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Pegpepam. Ilepecmomp cmanoapma T'OCT 20793-2009 «Tpaxkmopvl u Mmawiunsvl CeIbCKOXO3AUCMBEHHbBIE.
Texnuueckoe obcnyscusanuey ¢ 66e0eHuUeM 8 He2o0 COBPEMEHHBIX QOCMUNCEHUU HAYKU 0TI NOBLIUUEHUS PeCYPCa MAULUH
npedcmasisiem cobou akmyanvuyio 3adauy. (Llenv uccrnedosanusy) Hznodcums 0CHOBHblE NONOJNCEHUS CMAHOAPMA
TOCT 20793 u npoananusupoeams NPeonONCeHUs. 20cy0apcme — ujaeHog MedceocyoapcmeeHHo2o coeema no
cmanoapmuzayuy, memponozuu u cepmugurayuu Coopyscecmsea Heszasucumvix ['ocydapcmes. (Mamepuanvt u
Memoowt) Hcnonv3o6anu Memooonocuro paspabomxu CImanoapmos Meic2ocy0apcmeenno2o yposus. Ommemunu, 4umo
cneyugpura 0anHou pabomvl COCMOUM 8 NPOXONCOCHUU RYOTULHO20 0OCYIHCOCHUS U IKCNEPMUZE NPOEKMA CMAHOAPMA
CReYUATUCTNAMU  UHIICEHEPHOU  CAYoicObl U 3auHmepecosannvivu  opeanuzayuimuy P u cmpan Coopyscecmea
Hezagucumvix T'ocyoapcme, a makoice 8 O0emanbHOM aHAMU3e NOJYYEHHbIX pekomeHnoayuil. (Pesyremamol u
obcysicoenue) Pazpabomanu oKOHUAMENbHYI0 PEOaKyulo npoeKma cmaHoapma, COOMEemcmsayoue2o co8peMeHHbIM
VCAOBUAM COCTNOSIHUSL MAUUHHO-MPAKMOPHO20 NAPKA U UHICEHEPHOU CAYXHCObL AZPONPOMBIUIEHHO20 KOMNIEKCd, 8
pesyrvmame aHAIU3A NOJYYEHHbIX NPEONONCEHUL U PEKOMEHOAYUL 3aUHmMePecosannblx opeanuzayutl. Tloocomosunu
npoekm K HOPMOKOHMPOmO U ymeepicoeHuto ¢ Poccmandapm. (Bwieoowl) BHeOpenue co8pemMeHHO20 cmanoapma
T'OCT 20793 6ydem cnocobcmeosamsb nosviueHUu0 3PHeKmusHOCmY U YBEIUYEHUIO CPOKA CHYHCObl USHOUIEHHbIX
azpeeamos CelbCKOXO3SUCMBEHHBIX MAUUH, YMEHbUEHUIO 3ampam HA UX MEXHUYecKyl0 dKCNIyamayuio, a maxoice
MEXHUYECKOMY NPOSPeccy OmeuecmeeHH020 A2PONPOMbBIUIEHHO20 KOMHIIEKCA. YMOUHUIU 6U0bl, NepuoOuUdHOCHb,
npasuia npogedeHUss MeXHULeCK020 OOCIYICUBAHUSL COBMECHIHO C MEKYWUM PEMOHMOM, PEKOMEHOO08ANU IKCHPeC -
KOHMPONb  CMA30YHBIX MACeN, UCNOTb308AHUe GCMPOCHHbIX CUCHEM OUACHOCMUPOBAHUSL, OP2AHOJENMUYECKoe
OUASHOCTNUPOBAHUE N0 KAYeCMBEHHbIM NPUSHAKAM, 4 MAKdiCe 88e0eHUe 8 MOMOPHble U MPAHCMUCCUOHHbIE MACIA
azpeeamosd MAawluH PEeMOHMHO-80CCMAHOBUMENbHLIX mpubococmagos. Peanuzayus mpebosanuii  cmanoapma
NO360UM KOPPEKMHO 8bICMPAUBATN NPOYECChl pabom & cghepe npouzso0cmsa u 0opaueHust RPOOYKYuU 1 nPOGedeHUs
cepmugpurayuu, NOvICUMs Pecypc U IKOHOMUYHOCTIL PAOOMbL MAUWUHHO-MPAKMOPHO20 NAPKA.

Knrouesvle cnosa: mexuuueckoe o00Caydcuganue, OUASHOCMUPOBAHUE, PEMOHM, KCHPEeCcC-KOHMPOLb Mdcel,
cmanoapm.
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Abstract. Revision of the GOST 20793-2009 "Tractors and agricultural machines. Maintenance" with the introduction of
modern scientific achievements to increase the resource of machines is an urgent task. (Research purpose) The research
purpose is outlining the main provisions of the GOST 20793 and analyzing the proposals of the members of the Interstate
Council for Standardization, Metrology and Certification of the Commonwealth of Independent States. (Materials and
methods) Authors used the methodology of developing standards at the interstate level. The specifics of this work consists
in passing a public discussion and examination of the draft standard by specialists of the engineering service and interested
organizations of the Russian Federation and the countries of the Commonwealth of Independent States, as well as in a
detailed analysis of the recommendations received. (Results and discussion) Authors presented the final version of the draft
standard corresponding to the current conditions of the state of the machine and tractor fleet and the engineering service
of the agro-industrial complex based on the analysis of the received proposals and recommendations of interested
organizations. Authors have prepared a draft for standard control and approval in Rosstandart. (Conclusions) The



introduction of the modern GOST 20793 will contribute to improving the efficiency and increasing the service life of worn-
out aggregates of agricultural machines, reducing the costs of their technical operation, as well as the technical progress
of the domestic agro-industrial complex. The standard clarifies the types, frequency, rules of maintenance together with the
current repair, recommends express control of lubricating oils, the use of built-in diagnostic systems, organoleptic
diagnostics based on qualitative characteristics, as well as the introduction of repair and restoration tribocomposition
machine units into engine and transmission oils. The implementation of the requirements of the standard will allow you to
organize the work in the production and circulation of products and certification, increase the resource and efficiency of
the machine and tractor fleet.
Keywords: maintenance, diagnosis, repair, express oil control, standard.
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Pegpepam. [Ipoananusuposaru cocmosuue cucmemsl ymuauzayuu mexuuxu 6 Poccuu u  6onpocul
COBEPULEHCTNBOBANUSL 3AKOHOO0AMEeNbHOU 0a3bl, KOmopas ee conpogodcoaem. Ompasunu porb 20Cy0apCmEeHHbIX
CMpYKmyp 6 peuleHuu npoobrem gopmupoganus pecypcocoepezaroujeli IKOI0200PUCHMUPOBAHHOU  CUCTNEMbl
VMUIU3AYUU 8bl8e0eHHOU U3 IKcnayamayuu mexuuku. (Llenv uccnedosanus) Ilposecmu ananus pabom no meme
obpaweHuss ¢ omxo0amu, Ompasums COCMOAHUE 3AKOHOOAMENbHOU 0a3bl Cywecmsyroueli cCucmemsvl Ymuau3ayuu
mexuuxu 8 Poccuu u 3a pybescom, oame pekomeHOayuu no ee cosgepuiencmeosanuro. (Mamepuanst u memoowvt)
Yemanosunu, umo npobremsi ¢ omxodamu noasiAOmcs mozod, Ko20d 8 npoyecce npou3goocmsed u nompeoieHus.
sewjecms, 00vbeKmMo8 (MeXHUKU) OHU CMAHOBAMCA HEHYIHCHLIMU UX 61adenvyam, ux obaadamens Ccmapaemcs
u30asuUmMbCsi 0m 3mo2o 0ovexma Haubonee 00CmynHuiM cnocobom. Onpedenunu, Ymo no MHO2OHUCIEHHOU UHGOpMayuU
ymuauzayuell mexuuxu ¢ Poccuu 3anumaromes 8 0CHOBHOM YepHble YMUIU3AMOPb, KOMOPble KOWMPOAUpYyIom oiee
60 npoyenmos noma yeemuvix u uephvix memanios. Coz0anue IP@OEKMUEHOU cuUcmembl YMUTUIAYUL MEXHUKU
CMAHOBUMCSL He NPOCMO AKMYANbHOU, d HCUSHEHHO He0bX00umotl 3adauetl 015 Hawe2o eocyoapcmed. (Pesyrvmamor u
obcysicoenue) Ommemunu, umo HayuHoe coodbujecmeo 6 Poccuu nocmoauno éedem ucciedosamenvckue pabomul no
CO30AHUIO U Peanu3ayuu CUCmeMbl YMUIUIAYUU 6blGeOeHHOU U3 IKCHIyamayuu mexHuxu. Yuenvle Mockogckozo
ABMOMOOUTILHO-00POICHO20  20CYOAPCHBEHHO20 MEXHUYECKO20 YVHUBEpCUmMemd npeoodCuiu Oas pearusayu
DPECUOHATbHYIO cucmeMy peyuxkiunea asmomoounet, yuenvie DHAL] BUM makoce paspabomanu pecuoHanibHyo
cucmemy ymunusayuu mexuuxu « Cenvxospeyurauney. (Bvi6oowi) [lna bvicmpetiuie2o peuienus 3a0a4u no ompabomie
obwell cmpamezuu cosoanus 6 Poccuu sgghexmugnoll cucmemvl ymuauzayuu MexHUKU ¢ yyemom 0opabomxu
3AKOHOOAMENbHOU  0A3bl  YenecoobpasHo ee  «0OKamKy» npoecmu HA OMpACiesoM YpogHe, Hanpumep, 8
AZPONPOMBIULEHHOM KOMALEKCe, C HOCTeOVIOWUM MUPANCUPOSAHUEM U NO OPYUM OMPACTIAM.

Knrouesvie cnosa: ymunuszayus, omxoovl, mMeXHUKd, 3aKOHOOamenvHas 0a3a, PoIHOYHASI IKOHOMUKA, IKOIOSUS,
pecypcocbepedicenue.
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Abstract. The article presents the state of the equipment recycling system in Russia and the issues of improving its
legislative framework. The role of state structures in solving the problems of creating a resource-saving,
environmentally-oriented system for the disposal of decommissioned equipment is urgent. (Research purpose) The
research purpose is to analyze the papers in the field of recycle management, to reflect the state of the legislative
framework of the existing systems in Russia and abroad and to give the recommendations for its improvement.
(Materials and methods) Problems with equipment recycling appear when they become unnecessary to their owners,
they try to get rid of this object in the most accessible way. According to numerous information, the equipment disposal
in Russia is mainly carried out by illegal reclaimers, which control more than 60 percent of the scrap of non-ferrous
and ferrous metals. The creation of an effective system for the equipment recycling is becoming not only urgent, but a
vital task for our state. (Results and discussion) The scientific community in Russia is constantly conducting research
on the creation and implementation of the system for recycling of decommissioned equipment. Scientists of the Moscow
Automobile and Road State Technical University have proposed a regional car recycling system, scientists of FNAC
VIM have also developed a regional system for recycling machinery "Agricultural recycling”. (Conclusions) In order
to quickly solve the problem of adjustment of a general strategy for creating an effective recycling system in Russia,
taking into account the revision of the legislative framework, it is advisable to “run-in” it at the industry level, for
example, in the agro-industrial complex, with subsequent replication in other industries.

Keywords: recycling, waste, machinery, legislative framework, market economy, ecology, resource conservation.
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Peghepam. Bonpocel payuoranbHo20 UCnoIb308aHUS IHEP2ULU NPU IKCIIYAMAYUY MAUWUHHO-TNPAKINOPHBIX A2pe2amos
3a cuem COKpaweHus npocmoes, 8 MOM UYUcCle CKpblmbvlX, 6ecbMma axkmyaivHul. llosviutenue Kodgguyuenma
UCNONL306AHUS IHEPSUU MAUUHHO-MPAKMOPHBIX A2pe2amos Modcem 0vims 00CMUSHYIO 3a Cuem OUASHOCUPOBAHUS
ouzenvbHulX 0gueameneli N0 QYHKYUOHATbHLIM NAPAMEMPAM, KOMOpble UCNOTb3YIOMCSA 68 KA4eCmae IHepeemuyecKoll
yemanosku azpezama. Pasnuyy napamempoe nazpycenus osueamenetl npu OUAZHOCMUPOBAHUU U IKCHIYAMAyul



MOJICHO YUUMBIEAMb NONPABOYHBIMU KOdDDuyueHmamu Ha OONYcK OUASHOCMUYECKUX NAPAMEMPO8, KOMOopble
onpedensiromess 0 kasxcoou mapku osueamens. (Llenv uccredosanus) Obocnosamv memoouxy onpedeneHus
NONPABOUHBIX KOIpDuyuenmos Ha OONYCKU OUAZHOCMUYECKUX NAPAMEMpPO8 C Y4emoM pacnpedeietus 8XOOH020
6030eticmeus. (Mamepuanvr u memoowvr) Onpedenunu, 4mo 3HAYEHUs QYHKYUOHATbHBIX NAPAMEMPO8 MPAKMopos 8
VCA0BUAX PeanbHOU IKCHIYAMAYUY 3SHAYUMETbHO OMAUNAIOMCS OM noKazameinell 8 cmeHooswix yenogusx. Ipumenunu
cnedyrouue Memoovl UCCIeO008AHUS: BEPOIMHOCMHBIL, (QVHKYUOHATLHO20 HPeoOpA308aHUsl CAYYAUHBIX 6EIUYUH,
pacuemnuvtii. IlIpednosicunu paccuumvléams MamemMamuieckue 0iCUOanus QYHKYUOHATbHBIX NapamMempos 0gueameneti
C UCNOAb308aAHUEM (OYHKYUOHATLHO20 NPeobpa308anus CIyYAUHbIX GEIUYUH U BEPOAMHOCHHBIX XAPAKMEPUCUK
6X00H020 8030eliceus 01 YnpoweHus pacdemos. (Pesynomamuvl u obcyacoenue) Ommemunu, umo 6e3 yuema
NONPABOUHBIX KOIPDUYUESHMOE NOSPEUHOCHb OnpedeneHus OMKIOHEHUN DYHKYUOHATbHBIX NAPAMEMPO8 MOdiCem
ObIMb 3HAYUMENLHOU, OMKIOHEHUs. (DYHKYUOHATLHBIX NAPAMEMPO8 OM 3HAYEHUll N0 MUNOBOU XApaAKMepPUCmuKe
MAKCUMATbHBL OS1 3AKOHA APKCUMYCA U MUHUMATbHBL 07 3axona [aycca. Obocunoganu memoouxy onpeoeieHust
nONpasouHbIX KOIphuyuenmos na 0onycku yHKYUOHATLHBIX napamempos Ha npumepe osueameis /[-240. (Bvieoovl)
Honyuunu xonuvecmeennvie XapaKkmepucmuKky NONPABOYHLIX KOIPOUYUeHmos 0ist nepexooda Om IKCHIYAMAYUOHHO2O
donycka K ouasHocmuyeckomy. /i OOTbUWUHCMBA MEXHOIOSUYECKUX Onepayuti OUAeHOCUPOSAHUe OU3ETbHbIX
odgueamernell npu HeyCMAHOBUBUUEUCS HASPY3Ke NO360UM CHUZUMb NOZPEUWHOCHb KOHMPOIS OONYCIUMbBIX 3HAYEHULL
@ynxyuonanvHvix napamempos na 10-24 npoyenmos.

Knrouesvie cnosa: ouzenvHvie 0gueament, OUazHOCMUpoanue, GYHKYUOHAbHbIE NAPAMEMPbl, IKCNILYAMAYUOHHBIIL
U OuacHoCmuyecKkull 00Ny cKu, NONPAgoyHvle KO3 puyueHmoil.
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Abstract. The issues of rational use of energy in the operation of machine-tractor units by reducing downtime,

including hidden ones, are very relevant. An increase in the energy efficiency of machine-tractor units can be achieved

by diagnosing diesel engines according to functional parameters that are used as the power plant of unit. The difference

in engine loading parameters during diagnosis and operation can be taken into account by correction factors for the

tolerance of diagnostic parameters, which are determined for each brand of engine. (Research purpose) The research

purpose is developing the methodology for determining correction coefficients for the tolerances of diagnostic

parameters, taking into account the distribution of input effects. (Materials and methods) The values of the functional

parameters of tractors in real operation significantly differ from the indicators in bench conditions. The probabilistic,

functional transformation of random variables and computational methods were applied. The article proposes

calculating the mathematical expectations of the functional parameters of the engines using the functional

transformation of random variables and probabilistic characteristics of the input effect to simplify the process. (Results

and discussion) Without taking into account the correction coefficients, the error in determining the deviations of

functional parameters can be significant. Deviations of functional parameters from the values of the typical

characteristic are maximal for the arcsin function and minimal for the Gauss law. The methodology for determining the

correction coefficients for the tolerances of functional parameters was substantiated using the example of the D-240

engine. (Conclusions) The article presents quantitative characteristics of correction coefficients for the transition from

operational tolerance to diagnostic. For most technological operations, diagnosing diesel engines with an unsteady
load will reduce the error in monitoring the permissible values of functional parameters by 10-24 percent.

Keywords: diesel engines, diagnostics, functional parameters, operating and diagnostic tolerances, correction

factors.
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unsteady load]. Tekhnicheskiy servis mashin. 2022. Vol. 60. N2(147). 35-42 (In Russian). DOI 10.22314/2618-8287-2022-
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Pegpepam. Oono u3 sgpghexmusnvix Hanpagienuii no npodieme OYeHKU MeXHUUeCKOU HAOEHCHOCMU MPAKMOpPOs,
NOCMABNAEMbIX CENbCKOMY XO3AUCBY, NPeOCmagisiem coooll usyueHue UCXO0OHbIX XapaKmepucmux pabomsl U U3HOCO8
OMOebHLIX dAeMenmos u y3nog mpaxmopa. (Lenv uccnedosanus) Paccmompemsv pabomy npomedncymounou onopul 8
cocmage xkapoannozo npugooa BOM mpaxmopa XT3-150K-09; onpederumsv nazpy3ku Ha ee NOOWUNHUKY, BIUAIOWUE HA
peoicum pabomul onopvl u pecypc. (Mamepuanvt u memoost) Ommemuau, 4wmo npu nepeoave Kpymsaujeco MOMeHma 6
Mmexanusme npugoda BOM eosznuxarom ocegvle u paduanvhvle YCUIUS, GbI3bIGAIOWUE pPeaKyuu 8 NOOUWUNHUKAX
npomedcymounoil onopuvl. Hcnonvzosaiu 0ns onpedenenuss ux 3HaYeHull YPAGHEHUs. PAGHOGECUSl CUCHeMbl CUT 8
npocmpancmse. (Pesynomamvr u obcyxcoenue) Buisigunu, uwmo OuHamMuxa KapOaHHOU nepedayu maxosd, umo npu
08UIICEHUU MPAKMOPA O HEPOGHOMY NOJIIO U Jice NPU €20 NOBOPOMAX CKOPOCHb 8PAWEeHUs 6e00MO20 8Ald He COBNAdAen
co cxopocmblo eedywezo. lIpoucxodum 3mo u3-3a NOCMOSHHO20 U3MeHeHUs yena medcdy earamu. Onpedeiunu, ymo
nepeMeHHAs CKOPOCMb 8PAUeHUss 6e00MO20 8ALA BbI3bIBAET Y2I08ble YCKOPEHUS U UHEPYUOHHBLE HAZPY3KU INEMEHMO8 8
Camotl KapoauHotl nepedaye u 8 Opyaux 0emainx npueood paboyux opeaHo8 celbCKOX03AUCMBEHHbIX MAWMUH. Y cmanosuu,
YmMo Ha2py3KU, NPUXOOAUUECst HA NOOUUNHUKU NPOMEICYMOHHOU ONOPbL CO CMOPOHbL KAPOAHHOU nepedaiu, Oy0ym umems
OUHAMUYECKUL XapaKkmep, NOCKOJbKY 08ancObl 00CMUSAION MAKCUMYMA U MUHUMYMA 3d 00UH 0O0pOm 6aid OHOpbL.
(Bvigoowy) [lna yeenuuenus pecypca 36ema Kapoamnozo npugeoda BOM Heobxooumo ceoespemerHo npoeooums
MexHu4ecKoe 00CIYACUBAHUE, NPU IMOM UCHOTL306AMb OONOIHUMENbHbLE OeMNpUPYIOUUe SIeMEeHMb.

Knrouesvle cnoea: noowunHuxu, paouaibHdas HAspy3Kd, 0Ce8as HA2pY3Kd, NPOMeXICYMOUHAs ONopd, KAPOAHHA
nepeoaua, pecypc.
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Abstract. One of the effective directions on the problem of assessing the technical reliability of tractors supplied to
agriculture is the study of the initial performance characteristics and wear of individual elements and components of the
tractor. (Research purpose) The research purpose is considering the operation of the intermediate support as part of the
cardan drive of the power take-off shaft of the tractor HTZ-150K-09, determining the loads on its bearings and the



operation mode of the support and its resource. (Materials and methods) When transmitting torque in the power take-off
mechanism, axial and radial forces arise, causing reactions in the intermediate support bearings. The equilibrium
equations of the system of forces in space were used to determine their values. (Results and discussion) The dynamics of
the driveshaft is such that when the tractor moves over an uneven field or when it turns, the rotation speed of the driven
shaft does not coincide with the speed of the drive. This is due to the constant change in the angle between the shafts. The
variable rotation speed of the driven shaft causes angular accelerations and inertial loads of elements in the cardan
transmission itself and in other parts of the drive and the working bodies of agricultural machines. The loads on the
bearings of the intermediate support from the side of the cardan transmission will have a dynamic character, since they
reach the maximum and minimum twice in one revolution of the support shaft. (Conclusions) To increase the resource of
the power take-off cardan drive link, it is necessary to carry out maintenance in a timely manner, while using additional
damping elements.
Keywords: bearings, radial load, axial load, intermediate support, cardan transmission, resource.

For citation: Psyukalo S.P., Poluyan V.A., Lukhanin V.A. Issledovaniye raboty zvena kardannogo privoda VOM traktora
HTZ-150K-09 [The operation of the link of the power take-off shaft of the tractor HTZ-150K-09]. Tekhnicheskiy servis
mashin. 2022. Vol. 60. N2(147). 43-50 (In Russian). DOI 10.22314/2618-8287-2022-60-2-43-50. NGAKES.

DOI 10.22314/2618-8287-2022-60-2-51-59 VK 629.3

TEXHUYECKOE COIPOBOXJIEHUE CEJbCKOXO03AWMCTBEHHOM TEXHUKH

"IOpuit Bhaoumupoeuu Kamaes, kanouoam mexnuueckux Hayx,
6edyuuii HayYHLLI COMPYOHUK;

!Banepuii Cepzeesuu I'epacumos, sedywuii cneyuanucn;
'Hukonain Koncmanmunoeuu Baynun, unscenep;

Hzopv Anexcanopoeuu Tuwmanunos, unxcenep;

2Cepzeii Anexceesuu @uaunnos, cmapwiuii npenodasamens,
e-mail: sereg.1996@mail.ru

!@eoepanvubiii nayunstit azpounscenepusiii yenmp BUM,
Mockea, Poccuiickana @eoepayusn

2Poccuiickuil 2ocydapcmeennnlii azpapublii yuusepcumem —
MCXA umenu K.A. Tumupazesa, Mockea, Poccuiickan @edepayusn

Pegpepam. B cmamve npedcmasunu OCHOBHbIE dNIeMEHMbl MEXHUYECKO20 CONPOBONCOEHUS IHEP2OHACHIUJeHHOU
MEXHUKU 8 ASPONPOMBIULIEHHOM KOMNJIEKCe HA NPOMSIICEHUU BCe20 €€ JHCUSHEHHO20 YUKILA C YYaACmuem CepeUCHbIX
Npeonpusmuil  pACUUPEHHO20 CHEeKMPA UHICEHEPHOU  CYICObL  ACPONPOMBIUIEHHO20 KOMNJIEKCA: PEMOHMHO-
mexHuueckue npeonpusmus, MawurHo-mexrosocudeckue cmanyuu. (Lenv ucciedosanus) Oceemums gadicheluiue
acnekmvl  MEXHUYeCKo20 OOCIYICUBAHUS U PEMOHMA, OYEeHKU OCMAMOYHO20 pecypca MAWUHbl, 6bl800d
CeNbCKOXO3AUCMBEHHOU MEeXHUKU U3 dKChayamayuu u ee nociedyiowel ymuausayuu. (Mamepuaivt u memoovwt)
Onpedenunu, ymo 015 YCMOU4UB020 PA3BUMUSL CENbCKOXO3SAUCMEEHHOU OMPACTU HeODX0OUMO OKA3bI8ATND NOCIMOSHHYIO
MEXHUYUECKYIO NOOOEPHCKY CENbX03MOBAPONPOUIEOOUMENSIM Yepe3 CIMPYKMYPY NPeonpusimuil. UHICEHEePHOU CIyiHcObl
ACPONPOMBIUNCHHO20 KOMHIEKCA C UYeabl0 COXPAHEHUsl BbICOKOU pabOmMoCnOCOOHOCIU CeNbCKOXO3AUCTEEHHOU
MEeXHUKY, MAmepuaibHbiX pecypcog u obecneueHus 6e30nacHocmu okpyxcarwwel cpedvl. Ommemunu, 4mo
BAJICHETMUUM — DMANOM  JICUSHEHHO20 — YUKIA  CENbCKOXO3AUCMBEHHOU — MEXHUKU  CAYJCUm  Npo8edeHue
pecypcocbepezaioujeti IKOI0200pueHmuposantou ymunuzayuy. Ompasunu cOCmosiHue MAwUHHO-mMpaKmopHO20 NApKa
6 A2PONPOMbIULEHHOM KOMNLeKce. [lanu oyenKy 03pacmuoll XapaKxmepucmuKy CelbX03mexXHUuKu, 0XapaKmepusosau
cocmag gedywux dnemenmog cucmemvl « CervXxo3peyukiuney. Boidenunu smanvl oyeHKu 0CmamouHo2o pecypca npu
MEXHUYECKOM CONPOBONCOCHUU THEXHUKU CeNbCKOXO3AUCMEeH 020 HasHavenus (Pezynomamwvl u  o0bOcyscoenue)
Paccmompenu nroancer 6binoanenust 0CHOBHBIX pabom, BX00AUUX 8 COCTHAG IMANOE OYEHKU ONPeOeNeHUsl OCHAMOYHO20
pecypeca cebCKOX03SUCNEEHHOU MAWMUHBL NOCAe YACMUYHOU uau noanou ee ymuauzayuu. O06Cyounu 803mM0ONCHOCHb
UCNOTL306AHUSL  (PYHKYUU CPeOHe20 UBMEHEHUs OUACHOCIMUYeCK020 NaApamempa OMKIOHEHUNl Om HpPeoeibHO20
COCMOsHUA ~ 31eMeHmo8  Mauwiunsl. (Bblgodvl) Peanuzayus npedcmasieHHOU  NpOSPAMMbL  MEXHUYECKO20
CONPOBOJICOCHUSL  CENbCKOXO3SUCMBEHHOU —~— MEXHUKU — HOBbICUM — KAYeCmEOo  GbINYCKAeMOU  NPOOYKyuu
A2PONPOMBIUNEHHO20 KOMIIEKCA, d MAKICE COXPAHUM 3HAUUMETbHYIO YACMb NPUPOOHBIX PECYPCO8 NPU NPOU3BOOCEE
HOBOU NPOOYKYUU.

Knroueesvle cnosa: mexuuxa, nepepabomxa, dK0a02us, Mamepuaivl, OMxoosl, OUASHOCTMUKA, OCIAMOYHbII PecypC.
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Abstract. The article presents the main elements of technical support of energy-saturated equipment in the agro-industrial
complex throughout its entire life cycle with the participation of service enterprises of engineering services of the agro-
industrial complex including repair and technical enterprises and machine-technological stations. (Research purpose) The
research purpose is highlighting the most important aspects of maintenance and repair, assessment of the residual life of
the machine, decommissioning of agricultural machinery and its subsequent disposal. (Materials and methods) For the
sustainable development of the agricultural sector, it is necessary to provide constant technical support to agricultural
producers through the structure of the enterprises of the engineering service in the agro-industrial complex in order to
maintain high efficiency of agricultural machinery, material resources and environmental safety. The most important stage
of the life cycle of agricultural machinery is the resource-saving environmentally oriented recycling. The article presents
the state of the machine and tractor fleet in the agro-industrial complex and the age characteristics of agricultural
machinery, characterizes the composition of the leading elements of the "Agricultural Recycling” system. The stages of
assessing the residual resource in the technical support of agricultural machinery were described. (Results and discussion)
The features of the main works that are part of assessing the residual resource of an agricultural machine after its partial
or complete disposal are considered. The possibility of using the function of the average change in the diagnostic parameter
from the limit value of the machine elements was discussed. (Conclusions) The implementation of the presented program of
technical support of agricultural machinery will improve the quality of the products of the agro-industrial complex, as well
as preserve a significant part of natural resources in the production of new products.
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Pegpepam. B pabome npedocmagnenvl pe3yibmamvl UCCIEO08AHUL NO NPOBEOeHUr0 OUACHOCIUKU OeCKOHMAKMHbIM
Ccnocobom Koumpoaupyemozo obvekma asmompaxmoprou mexuuxu. (Llenv uccrnedosanus) H3zyuums 603MOANCHOCTD
npogedeHUsi OUACHOCMUYECKUX ONePayull ¢ NOMOWBLIO NPEONOHCEHHO20 AGMOPAMU YCHMPOUCMEA OJisl OYEHKU MEXHUYECKO20
COCMOSHUA Y3106 U A2Pe2aimo8 IHEPLOHACHIEHHOU CeNbCKOX03AcmEeeHHot mexHuku. (Mamepuanet u memoost)
Ommemuny, 4mo mexHuKO-9KOHOMUYECKOe COCOSAHUE ACPONPOMBIULIEHHO20 KOMIIEKCA 8 OCHOBHOM ONpedensiemcst 08yMs
Gaxmopamu: obecneuenuem cenbxo3mMosapONPoOU3BoOUmenell HopMamueHo NOmMpedHOCMbIO 8 CelbCKOXO3AUCMEEHHOU
mexHuKe, ee HAOICHbIM MEXHUYECKUM OOCIYHCUBAHUCM C UCHONB30BAHUCM COBPEMEHHBIX MEXHONO02Ul, 8 MOM HUcie npu
npogedenuu OUASHOCTUPOBAHUSL Y3108 U A2pe2amog IHEPLOHACHIYEHHO MEXHUKY (MPaKmopul, KOMOAUHbI, agMoMooOuIU).
Hcnonvzosanu 6 xauecmee NoayueHusi UCXOOHbIX OAHHBIX OJSl BbISGIEHUS MEXHUYECKO20 COCMOosHUs 00vekma (y3na,
azpeeama mpaxmopa, KOMoatiHa) npeonodiceHHblll a8Mopamu Memoo 6eCKOHMAKMHO20 OUASHOCIMUPOBanUs. Yxasanu, 4mo
obujue NON0JICeHUs. KOHYeNYUU MEXHUYeCKo20 OUACHOCIMUPOBAHUSL CelbCKOXO3SUCMEEHHOU MeXHUKU — yenu, 3a0aqu,
Memoobl, cpedcmaa, anecopummbl OUASHOCIMUPOBANUS NPUMEHUMETbHO HAKIAOHBIX 0amYUK08 — 8 CIPAMe2udeckom niane
He usmenunucs. (Pesynomamot u obcyscoenue) Pazpabomanu arcopumm OuasHoCmMuposanus, Komopblil npedycmampusaem
8bINOIHEHIE HEKOMOPOU YCI08HOU Ul 6e3YCNI08HOU NOCIE008AMENbHOCMU ONPEOeNeHHbIX IKCNEPUMEHIO8 C 00EKMOM, 8
oanrnom crayvae mepmunar GALILEOSKY 7.0. Ymoununu, umo cobpannas ungopmayus nepedaemcs na cepgep oopabomxu
6 6ude nakema OaHHblX. (Bblgoowl) B pesyibmame npo8eOeHHbIX UCCIe008AHUL YCMAHOBUNY, YMO OeCKOHMAKMHble
cpeocmea OUAZHOCMUPOBAHUSL CNOCOOHbL BbIPADAMbBIEAMb U NOO0ABAMb HA UCCTeOYeMblll 00beKm mecmosblie OaHHbIe,
npogooums aHAIu3 U 00pabOmMKy RNOYYAeMol uHGopMayuy, Ccmagums «OUASHO3» O MEXHUYECKOM COCMOSHUU
KOHmpoaupyemozo obwvexma. Ilpumenenue 6eCKOHMAKMHBIX CPeOCms OUASHOCIUPOBAHUS VEEeTUYUBAem CPOK CIyicObl
Mawur u 3¢pexmusHocms Ux pabomoi.

Knrouesvle cnosa: sHepeoHACHIEHHAS CENbCKOXO3AUCHBEHHAS MEXHUKA, OUASHOCMUKA, OeCKOHMAKMHbIU Memoo,
aneopumm, mexHu4ecKoe COCmosiHue, mepmMuHa, unmepgelic.
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Abstract. The paper presents the results of research on diagnosting of a controlled object of automotive equipment by
a contactless method. (Research purpose) The research purpose is studying the possibility of performing diagnostic
operations using the proposed device to assess the technical condition of units and aggregates of high-power
agricultural machinery. (Materials and methods) The technical and economic condition of the agro-industrial complex
is mainly determined by two factors: providing the agricultural producers’ need for agricultural machinery, its reliable
maintenance using modern technologies, including diagnosing nodes and aggregates of high-power machinery
(tractors, combines, cars). The authors used the method of proposed contactless diagnostics to obtain initial data and
to identify the technical condition of the object (node, tractor unit, combine). The general provisions of the technical
diagnostics of agricultural machinery, goals, objectives, methods, tools, diagnostic algorithms for overhead sensors,
have not changed in strategic terms. (Results and discussion) The article presents the diagnostic algorithm that provides
for the execution of some conditional or unconditional sequence of certain experiments with an object, in case the
GALILEOSKY 7.0 terminal. The article clarifies the collected information is transmitted to the processing server in the
form of a data packet. (Conclusions) As a result of the conducted research, it was found that contactless diagnostic tools
are capable of generating and applying test effects to the object under study, analyzing and processing the information
received, and making a "diagnosis" about the technical condition of the controlled object. The use of contactless
diagnostic tools increases the service life of machines and the efficiency of their work.

Keywords: energy-saturated agricultural machinery, diagnostics, non-contact method, algorithm, technical
condition, terminal, interface.
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Peghepam. /s nosviuienus xkauecmea 8bINOJHEHUS MEXHOLOUYECKUX NPOYeccos Npu 60CCMAHO8IeHUU Oemanell
a8MoOmMpaKmopHuix 0guzamerieli Mbl NPOGEIU MUKPOMEMPANC 2eOMeMPUeCKUx napamempos pabouux nogepxHocmeti
bazosotl demanu ouseneil — bnox-kapmepa osuzamensi CM/[-60 na aunuu cOopxu pemonmno2o 3a800a «Pemcenvmaury.
(Llenv uccnedosanus) Ilosvicumv mounocms ¢hopmvl pabouux nosepxHocmeil OAOK-Kapmepa NOcle pacmouku
nocmeneii. (Mamepuanvt u Memoovl) Ymounuau, umo 0anHas yeivb 00CMU2Aemcsl YeaUdeHueM HceCmKoCcmu 010K08
nymem YCMAHOSKU 2UNb3 YUAUHOPOE U nocaedyloujell 3amsdicKu KpblileKk nocmenell nepeo  pacmoyKol.
Konmponuposanu creoyrowue napamempuvl. Gepxuue U HUNCHUE NOCAOOUHbIE MeCma HOO 2Unb3y YUTUHOPOS,
GHYMPEHHUL OUAMEMp 2UIb3 YUIUHOPO8 00 U NOCAe 3anpecco8Ku 6 OIOK-Kapmep, 2He30a N0 GKIAObIUU KOPEHHbIX
NOOUUNHUKOG KOJICHYAMO20 8A1d, OMBEPCMUsL N0O ONOPHble WelKU PACIpedeumesbHo20 8ald U No0 MOJKAMENU.
THokazanu, ymo cocmosiHue peMOHMHO20 NPOUIBOOCHBA OYEHUBAIOM KOMNJIEKCHLIM NOKA3amenem OpeaHU3ayuoOHHO-
MEeXHUYeCK020 YPOBHS, YYUMBLEAIOWUM HAAUYUE U UCHONb308AHUE HOPMATMUBHO-MEXHUYECKOU OOKYMEHMAayuu Ha
PDEMOHM, HNPOSPECCUBHO20 PEMOHMHO-MEXHOI02UYECKO20 000pYOOBAHUs U OCHACMKU, YPOBHEM HMEXHUYECKO20
KOHMPOJIS, HAYYHOU Op2anu3ayuy mpyoa u Kyibmypsl npousgoocmea. Komniexcuulii noxazamens opeanuzayuoHHO-
mexHuuecko2o yposHs cocmaeasem 0,67, umo Hudice 6az06020 3nauenus 0,85. (Pezyromamul u 06cysicoenue) Kauecmeo
OMPEMOHMUPOBAHHOU  NPOOYKYUU ONpedensiom ¢ nomowpio noxazamensi Oegexmuocmu Ko Ha ocumosanuu
MUKPOMEMPAXHCA OCHOBHLIX 0emaiell nocie 80CCMAHOSIeHUs. U KOHmpoJis kavecmea coopxu dsucamenei CM/I-60.
Toxazamenwv deghexmuocmu cocmagnsiem 597 6annos, ymo 3HaA4UMENbHO O0IbUE HOPMAMUBHO20 3HAYEHUS, KOMOPOe
0omicHO Obimb MeHbule unu pasno 280 dannam 0ns ompemonmuposaunvix ogueamenei CMJ-60 ¢ pecypcom 80
npoyenmos om Hogwix. (Bbleoovl) [ nogvluteHus KOMNIEKCHO20 NOKA3AMENs OP2AHU3AYUOHHO-MEXHUYECKO20 YPOBHSL
PEMOHMHO20 NPOU3BOOCMBA U CHUICEHUS YPOBHS OeeKMHOCMU OMPEeMOHMUPOBAHHbIX Osucameneil HeobXo0umo
0p2aHU306aMb CUCMEMAMUYECKULl KOHMPOab Kauecmea pemonma ogueamenei CMI-60, 6xo0Hol KOHMPONL HOBbIX U
80CCMAHOBNIEHHBIX Oemainell U Y3108 U obecneyums pabouue Mecma MepumenbHblM UHCIPYMEHMOM.

Knrouesvie cnosa: soccmanosienue, agmompakmopHule 0gueamenu, OI0K-Kapmep 08U2amens, Suib3bl YUIUHOPOS,
HOMUHAIbHblE 3HAYEHUsl, MUKDOMEMPAdiC, NOSPEULHOCIb USMEPEHUSL.
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Abstruct. To improve the quality of technological processes during the restoration of parts of automotive engines, we
carried out micrometrage of the geometric parameters of the working surfaces of the base part of the diesel engines,
the block crankcase of the SMD-60 engine on the assembly line of the Remselmash repair plant. (Research purpose)



The research purpose is increasing the shape accuracy of the working surfaces of the block crankcase after boring the
beds. (Materials and methods) The goal is achieved by increasing the rigidity of the blocks by installing cylinder liners
and tightening the bed covers before boring. The following parameters were monitored: upper and lower seats for the
cylinder liner, the inner diameter of the cylinder liners before and after pressing into the crankcase, sockets for the
inserts of the crankshaft main bearings, holes for the camshaft support necks and for pushers. The state of repair
production is assessed by a comprehensive indicator of the organizational and technical level, taking into account the
availability and use of regulatory and technical documentation for repairs, advanced repair and technological
equipment and tools, the level of technical control, scientific organization of labor and production culture. The complex
indicator of the organizational and technical level is 0.67, which is lower than the base value of 0.85. (Results and
discussion) The quality of the repaired products is assessed using the Kd defect index based on the micrometreage of
the main parts after the restoration and quality control of the assembly of the SMD-60 engines. The defect rate is 597
points, which is significantly higher than the standard value, which should be less than or equal to 280 points for
repaired SMD-60 engines with a resource of 80 percent of the new ones. (Conclusions) In order to increase the complex
indicator of the organizational and technical level of repair production and reduce the level of defects of repaired
engines, it is necessary to organize systematic quality control of the repair of SMD-60 engines, input control of new and
restored parts and assemblies and provide workplaces with measuring tools.

Keywords: restoration, automotive engines, engine crankcase, cylinder liners, nominal values, micrometer,
measurement error.
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!Anopei Hukonaesuu Mopynkoe, Kanoudam mexnuueckux HayK, 0ouenn;
2Cepzeii Bukmopoeuu Tumoxun, 00KmMmop mexnuueckux Hayx,

npogheccop xagheopul, e-mail: timohin.s.v@pgau.ru

!06wecmeo ¢ ozpanuuennoii omeemcmeennocmoio

«lenzaMonHneecmy, 2. Ilenza, Poccuiickas @edepayusn

?[lenzenckuii 20cydapcmeennblii azpaphvlii yHueepcunment,

2. Ilenza, Poccuiickaa @edepayusn

Pegpepam. B cmamve usnogicenvt ceedenuss 0 cepuiinblx 0OKAMOYHO-MOPMO3HBIX CMEHOAX 0N MEXHOA0SUUECKOU
obxamxu u ucnolmanuii ouzenet 6oavuiot mownocmu. Ilpednodicen sapuanm ux MooepHu3ayUY nymem UCnOIb308aHUS
ABMOMAMUBUPOBAHHBIX CUCTEM YAPABIeHUs 0OKamKol ouzenell OuHamuyeckum Hazpyxcenuem. (Llenv ucciedosarniis)
Paspabomamv cnocobvl coz0anusi Hacpy304HO-CKOPOCHIHBIX DENCUMO8 U MEXHUUECKUX cpedcms Osl NPo6eoeHUs.
NOJHOYEHHOU MeXHON02UHeCKOU OOKamKu U UCHbINAHULL a8mMompakmopusix ouzenell OONbUol MOWHOCHU.
(Mamepuanst u memoowt) IIpednosicunu @ pesyrvmame nPOBEOCHHBIX HAYUHBIX UCCACO08AHUL 8APUAHIM MOOEPHUZAYUU
CYyuecmsyowmux 00KamoyHO-mopMO3HbIX CIEH008 34 CHem 88e0eHUs. 8 UX COCMA8 ABMOMAMUZUPOBAHHBIX CUCHEM
VYNPABNeHUss OUHAMUYUECKUM HASPYIICEHUEM, NO3BONAIOUWUX NPOBOOUMDb 2OPAUYI0 0OKAMKY NOO HAZPY3KOU U NPUEMO-
cOamounble UCIbIMAaHUs 006X munog ousenetl. Ommemuiu, 4mo KOMNIEKC NOCIE008AMENbHBIX MAKMOE PA320HA U
ebibe2a UHEPYUOHHOU cucmembl 00pasyem Yuki OUHAMULECKO20 HASPYICEHUS. CONnpsicenull ouzens. Onpedenunu, 4mo
VIPAGAEHUe YUKIOM OUHAMUYECKO20 HASPYNCEHUsT CBOOUMCSL K YUKTUHECKOMY 8030€UCMEUI0 HA OP2aHbl YNPAGIeHUs.
monausonooauell u uHOuKamopuou nazpyskou. (Pezynomamot u obcyscoenue) Ilpusenu onucanue pazpabomannoco
000pY008aAHUA U NPUHYUNA €20 0eUCMBUs HA NpUMepe ABMOMAMUUPOBAHHOU CUCIeMbl YAPABIeHUsL 0OKAMKOU Ou3es
JI-240 ¢ so30eticmauem Ha pvinaz pe2yismopa YacCmomsl 6PAEHUs. 8 COCmasge 00KAMOYHO-MopMo3no2o cmenda KH-
5543. (Bvieoowvl) Paspabomannas mexnonocus 2opadetl 0OKamru ¢ OUHAMUYECKUM HASPYNCEHUEM U MeXHU4eCKue
cpedcmea 0L ee peanuzayuu 8 COCMage MOOePHUZUPYEMbBIX CEPULIHBIX 0OKAMOYHO-MOPMO3HBIX CTMEHO08 NO380ISI0M
NPOGOOUMb  NONHOYEHHYIO MEXHOIOSUYECKYI0 OOKAMKY U UCNBIMAHUs ousenell ¢ MOWHOCMbIO, 3HAYUMENbHO
npesvliiaoujeli MopMO3HYI0 MOWHOCHb CMEeHA08 NPU COKPAlyeHul 00 08YX pa3 pacxooda Mmonausa Ha ee npoedeHue.

Knaroueesvle cnosa: ousenvb, 0Okamra, OUHAMUYECKOe HAZPYICEHUe, ABMOMAMUUPOBAHHAS CUCMEMA YNPAGIeHUs,
OeCcmopMOo3HbLE PENHCUMBL.



Jas nutupoBanus: MopynkoB A.H., Tumoxun C.B. MonepHu3zamus 00KaTOUHO-TOPMO3HBIX CTEHAOB Ul OOKATKU
aBTOTPAKTOPHBIX au3eneit // Texunueckuid cepsuc mMamuH. 2022. T. 60. N2(147). C. 76-85. DOI 10.22314/2618-8287-2022-
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UPGRADE OF RUNNING-IN STANDS FOR DIESEL ENGINES

!Andrey N. Morunkov, Ph.D.(Eng.), associate professor;
2Sergey V. Timokhin, Dr.Sc.(Eng.), professor of the department
!PenzaMollnvest LLC, Penza, Russian Federation

’Penza State Agrarian University, Penza, Russian Federation

Abstract. The article presents serial stands for running-in and testing of diesels, which have a number of
disadvantages characteristic of running-in and testing of high-power diesels. A variant of their upgrade by using
automated control systems for running-in with dynamic loading is proposed. (Research purpose) The research purpose
is developing the ways to create load-speed modes and technical means for carrying out full-fledged running-in and
testing of high-power tractor diesel engines. (Materials and methods) As a result of scientific research, the paper
proposes an option for upgrading existing stands by introducing automated dynamic loading control systems into their
design, allowing for hot running-in under load and acceptance tests of any types of diesel engines. The complex of
successive acceleration and run-out cycles of the inertial system form a cycle of dynamic loading of diesel couplings.
The control of the dynamic loading cycle consists in a cyclic effect on the fuel supply and indicator load. (Results and
discussion) The description of the developed equipment and its principle of operation was given on the example of an
automated control system for running in a diesel engine D-240 with the impact on the lever of the speed controller as
part of the KI-5543 brake test bench. (Conclusions) The developed technology of hot running-in with dynamic loading
and technical means for its implementation as part of the upgraded serial running-in stands allow for full-fledged
technological running-in and testing of diesel engines with a power significantly exceeding the power of the stands,
while reducing fuel consumption by up to two times for its implementation.

Keywords: diesel engine, running-in, dynamic loading, automated control systems, brakeless modes.

For citation: Morunkov A.N., Timokhin S.V. Modernizatsiya obkatochno-tormoznykh stendov dlya obkatki
avtotraktornykh dizeley [Upgrade of running-in stands for diesel engines]. Tekhnicheskiy servis mashin. 2022. Vol. 60.
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IKCIIEPUMEHTAJIBHBIE CPEICTBA JJIA AUATHOCTUPOBAHMUSA Y3JI0B U
AT'PET'ATOB MTII 1O TEIIJIOBBIM XAPAKTEPUCTUKAM

Muxaun Hukonaesuu Kocmomaxun, Kanouoam mexnuueckux HayK,
éedyuuil HayYHblil COMPYOHUK;

Huxonait Anexceesuu Ilempuuyes, kKanouoam mexHuuecKux Hayk,

6edyuuii HayYHbLil COMPYOHUK,

e-mail: gosnitil4@mail.ru;

Anexcandp Cepzeesuu Casanun, Maaouiuii HAy4YHslil COMPYOHUK;
Koncmanmun Kupunnosuu Monau6oiicenKo, Maaouiuii HQy4Holii COmpPyOHUK;
Edum Baoumosuu Ilecmpaxos, maaduwiuit HayuHvlil COMPYyOHUK
Dedepanvhulii HayuHblil azpoundicenephvtii yenmp BUM,

Mockea, Poccuiickasa @edepanus

Pegpepam. Hzgecmuvl u 0ocmamouno xopouio Memooudecku npopabomansl HayuHvle pabomovl, YMEepHcoaouwue o
NONONCUMETLHOM GIUSHUL ONEPAMUBHOU OYEHKU MENT0BbIX NPOYECCO8 8 Y3NaX U acpe2amax 60 6peMsl IKCHIYamayuu
Ha Haoexchocmv mexnuku. [llupoxoe npaxmuueckoe npumeHeHue npediazaemvix meniogblx Memooo8 KOHmpos be3
CNeyuanbHo paspabomantblx cpeocme usmepeHuli npeocmasisiem cobol He 00 Kouya peutennyio zadauy (Llenw
uccnedosanus) Paspabomamv  IKCNEPUMEHMATbHBIE —CYEMYUKU-UHOUKAMOPLL  MECTh08020  OUASHOCTUPOBANUS
MEeNI06bIX NAPAMEmpos Y3106 U azpe2amos OJi NOGbIUeHUs KOHMPOIeNPUOOHOCMU U  IKCIIYAMAYUOHHOU
HAOEHCHOCMU MAWUHHO-MPAKMOpHO2o napka. (Mamepuanvi u memoow) Hcnonvzosanu mepmoouHamuueckue u
uccned08amenbeKue Memoovl, 0CHOBAHHbIE HA NPUMEHEHUU anpoOUPOBAHHBIX MEMOOUK ONPeOeNeHUsl MeXHUYeCKO20
COCMOsHUA, 00BLEKMOM UCCAEO08AHUS 8bIOPANU CUCHEM) KOHMPOJISL 0I5l OYEHKU COONI00EHUs NPAGUL IKCHILYAMAYUU U



CcOOIOOEHUsL ONePamopom pPeKoMeHOYeMbIX Npouzgooumenem pedcumos memnepamypsl. Ommemunu, 4mo O07s
npoGedeHuss MexXHUYecko2o0 OOCIYJCcUBanus U pemMoHma no memooonoeuu «Texuuueckoe obOcuyscusanue,
OPUEHMUPOBAHHOE HA HAOEIHCHOCTL» HE0OX0OUMO NPOBOOUNL HENPEPBIBHYIO OYEHKY NHOPO2OBbIX MEPMOOUHAMUYECKUX
XapaKkmepucmux KOHMPOIUPYeMbIX 00beKmos npu ux IKCHIyamayuu 01 OalbHelue20 NpocHO3UPOSAHUs
mexuHuueckoeo  cocmosivus.  (Pesynomamut  u  obcyscoenue)  Oyenunu — 803MONCHOCHb — UCNOAb30BAHUS
IKCNEPUMEHMATLHBIX CUEMYUKOE-UHOUKATNOPOS MEXHUYECKO20 COCMOAHUA. YCmanosunu, ymo moabKo KOHMPOIb
onepamopom npaguil IKCHIYAmayuy U coOI00eHUsl peKOMEHOYEMbIX NPOU3BOOUMENEM PENCUMO8 MeMNepamypsl He
daem muHumMuzayuu puckos. Heobxooumo paspabomams cucmemvl MOHUMOpUH2a, obecneuusaoujue He3a8uUcUmMblil
KOHMPONb U UMEPEHUEe MeKyujeli meMnepamypbi, CKOpOCmb ee UMEHEHUs, ONpedeleHUe HAXONCOeHUS BPEMEHU U
ouana3ono08 mMenaio8blX COCMOSHULL KOHMPOIUPYyemblx 00vekmos 6 npoyecce 3xcnayamayuu. (Bvigoowt) Ilpu
OPUEHMUPOBAHUU MEXHUYECKO20 OOCAYICUBAHUSL HA HAOENHCHOCMb NO  VKA3AHHOU Memoooniocuu 8 npoyecce
IKCHIYAMAYUY MAUUHHO-MPAKMOPHO20 NAPKA HEe0OX00UMO obecneuums memMnepamypHulil KOHMpOib, YMo HOGLICUM
Vposelb KOHMPOLENpUeOOHOCMU U BPUCHOCODIEHHOCMU K OUASHOCTHUPOBAHUIO A2Pe2amos.

Kniouesvie cnosa: ouazHocmuposanue, CUeMYUK-UHOUKAMOP, memnepamypa, HAaO0ediCHOCm®,
Kommpoaenpu2oonocms, memooonoaus RCM.

Joas nurupoanms: Kocromaxma M.H., Ilerpmmes H.A., Casmua A.C., Momuboxenko K.K., Ilectpskor E.B.
OKCIepUMEHTAIbHBIC CPEACTBA U AMATHOCTHpOBaHUS y31oB M arperaroB MTII mo TermoBeIM XapakTepuCTHKaM //
Texumueckuii cepsuc MammH. 2022. T. 60. N2(147). C. 86-95. DOI 10.22314/2618-8287-2022-60-2-86-95. IUXHVS.

EXPERIMENTAL TOOLS FOR DIAGNOSTICS OF UNITS OF THE MACHINE AND TRACTOR FLEET
BY THERMAL CHARACTERISTICS

Mikhail N. Kostomakhin, Ph.D.(Eng.), leading researcher;
Nikolay A. Petrishchev, Ph.D.(Eng.), leading researcher,
e-mail:gosnitil4@mail.ru;

Aleksandr S. Sayapin, junior researcher,

Konstantin K. Molibozhenko, junior researcher,

Efim V. Pestryakov, junior researcher

Federal Scientific Agroengineering Center VIM, Moscow,
Russian Federation

Abstract. Scientific works, claiming about the positive impact of the operational assessment of thermal processes in
nodes and aggregates during operation on the reliability of equipment, are known and methodically worked out quite
well. The wide practical application of the proposed thermal control methods without specially developed measuring
instruments is an incomplete task (Research purpose) The research purpose is developing experimental meters-
indicators for test diagnostics of thermal parameters of components and aggregates to increase the controllability and
operational reliability of the machine and tractor fleet. (Materials and methods) Thermodynamic and research methods
based on the use of proven methods for determining the technical condition were used; the object of the study was a
control system of assessing compliance with the operating rules and compliance by the operator with the temperature
regimes recommended by the manufacturer. In order to carry out maintenance and repair according to the methodology
"Reliability-oriented maintenance”, it is necessary to conduct a continuous assessment of the threshold thermodynamic
characteristics of controlled objects during their operation for further forecasting of the technical condition. (Results
and discussion) The possibility of using experimental counters-indicators of technical condition was described. Only
the operator's control of the operating rules and compliance with the temperature modes recommended by the
manufacturer does not minimize the risks. It is necessary to develop monitoring systems that provide independent
monitoring and measurement of the current temperature, the rate of its change, determination of the time and ranges of
thermal conditions of controlled objects during operation. (Conclusions) When focusing maintenance on reliability
according to the specified methodology, it is necessary to provide temperature control during the operation of the
machine and tractor fleet, which will increase the level of controllability and adaptability to the diagnosis of units.

Keywords: diagnostics, counter-indicator, temperature, reliability, testability, RCM methodology.

For citation: Kostomakhin M.N., Petrishchev N.A., Sayapin A.S., Molibozhenko K.K., Pestryakov E.V.
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MOBBIIIEHVWE UHTEHCUBHOCTHU OUYNUCTKH U3JIEJIUNA B TAJTTOBOYHOM
BAPABAHE

Braoumup Muxaitnosuyu KOoun, 0okmop mexnuueckux nayx,
npocgpeccop, e-mail: vudin2006@mail.ru;

’Koncmanmun Bukmoposuu Kynakos, kanouoam

mMexXHUYeCcKux HayK, O0OUeHm;

2Anexcanop Bumanvesuu @epaoros,

KaHOuoam mexHuuecKux HayK, OOyeHm

'Mockoeckuii zocydapcmeennvlii mexnuuecKuil yuueepcumem umenu
H.3. baymana (nayuonanvHblil uccled08amenbCKuil yHugepcument),
Mockea, Poccuiickaa @eoepayusn

2Poccuiickuil 2ocydapcmeennblii azpapiblii 3a04HbLIE yHUGEPCUmMEn,
2. banawuxa, Poccuiickasa @edepayusn

Pepepam. Ouucmxa memu3zo08 u MeiKux Oemaneti HA PeMOHMHBIX U MAUWUHOCHMPOUMENbHVIX NPEeONPUAMUSAX
OCYWeCmBIaemes 80 8pawyarwuxca bapabanax ¢ nocmosHHoU ckopocmuio. Kauecmeo ouucmxu uzoenuli HegvlcoKoe.
H3bickanue HOBbIX npuemos ouwucmku npedcmasisiem coboti akmyanvhyro sadavy. (Lleav uccredosanus) Ilosvicumo
UHMEHCUBHOCIb OYUCIKU U30eTUll 8 2AMOBOYHOM Dapabane, cogepulaiouieM ClONCHOe OBUINCEHUE 8 BAHHE C MOCUHbIM
pacmeopom. (Mamepuanvl u memoost) MooepHu3upoBanu Moeunyio YCmMaHo8Ky CO CIA0JICHbIM O08UNCeHUeM Dapabana.
Ipuseru mamemamuieckoe 000CHOBAHUE KOHCMPYKyuu ycmauosku. Ilpedcmasuiu onucauue cxemvl YCMAHOGKU CO
COJICHBIM NepeMeuyeruemM 2aimogouno2o bapabana. Ilpednoocunu ¢ eHympenHell CMOpoHbl HA 2paHsx bapabaua
PazmMecmums NAHeIU Co WemKamu, KOmopule No360m 0eMnpuposams y0apsl cO0epHCUMO20 bapabana o e2o CIMeHKU.
(Pesynvmamul u oocysicoenue) Ilokazanu xapaxmep 08UNCEHUS OYUUAEMBIX U30TUN U HAROIHUMEIS 6HYIMPU PAGHOMEPHO
8pawaye20cs 2a1mo8oYH020 6apadbana 6 3a8UCUMOCU OM €20 Yacmomyl 8paujerus. Onpedenunu, 4mo npu HebOALUOT
yacmome epawjeHust Haboaemcs ux xackaonoe osudicenue. C ysenuueHueMm yacmomsl 6PAUJEHUST NPOUCXOOUM
BLIPABHUBAHUE U NPUNCAMUE COOEPAHCUMO20 OAPADAHA K €20 CIEHKAM U NPEKPAUJeHUE OBUNCEHUS OMHOCUMENbHO OpYe
opyea. Bulsasunu, umo MAakcCumMaibhble CKOPOCMb U YCKOPEHUe 60 MHO20 pa3 bojibule, uem 8 U36eCmHbiX Oapabauax.
Ommemunu, 4mo mMoowull pacmeop nodaemcs 6 bapabar 6e3 Hacoca 3a cyem 60H, 00PA3VIOWUXCSL nepeod OBUICYUWUMCS
bapabanom. (Bvigoowvl) Bcredcmeue usmeneHus xapaxmepa OSUIICEHUS OYUUAEMbIX U30ETULl SHYMPU 2AIMOBOYHO20
bapabana nosvilaemcs UHMEHCUBHOCTIb OYUCTIKY. KOHCMPYKYUs YCIAn08KU NO380Iem NPU MAIbIX 3aMpamax dHepeuu
Ha npugod 6apabana 3HAYUMENbHO UHMeEHCUpuyupogams ouucmxy usdeauil. I[IpodonscumenbHocms OYUCMKU
SHAYUMETLHO COKPAUWACTCS U 3A8UCUM O BUOA U30eTULL U XAPAKMePa 3a2PA3HEHUs. UX NOBEPXHOCTHEL.

Knrouesvle cnosea: ouucmka, cKOpocms, YCKOpeHUe, 2alMOB0UYHbIL Oapabaw, ouuwaemvle uzoenus, MOeUHds.
VCMAHOBKA, MOIOWAS HCUOKOCHb, KpayegaHue.

s muruposanus: Oxna B.M., Kynakos K.B., ®epsdxor A.B. [loBbiieHre WHTCHCHBHOCTH OYHCTKH H3JCTHH B
rantoBoyHOM Oapabane // Texunaeckuii cepsuc MammH. 2022. T. 60. N2(147). C. 96-102. DOI 10.22314/2618-8287-2022-60-
1-96-102. HUTOUV.

INCREASING THE CLEANING INTENSITY
IN THE RUMBLING DRUM

"Wiadimir M. Yudin, Dr.Sc(Eng.), professor;

’Konstantin V. Kulakov, Ph.D.(Eng.), associate professor;

2Aleksandr V. Feryabkov, Ph.D.(Eng.), associate professor

!Moscow State Technical University named after N.E. Bauman (national research university), Moscow, Russian Federation
’Russian State Agrarian Correspondence University,

Balashikha, Russian Federation

Abstract. Cleaning of fasteners and small parts at repair and machine-building enterprises is carried out in rumbling
drums at a constant speed. The quality of cleaning is low. Searching for new cleaning techniques is an urgent task.
(Research purpose) The research purpose is increasing the cleaning intensity in a rumbling drum, performing a complex
movement in a bath with a washing solution. (Materials and methods) The article presents an upgraded washing
machine with a complex drum movement. The mathematical justification of the installation design was presented. The
article describes the installation scheme with a complex movement of the rumbling drum. It was proposed to place



panels with brushes on the sides of the drum from the inside, which will allow damping the blows of the contents against
the walls. (Results and discussion) The movement of the cleaned products and the filler inside the rotating rumbling
drum depends on its rotation frequency. At a low rotational speed, there is a cascade movement. While the rotation
speed increases, the contents of the drum are aligned and pressed against its walls and the relative movement stops.
The maximum speed and acceleration are many times greater than in the known drums. The cleaning solution is fed
into the drum without a pump due to the waves formed in front of the moving drum. (Conclusions) Due to the change in
the movement of the products inside the rolling drum, the intensity of cleaning increases. The design of the installation
makes it possible, with low energy costs for the drum drive, to significantly intensify the cleaning of products. The
duration of cleaning is significantly reduced and depends on the type of products and contamination of their surfaces.

Keywords: cleaning, speed, acceleration, rumbling drum, products to be cleaned, washing unit, washing liquid,
scratch brushing.

For citation: Yudin V.M., Kulakov K.V., Feryabkov A.V. Povysheniye intensivnosti ochistki izdeliy v galtovochnom
barabane [Increasing the cleaning intensity in the rumbling drum]. Tekhnicheskiy servis mashin. 2022. Vol. 60. N2(147). 96-
102 (In Russian). DOI 10.22314/2618-8287-2022-60-1-96-102. HUTOUV.

DOI 10.22314/2618-8287-2022-60-2-104-112 VK 621.787

HAHOCTPYKTYPUPOBAHUE U3HOCOCTOMUKHX MMOKPBITUI PABOUNX
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Kazanckuit (Ilpusonsicckuit) hedepanvnulii ynugepcumemn,

2. Kazanw, Poccuiickaa @edepayus

Pegpepam. Vicnonvzosanue mexnonocuili ynpouHeHuss NOGEPXHOCMel Oemanell Mauun U MeXaHu3mMo8 ¢ npumMeHeHuem
KOHYEHMPUPOBAHHBIX NOMOKO8 IHEpeUU NOGbIUAENT KOHKYPEHMOCHOCObHOCmb npodykyuu. Haubonee npocmwie u
0OCmynHble U3 HUX — NIA3MEHHble WEXHOIOSUU YNPOUHEeHUsT USHOUIEHHBIX HNOBEPXHOCMel ¢ NpUMEHeHuem
INEKMPOUCKPOBBIX U 8UOPOIY208bIX pazpsa0os. (Llenv uccaedosanus) H3yuume 603MONCHOCHU SUOPONIA3ZMEHHBIX
Memo008 YNPOUHEHUs NOGEPXHOCMEl MEeMALIUYecKux Us0eiul 015 NPUMEHEHUs 8 PeaibHOM CeKmope SKOHOMUKU U
Qusuro-mexanuiecKue ceoUCMEa U CMpPyKmypHvle U3MEHeHUs NOBEPXHOCIMHO20 CN0s OanHvlx uzdeauti. (Mamepuanvt u
Memoowl) Hccredosanu ose napmuu obpasyos uz cmanu 651, wupoxo ucnonv3yemou 0ns Npou3800cmea paboqux
0p2aH08 CenbCKOX03AUCMEeHHOU mexHukyu. Ommemunuy, 4mo oOHa Napmus COCMOIA U3 mpex 0opasyos: obpazey 1 —
UCXOOHBI, obpazey 2 ¢ 31eKMPOUCKPOBOl obpabomkol, obpazey 3 nodgepeiu 6ubpodyeosoll obpabomke c¢
OONOTHUMENLHBIM YAPOYHEHUEM DIIeKMPUHECKoU UCKpoll. M3yuunu Mophonocuio nogepxHocmu u 91eMeHmMHbIL COCMAg
00pazyos na ckanupyiowem anekmponrom muxpockone EVO 50 XVP ¢upmor Zeiss. Onpedenunu MUKpoCmpykmypy ¢
NOMOWBIO UHBEPMUPOBAHHO20 Memainozpapuueckoeo muxpockona Olympus GX51 ¢ ysenuuenuem om 50 0o 1000x.
(Pezynomamuvl u obcysicoenue). Iloxkazanu, umo 6ubponiasmeHnvle Memoovl NO360JI0M HAHOCMPYKMYPUPOBAHUE
NOBEPXHOCMHO20 CA0SI MEMALIUYECKUX U30elUll ¢ 6HeOpeHuemM 8 CMpYKmypy NOBEPXHOCHIHO20 CNOsL U30enus Yeno2o
nepeuHs. JNecupyiouwux 1eMeHmOo8 MEePOOCIIAGHbIX MAMEPUATIO8, HAYSIEPONCUBAHUE IMO20 CI0Sl U CO30aHue
VIPOUHEHHO20 ClIOS, COCMOAWe20 U3 OKCUdos, Kapbuoos, O0pudos u Humpuoos. B npoyecce eubponiazmenHot
00pabomxu 8 NOBEPXHOCMHOM Cl0e 00PA3Ya 0OPA3YIOMCS YNPOUHEHHAS 30HA NOBEPXHOCIHO20 CNOsL C NePeMEeULaHHbIMU
INIEMEHMAMU OCHOBHO2O0 U NPUCAOOUHO20 MAMEPUALA U 30HA MepMuiecko2o enusnus. (Bvieoowt) Ilosepxnocmublii coll,
chopmuposanHblll. npu  BUOPONIA3MEHHOU 0Opabomke, npedcmagisem cobOlU HOBYHO HAHOCMPYKIMYPUPOBAHHYIO
KOMROSUYUOHHYIO CMPYKmYpy. Bepxuuii mouxuil ciou cocmoum u3 Mamepuala amood, MOOUPUYUPOBAHHO2O
NEMEHMAMU MAMEPUALA KAMOOA U MENHCINEKMPOOHOU cpedvl. 1100 eepxnum croem pacnoiazaemcs MoOUGuUYUposanHviii
VAPOUHEHHBLI CIOU, COCIMOAWULL U3 CMeCU MAMEPUAIOs aHo0d U Kamood.

Knrouesnle cnosa: cenbckoxo3aiicmeeHHble MAUWUHBL, PediCyujue d1eMenmyl, YAPOUHeHue, JIeKMpouckpa, subpooyead,
NEMEHMHBI COCMAB, HAHOCMPYKMYPA, MUKPOMBEPIOCHb.
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NANOSTRUCTURING WEAR-RESISTANT COATINGS FOR THE WORKING PARTS OF

AGRICULTURAL MACHINES BY VIBRATION PLASMA TREATMENT



Said N. Sharifullin, Dr.Sc.(Eng.), professor
Kazan (Privolzhsky) Federal University, Kazan, Russian Federation

Abstract. The use of technologies for hardening the surfaces of machine parts and mechanisms using concentrated
energy flows increases the competitiveness of products. The simplest and most accessible of them are plasma
technologies for hardening worn surfaces using electric spark and vibration arc discharges. (Research purpose) The
research purpose is studying the possibilities of vibrating plasma technologies for hardening the surfaces of metal
products for use in the real sector of the economy, the physical and mechanical properties and structural changes of
the surface layer of these products. (Materials and methods) Two batches of samples from 65G steel, widely used for
working bodies of agricultural machinery, were processed. One batch consisted of three samples: first sample is initial,
second sample with electric spark treatment, third sample was subjected to vibration arc treatment with additional
hardening by an electric spark. The morphology of the surface and the elemental composition of the samples were
studied using a scanning electron microscope EVO 50 XVP from Zeiss. The microstructure was determined using an
inverted metallographic microscope Olympus GX51 with magnification from 50 to 1000x. (Results and discussion).
Vibrating plasma methods allow nanostructuring of the surface layer of metal products with the introduction of a whole
list of alloying elements of carbide materials into the structure of the surface layer of the product, carburization of this
layer and the creation of a hardened layer consisting of oxides, carbides, borides and nitrides. In the process of vibrating
plasma treatment, a hardened zone of the surface layer with mixed elements of the base and filler material and a zone
of thermal influence are formed in the surface layer of the sample. (Conclusions) The surface layer formed during
vibrating plasma treatment is a new nanostructured composite structure. The upper thin layer consists of the anode
material modified by elements of the cathode material and the interelectrode medium. Under the upper layer there is a
modified hardened layer consisting of a mixture of anode and cathode materials.

Keywords: agricultural machines, cutting elements, hardening, electric spark, vibrating arc, elemental composition,
nanostructure, microhardness.
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Pegpepam. Memoo snexkmpouckposoti 06pabomku UCHOIb3YEMC s KAK NPU U320MOGIeHUU, MAK U NPU 60CCIMAHOGTEHUU
Odemaneil MauiuH u 00veouHsiem 6 cebe HeCKOIbKO NPoYeccos: HANIAasKy, 1ecuposanue, ynpounenue. B nacmosiwee apems
HeO0OCMAmMOyYHO U3Y4eH Memoo 3JIeKMPOUCKPOBOU 00pabomKu Hpu MeXaHU3UPOBAHHOU HANIABKe BUOPAYUOHHBIM
YCMPOUCMBOM ¢  OUCKOBbIM  dniekmpooom. (Lleav uccaedosanus) Onpedenumsv MEXHOLOSUHECKUE —DPEHCUMbL
INEKMPOUCKPOBOLL 0OPAOOMKU  OUCKOBBIMU DNIEKMPOOAMU C DPATUYHBIM COOEPICAHUEM Y2aepood, Npu KOMOPbIX
obecneuugaemcss MoayuUHa popmupyemolx nokpvimuii ve meree 500 muxpomempos na ouamemp o0bpabamvieaemou
demanu. (Mamepuanvr u memoowl) I[lpunsnu 6 kauecmee naApamMempos, GIUAIOWUX HA MOIWUHY DOopMUPYEMO20
NOKpbIMUs, O9Hepeemudeckue. 3Hepeus eOUHUYHO020 UMNYIbCA, KOMUYECBO JSHepeuu, Hacmoma UMRYIbCO8 U
mexHono2udecKue. OKpPYJICHASL CKOPOCMb BpaAujeHust 0emani, npoO0IbHASL NOOAYA 3AEKMpPoOd, OKPYICHASL CKOPOCb
spawjenusi  snexkmpooa. Ilposenu uccnedosanus Ha ycmanoske BUI-5 0ns 21ekmpouckposoi 06pabomxu
MEXAHUBUPOBAHHOM PedtcUMe ¢ BUOPAYUOHHBIM YCIMPOUCHBEOM U OUCKOBBIMU DEKMPOOAMU C PAZTULHBIM COOEPICAHUEM
yenepooda. (Pesyromamul u o6cyscoenue) Boibpanu payuoHatvHvle dHepeemuieckue U MexHoI0sUYecKue peicumbl,
nosgonawWue NOAYUAMb MAKCUMAIbHbIE 3HAYEHUS HOKPLIMULL 8 MEXAHUSUPOBAHHOM pexcume OUCKOBbIMU
anekmpodamu: Koauwecmeo snepeuu 300-500 Oowcoyneti;, okpyoscHou ckopocmu epawerus demanu 0,0024-0,0165



Mempo8 6 CeKyHOY, npoooabHol nooaue snekmpooa 0,2-1,4 muinumempos 6 MuHymy,; OKPYICHOU CKOPOCIU BDAUJEHUS
ouckosoeo snekmpooa 0,0209-0,0837 mempos 6 cexyndy. (Bvigoowst) Ilposedennvimu uccied08aHusMU 83auUMOCE53U
MEXHON0SUYECKUX PEACUMO8 INEKMPOUCKPOBOU 00pAOOmMKYU OUCKOBLIMU IAEKMPOOAMU ¢ MOSWUHOU HOKPbIMULL
VCMAHOBUNU, YMO NPU YEETUHEHUU COOePICAHUS Yeepood 6 IAeKMPOOHOM Mamepuane MOMYUHa Gopmupyemvix
NOKPBIMULL  CHUIICAEMCSL, MOTWYUHA  (PopMmupyemvlx noxkpuimuil He menee 500 mukpomempog Ons ucciedyemuix
9IeKMPOOHBIX Mamepuanos docmueaemes npu 10,0 doxcoynsx.

Knrouesvie cnoea: snexmpouckposas obpabomra, OUCKOBbIll IIEKMPOO, MEXHOI0SUHECKUe DPeNCUMbl, MOIUUHA
NOKPbIMUS, dHEPeUSL eOUHUYHO20 PA3pa0d, NPOOObHAS NOOAYA 2IeKMPoOa, YACmoma epaujeHus Oemaiu.

Jast umtupoBanus: Cenus I1.B., Pakos H.B., 3emckoB A.M. BiusiHue sHEpreTH4eckuX U TEXHOJOTMUECKUX PEKUMOB
AJIEKTPOUCKPOBON 0OpabOTKM Ha TONIIUHY MOKPBITHH JUCKOBBIME diiekTpofamu // Texumueckuit cepuc mamuH. 2022,
T. 60.N2(147). C. 113-123. DOI 10.22314/2618-8287-2022-60-2-113-123 . EPCOIT.

INFLUENCE OF ENERGY AND TECHNOLOGICAL MODES

OF ELECTRIC SPARK TREATMENT WITH DISK ELECTRODES
ON THE THICKNESS OF COATINGS
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Nikolay V. Rakov, Ph.D.(Eng.), associate professor;
Aleksandr M. Zemskov, Ph.D.(Eng.), associate professor,
National Research Mordovia State University N.P. Ogareva,
Saransk, Russian Federation

Abstract. The method of electric spark processing is used both in the manufacture and in the restoration of machine
parts and consists of several processes: surfacing, alloying, hardening. The method of electric spark processing in
mechanized surfacing with a vibrating device using a disk electrode has not been sufficiently studied. (Research purpose)
The research purpose is determining the technological modes of electric spark treatment using disk electrodes with
different carbon content, at which the thickness of the coatings is at least 500 micrometers per diameter of the workpiece.
(Materials and methods) The parameters affecting the thickness of the coating being formed are energetic: the energy of
a single pulse, the amount of energy, the pulse frequency, and technological: the rotation speed of the processing part, the
line feed of the electrode, the rotation speed of the electrode. Conducted research on the BIG-5 installation for electric
spark processing in a mechanized mode with a vibrating device and disk electrodes with different carbon content. (Results
and discussion) The next energy and technological modes allow us to obtain the maximum coating thickness in the
mechanized mode with disk electrodes: the amount of energy is 300-500 joules, the rotation speed of the part is 0.0024-
0.0165 meters per second, the line feed of the electrode is 0.2-1.4 millimeters per minute; the rotation speed of the disk
electrode is 0.0209-0.0837 meters per second. (Conclusions) The conducted studies of the technological modes of electric
spark treatment with disk electrodes and the coating thickness allows us to conclude that with an increase in the carbon
content in the electrode material, the thickness of the formed coatings decreases. The thickness of the coatings is at least
500 micrometers for the studied electrode materials is reached at 10.0 joules.

Keywords: electric spark processing, disk electrodes, technological modes, coating thickness, single discharge
energy, line electrode feed, rotation speed.

For citation: Senin P.V., Rakov N.V., Zemskov A.M. Vliyaniye energeticheskikh i tekhnologicheskikh rezhimov
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Pegpepam. Cmanvrsie bopma camoceanbHblx MpaKmMopHbX NPUYENo8, 3a0etiCE808aHHbIX 8 MPAHCNOPMUPOBAHUU
CHINYYUX U NOTYICUOKUX CETbCKOXOZSUCMBEHHBIX 2PV308, NOOBEPICEHbL AKMUBHOMY AOPAZUBHOMY USHAUWUBAHUIO U
6030¢eticmauro koppo3suu. TIpednodcunu 3aMeHums Cywecmsyiouyio KOHCmpYKyuio 60pmoes, 6Mecmo CIMaibHbIX TUCHO8
UCNOTL306AMb MHO2OCIOUNbIE KOMIOZUMHbIE NIACHMUHKY, YMO NO3GOIUM VYEEIUUUMb HAOE’CHOCHb U CPOK CILYHCObL
mawunvl 6 yerom. (Llenv uccnedosanus) Paspabomams KoHCmMpYyKyuio u MemoouKy pacuema wapHupHo2o KpenieHus
KOMRO3UMHO20 60pma MpaHCHOPmMHO20 CPEOCMBA CelbCKOX03UCMBeHH020 HasHavenus. (Mamepuanvl u memoout)
Ipoananusuposanu cywecmsyiowue MemaiioKOMROIUMHbIE COCOUHEHUs U GbIAGUU, YMO HPU UCNOIb308AHUU
MHO2OCHIOUMBIX  COHOBUYU-CIPYKINYPUPOBAHHLIX KOMNO3UMO8 He obecnedugaemcs npujeeauue 6cex Ccloes K
MEmanIuyecKkomy ocHoganuio. Paspabomany KOHCMPYKYuio wapHupHo noo8UIICHOU 60K0BOU onopvl bopma npuyena
MPAHCROPMHO20 CPedCmaed, 00eCneHusanuyo NIOMHOe COeOUHEHUE 3a CUel 6HeOPeHUs 8 Npenpe2 MemaiIuiecKko2o
CMATbHO2O IJEMEeHMA, COCMOoAWe20 U3 NIACMUHbL ¢ NPUBAPEHHBIMU K Hell WNUIbKAMU U OCbio. [JonoHumenbHoe
cms2usanue Onopwsl 3a cuem pe3bh08blX COeOUHEHUN NO3BONUNO BLINOJHUMb COCOUHEHUE MHO2OCIOUHO20 KOMNO3UMA C
Memannuyeckum niacmunamu. (Pesynomamol u obocyscoenue) Hccnedosanu Hazpysicenue y3ia, NOLYYULU BbIPAICEHUE
ons1 onpeoenenuss MaKCUMAIbHOU CUbl, 8o30elicmayrowell Ha Kpenedchvill dnemenm. Ilpoussenu pacuem naubonee
HA2SPYIHCEHHOU Oemanu — KPENneliCHO20 I1eMeHma no 0ONYCKAEMbIM HANPANCEHUSIM CPe3a €20 YUTUHOPUYECKOU Yacmu.
(Bvisoowt)  [lokazanu  yenecooOpasHOCb — NPUMEHEHUs.  CUNOBbIX  KOHCHMPYKYUL — MPAHCHOPMHBIX — CPeOCcms
AZDONPOMBIUAEHHO20 KOMNAEKCA, NOOBEPICEHHBIX B030€UCBUI0  AOPAUBHO20 USHAWMUBAHUSA U KOPPO3UU, U3
NOTUMEPHBIX  KOMNO3UMHBIX Mamepuanos. Cnpoexmuposany HO8YI0 KOHCMPYKYUIO PAZbeMHO20 WAPHUPHO2O0
COeQUHEHUsI MHO2OCTIOUHO020 KOMNOZUMHO20 OOPMA ¢ MEMALTUHECKUM KAPKACOM.

Knrouesvle cnosa: norumepHulii KOMNOZUMHbBIL MAMEPUATL, KPENEJICHbLUL dTIeMeHM, COeOUHeHUe Memaili—KOMNRO3UM,
PazbeMHOe WAPHUPHOE coeOuHeHue, KOMNO3ZUMHbLIL Oopm.
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Abstract. Steel sides of dump tractor trailers used in the transportation of bulk and semi-liquid agricultural goods
are subject to active abrasive wear and corrosion. The article proposes replacing the existing design of the sides, instead
of steel sheets to use multilayer composite plates, which will increase the reliability and service life of the machine as a
whole. (Research purpose) The research purpose is developing a design and methodology for calculating the hinge
fastening of a composite side to the agricultural vehicle. (Materials and methods) The article analyses the existing
metalcomposite compounds. When using multilayer sandwich-structured composites, all layers do not adhere to the
metal base. We have developed a design of a pivotally movable side support of the trailer, which provides a tight
connection due to the introduction of a metal steel element into the prepreg, consisting of a plate with studs and an axle
welded to it. Additional tightening of the support due to threaded connections made it possible to connect a multilayer
composite with metal plates. (Results and discussion). The article presents the equation of node loading to determine
the maximum force acting on the fastener. The calculation of the most loaded part, the fastener, was carried out
according to the permissible stresses of the cut of its cylindrical part. (Conclusions) The expediency of using power
structures of vehicles of the agro-industrial complex exposed to abrasive wear and corrosion made of polymer composite
materials is confirmed. A new design of a detachable swivel joint of a multilayer composite side with a metal frame was
created.



Keywords: polymer composite material, fastener, metal-composite connection, detachable swivel joint, composite
board.
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Pegpepam. Ilpu sxcniyamayuu osucameneti 6HympeHHe20 C2OPAaHUsL 803HUKAem NpoOneMa 80CCMANHOBNIECHUS 2UNb3
yununopos. Ilocne usnoca 2unv3y yunuHOpa pacmadueaiom Ha peMOHMHbII pazmep, UCHOIb3Ys OJif IMO20 PACHOYHbIE U
XOHUH208AbHbIE CIMAHKU. HI3bicKkanue HO8bIX d(hhekmusHbIX cnoco606 0bpabomku npedcmasisiem coboll aKkmyaibHyio
saoayy. (Lenv uccredosanus) Yayuuwiume ulepoxosamocms GHymMpeHHel NOBEPXHOCMU 2UNb3 YUIUHOPO8 3d cyem
UCNOAb306anUsL subpocacauezo yonunumens. (Mamepuanol u memoowt) [Ipeonodcunu cHuzumv subpayuio 60 pems
00pabomku 3a cuem npUMeHenUs K1eegol KOMNOUYUU Ha INOKCUOUAHOBOT OCHOBE U MEMALIUYECKUX MPOCO8, KOMOPbLe
obecneuugalom Ccocmoanue Cocamus 8cell pacmouHol cucmemvl. Paspabomanu cneyuanrbHyro KOHCMPYKYUIO
subpoeacaueco yOruHumensi pacmoyrol onpasku. Jlanu onucauue yKasanHoeo ycmpoticmea. /na ucciedosanuil
UCNOAL306ANU 8ePMUKATbHO-(Ipe3epHblil cmanok 6P12. Hzeomosunu u nooobpanu onvimusle 00pasyvl ¢ HYMpPeHHUM
ouamempom 80 muanumempog uz cmanu 38XMIOA u cmanu 20. Hcnonvzoganu Ons usmepenuss uepoxosamocmu
npogunomemp Mitutoyo mooenv SJ-410. Hzmenaru uacmomy epawenus om 80 0o 500 obopomos 6 munymy.
(Pesynomamul u obcyscoenue) Kauecmeo nosepxnocmnoco cinos 3acomosox u3 cmanu 38XMIOA, obpabomannvix
PACMOYHOU ONPAsKOl € 8UOPO2ACAWUM YOIUHUMENEM, 8 CDEOHEM 8bllle 8 Yemblpe Pa3a NO CPABHEHUIO ¢ MPAOUYUOHHBIL
PACMOYHOU ONPABKOLL HA 8CeX YMANAX NPosedenus: SKCnepumenma, napamemp wepoxosamocmu Ra cocmasnsem 0,8.
Kauecmso nosepxnocmnozco cios zaecomogox uz cmanu 20, 06pabomaHublx pacmoyHol onpasKkoll ¢ eubpocacauum
yOauHUmMeneMm, evlule 8 CpeoHeM 8 08d pasa NO CPABHEHUIO C MPAOUYUOHHOU PACMOYHOU onpaskoll 6 ouanazome 80-315
000pomog 6 munymy, napamemp uiepoxosamocmu Ra cocmasnsem 1,6. Bvliuwe 6 wemvipe paza ¢ ouanazone 315-500
obopomos ¢ mumnymy, napamemp uepoxosamocmu Ra — 3,2. (Bvieoowy) [Ipumenenue subpocacsiujeco yORuHumes
N0360UM CHU3UMb Ce0eCMOUMOCMb U MPYO0eMKOCMb 80CCMAHOBIEHUL Oemanell 0suzamerieti BHYmMpeHHe20 C2OPaHUsL
U yopamo U3 MexHoN02UYEeCKO20 NPOYECcca CReYUATbHbLE PACHIOYHbIE U GHYMPULUTUDOBATbHbIE CIAHKIL.

Kniouessle cnosa: subpozacsuyuii yOruHumenb pacmouHou onpagku, cOOpHAs pacmoynas onpasKa, 2auleHue suopayul,
CHUdICEHUEe MPYOOeMKOCIU, Kleedast KOMRO3UYUS, 60CCIAHOGIEHIE 2UNb3bl YUTUHOPA, 60CCMAHO8IeHUe OI0KA YUTUHOPA.
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BocctanoBiieHuu netaneit JIBC // Texanueckuii ceppuc mammH. 2022. T. 60. N2(147). C. 135-143. DOI 10.22314/2618-
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Abstruct. When operating internal combustion engines, there is a problem of restoring cylinder liners. After wear, the
cylinder liner is bored to the repair size, using boring and honing machines. Finding new effective processing methods
is an urgent task. (Research purpose) The research purpose is smoothing the inner surface of cylinder liners by using a
vibration-damping extension cord. (Materials and methods) The article proposes an epoxy-based adhesive composition
and metal cables to reduce vibration during processing that ensure the compression state of the entire boring system. A
special design of the vibration-damping extension of the boring mandrel have been developed. The article presents its
description. A 6P12 vertical milling machine was used for research. Prototypes with an internal diameter of 80
millimeters were manufactured of steel 38 HMUA and steel 20. The Mitutoyo profilometer model SJ-410 was used to
measure roughness. The rotation speed was changed from 80 to 500 revolutions per minute. (Results and discussion)
The roughness of the surface layer of blanks made of 38HMYuA steel treated with a boring mandrel with a vibration-
damping extension is four times higher on average than a traditional boring at all stages of the experiment, the
roughness parameter Ra is 0.8. The quality of the surface layer of 20 steel blanks processed with a boring mandrel with
a vibration—damping extension is twice as high on average as with a traditional boring at 80-315 rpm, the roughness
parameter Ra is 1.6 and four times higher at 315-500 rpm, the roughness parameter Ra is 3.2. (Conclusions) The use
of a vibration-damping extension will reduce the cost and complexity of restoring parts of internal combustion engines
and remove special boring and internal grinding machines from the technological process.

Keywords: anti-vibration extension of boring mandrel, assembled boring mandrel, damping of vibrations, reduction
of labour intensity, adhesive composition, recovery of cylinder liner, recovery of cylinder block.
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Peghepam. B ob6opyoosanuu 0ns nepepabomxu MOIOKA WUPOKO NPUMEHSIOM 0emanu U3 Hepaicageiowel cmaii, om
COCMOANUA KOMOPBIX 3A8UCUM pabOMOCNOCOOHOCb 000pY008anus U Kavyecmseo 2omoeou npooyxkyuu. Haubonee
NO0GEPIHCEHbl  USHOCY Oemanu Muna «niyHicep», OMKA3 KOMOpwlX (hopmupyemcs nomepel NpaguibHou
YUTUHOPUYECKOU (hOpMbL NPU USMEHEHUU 2e0MemPUYECKUX PA3MEPO8 8 NPOOOIbHbIX U NOnepeuHblx ceuenusx. (Lenw
uccneoosanust) Paspabomamo opucunanvisiii cnocod 80CCmMaHOB1eHUs YUTUHOPULECKUX Oemaliell mUuna «niyHicep»
npu  KOMOUHUPOBAHHOU 00pabomke; CHU3UMbL MPYOOEMKOCHb Npoyeccd 60CCMAHOBNeHUs U NOBblUUEHUE
odosneoseynocmu nayhoicepa (Mamepuanvt u memoowt) Hccnedosanu oopasyvt uz cmanu 40X13, umumupyrowue gpopmy
nayHacepa ouamempom 45 murrumempos. Hzeomosunu no mpu oopazya ¢ pasiuyHol npedsapumenbol 0opabomroi
— Opobecmpytinoil, yucmogoe moyenue, pyunoe uaugosanue. [lpogenu nauaivHoe usmepeHue ouamempa 8 Yemulpex
CeueHUsX Ha mpex YPOGHSX, OCYWECMEUNU INeKMPOUCKPOBOE HAPAWUBAHUE, INEKMPOMEXAHUYECKVI0 00pabomKy u
wiugosarue 00 hopmupogarus paboyeli NOBepXHOCMU,; neped U Nocjie KaAxicOou 0o6pabomKu 6bINOIHUIU USMEPeHUs
2COMEMPUYECKUX NAPAMEMPOs8, U320MOGUAU WAUDLL 01 MUKPOCMPYKIMYPHO20 AHAIU3A, NPOBENU UMEPEeHUE
muxpomeepoocmu. (Pezyromamut u obcysicoenue) Jocmuenu 6 pesyrbmame 3Kcnepumenma u 0opadomru 0opazyos
npu Hanecenuu om 15 0o 20 croeg 31ekmpouckposvim cnocoboom snexmpooom mapxu 308L-16 ysenuuenus ouamempa
na 1,10+0,08 munnumempos. I[locre Oeghopmayuu npu snexkmpomexanuyeckoli obpabomxe CioOU COCMABUL OM
0,36%0,03 00 0,47+0,07 munrumempos, npu wiaugosarnuu noayuiu okonuamenvhuiil cio om 0,04+0,02 oo 0,26+0,02
MunuMempos. Mzmepenus Mukpomeepoocmu CMpyKmypHuIX 30H HOKA3AAU, 4MO MUKPOMEEpOoCms OCHMAMOYHO20
cnos cocmasnsiem 250-400, nepexoonas 30Ha umeem YHIOMHEHHYIO CMPYKMYpy u meepoocms ceviute 550, a
cepoyesuna — 200-250 no Buxkepcy. (Bvieoowvt) Ha ocrosanuu noayueHuvix OaHHbIX pa3padbomanvl pekomeroayuu OJis
Gopmuposanust KOMREHCAYUOHHO20 CLOSL OIS BOCCMAHOBNEHUSL YUTUHOPUYECKOU paboyell nOBepXHOCMU Oemanu muna
CNILYHIHCEPY.



KinioueBble cJI0BA: WIYHIICED, KOMOUHUPOBAHHA 0OpabOMKA, KOMNEHCAUUOHHBIU CNOU, 3JIeKmpoo, YNPOUHeHuUe,
MUKPOmMEEPOOCHb.
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EXPERIMENTAL TESTING OF PLUNGER RECOVERY

MODES BY COMBINED PROCESSING
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Olga A. Sharaya, Ph.D.(Eng.), associate professor

Belgorod State Agricultural University named after V. Gorin, v. Maisky,
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Abstract. Stainless steel parts are widely used in milk processing equipment. The condition of these elements determines
the operability of the equipment and the quality of the product. The most susceptible to wear are parts of the plunger
type, the failure of which is by the loss of the cylindricity when changing geometric dimensions in longitudinal and cross
sections. (Research purpose) The research purpose is developing a method for restoring cylindrical parts of the plunger
type during combined processing; reducing the complexity of the restoration process and increasing the durability of the
plunger (Materials and methods) Samples of 40Khi3 steel imitating the shape of a plunger with a diameter of 45
millimeters were studied. Three samples were produced with different pre-treatment: shot blasting, finishing turning and
manual grinding. The study was as follow: initial measurement of the diameter in four sections at three levels; electric
spark buildup, electromechanical processing and grinding before the preparing the working surface;, measuring
geometric parameters before and after each treatment; making slits for microstructural analysis, and measuring
microhardness. (Results and discussion) As a result of the experiment and sample processing, there achieved an increase
in diameter by 1.10 + 0.08 millimeters when applying from 15 to 20 layers by the electric spark method with an electrode
of the brand 308L-16. After deformation during electromechanical processing, the layer ranged from 0.36 £0.03 to 0.47+
0.07 millimeters, during grinding, the thickness of the final layer was from 0.04 £ 0.02 to 0.26x 0.02 millimeters.
Measurements of the microhardness of the structural zones showed that the microhardness of the residual layer is 250-
400 Vickers, the transition zone has a compacted structure and a hardness of over 550, and the core is 200-250.
(Conclusions) Based on these data, the article proposes recommendations for the building of a compensation layer to
restore the cylindrical working surface of the plunger type part.

Keywords: plunger, combined processing, compensation layer, electrode, hardening, microhardness.

For citation: Pastukhov A.G., Berezhnaya 1.Sh., Sharaya O.A. Eksperimental’'naya otrabotka rezhimov vosstanovleniya
plunzhera kombinirovannoy obrabotkoy [Experimental testing of plunger recovery modes by combined processing].
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Peghepam. AOooumuenvie mMeXHONO2UU HAYUHAIOM UWUPOKO HPUMEHAMBCA 8 COBPEMEHHOM MAUUHOCHPOEHUU.
Cywecmeyiom pashvie cnocoowt u 000py0osanue 0ist OCYWeCmsaeHuss OaHHOU 3a0a4i, HO 6ce OHU MPeOYIOm UCXOOHO20
mMamepuana — MemALIUYecK020 NOPOWKA C ONpedeeHHbIMU — (PUUKO-XUMUYeCKUMY —Xapakmepucmuxamu. B
cospemennvix peanusix 0 Poccuu eajicno obecneuugamv cebsi KAYECMBEHHbIM U HEOOPOSUM  CbIPbeM, Hmo



obocHosbiBaem NOUcKk Hoeblx Memoodos. (Llenv uccnedosanus) Paccmompemv  Haubonee nonyspuvle U
9Hep2oahhexmusHble Memoobl U32OMOBNIeHUs MEeMALIUYEeCKUX NOPOUKOBbIX MAamepuanios 01 a0OUMUBHBIX
npou3800cms, 000CHOBAMb NPUMEHEHUEe NePCHeKMUBHO20 Memood  INeKMpPOIPOIUOHHO20 — OUCHEPSUPOBAHUS,
NO380AI0We20 NOIYHANb NOPOWKU ¢ MPedyeMbLMU XAPAKMEPUCUKAMY U3 OMX0008 Mauunocmpoerus. (Mamepuansi
u Memoout) Hcnonv3osanu iumepamypHule UCTHOYHUKU, HAYUHblIEe pabombl, a makaice 1abopamoproe 0bopydosanue 0
UCCNIe008aHUsL CEOICIE NOPOULKOBBIX MANEPUATLO8: UHBEPIMUPOBAHHBLI Memaniozpaguueckuti mukpockon Olympus GX-
51, ananuzamop paszmepos uacmuy Microtrac Bluewave, ananuzamop yoenvHou nosepxrnocmu moodeau Autosorb-1,
91eKMPOHHO-UOHHBII ckanupyrowui mukpockon QUANTA 600 FEG, wxag cywunsneiii ILIC-80-01 CI1Y, nabop cum no
T'OCT 2715-75, secvr amanumuueckue Acculab ALC-210d4. (Pezynomamur u ob6cyscoenue) I[lpoananusupoeanu
Paziuunble  Cnocodvl amoMu3ayul, BbIAGUAU CEOUCBA MEMAIIUYeCKUX MNOPOUIKO8, KOmopble Mo2ym  Oblmb
UCNONL308AHbL 8 A0OUMUBHBIX mexHoo2usax. Ommemuny 8 Kayecmee NePCReKMuBHO20 Memoo d1eKMpOIPO3UOHHO20
oUCnepeuposansi U UCC1e008alU NONYYEHHbI C €20 NOMOWbIO NOPOuKoswlll mamepuan. (Bvigoovl) Adoumuenvie
MEXHON02UU NOTYUAIOm 6ce OOoblee pacnpocmpanenue. AKmyanbHol 3a0adell CIaHo8UmMcs NOUCK HOBLIX CHOC0D08
npouU3800CMEd MEMALIUYECKUX NOPOwKos 01 ux ocywecmeienus. Haubonee nepcnekmuHvlM GUOUMCS Memoo
NEKMPOIPOIUOHHO20 OUCTIEPSUPOBAHUSL, NOZBOIAIOWUL NOTYYAMb HOPOWKU C 3A0AHHBIMU CGOUCMBAMU U3 OMX0008
Mawunocmpoenus.  acmuyvl O0aHHO20 NOPOWKA UMEIOM NPABUILHYIO OKDY2IYI0 (DOpMY, BbICOKYIO YOelbHYIO
NOBEPXHOCIb U HUZKYIO NOPUCTIOCTIb.

Knrouesvle cnosa: adoumuenvle MeXHOIOUU, NOPOWIKOGLIL MamMepuan, amomu3ayus, 31eKmpo3pO3UOHHOe
oducnepaupogauue, popma vacmuy, QpPakyuoHHblli COCMAs, y0eabHas NOBEPXHOCHIb, NOPUCTOCTb.

Jast uutupoBanusi: Pomanos U.B., 3anopoxxnuii P.H. Ilomyyenne MerannnuecKux MOPOIIKOBBIX MaTEpUalIOB AJIs
aIIUTUBHBIX TexHoyorui // Texuuueckuit cepsuc mamud. 2022. T. 60. N2(147). C. 155-164. DOI 10.22314/2618-8287-
2022-60-2-155-164. XMZHZU.

PRODUCING METAL POWDERS FOR
ADDITIVE TECHNOLOGIES
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Center VIM, Moscow, Russian Federation

Abstract. Additive technologies become to be widely used in modern mechanical engineering. There are different
methods and equipment for carrying out this task, but they all require a starting material — a metal powder with certain
physical and chemical characteristics. In modern realities, it is important for Russia to provide itself with high-quality
and inexpensive raw materials, which justifies the search for new methods. (Research purpose) The research purpose
is considering the most popular and energy-efficient methods of manufacturing metal powder materials for additive
manufacturing, justifying the use of a promising method of electroerosive dispersion, which allows obtaining powders
with the required characteristics from mechanical engineering waste. (Materials and methods) Literature sources,
scientific papers, as well as laboratory equipment were used to study the properties of powder materials, in detail:
Olympus GX-51 inverted metallographic microscope, Microtrac Bluewave particle size analyzer, Autosorb-1 specific
surface area analyzer, QUANTA 600 FEG electron-ion scanning microscope, drying cabinet SHS-80-01 SPU, a set of
sieves according to GOST 2715-75, analytical scales Acculab ALC-210d4. (Results and discussion) Various atomization
methods and the properties of metal powders that can be used in additive technologies were analyzed and described.
The method of electroerosive dispersion was noted as promising and the powder material obtained with its help was
studied. (Conclusions) Additive technologies are becoming more widespread. An urgent task is the search for new ways
to obtain metal powders for their producing. The most promising is the method of electroerosive dispersion, which
allows obtaining powders with specified properties from mechanical engineering waste. The particles of this powder
have a regular rounded shape, high specific surface area and low porosity.

Keywords: additive technologies, powder material, atomization, electroerosive dispersion, particle shape, fractional
composition, specific surface area, porosity.
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Peghepam. B nacmosiwyee epems cmpamezuiecku 8adliCHOU 3a0ayell MexHOI02ULeCcKOl He3agUCUMOCmuy ompaciell
Poccuu crysrcum 6occmanognenue usHouleHnvlx 0emanei Mawiun u 060py008aHusi NIA3MEHHbIM MemoOOM HA OCHOBE
npuMeneHUst NOKPLIMULL PA3IUYH020 PYHKYUOHATbHO20 HazHaudenus. (Llenv uccnedosanust) Onpedenums iusHue Ha
conpomugnerue ycmanioCcmu 60CCMAHO8AEHHbIX 0emainell pexcUMos NAA3MeHHOU HANAABKU, HANIABOYHBIX MATNEPUALO8,
YCMAHOBUMb XAPAKMEPUCTNUKYU YAPY2OCHIU, 803HUKAIOWUE 8 NOKPLIMUAX, HAHECEHHbIX NIA3MEHHbIMU Memooamu, a
maxoice 0CMamoyHvle Hanpaxceus 8 30He chaaeneHus (Mamepuanel u memoost) Hzeomosunu obpasysl uz cmaiu
mapxu 40" Ona npogedenuss dKCHEPUMEHMATLHLIX UCCeO008AHUN. Bulnonnunu niazmeHHyr0 HAnIasKy NOKpulmuil
KOMHO3UYUOHHBIM COCMABOM NOPOWK00OpazHozo mamepuana. Onpedenunu meepoocns 00pa3yo8 ¢ NOKPbIMUAMU He
DPA3PYUAIOWUM  IKCNPECCUBHBIM USMEPEHUEM HA YHUBEPCATLHOM HPOSPAMMUPYEMOM DJIeKIMPOHHOM NEPEHOCHOM
meepoomepe. [l onmumusayuu napamempos WIA3MEeHHOU HANIA6KU HPUMEHUIU Memo0 NOIHO20 GAKMOPHO2O0
akcnepumenma. llpunsnu moodyas IOnea 6 kauecmee Kpumepus onmumuzayu. IKCnepuMeHmalbHble UCCIe008AHUS.
Xapaxmepucmux ynpy2ocmu 8 NOKpblmusix, HAHeCeHHbIX NAA3MEHHLIMU MEMOOAMU, OCYUeCMBIISIU N0 0OWEenPUHAMbIM
MEmOOUKaM ¢ y4emom pPe30HAHCHOU 4acmomul uzeubarowux xKoaebaunuii oopasyos. (Pesyrbmamol u 0bcysxcoenue)
Yemanosunu, umo 6 nOBEpXHOCMHBIX CAOAX HANAABIEHHBIX NOKPLIMUL MOOYAU YNPY2OCHU UMEIOM NOHUNCEHHbLE
3HAYeHus, a Mmakce 8O3HUKAIOM pACMALUBAIOWUe HANPANCEHUSA, CHUMdCarowue conpomusienue ycmanocmu Ha 20-25
NPOYEHMOo8 Om YPOBHs NpedelbHO U3HoulenHvlx Oemaneu. Ommemunu, umo dobasnenue 8 NPOYeHMO8 NOPOUIKA
ATIOMUHUSL 8 UCXOOHBLE NOPOUIKOBblE MBEPObLE CNIABLI CHOCOOCMBYEm ROGLIUUEHUIO UX UsHOCcocmoukocmu. Onpedeaunu
PAYUOHANLHBIL OUANA30H PEHCUMO8 NILA3MEHHO20 HAHECEeHUs NOKPLIMULL C MOYKU 3PEHUS NOYYEHUST BbICOKUX YAPYEUX
CBOUCME NIA3MEHHbIX NOKPLIMULL KAK KIl04esoco smana pecypcocbepezaioujeli mMexHoI0cUU B0CCHMAHOBLEHUSL
UBHOUWIEHHBIX Oemaneil MexHoLo2uuecko2o 000opyoosanus. (Bvleoowl) I[lpednosicennvie mexuuyeckue peuieHus: 6
obracmu onmuMuU3aAYUU NAPAMEMPO8 NIAZMEHHOU HANAABKU NOPOUKOBHIMU MBEPObIMU CHAABAMU NO3BONAIOM
noIy4ams HA NOBEPXHOCMAX B0CCMAHAGIUGAEMbIX Oemdaleli MAWUH UHOCOCMOUKUe nokpuimus 6 3-5 pas
npegvluiaroujue U3HOCOCMOUKOCMb 3aKAIEHHOU Cmanu 45, npuHUMAaemon 3a 9ManioH CPaGHEeHUs.

Knrouesvle cnosa: niasmennas HANAABKA, OCMAMOYHbIE HANPSJICEHUS, CONPOMUGTIEHUE YCMALOCMU, 30HA
Cnasnenus, meepoochv NOKPbIMULL, KpU8as 0e(hopMuposanis, YUcieHHOe MOOeIUpo8aHue.
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Abstract. Currently, a strategically important task of technological independence of Russian industries is the
restoration of wornout machine parts and equipment by the plasma method based on the use of coatings for various
functional purposes. (Re-search purpose) The research purpose is studying the effect of plasma surfacing modes and
surfacing materials on the fatigue resistance of restored parts and establishing the elasticity characteristics arising in
coatings applied by plasma methods, as well as residual stresses in the fusion zone (Materials and methods) Samples for
experimental studies were made of steel 40G. Plasma surfacing of coatings was performed with a composition of
powdered material. The hardness of the samples with coatings was studied by nondestructive expressive measurement
on a universal programmable electronic portable hardness meter. To optimize the parameters of plasma surfacing, the
method of a complete factor experiment was used. Young's modulus was used as an optimization criterion. Experimental
studies of elasticity characteristics in coatings applied by plasma methods were carried out according to generally
accepted methods, taking into account the resonant frequency of bending vibrations of samples. (Results and discussion)
In the surface layers of the deposited coatings, the elastic modulus has reduced values, and tensile stresses occur that
reduce fatigue resistance by 20-25 percent from the level of extremely worn parts. The addition of 8 percent of aluminum
powder to the initial powder hard alloys contributes to their wear resistance. A rational range of plasma coating modes
has been determined from the point of view of obtaining high elastic properties of plasma coatings as a key stage of
resourcesaving technology for restoring worn parts of technological equipment. (Conclusions) The proposed technical
solutions in optimizing the parameters of plasma surfacing with powdered hard alloys make it possible to obtain wear-
resistant coatings on the surfaces of restored machine parts 3-5 times higher than the wear re-sistance of hardened steel
45, taken as a reference standard.

Keywords: plasma welding, residual stresses, fatigue resistance, fusion zone, coating hardness, deformation curve,
numerical simulation.
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Pegpepam. Paccmompenu pazsumue u co8epuieHCmME08AaHUEe KOJIECHbIX NOTYPAMHBIX SHEPLEMUYECKUX CPeOCms Ha 6a3e
nOIypamHoz2o mpaxkmopa cemeiicmea «Kuposey» ¢ momenma eco uzeomoenenus u npumeHenue e2o Moougukayuii 6
Hacmosuee spems. (Llenv uccredosanus) Ipoananuszuposams smanvl pazeumus U NePCneKmuesbl NPUMEHEHUsL KOLeCHbIX
NONYPAMHBIX ~ IHEPLEMUUECKUX — CPeOCME,  PACCMOMPEmb  8O3MONCHOCMU  UX — UCHONb306AHUS HE MONbKO 8
NPOMBIUIEHHOCIU, CEbCKOM XO03SUCMEe, HO U NPU YCMPAHEHUY NOCIeOCMBULL NPUPOOHBIX KAMAKIUIMO8, MEXHOLEHHbIX
Kamacmpogh, npu 8oennwix Oeticmsusix. (Mamepuanvl u memoowt) Ilpedocmasunu ucmopuveckue c6edeHuss 0 CO30AHUU
KOJLECHbIX NOLYPAMHBIX MPAKMOPOE COBEMCKO20 NPOU3BOOCMEA U hOMOPAPDUU UX UCNONIb306AHUSL 8 CEbCKOM XO3AUCMEe
u 6 6oeHHvix onepayusx. (Pesynomamol u o6cyscoenue) Ommemuny, ymo NosAGIEHUE CAMO20 MOWHO20 MPAKMOPA
Cosemckoeo Corwsza K-700 cmano ocpomHubim 00CMUdICEHUEM OMeHeCmEeHH020 mpakmopocmpoenus. [Ipumenenue
NOIYPAMHBIX MPAKMOPOS8 OAHHO20 MUna cemeicmaa « Kuposey» umeno 080iiHoe 3HaueHue UCnoIb308aHUsl, MAK KaK MO2I0
NPUMEHAMbCSL KAK 8 60CHHbIX YesX, MAK U 6 NPOMbIUICHHOCMU U CelbCKOM Xossucmee. [lokaszanu nepcnekmuegol



Pa3sumusi HO8blx 00PA3YOE8 KOJIECHBIX IHEPeMUUeCKUX cCpedcms Ha base yoice Cyuecmeyrouux Mooupurkayull u nopsioox
Ux npumenenus 8 Hacmosiuee gpems. Ommemunu noseneHUe HoBbIX NEPCHEKMUBHBIX KOJIECHBIX U 2YCeHUUHbIX MPAKMOPO8
NPOMBIUIEHHO20 3HAYEHUs. HA base (BPOHMAIbHO20 KOAecH020 nocpysuuka co cheyzawumoi ITK-55C u eycenuunvix
mpakmopog BIOM2 u B2, e umerowux ananoe08 6 cospemeHHOM Mmupe. (Bwvigoowvl) Bonpocwl pazeumusi u
apexmueHocms  UCNONB306AHUS  MAUUHHO-MPAKIMOPHBIX A2Pe2amos HOB020 NOKOACHUS 6 DA3IUYHbIX cepax
0esamenbHOCMU OCIAIOMCS AKMYATbHBIMU U HA CE20OHAWNUL OeHb.

Kniouesvle cnosa: nomypamuwiii mpaxmop, dHep2OHACHIUEHHOCTD, I(DPEeKMUBHOCb, UHHOBAYUOHHAS KOHCIMPYKYUS,
OPOHUPOBAHHDIIL KOAECHDBLU OYbO03ED.
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10.22314/2618-8287-2022-60-2-179-186 . ZTTHEH.
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Abstract. The article presents the development and improvement of wheeled semi-frame power vehicles based on the
semi-frame tractor of the Kirovets family since its manufacture and the use of its modifications at the present time.
(Research purpose) The research purpose is analyzing the stages of development and prospects for the use of wheeled
semi-frame power vehicles, considering the possibilities of their use not only in industry, agriculture, but also in
eliminating the consequences of natural disasters, man-made disasters, military disaster. (Materials and methods) The
article presents historical information about the creation of Soviet-made wheeled semi-frame tractors and photographs
of their use in agriculture and in military operations. (Results and discussion) The appearance of the most powerful
tractor of the Soviet Union, the K-700, was a huge achievement of the domestic tractor industry. The use of semi-frame
tractors of this type had a double meaning of use, since it could be used both for military purposes and in industry or
agriculture. The prospects for the development of new models of wheeled power vehicles based on existing modifications
and the order of their application at the present time are described. The new promising wheeled and tracked tractors
of industrial significance based on a front wheel loader with special protection PK-55S and tracked tractors B10M2
and B12, which have no analogues in the modern world, are appearing now. (Conclusions) The issues of development
and use efficiency of new-generation machine-tractor units in various fields of human activity remain relevant today.

Keywords: semi-frame tractor, energy fullness, efficiency, innovative design, armored wheeled bulldozer.

For citation: Surin R.O., Kuznetsov E.E., Shchitov S.V. Perspektivy razvitiya kolesnykh poluramnykh energeticheskikh
sredstv v sovremennom mire [The development of wheeled semi-frame power vehicles in the modern world]. Tekhnicheskiy
servis mashin. 2022. Vol. 60. N2(147). 179-186 (In Russian). DOI 10.22314/2618-8287-2022-60-2-179-186. ZTTHEH.



