHO20 C
Pazboproli-coopKoll, u nepexoda K 0OCAYHCUBAHUI) NO OUASHOCTMUYeCKUM Noxazanusam. (Mamepuanvt u memoovwt)
Buibpanu odowexmom uccrnedosanus npenapam mapku APBK. I[lposenu ucnvimanus Ha MAWUHOUCTbIMAMENbHBIX
CMAHYUsX U npeonpusmusx, ooaadaowux Heobxooumol mexunuxou. 3adeticmeosaru obopyodosanue L[KII «Hano-



Lenmpy DHAIL] BUM. (Pezyromamvr u o06cysicoenue) Buinonnunu unamypuvle u aabopamopuvle UCHbIMAHUSI
PEMOHMHO-80CCMAHOBUMENIbHBIX  MPUOONPEnapamos, Komopvie 000a6IU 8 MEeXHUYeCcKue Macia U moniueo
pasauunol mexnuku. TIokazanu norodicumenbHoulil S9KOHOMUYECKULL 3(hpexm om eHeOpeHUst MeXHOI02UU 0e3bl3HOCHOU
axcnayamayuu (Bv16oodwt) Jlumepamypuvliil ananusz noxkasan 00CMAmoyHwlll YPo8eHsb pa3eumus mpubomexHuieckux
Paspabomox. IKCnepumMeHmanvHo 00KA3AHO, YMo NPUMEHEHUe PEeMOHMHO-60CCMAHOBUMENbHBIX MPUOONpenapamos
SHAYUMETLHO CHUdICAeM USHOC Oemanel, pabomaiouux 8 CONPANCEHUsIX.

Knrouesvie cnosa: usHOCOCMOUKOCMb, MPUOOMEXHUKA, IKCHIYAMayus MexXHuku, mpubonpenapamvl, CMA3Ka,
0obasKu, IKoHoOMuyeckull 3¢ghexm.
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THE EFFECT OF ADDITIVES TO LUBRICANTS AND FUELS ON OPERATION OF
AUTOMOTIVE EQUIPMENT

Viktor S. Grigor’yev, Dr. Sc. (Eng.), professor, chief researcher;

Roman N. Zadorozhniy, Ph.D. (Eng.), leading researcher;

IPya V. Romanov, junior researcher

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Most agricultural enterprises face problems caused by extreme wear of equipment, outdated technologies,
lack of funds for re-equipment and updating of the machine and tractor fleet and technologies. This negatively affects
their economic activity and creates the lack of competitiveness of Russian agricultural products. One of the ways to
increase the efficiency of production activities of farms is the improvement of technologies for the operation of machines
and mechanisms, increasing the hours resource of automotive equipment. The improvement and development of
promising additives to lubricants and fuels is an urgent task. Especially effective may be the development of technologies
for the production of lubricants that provide a minimum friction coefficient, wear-free and restorative effect.
Justification of rational approaches to solving tribotechnical problems requires a clear understanding of the nature of
wear and the ability to manage it. (Research purpose) The research purpose is to prove the relevance of the use of
repair and restoration tribo-compositions as additives to technical oils and to show the economic effect of their use.
(Materials and methods) The ARVC brand composition was chosen as the object of the study. The article presents
conducted tests at machine testing stations and enterprises with the necessary equipment. There were used equipment
of the CCU "Nano-Center" FNAC VIM. (Results and discussion) The article presents performed full-scale and
laboratory tests of repair and restoration tribo-compositions, which were added to technical oils and fuels of various
equipment. A positive economic effect from the introduction of wear-free operation technology has been revealed
(Conclusions) The literary analysis showed a sufficient level of development of tribotechnical developments. It has been
experimentally proved that the use of repair and restoration tribo-compositions significantly reduces the wear of parts
working in interfaces.

Keywords: wear resistance, tribotechnics, equipment operation, tribo-compositions, lubricants, additives, economic

effect.
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Pegpepam. B Hacmosiyee @pems u36ecmuo OOIbUIOE KOIUYECHBO PAZHOOOPA3HLIX MEMO0008 NOTYUEHUs.
MEMALIUYECKUX NOPOUIK08. bonbuiuncmeo us Hux ucnonv3yiom e 0mogoe Cvipvbe U NOxYPadpuKamol, U320MosG1eHHbIE
U3 UCXOOHOU pyObl, YMO 6edem K YOOPOICAHUIO NOJYHAEMO20 HPOOYKMA, HOIMOMY AKMYATbHbIMU CMAHOGAMCS
B8ONPOCHl peYUKIUHea U NepepadomKu 0mxo008 MAWUHOCMPOUMENbHBIX npou3soocms. OOnum u3 Haubosee
NEePCREeKMUBHBIX U IHEPLOIPPDEKMUBHBIX MEMOO08 NOTYYEHUS NOPOUIKOB U3 THOOBIX MOKONPOBOOAUUX MAMEPUATO8
CYIHCUm  DIIEKMPO3PO3UOHHOe ducnepauposanue. Jlannviil mMemood no3eonsem nepepadamvléams MemaiiuyecKue
OmX00bl U NOAYYAMb Cbipbe 0N MEXHONO2UL B0CCIMAHOBNEHU U VYNPOUHeHUs Oemaieli CelbCKOXO3AUCMBEHHO
MexXHUKY, oaem owymumbli dKoHomuyeckutl agpgexm. (Llenv uccredosanus) Paccmompems paznuunvie cnocodul
NOAYYEeHUs MEeMALIUYECKUX NOPOUIKO8 U Onpedelums Haubolee NepCnekmugHvle U MeXHOA0SUYHble U3 HUX OJis
npoyecco8 B60CCMAHOBNICHUSL U YNPOUHEHUs. Oemanell, 0O0CHO8AMb Yeneco0OPAsHOCMb NepepadomKy Omx0008
MAWUHOCTPOEHUSL 8 NOPOWIKOBLIL MAMEPUAT KAK 8AXCHO20 (paxmopa pecypcocbepedcenus. (Mamepuanvl u memoowt)
H3zyyunu aumepamyphvie UCMOYHUKU, PYHOAMEHMATbHbIE 3AKOHbL PUSUKU U XUMUU, OCHOBHbLE 3AKOHbL MEMALYPeUl,
UCNIONIL308AU TADOPAMOPHYIO YCIMAHOBKY 0151 NEKMPO3IPO3UOHHO20 Oucnepeuposanus. (Pezyismamol u 06cysicoerue).
Paccmompenu ocnosuvie memoovl noayuenus Memauiuieckux Nnopoulko8: MEXaHUYecKue, Xumuieckue, d marice
NEPCNeKMUBHbIL MEmMo0 3IeKMPO3POIUOHHO20 Oucnepeuposanus. Ommemuau, umo Hauboiee NEPCneKmUEHbIM
MEMOOOM NOTYUEHUSI MEMALTUYECKUX NOPOUKOE CUUNAIOM MEMO0 INeKMPOIPOIUOHHO20 OUChepeUpOB8anus. [lanHulil
Memo0 N036015em NOLY4aAmb NOPOUKU U3 MEMALTUYECKUX OMX0008 MAUUHOCMPOUMETbHBIX NPOU3BOOCE, NPULOOHbIE
0Nl NOBMOPHO20  UCNOTb30GAHUS 6  MEXHONO2UAX BOCCMAHOGIEHUS U  YHPOUHEeHus  Oemanell  MAUuiuH
CeNbCKOXO03AUCTNBEHHOU MEXHUKU HCeNe3HeHUEM, PA3TUYHLIMU 6UOAMU HANAABKU U DNEKMPOUCKPOBO2O NeSUPOBAHUSL.
(Bvisoowt) [lopowikosas memannypaus oaem yeHHoe colpbe 01 MEXHON02UN 80CCMAHOBIeHUS U YNpoyeHus oemainell. B
yensix SKOHOMUU CPedCm8 Yenecooopasno npubeeamv K NOAYYEHUIO MEMALIUYeCcKUX NOPOWKO8 U3 0mxX0008
MAWUHOCTIPOUMENbHBIX NPOU3E00Cms. Memoo 2nekmpoIpo3uoHH020 OUCNEPSUPOBAHUSL OMIUYACMCS OMHOCUMETbHO
HEBbICOKUMU IHEPeMUYEeCKUMU 3ampPamamiul U dK0A02UYECKOU YUCTOMOL npoyecca.

Knroueesvle cnosa: memaniuueckue nopowKu, HOPOUKOBAs MEMATLYPIUsl, AMOMU3AYUS, PACTbLICHUE, YAeKMPOObl,
80CCMAHOGIEHUE U YNPOUHEHUe Oemaell, dINeKMPOIPO3UOHHOE OUCHEPSUPOBAHUE.
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Abstract. Currently, a large number of different methods for producing metal powders are known. Most of them use
ready-made raw materials and semi-finished products made from the source ore, which leads to an increase in the cost
of the resulting product, so the issues of recycling of machine-produced waste become relevant. One of the most
promising and energy-efficient methods of obtaining powders from any conductive materials is electroerosive
dispersion. This method makes it possible to process metal waste and obtain raw materials for technologies for the
restoration and hardening of agricultural machinery parts, gives a tangible economic effect. (Research purpose) The
research purpose is to consider various methods of obtaining metal powders and to determine the most promising and
technologically advanced of them for the restoration and hardening of parts; to justify the feasibility of processing
machine-produced waste into powder material as an important resource-saving factor. (Materials and methods) The
study uses literature sources, fundamental laws of physics and chemistry, basic laws of metallurgy, used a laboratory
installation for electroerosive dispersion. (Results and discussion). The article describes the main methods of obtaining
metal powders: mechanical, chemical, as well as a promising method of electroerosive dispersion. The method of
electroerosive dispersion is considered the most promising method for obtaining metal powders. This method makes it



possible to obtain powders from metal waste from machine-producing industries, suitable for reuse in technologies for
the restoration and hardening of machine parts of agricultural machinery by iron, various types of surfacing and electric
spark alloying. (Conclusions) Powder metallurgy provides valuable raw materials for the technologies of restoration
and hardening of parts. In order to save money, it is advisable to obtaining metal powders from machine-produced
waste. The method of electroerosive dispersion is characterized by relatively low energy costs and environmental
cleanliness of the process.

Keywords: metal powders, powder metallurgy, atomization, spraying, electrodes, restoration and hardening of parts,
electroerosive dispersion.
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Pepepam. B naweii cmpane npoxoounu npoyeccyl, CESA3AHHuIE ¢ peopeanuzayuell U Co8epuieHcmeo8anuem
00CTYIHCUBAHUS  CENLCKOXO3AUCMBEHHO20 Npouzeoocmed. Ha cmeny MauunHO-mexHoI02uueckUM cmanyuam oOvlia
opeanusosana cucmema « Corozcenvxosmexuuxuy. OOHUMU U3 OCHOBHBIX 3A0aY CUCHEMbl ObLIU OP2AHU3AYUS PEMOHNA
NOJIHOKOMNIEKMHBIX ~ MawuH, eoccmanoenenuss  demaneu. (Lenw  uccnedosanus) Iloxasams — OocmudiceHust
«Corozcenvbxo3mexHuku» No  Op2aHU3AYUU  PEMOHMA  NOJHOKOMNJIEKMHLIX — MAWwiuH, Y3108 U  aA2pe2amos,
YEeHMPAIU308AHHOMY 60CCMAHOBNeHUI0 demanel. (Mamepuanvl u memoovt) H3yuunu aumepamyprvle UCMOYHUKU NO
onvimy pabomul «Corozcenvxomexnukuy. Ommemunu, ymo 018 NOOOEPHCAHUS CelbCKOXO3AUCMBEHHOU MeXHUKU 8
UCNPABHOM, PAOOMOCNOCOOHOM COCMOSIHUU €JICe200HO BLINYCKANIOCH 02POMHOE KOTUHECMBO 3aNACHbIX Yacmell, max, 6
1975 200y ux evinycmuau Ha cymmy ceviwie 2,5 muiiuapoos pyoneiu. Onpedenunu, 4mo 0OuH u3z nymetl COKpaujeHus
3ampam Ha NPoU3B00CMB0 3aNACHbIX Yacmell — 60CCMAaHOsIe e usHouenHblx 0oemanell. (Pezyrtomamol u obcyscoenue)
Toxazanu ounamuxy paseumusa «Coi03CebX03MeXHUKUY, Npueeiu 00vbeMbl MOBAPHOU HPOOYKYUU, OMMedds, Ymo
HayeHka Ha ce yciyeu cocmasina ecezo 12, 6 npoyenmos, a 8 Hacmosaujee 8pems OHa HOOHANACL 00 45 npoyeHmos.
Yxazanu, umo ua npeonpusmusx «Corw3cenvbxo3mexHukuy eoccmanagnuednu oonee 60 npoyeHmos HAUMEHOBAHULL
demaneu. Ilokaszanu OocmudiceHuss OMOEIbHLIX NPeONpUAMuULL N0  BHEOPEeHUr)  IPDEKMUBHBIX  MEXHON02UIL.
Boccmanosnenue oemaneii na npeonpusmusx « Cor3cenbX03mexHuKuy dKOHOMUNO edHce200Ho 018 cmpausl 0o 12
NPOYEHMO8 HO8bIX 3anacHuix uacmeti, ceviute 500 moicsiy monn aumos, 150 muicay monn npoxama. Ommemuau poib
ompacnegol u axademuieckou Hayku. (Bvigoow) Cosoannasn cucmema npeonpuamui « Coio3cenvbXo3mexHukuy oOviia
ahpexmueHbIM NOMOWHUKOM OJiL MOBAPONPOU3BOOUMENell He MONbKO 68 00ecneyeHul HOBbIMU MAWUHAMU, V3IAMU,
oemanamu, HO U BOCCMAHOBIEHHbIMU OemAalAMU C BbICOKUM KAYeCmeoM, HU3SKOU UYeHOU U 2apaHmupo8aHHoll
pabomocnocobnocmyio.

Knrouesvle cnoea: mexnuyeckoe 00CIydcuU8aHue, pemMoHm, 80CCMAHOGNeHUe Oemaiel, pecypc, IKOHOMUUECKds
aghghexmuenocme.
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Abstract. In our country, there were processes related to the reorganization and improvement of agricultural production
services. The Soyuzselkhoztechnika system was organized to replace the machine-technological stations. One of the main
tasks of the system was the organization of repair of complete machines, restoration of their parts. (Research purpose)
The research purpose is to show the achievements of Soyuzselkhoztechnika in organizing the repair of complete machines,
assemblies and aggregates, centralized restoration of parts. (Materials and methods) The article presents the analysis of
literary sources on the experience of Soyuzselkhotekhnika. In order to maintain agricultural machinery in good working
condition, a huge number of spare parts were produced annually; so in 1975 they were released in the amount of over 2.5
billion rubles. One of the ways to reduce the cost of manufacturing spare parts is the restoration of worn parts. (Results
and discussion) The article presents the dynamics of the development of Soyuzselkhoztechnika, cites the volume of
marketable products, noting that the margin for all services was only 12.6 percent, and now it has risen to 45 percent.
More than 60 percent of the parts were restored at the enterprises of Soyuzselkhoztechnika. The achievements of individual
enterprises in the introduction of effective technologies were shown. Restoration of parts at Soyuzselkhoztechnika
enterprises saved up to 12 percent of new spare parts annually for the country, over 500 thousand tons of casting, 150
thousand tons of rolled products. There is also noted the role of industry and academic science. (Conclusions) The created
system of Soyuzselkhoztechnika enterprises was an effective assistant for commodity producers not only in providing new
machines, assemblies, parts, but also restored parts with high quality, low price and guaranteed performance.
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